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AFFIRMATION

I hereby certify that I am familiar with the
information contained in and submitted with this
application and that such information is true,

accurate and complete to the best of my knowledge and
belief.

7
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Randall T. Hicks
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1.0 EXECUTIVE SUMMARY

Giant Industries, Inc. (Giant), P.0. Box 256, Farmington, New Mexico,
87499, proposes to discharge approximately 81 acre feet per year of
treated water to infiltration trenches and land application sites on the
Giant Bloomfield Refinery property. The water is derived from wells
which are part of a remedial action at the site. The water will meet
WQCC 1limits after 25 to 30 days of tank storage and, if required,
subsequent air stripping. Other discharges at the site are associated
with domestic sewage from the offices and maintenance shops and are
exempt from Water Quality Control Commission (WQCC) Discharge Plan
Requirements (WQCC Regulation 3-105B).

The refinery is located in the NW %, Section 27, and SW %, Section 22,
Township 29 N, Range 12 W, San Juan County, near Bloomfield, New Mexico.
The ground water most l1ikely affected by this discharge is at a depth of

approximately 25 feet and has a Total Dissolved Solids content of about
5000 mg/1.

Giant proposes to adopt wastewater management and operation systems to
provide environmental protection. These include:

1) Treatment of pumped water through tank storage and, if neces-
sary, a packed-tower air stripper, prior to discharge.

2) Use of infiltration trenches for disposal of water which meets
WQCC ground water limits.

3) Use of sprinklers, as necessary, for disposal of water which
will meet WQCC ground water limits.

4) Land application of water which will meet WQCC ground water
limits to enhance in-situ treatment of soil.

5) Thorough monitoring of the remedial action system and site
operations to minimize the potential for spills and 1leaks
associated with site activities.

6) Thorough ground-water monitoring to determine the impact of the
remedial action discharges.

7)  Reporting results of monitoring to NMOCD.

1



Giant is committed to carrying out sound disposal practices and to this
end submits this application. Likewise, Giant is committed to
cooperating fully with NMOCD in connection with obtaining NMOCD approval
of a discharge plan.



2.0 GENERAL INFORMATION
2.1 NAME OF DISCHARGER/LEGALLY RESPONSIBLE PARTY

A11 correspondence regarding this discharge plan should be sent to the
address below:

Robert L. McClenahan, Jr.
Environmental Coordinator
Giant Refining Company
Route 3, Box 7

Gallup, NM 87301

(505) 722-3833

Giant requests that copies of correspondence also be sent to:

Kim H. Bullerdick, Esquire Randall T. Hicks

Giant Industries, Inc. Senior Vice President,

7227 North 16th Street Geoscience Consultants, Ltd.
Building A 500 Copper Avenue, NW
Phoenix, Arizona 85020 Albuquerque, NM 87102

(602) 274-3584 (505) 842-0001

2.2 LOCATION OF DISCHARGE :

The Giant Bloomfield Refinery (GBR) 1is located along hydrologic flow
lines extending between the Lee Acres Landfill to the north and the Lee
Acres Subdivision to the south. The precise location of the refinery is
NW %, Section 27, and SW %, Section 22, T7.29 N., R.12 W. in San Juan
County, New Mexico, approximately 5 miles west of the town of Bloomfield.

Figure 2-1 shaws the Tocation of the refinery and illustrates a one mile
area around the Giant Bloomfield Refinery. A1l wells within one mile of
the refinery are listed in Table 2-1. Figure 2-2 explains the township
and range system of numbering wells in New Mexico. A large  scale

topographic map detailing the refinery site, on-site wells, etc. is shown
in Plate 1.

2.3 LOCAL LAND USE
The Giant Bloomfield Refinery 1is bounded on the north and west by
Federal and State lands. This includes Federal lands in Sections 21
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TABLE 2-1

ALL WELLS WITHIN A 1 MILE RADIUS OF THE
GIANT BLOOMFIELD REFINERY
(FEBRUARY 1988)

WELL LOCATION DEPTH (ft) DATA SOURCE
29.12.14.11 180 State Engineers Office
29.12.15.143 155 State Engineers Office
29.12.20.333 28 State Engineers Office
29.12.21.4222A 55 U.S. Geological Survey
29.12.21.42228B 46.5 U.S. Geological Survey
29.12.21.4244A 42.5 U.S. Geological Survey
29.12.21.4422 43.5 U.S. Geological Survey
29.12.21.4444 57 U.S. Geological Survey
29.12.22.1321 61.5 U.S. Geological Survey
29.12.22.1331 52.5 U.S. Geological Survey
29.12.26.21 47 State Engineers Office
29.12.26.211 100 State Engineers Office
29.12.26.24 38 State Engineers Office
29.12.26.34 47 State Engineers Office
29.12.26.42 70 State Engineers Office
29.12.26.42 50 State Engineers Office
29.12.26.422 45 State Engineers Office
29.12.26.422 45 State Engineers Office
29.12.27.13 63 State Engineers Office
29.12.27.131 50 State Engineers Office
29.12.27.133 55 State Engineers Office
29.12.27.133 51 State Engineers Office
29.12.27.134 35 State Engineers Office
29.12.27.31 35 State Engineers Office
29.12.27.31 87 State Engineers Office
29.12.27.31 25 State Engineers Office
29.12.27.311 25 State Engineers Office
29.12.27.311 32 State Engineers Office
29.12.27.313 32 State Engineers Office
29.12.27.414 24 State Engineers Office
29.12.29.114 20 State Engineers Office
29.12.29.114 21 State Engineers Office
29.12.29.114 19 State Engineers Office
29.12.29.124 20 State Engineers Office
29.12.29.132 16 State Engineers Office
29.12.29.133 18 State Engineers Office
29.12.33.2411 850 N.M. Bureau of Mines
29.12.33.2 51 State Engineers Office
29.12.34.11 15 State Engineers Office
29.12.34.113 15 State Engineers Office
29.12.34.421 43 N.M. Bureau of Mines
29.12.34.4341 100 N.M. Bureau of Mines
29.12.35.342 20 N.M. Bureau of Mines

!
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and 22, T.29 N., R.12 W., and State lands in Sections 28 and 21, T.29 N.,
R.12 W. The southern perimeter of the refinery borders U.S. Highway 64.
Privately-owned lands 1lie south of the highway in Sections 27 and 28,
T.29 N., R.12 W. The refinery borders privately-owned Tands on the east
in Sections 22 and 27, T.29 N., R.12 W. Land ownership status is based
upon data from the San Juan County Manager’s office.

2.4 HISTORY OF OPERATION

This refinery 1is currently mothballed with respect to the refining of
petroleum. The site was operated as a crude oil refinery from 1973 to
1982. The volume of crude refined at the site ranged from 2,000 bbls/day
in the mid 1970’s to 13,500 bbls/day in the early 1980’s. The principal
refined products produced were gasolines, diesel, kerosene, liquified
petroleum gas (LPG), and fuel oil.

The site is currently used for several other activities by Giant. The
Ciniza Pipe Line, Inc. Company office is located on the site. The Crude
0i1 Branch of Giant’s Transportation Division runs its dispatching and
truck maintenance operations from this location. These operations employ
approximately 20 full-time personnel in addition to truck drivers and
temporary laborers who are at the facility part-time.

The site is located downgradient from the Lee Acres Landfill. A remedial
action is presently on-going at the refinery. The purpose of the
remedial action is to contain and clean-up any contamination presently on
Giant’s property which has been caused by site operations.

2.5 REGULATORY INDEX
Table 2-2 presents the regulatory index. This table provides a guide to

locating information that satisfies each of the requirements of the WQCC
Regulations applicable to this discharge plan.

i



i
I TABLE 2-2
REGULATORY INDEX
1
WQCC REGULATION
l REQUIRED IN
DISCHARGE PLAN SECTION IN DISCHARGE PLAN
l 1-201 1.0, 2.0
3-106 c.1 3.3
I 3-106 C.2 Plate 1, 2.2, 6.0
3-106 .3 3.4
. 3-106 C.4 5.4
l 3-106 C.5 6.0
3-106 C.6 5.3
l 3-107 6.0
1
i
i
i
i
i
i
i
i
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3.0 PROPOSED DISCHARGES

Giant proposes to discharge treated ground water as part of a remedial
action at the site. The source of these discharges will be ground water
recovered from the following four areas: the Diesel Spill, Truck
Fueling and Southern Refinery areas and the firefighting drill area seep
(see Plate 1). Figure 3-1 shows the conceptual design of the ground-
water remedial action plan for these areas.

The remedial action will consist of pumping recovery wells, temporary
storage of produced water in above-ground storage tanks, treatment by
air-stripping, if necessary, and discharge to infiltration trenches and
land application sites. Discharge to Tland application sites may be
utilized to assist in the remediation of soil.

Six large tanks will be employed to store produced water from the entire
remedial action:

Tank 23 210,000 gallon capacity
Tank 24 840,000 gallon capacity
Tank 27 210,000 gallon capacity
Tank 32 210,000 gallon capacity
Tank 34 210,000 gallon capacity
Tank 37 420,000 gallon capacity

Prior to discharge from a tank, the stored water will be sampled and
chemically analyzed for dissolved hydrocarbon constituents using EPA
methods 601/602. The results of the testing will determine the
appropriate level of treatment required. If tank storage does not render
the produced water acceptable for discharge, a packed tower air-stripper
and/or sprinklers will be employed for final treatment of dissolved
volatile hydrocarbon constituents to WQCC ground water limits.

3.1 SOURCES OF DISCHARGED WATER
3.1.1 Diesel Spill Area Ground Water Remedial Action
Three pumping wells (GBR-14, GBR-27, GBR-28) are utilized for remedial
action in the Diesel Spill Area. They are designed to remove the
floating product and associated dissolved phase plume in that area and

9
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any areas upgradient of their capture zone. Each well is equipped with
an air-driven recovery pump as shown in Figure 3-2, and pumps about 1
gpm.

To assure long term, reliable operation, Giant has installed a large
capacity air compressor and direct piping from the 21,000 gallon
intermediate storage tank to long-term storage tanks, eliminating the
necessity of truck transfer. It is expected that at least a year of
pumping will be required in this area.

3.1.2 Southern Refinery Area Ground Water Remedial Action

A four-well pumping network (GBR-6, GBR-29, GBR-37 and GBR-38) has been
installed to capture petroleum hydrocarbons which may have originated
from the refinery site. Three additional wells (GBR-42, GBR-43, GBR-44)
have been installed as auxiliary wells in the event that wells in the
recovery system become inoperable. An air-operated recovery pump similar
to those installed in the Diesel Spill Area is installed in GBR-6.
Submersible pumps (Figure 3-3) are installed in the six other wells.
GBR-6 is pumped routinely to remove floating product. The three recovery
wells with submersible pumps yield approximately 30 gpm (total).

The system will operate as described unless monitoring data demonstrate
that the system is inadequate or inefficient. Pumping will continue
until it is determined that refinery-related contamination is below WQCC
ground water limits.

3.1.3 Truck Fueling Area Ground Water Remedial Action

Air-operated recovery pumps, similar to those used in the Diesel Spill
Area, are installed in wells GBR-22, GBR-34 and GBR-35. Each pump
discharges into the intermediate storage tank in the Diesel Spill Area at
a rate of about 1 gpm. A submersible recovery pump similar to those
installed in the Southern Refinery Area has been installed in GBR-36 and
will produce about 3-7 gpm. It is anticipated that pumping will
continue in this area for about one year.

11
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3.1.4 Fire Fighting Drill Area Seep

Water from the fire fighting drill area seep in the Southern Refinery
Area is currently being collected by a perforated PVC pipe laid in a
gravel filled trench (Figure 3-4). The water is piped by gravity to a
small intermediate storage tank that is periodically emptied by tank
truck and transported for storage in above ground tanks.

3.1.5 Septic Tank Leach Fields

Discharge from three septic tanks at the refinery site is routed to three
respective leach fields which were designed and built in compliance with
NMEID specifications. Locations of the leach fields are shown on Plate
1. The domestic sewage discharged to the leach fields does not exceed
2000 gallons per day and is not commingled with the facility wastewater;
therefore, the leach fields are not subject to WQCC Discharge Plan
Requirements and are not discussed further.

3.2 TREATMENT OF WATER PRIOR TO DISCHARGE

3.2.1 Pumping and Storage

Most of the water pumped from the recovery systems contains dissolved
hydrocarbon concentrations in the low ppm or ppb range. Sémp]es taken
from the Diesel Spill Area indicate that most dissolved petroleum
hydrocarbons are removed by the action of pumping and discharging into
the intermediate storage tank (Table 3-1). Samples of water from this

tank are below WQCC limits and in most cases are below detectable
Timits.

Floating product and contaminated water from the recovery wells and water
from the fire fighting drill area seep will be collected in intermediate
storage tanks, one in the Southern Refinery Area near GBR-29 and the
other near GBR-28 in the Diesel Spill Area. Floating product will be
removed from these intermediate storage tanks, as it accumulates. The
remaining water will be transferred to 1long-term storage tanks for
testing and treatment as needed, or it will be directly routed to the air
stripper after sampling indicates that dissolved hydrocarbon constituents

14
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are at or below the concentration levels for efficient operation of the
air stripper.

Limited storage is available at the refinery. With a total pumping rate
of about 30 gpm, the residence time of produced water stored at the
refinery site is approximately 25-30 days.

Site evidence suggests that the agitation of pumping and exposure to air
in the storage tanks will cause much of the dissolved hydrocarbon
constituents to volatilize. Produced water which meets WQCC limits may
be discharged without further treatment. If further treatment is
necessary, air stripping will be utilized.

3.2.2 Air Stripping

Air stripping, if necessary, will be achieved by using two air stripping
methods:

e air stripping through the use of an air stripper tower, and

e the use of sprinklers as air stripping devices, while applying
water to the ground

Most of the recovered ground water which requires treatment will be sent
through an air stripper tower. The air stripper will be designed for a
maximum flow rate of 100 gpm and be capable of reducing the concentration

of dissolved volatile hydrocarbon compounds in accordance to the
following schedule:

Estimated
Design Concentrations after

Compound Influent (ppm) Efficiency Air Stripping (ppm)

Sample Source

8710070745
Benzene 10 99.90 0.01
Toluene 20 96.25 0.75
Ethyl Benzene 5 85.00 0.75
Xylene 12.5 95.04 0.62
PAH's 0.5 99.40 0.03
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The stripper will be a forced draft type tower, with approximate
dimensions of 23’-5" high and 3’ in diameter. The stripper shell will be
constructed of polyethylene with high efficiency packing. The blower
required for the stripper will be a centrifugal type with a 5 hp, 1800
RPM motor. A-complete control and monitor system will be provided. A
typical air-stripper design is shown in Figure 3-5.

Sprinklers as air stripping devices will be used as required by Giant and
after approval by NMOCD. It has been reported that this procedure
reduces dissolved volatile hydrocarbons by at least 90% (Hazardous Waste
Consultant, 1983). A test was conducted on November 7, 1986, to
determine the extent to which dissolved hydrocarbon constituents would
volatilize through application of recovered water to soil using a
standard impulse-type irrigation sprinkler. Water for the sprinkler test
was taken from the intermediate storage tank in the Diesel Spill Area
that had received water from GBR-14, GBR-27 and GBR-28. Water from these
three wells continued to be pumped into the tank so that both stored
water and freshly-pumped water were used, which would be representative
of normal operation. A jet pump was used to pump the water to a Rainbird
model 25 BPJ impulse sprinkler at a rate of 3.3 gpm at 50 psi. Twelve
quart jars were placed on the ground to collect the water that
accumulated over a 30-minute period of sprinkling. Water from all of the
jars was combined to make up the sample. Other samples of water were
taken from the tank and from the pipe just before it entered the
sprinkler.

Table 3-1 presents the chemical analyses of these samples and of water
previously taken directly from the three pumped wells. Although BTEX
levels of well water samples from GBR-27 and GBR-28 ranged from 50 to
4019 ppb, most of these compounds were not detected in the sprinkler-
test samples. As another example, levels of 1,2-dichloroethane were
reported at 6.0 ppb in a GBR-27 well water sample, 7.1 and 6.3 ppb from
the tank before sprinkling, and were not detected after sprinkling.

18
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The data shows an anomaly where benzene was reportedly increased after
sprinkling from 2 to 7 ppb. Since an actual increase in benzene is not
probable, and because there is a significant overall reduction of benzene
in the water when passing through the system, this appears to be caused
by analytical variance or contamination in sample containers.

The sprinkler test did not show large reductions in dissolved hydrocarbon
concentrations caused by sprinkling because most constituents had already
been reduced below the limits of detection during storage in the
intermediate storage tank. If this reduction continues to be observed,
sprinkling will not be necessary, and direct discharge to Tland
application sites may be used.

3.3 DISCHARGE LOCATIONS AND VOLUMES
3.3.1 Infiltration Trenches

Two locations are being considered for infiltration trenches:

o An infiltration trench upgradient of the Diesel Spill Area
product plume, and

e an infiltration trench downgradient of the refinery site
plumes, on the west bank of the arroyo.

The upgradient trench would provide a localized means of ground-water
application, allowing for expediency in remediating the site. Aerated
water from the air stripper can result in an increase of dissolved oxygen
in ground water. The increased oxygen results in enhanced biodegradation
of any downgradient petroleum hydrocarbons. Microorganisms can be added
to this discharge to further enhance biodegradation. The downgradient
trench would be utilized 1in concert with the recovery wells in the
Southern Refinery Area to create a total hydraulic barrier at the site.

A schematic of a typical infiltration trench is shown in Figure 3-6. The
infiltration trenches will be constructed according to New Mexico State
requirements for septic tank effluent trenches (NMEID, 1983). They will
be 2-feet deep (although the depth may vary to coincide with favorable
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percolation rates) by 2 to 4 feet wide and filled with gravel.
Perforated PVC pipe will be laid in the bottom of the trenches through
which water will be discharged. The length of the trenches will be
determined by percolation tests which will establish the absorption
capacity of the soil.

Plans and specifications for this discharge system will be submitted to
NMOCD prior to construction. The plans will include results of the

percolation test. It is anticipated that the bulk of the treated water
will be discharged to the infiltration trenches.

3.3.2 Land Application Sites For Controlled Flooding

As part of the remedial action, Giant will discharge treated water to
sites where contaminated soil is known to exist. At present, the only
location where controlled flooding is planned is the Southern Refinery
Area (Figure 3-7).

The area will be disked and leveled to facilitate infiltration of applied
water. A 6-inch high berm will be constructed around the site to prevent
any runoff. To ensure applied water will percolate into the zone of
interest, the berms will be built upon native soils of the area, not the
overlying gravel fill.

During frost-free periods, controlled flooding of treated ground water
will be used in flushing the areas of contaminated soil in the Southern
Refinery Area. Tests conducted on this soil demonstrate that the un-
saturated zone (upper 25 feet) exhibits an average moisture content of
6.5% by weight and an open pore space of 25%. If enough water was
supplied to saturate the upper 25 feet of soil, a significant volume of
soil contamination would be flushed out of the soil as a wetted front of
water and entrained product and would enter ground water and be subse-
quently captured by the recovery pumps. Assuming open pore space of
25%, saturation of the upper 25 feet of soil in the area of concern will

require the application of 6.25 feet of reclaimed water over a relatively
short period of time.
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Giant proposes to approach this upper limit of water application through
a series of test applications. After a period of 2 weeks during which
total precipitation was less than 0.1 inch, eighteen inches of reclaimed
ground water (about 25% of the maximum calculated open pore space) will
be applied to the area of concern at a rate that does not result in
excessive ponding on the area. The response of the soil and the aquifer
will be monitored through the proposed monitoring schedule. The
application rate will be adjusted after evaluation of the response.
Water will be applied only during working hours when Giant personnel can
monitor the application. It is anticipated that 5 days will be required
to apply 18 inches of reclaimed water.

During water application, the recovery wells in the Southern Refinery
Area will be pumped continuously, and the effects of the application of
water will be monitored by evaluation of the thickness of floating
product observed in GBR-5, GBR-7, GBR-13, GBR-20 and GBR-25. Tests will
be conducted at successively higher or, if required, lower application
rates until the floating product in the observation wells reaches a
maximum thickness. Results of the test applications will determine the

application rates of reclaimed water which will result in the desired
flushing of product.

The tests described above will be performed in Spring 1988 unless weather
conditions permit an earlier start date. Product recovery wells are in
place and operational in the Southern Refinery Area and several months of
ground-water level data are available to permit an adequate demonstration
that the pumping network will capture any flushed product. Tables 3-2
and 3-3 present the available soil chemistry for this area.

3.3.3 Land Application Sites For Controlled Sprinkling

The purpose of controlled sprinkling is to dispose of water or to
enhance in-situ treatment of soils. A location in the arroyo is
presently proposed for periodic sprinkler application of treated water

for water disposal. Other locations on the refinery site may be proposed
in the future.
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TABLE 3-2
GIANT INDUSTRIES BLOOMFIELD REFINERY
CHEMICAL ANALYSES, SOIL SAMPLES
SOUTHERN REFINERY AREA

ORGANIC PARAMETERS:

BTEX
CONCENTRATIONS LISTED IN PARTS PER BILLION

ETHYL XYLENES XYLENES
SAMPLE # LOCATION BENZENE TOLUENE BENZENE META ORTHO & PARA TOTAL
8512201240 GBR-5 ND ND ND N/A N/A ND
(0.01) (0.01) 0.01) - - (0.01)
8512201410 GBR-5 ND ND 3.90 N/A N/A ND
(0.01) (0.01) (0.01) - - (0.01)
8605011412 GBR-11 ND ND ND N/A N/A ND
(0.0001) (0.0001) (0.0001) - - (0.001)
8605021516 GBR-13 ND 35000 32000 N/A N/A 279000
(0.0001) (0.0001) (0.0001) - - (0.001)
8604021605 SSWCA ND 167 468 NA N/A 9950
PIT #1 (1.0) (0.1) (0.1) - - (1.0
8604021550 SSWCA ND ND ND N/A N/A ND
PIT #2 0.1) (0.1) (0.1) - - (1.0)
8604021618 SSWCA ND ND ND N/A N/A ND
PIT #3 0.1) (0.1) 0.1) - - (1.0)
8604021635 SSWCA ND 4842 3683 N/A N/A 32569
PIT #4 (1.0) 0.1) (0.1) - - (1.0)
NA = not analyzed SSWCA = South Storm Water Containment Area

ND = below detection limits
= detection limits not provided

Detection fimits in parentheses

M&A\TAB3-1.TAB
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The sprinkler system will consist of typical lawn sprinklers and
associated piping. A1l piping will be placed above-ground. Pumps will
be used as required to deliver the treated water to the sprinklers at a
suitable water pressure.

Sprinkling of treated water on contaminated or uncontaminated soil will
be carefully controlled. A water balance analysis shows that the average
application allowed on an area of approximately 3 acres, based on
potential evapotranspiration rates, is more than 170,000 gallons per
week. However, the application rate varies greatly according to the time
of year. Regular application during the winter months is not proposed.
Thus storage of water during the months of November through February is
required. This water can be subsequently discharged when evapotranspira-
tion permits in the spring or during selected times in winter.

Table 3-4 presents the evapotranspiration data of the area and a water
application schedule for a Tland application site of approximately 3
acres. The .water will be distributed evenly over any land application
sites through an automatic sprinkler system. Berms will be constructed
around such sites, as necessary, to contain applied water and to prevent

. run-on of storm water.

3.4 GROUND-WATER QUALITY AT DISCHARGE LOCATIONS

Giant plans to discharge treated ground water produced from the remedial
action at various locations at the refinery site. In order to understand
the impact of any discharges to the chemistry of the aquifer, a
hydrochemical database was developed. The database includes samples

taken by GCL and NMOCD. Tables 3-5 through 3-10 present all analytical
results from existing monitor wells.

Increases in TDS and certain inorganic parameters must be accepted if
dissolved petroleum hydrocarbons are to be removed from the aquifer. The
flushing of contaminated soils could cause significant increases in the
TDS of the aquifer.
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TABLE 3-4

POTENTIAL EVAPOTRANSPIRATION (PET),
FARMINGTON, NEW MEXICO
AND
SCHEDULE FOR THE APPLICATION OF WATER TO
THE SOIL TREATMENT SITE

NET LOSS APPLICATION VOLUME APPLIED
PET-RAIN APPLICATION TIMES TO 3.1 ACRE SITE
IN/DAY RATE (IN/MIN) MIN/DAY MIN/WEEK GAL/WK

MAR .03 .01 3 21% 17,679

APR .28 .01 28 196 165,000

MAY .35 .01 35 245 206,249

JUN .50 .01 50 350 294,642

JUL .42 .01 42 294 247,500

AUG .36 .01 36 252 212,143

SEP .20 .01 20 140 117,857

ocT .14 .01 14 98 82.499

Total Gal/Yr 5,374,276

* During the month of March, a weekly application schedule will be used

References: Consumptive Use and Yields of Crops in New Mexico, New Mexico Water
Resources Research Institute, WRRI Report No. 115, 1979

Temperature and Precipitation Summaries for Selected New Mexico Loca-
tions, Dr. Kenneth Kunkel, December 1984
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TABLE 3-5

GIANT INDUSTRIES BLOOMFIELD REFINERY
GROUND WATER SAMPLES

PHYSICAL PARAMETERS

TOTAL DISSOLVED

M&A\TAB3-11.PRN
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SOLIDS
SAMPLE (uMHOS) (CELSIUS)  (in parts)
I WELL NO. SAMPLE NO. SOURCE pH  CONDUCTIVITY  TEMP per million)
GBR-05 8606051745 0cD 7.00 3700 25.0 2865
I GBR-07 8610171550 GCL 6.92 3600 19.0 NA
GBR-08 8610171615 GCL 6.86 7500 16.8 NA
GBR-09 8610171630 GCL 7.20 3550 17.0 NA
GBR-11 8606051705 0ch 7.00 7200 25.0 7593
l GBR-13 8606051900 0cD 7.00 7800 18.5 10553
GBR-14 8610171215 GCL 6.80 2850 17.5 NA
GBR-15 8610171215 GCL 7.25 3450 15.6 NA
I GBR-17 8605290830 GCL NA NA NA 3024
GBR-17 8606051230 ocD 7.00 5500 18.5 4355
GBR-17 8610171050 GCL 6.97 2650 15.6 NA
l GBR-18 8606051435 0cD 7.00 4100 17.0 4934
GBR-18 8610170815 GCL 7.55 4300 14.2 NA
GBR-19 8610171510 GCL 6.84 4250 17.2 NA
GBR-20 8606051730 0cD 7.00 3400 21.0 3473
l GBR-20 8610171525 GCL 7.04 2800 18.2 NA
GBR-21D 8610170900 GCL 6.97 6000 14.1 NA
GBR-22 8610170950 GCL 6.45 6000 14.5 NA
l GBR-24 8606052040 0cD 7.00 NA NA NA
GBR-24D 8610171130 GCL 7.28 3250 18.3 NA
GBR-25 - 8605091210 GCL NA NA NA 5096
‘ GBR-25 8610170925 GCL 6.81 5000 15.3 NA
I GBR-26 8610171230 GCL 6.91 2300 18.2 NA
‘ GBR-27 8606052000 0cD 7.00 7200 21.0 9023
‘ * SPLIT GCL 7.00 7200 21.0 9023
‘: I GBR-29 8606051525 0cD 7.00 NA NA 1293
“ GBR-30 8610171155 GCL 6.84 4300 17.1 NA
: GBR-31 8610171350 GCL 6.60 5000 17.5 NA
; I GBR-32 8704301730 GCL 6.40 6300 15.8 NA
‘ GBR-39 8610171330 GCL 7.28 2500 17.5 NA
: SEEP (EAST) 8606051905 0ch 7.00 1600 21.5 NA
] SEEP (WEST) 8510291450 0cD NA 1550 21.0 NA
‘j I SEEP 8510241435 GCL 7.50 NA NA 1258
| GCL = Geoscience Consultants, Ltd.
5 I 0CD = 0il Conservation Division
: NA_ = Not analyzed for this parameter
; l SEEP = Fire Fighting Drill Area Seep




WELLNO

GBR-05
GBR-11
GBR-13
GBR-17
GBR-18
GBR-20
GBR-24
GBR-27
GBR-29
GBR-32
GBR-17
GBR-13
SEEP

GCL
0CD
EID
NA
SEEP =

SAMPLE NO.

8608051745
8606051705
8606051900
8606051230
8606051435
8606051730
8606052040
8606052000
8606051525
8708051110
8708051212
8708051305
8510241735

SAMPLE
SOURCE

0cb
0co
0cp
oco
oco
0cb
0co
oco
oco
EID
EID
EID
GCL

HCO3

837.
474.
470.
376.
122.
428.

NA

350.
106.
270.
305.
415.

NA

Geoscience Consultants Ltd.
0311} Conservation Division

CHEMICAL ANALYSES

TABLE 3-6
GIANT INDUSTRIES BLOOMFIELD REFINERY
GROUND WATER SAMPLES

INORGANIC PARAMETERS

CHEMICAL CONCENTRATIIONS

CALCIUM

320.
1030.
1464,

712.

420.

420.

NA
1100.

800.

820.

464,
1004.

NA

(mg/l)

CL-

464.
2200.
3070.
1105.

262.

290.

NA

2816.
1513.
1260.
337.
1960.
98.

New Mexico Environmental Improvement Division
Not analyzed for this parameter
Fire Fighting Drill Area Seep

30

€03

(=2 = I o B o N = B e |

o o

NA
NA
NA
NA

6.79
5.85
2.13
1.17
6.13
10.1
NA

1.95
0.78
4.29

NA

MG

97.6
68.
70.8
63.4
29.3
14.8
NA
141.1
63.
g8.
8s8.
71.
NA

NA

588.
782.

377.2

616.
4321.
248.
NA

526.
349,
669.
380.
1056.
NA

S04

491.

314.
1332.
1202.
3141.
1776.

NA

1530.
1113.
1770.
1340.
1560.



Sr

Si

TABLE 3-7
Fe

GIANT INDUSTRIES BLOOMFIELD REFINERY

CHEMICAL ANALYSIS
CHEMICAL CONCENTRATIONS IN MG/L

GROUND WATER ANALYSIS

Cr

SAMPLE
Al
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<0.1 NA

ocD
8606051230 OCD  <0.1

8611211510

G6BR-24D 8611211105 0OCD  <0.1

8611211450 OCD
GBR-24S 8611210945

8611201735

GBR-13
6BR-17

Q

EEEEE LS
SINSSSS,
SSgssssy
SS2ssss

Ex°dsgas

<0.1

<0.1

<0.05
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g
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v
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<0.1
NA
NA

NA
WA

6BR-17

gEsss sFo=d

0.1

0.1

<. <0. <Q. <0.
.01 .01 .001 .01

.005

7.2

.01

SEEP = Fire Fighting Drill Area Seep

.0002

<0.1 <0.001
.05

0.1
ND

0.1 <«

<

0.1

<
0.1

<0.
0.1 .01

814

.001

.01

0i1 Conservation Division

EID = New Mexico Environmental Improvement Division

oco

.05

0.1
.0t

<

0.1

<0.1
.05

<0.1
<0.1
<0.1
<
<0.1
NA
<0.1

0Ccp
0ocD
ocD
oco
oco
[o o)

8611211205 OCD
8510241430

8606051905

Nominal Detection Limit

8611211220

6BR-29  B6OGO5152S
G6BR-30 8611210930 0QCD

6BR-19
6BR-27
68R-31
SEEP
SEEP

NA = Not analyzed for this parameter

6CL = Geoscience Consultants Ltd.



WELL NO.

GBR-01
GBR-05
GBR-05
GBR-05
GBR-06
GBR-07
GBR-07
GBR-08
GBR-09
GBR-08
GBR-10
GBR-11

GBR-11 "

GBR-11
GBR-11
GBR-11
GBR-13
GBR-13
GBR-13
GBR-13
GBR-14
GBR-14
GBR-15
GBR-17
GBR-17
GBR-17
GBR-17
GBR-18
GBR-18
GBR-18
GBR-18
GBR-18
GBR-19
GBR-18
GBR-20
GBR-20
GBR-20
GBR-21
GBR-22

GBR-23.

GBR-24
GBR-24

SAMPLE NO.

8606051115
8601231410
8606051745
8611201640
8611201545
8610171550
8611201615
8610171615
8610171630
8611210820
8611210845
8604011412
8604010845
8605291615
8606051705
8611201515
8604151545
8605091550
8606051900
8611201735
8610171215
8611211135
8610171315
8605290830
8606051230
8607150730
8611211450
8605090925
8606051435
8607081050
8607081100
8611211425
8610171515
8611211510
8605091040
8606051730
8611201711
8605091700
8605091350
8604181800
8604181810
8605081625

—

CONCENTRATIONS LISTED IN PARTS PER BILLION

SAMPLE
SOURCE

GCL
GCL
0CD
0co
ocd
GCL
0cd
GCL
GCL
0Cd
0cD
GCL
GCL
GCL
0cD
0co
GCL
GCL
0co
0cd
GCL
ocb
GCL
GCL
0co
GCL
oco
GCL
oco
0co
0Cd
0co
6CL
ocd
GCL
0ch
0co
GCL
GCL
GCL
GCL
GCL

TABLE 3-8
GIANT INDUSTRIES BLOOMFIELD REFINERY
GROUND WATER SAMPLES

CHEMICAL ANALYSIS

AROMATIC HYDROCARBONS

ORGANIC PARAMETERS

BENZENE

ND
830
530
210

70

21
2670
41
49
9500
<100
9.7
9025
4600
6500
42
129
1300
2900
ND
ND
334
ND
ND
ND
ND
ND
50
ND
ND
ND
112
200
ND
4
41
ND
ND
1513
61160
1154

TOLUENE

ND
638
200

31

ND

10

ND
1460

66

ND
1100
<100
14.1
3088
3100
2800

25

32

12
1800

ND

ND

52

ND

ND

ND

ND

ND

11

1

ND

ND
105

18

ND

ND

ND

22

ND
823

58740
803

ETHYL
BENZENE

NA
229
1000
700
ND
11
ND
1890
54
ND
670
<100
2.7
NA
960
680
11

130
520
ND
ND
208
NA
ND
NA
ND
ND
ND
ND
ND
ND
111
270
ND
<5
ND

ND
NA
NA
147

PARA

NO
1000

550
1000

15

940
NA

1000
690

250
740
ND
ND

ND

ND

ND

ND

ND

ND

140

XYLENES
META ORTHO
ND ND
2300 300
1400 81
ND 240
14 ND
ND 1
1600 530
NA NA
2100 1100
1400 690
410 71
1500 630
ND ND
ND ND
ND ND
ND ND
4 ND
ND 1
ND ND
ND ND
34 100
ND ND
22 ND

XYLENES
TOTAL

NO
2204
3600
2031
1240

33

29
6980

138

3130
<1000
14.2
6981
4200
2780
89
105
731
2870
ND
ND
772
ND
ND
ND
ND
ND

ND
ND
306
274
ND
ND
50
234
ND
2092
120000
1020



WELL NO.

GBR-24
GBR-24S
GBR-24D
GBR-25
GBR-26
GBR-26
GBR-27
GBR-27
GBR-27
GBR-27
GBR-27
GBR-28
GBR-28
GBR-29
GBR-29
GBR-29
GBR-29
GBR-30
GBR-30
GBR-31
GBR-31
GBR-32
GBR-39
GBR-39
SUPPLY WELL
SEEP
SEEP
SEEP
SEEP
SEEP
SEEP
SEEP

TABLE 3-8 (CONT.)
GIANT INDUSTRIES BLOOMFIELD REFINERY

GROUND WATER SAMPLES
CHEMICAL ANALYSIS

AROMATIC HYDROCARBONS
ORGANIC PARAMETERS

CONCENTRATIONS LISTED IN PARTS PER BILLION

SAMPLE NOQ.

8606052040
8611210945
8611211105
8605091210
8605091515
8610171230
8605181400
8606052000A
86060520008
8510241435
8611211220
8605291600
8607151900
8606051525
8606051525
8605300945
8611201440
8610171155
8611210930
8610171350
8611211205
8704301730
8605091140
8610171330
8601231380
8606051905
8606051905
8604011485
8604011435
8510241735
8510241430
8510241450

Nominal Detection Limit

GCL
oco
NA
ND
SEEP

SAMPLE
SOURCE

0cD
0co
0ch
GCL
GCL
GCL
GCL
oco
ocd
GCL
0cb
GCL
GCL
0co
GCL
GCL
0co
GCL
0co
GCL
0co
GCL
GCL
GCL
GCL
0cD
GCL
GCL
GCL
GCL
0CcD
0cD

Geoscience Consultants, Ltd.
0i1 Conservation Division

.not analyzed for this parameter
below detection limits
Fire Fighting Drill Area Seep

BENZENE  TOLUENE ETHYL

XYLENES

BENZENE PARA META

680 690 140
580 200 300
230 5 180
ND ND ND
ND ND ND
5280 119 54
ND ND ND
410 120 ND
50 74 12
5230 ND 3160
ND ND ND
2418 819 NA
319 143 NA
2600 3000 600
3818 3338 NA
388 643 NA
240 72 98
ND ND ND
ND ND ND
4 6 ND
ND ND ND
ND NO ND
ND ND ND
144 148 179
ND KD ND
28000 18000 1200
15500 11900 NA
<1000 85000 42000
511000 103 48
5230 ND 3160
4100 ND 200
2200 110 80
1 1 1

- = included in total xylene analysis

33

290 410
270 150
140 ND
96 240
77 240
ND ND
700 1500
340 710
ND ND
52 28
ND ND
NA NA
NA NA
2200 5500
NA NA
28 860
ND 80

ORTHO

190

3000

NA

ND
ND

XYLENES
TOTAL

890
495
147
ND
ND
1140
ND
506
457
3250
ND
4019
224
2870
5210
2000
1400
ND
89
14
ND
ND
ND
356
ND
10700
ND
36000
1518
3250
888
80
1

[
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It must be recognized that increased TDS in the aquifer could be due to a
number of factors which have Tlittle or nothing to do with refinery
activities, such as increased recovery of saline fluids which are
naturally occurring or were disposed of in the Lee Acres Landfill.

3.5 CONTINGENCY PLAN

The design of the remedial action, appropriate monitoring and the
presence of a trained systems operator will minimize the chances of
implementing a contingency plan. At the present time the following
system failures are possible and must be addressed:

« malfunction of the air stripper

e malfunction of recovery pumps

If an air stripper is required, its failure would not result in serious
problems. Sufficient storage does exit on site to permit storage of
pumped water during air stripper repair. Periodic cessation of pumping
is often recommended for product recovery remedial actions. Therefore,
periodic shutdown of the recovery system may accompany servicing of the
air stripper.

Several auxiliary recovery wells are presently "on standby" in the
Southern Refinery Area. If one of the primary wells requires service,
one of these auxiliary wells may be called into service. Because the
southern fefinery recovery system is predicted to be able to intercept

_any petroleum hydrocarbons which may be emanating from the refinery (See

Appendix A), auxiliary wells in the Truck Fueling Area or the diesel
spill area are not necessary.

It is not practical to attempt to foresee all possible scenarios which
might need to be addressed. Giant proposes to develop and implement such
contingency plans when appropriate.
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4.0 SPILL/LEAK PREVENTION AND HOUSEKEEPING PRACTICES

4.1 OPERATING AND MAINTENANCE PROCEDURES

Although the Giant Bloomfield Refinery is not currently an active
refinery, the site is being used for other activities by Giant. An
office of Ciniza Pipe Line, Inc. is located on the site. The Crude 0il
branch of Giant’s Transportation Division operates a dispatching and
truck maintenance facility from this location. Although these operations
are relatively small, they are operated in a manner to prevent and
mitigate any unplanned releases to the environment.

Processes and storage units associated with the remedial action or on-
site operations are reqularly observed by a number of personnel during
normal operations, and any evidence or sign of spills/leaks is promptly
reported to supervisory personnel so that repairs or cleanup can be
effected. Berms around storage tanks at the refinery site are designed
to contain any unplanned spills or releases. The proposed berm at the

truck fueling facility will also minimize the impact of accidental
releases.

Routine maintenance procedures conducted at the Giant refinery also help

to assure that equipment remains functional and that the possibility of
spills/leaks is minimized.

4.1.1 Pipe Testing

In addition to routine visual inspection of above ground piping systems,
all piping utilized in the remedial action will be subjected to an air
pressure test prior to use. The piping will be pressurized to 1 1/2
times the working pressure but not less than 50 psi, and the pressure
maintained and monitored for a minimum of 60 minutes. Prior to installa-

tion, Teaks may be detected by soaping all joints, while the system is
under pressure (API 1615, November 1979).

Hydraulic pressure tests, will also be conducted on an annual basis to
ensure continued integrity.
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4.1.2 Tank Inspection
The storage tanks to be used in remediation and the existing process

tanks (diesel storage tank and waste oil tank) will be subject to a
monthly visual inspection by plant personnel.

4.1.3 Berm Integrity
A1l diversion and containment berms will undergo monthly visual inspec-
tion to ensure integrity.

4.2 TRUCK FUELING

At the Truck Fueling Area, an underground piping system is used to
transport diesel fuel and its condition is not visible. To determine the
integrity of the existing pipe, the piping will be subjected to a
hydraulic test of 1% times the working pressure but not less than 50 psig
for a minimum of 60 minutes (Pace, February 1983).

In the event that a leak is detected, repairs will be made as necessary.
Once the system is again operating, proper inventory control will be
maintained to detect any product leakage. In addition, a monthly
inspection of the Truck Fueling Area will be conducted to detect evidence
of fuel surfacing from the system.

A concrete berm will be constructed around the fueling pad to contain
loading spills.

A long term upgrade is proposed for the entire underground piping
system. The pipe will be excavated and replaced with schedule 40 steel
pipe that is galvanized, wrapped, or cathodically protected.

4.3 CHEMICAL AND ENVIRONMENTAL HAZARDS
Very small quantities of chemicals (such as Stoddard solvent and
housekeeping supplies) are used at the Giant Refinery. Any spills or

leaks would be very small in volume and easily contained in and removed
from the immediate area.
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4.4 CLEANUP PROCEDURES
Cleanup procedures would obviously vary with the nature and extent of any
unplanned release. Potential methods are described below:

Spills or leaks of potentially contaminated water could occur from the
long term storage tanks. Spills and leaks of product may occur from the
diesel storage tank and the waste o0il tank. Any release from these
tanks would be contained in the berm around the tank.

If an oil spill occurs, general cleanup procedures would involve minor
earthwork to prevent migration, and recovery of as much free liquid as
possible. Recovered oil would then be transported to a pipeline injec-
tion system for inclusion as crude oil. Any material which may have
soaked in the soil will be further investigated to determine if it can be

left in place and allowed to naturally biodegrade or if removal or active
remediation is necessary.

4.5 REPORTING
Should a release of materials occur, Giant will provide oral

notification to NMOCD as soon as possible after discovery as required by
WQCC Regulation 1-203.

4.6 GENERAL HOUSEKEEPING PROCEDURES

Chemicals are used in relatively small quantities at the refinery and are
managed in a manner to prevent discharges to the environment. Any
chemical spills which might occur would be immediately contained and
disposed of according to proper practices.

Chemicals such as cleaning solvents are collected and recycled. Giant
currently uses a non-halogenated solvent, Stoddard, for degreasing
operations. The spent solvent which contains various aromatic and
paraffinic hydrocarbons is combined with waste motor o0il and is shipped
off-site for recycling. No solvent is disposed of on site.
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4.7 CLOSURE PLANS

The following closure plans explain the methods for closure of land
discharge sprinkler systems and infiltration trenches, the network of
monitoring/pumping wells, and the removal of any air strippers and their
associated hardware. Abandonment of all trenches, wells, and hardware

shall be started only after final confirmation by NMOCD that remediation
is complete.

4.7.1 Sprinkler System/Infiltration Trench Closure

A1l plumbing/piping associated with the sprinkler system will be discon-
nected to prevent unauthorized use. A1l pipelines leading to the
infiltration trenches will be disconnected and capped. The infiltration
trenches shall be left in place.

4.7.2 MWell Closures

A1l recovery and non-required monitor wells will be backfilled with
bentonite grout.

4.7.3 Air Stripper Closure

Any air strippers and all associated hardware will be dismantled and
removed from the site.

4.7.4 Berm Closure
Berms established for remedial actions - those around the contaminated
soil site in the Southern Refinery Area and the excavated soil area-

will be destroyed and the soil spread to resemble the original surface
contours.

4.7.5 Fire Water Pond

The fire water storage pond is located at the northern end of the
refinery property (Plate 1). The water is replenished on an as-needed
basis from the San Juan River and is used by the County for McGee Park
and San Juan Downs fire protection. Giant has discussed the need and
obligation for the upkeep of this pond with San Juan County officials.

As a result of these discussions the pond will be drained in the near
future.

41




5.0 SITE CHARACTERISTICS

5.1 CLIMATE

The climate in the San Juan Basin is generally arid to semiarid, but
precipitation varies considerably across the region (Table 5-1). Highest
values of annual precipitation are associated with mountainous areas; 30
inches at Mount Taylor, 25 inches in the San Pedro Mountains, and 20
inches in the Chuska Mountains. In the central part of the basin, annual
precipitation is generally 10 inches; values as low as 8 inches occur
along the San Juan River west of Farmington and along the north-flowing
reach of the Chaco River (Stone and others, 1983).

Most precipitation (approximately 60% of the total) occurs during summer
months as local, often intense, thunderstorms. Higher elevations also
receive considerable winter precipitation. The source of summer moisture
generally is the Gulf of Mexico; the source of winter precipitation is
the Pacific Ocean. Mountain barriers and the long distances 1lying
between both of these sources and northwest New Mexico account for its
aridity (Stone and others, 1983).

Maximum temperatures generally occur in July, and minimum temperatures in
January. The highest maximum temperatures are associated with the Tower
elevations, such as the valleys of the Chaco and San Juan Rivers; lowest

minimum temperatures are associated with the higher elevations (Stone and
others, 1983).

Wind directions in the basin vary locally because of topography. Along
the San Juan River, for example, easterly and westerly winds dominate,
owing to the east-west orientation of the valley. Spring is the windiest
season and spring wind velocities are strongest, averaging 10-12 mph,
whereas summer winds average only 8 mph (Stone and others, 1983).

Class-A pan evaporation data for the region are sparse. An annual
average of 67.37 inches has been reported for a station 3 miles northeast
of Farmington for the period 1948-1962; the highest monthly value, 10.50
inches, was observed in June and the lowest value, 0.74 inches, was
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observed in December. The average evaporation during the period May
through October is 46 inches at E1 Vado Dam (28 mi southeast of Dulce)
and 52 inches at Gallup; annual values of 63 inches and 72 inches have
been estimated for these two stations, respectively (Stone and others,
1983). Potential evapotranspiration (PET) for the Farmington area is
presented in Table 3-4 (Sammis and others, 1979).

5.2 REGIONAL GEOLOGY AND HYDROGEOLOGY

The Giant Bloomfield Refinery is located in the west-central part of the
San Juan Basin, a large asymmetric structural depression that contains up
to 15,000 feet of Paleozoic and Mesozoic sediments (Figure 5-1). The
greatest recorded stratigraphic thickness in the basin is 14,423 feet in
an o0il well located in Section 7, T7.29 N, R.5 W near the structural
center of the basin (Fassett and Hines, 1971).

The stratigraphy of the San Juan Basin is comprised of sedimentary rocks
ranging in age from Cambrian to Holocene. During Late Cretaceous time,
three basin-wide cycles of transgression and regression resulted in an
intertonguing lithology of sandstone, siltstone, shale and coal found
throughout the Cretaceous rocks in the basin. Sedimentary rocks of
Jurassic and Cretaceous age crop out around the rim of the basin and over
a broad area in the southern and western parts of the basin. Tertiary
sedimentary rocks cover most of the central basin. Quaternary deposits
are restricted mainly to the major river valleys. Quaternary deposition
included the formation of outwash terraces along the San Juan River and
its tributaries (Pleistocene), the growth and migration of sand dunes on
higher plateaus (Pleistocene and Holocene), and the cutting and filling
of alluvial channels throughout the area (Stone and others, 1983).

Figures 5-1 and 5-2 illustrate the geologic structures and stratigraphy
in the region.

The alluvial material in the San Juan River Valley forms the aquifer

utilized for many water supply wells. In the side canyons, bedrock
aquifers are typically employed for small domestic water supply wells.
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FIGURE 5-1

GEOLOGIC STRUCTURAL ELEMENTS IN THE SAN JUAN BASIN
( Source: Stone and Others, 1983 )
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Three major ground-water systems are present in the Cretaceous and
younger sedimentary deposits of this area of the San Juan Basin:

e Confined aquifers within Cretaceous and Tertiary sandstone
units

o Water-table aquifers in Cretaceous and Tertiary sandstone
units near outcrop areas

o Water-table aquifers in Quaternary alluvium in river valleys
and along tributary channels

The Cretaceous sandstone aquifers of the San Juan Basin were deposited
along strandplain beaches or at wave-dominated delta fronts in various
coastal environments. The complexity of these intertonguing fluvial and
marine deposits is a result of alternating transgressive/regressive
pulses of the Cretaceous epicontinental sea. Occurrence of ground-water
resources is associated with these sandstone aquifers, and is a function
of their distribution and stratigraphic relationship with the Tess
permeable units containing these sandstones. Recharge of the aguifers in
Cretaceous sandstones is dependent upon outcrop distribution, elevation,
climate in outcrop areas, Tlithologic characteristics of the unit and
leakage from other units. Outcrops generally occur as narrow sinuous
belts, few of which 1ie in areas of high precipitation. Most recharge is
a result of the limited infiltration in outcrop areas, although leakage
from‘adjacent units occurs Tocally. Hydraulic conductivity is generally

low due to the fine-grained textures characteristic of these marine
sediments.

Ground-water quality in Cretaceous sandstone aquifers is controlled by
several factors. Total dissolved solids (TDS) concentrations increase as
a function of increasing ground-water residence time and reduced trans-
missivity of aquifer materials. Fresher water is associated with high-
transmissivity zones while saline water is associated with low-transmis-
sivity zones. Ground water moving along the sandstone-shale interfaces
that are common to these rocks tends to exhibit increased TDS concentra-
tions (Stone and others, 1983). Water from these confined aquifers is
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suitable for stock and domestic use in some areas, although in most cases
it is not considered a major source.

The Tertiary sandstone aquifers of the basin were deposited in fluvial or
alluvial environments. Recharge to ground water is by infiltration
through formation exposures along the flanks of the Nacimiento Uplift and
on the broad plateaus that occur in the central part of the basin. The
amount of recharge to Tertiary aquifers is higher than that of Cretaceous
aquifers due to broader exposures in areas of high precipitation. Ground
water in these aquifers flows from upland recharge areas to discharge
areas along canyon floors. Springs and seeps result due to regional
topographic and geomorphic controls. The hydraulic gradient is con-
trolled primarily by topography, but is also affected by the structural

attitude of the formations. Erosion has removed these units from much of
the basin flanks.

Tertiary-sandﬁtone aquifers have generally lower TDS concentrations than
Cretaceous aquifers and commonly provide major sources of water for
domestic and agricultural usage. The complex intertonguing of sandstone
and shale units is the primary influence on TDS, as shown by values of
specific conductance, which can be as high as 10,500 micromhos per

centimeter (umhos/cm). One umhos/cm is roughly equivalent to 0.65 parts
per million (ppm) of TDS.

Quaternary-sediment hosted aquifers occur primarily as valley fill in the
major river valleys and consist of gravel, sand, silt and clay. Ground-
water recharge results from drainage from irrigated lands, infiltration
of surface runoff and Teakage from bedrock aquifers. Flow directions are
concurrent with topographic slope and river-flow directions, and hy-
draulic conductivity can be extremely high.

The quality of ground water in Quaternary river valley alluvium is highly
variable and specific conductance may range from less than 1,500 to 6,000
umhos/cm (Stone and others, 1983). Water from this source is used for
stock, irrigation and domestic purposes. In arroyos and tributaries of
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the major rivers, the ground-water quality is also highly variable;
locally, specific conductance can be significantly higher than 6,000
umhos/cm.

5.3 SITE HYDROGEOLOGY

The refinery is located on weathered outcrops of the Nacimiento Formation
which is comprised of shales, sandstones and siltstones of Cretaceous-
Tertiary age. Immediately to the west is a large unnamed arroyo which is
underlain by Quaternary alluvial sediments. Older Quaternary terrace
deposits of cobbles and boulders are observed on the interfluvial ridges
adjacent to the arroyo. These terrace deposits may have been utilized as
fill on the refinery site. The San Juan River Valley is located south of
the site and contains up to several hundred feet of alluvial fill.

The uppermost zone of ground water in the refinery area is an unconfined
to partially confined water-table unit which is hosted by the weathered,
locally porous sandstones and shales of the Nacimiento Formation and
arroyo alluvium. These apparently discharge to the San Juan River
alluvium to the south. Figure 5-3 is a generalized east-west cross
section across the refinery site showing the relationship of the arroyo-
fill to bedrock. Major hydrogeologic relationships are:

e An interconnected water-table aquifer, hosted by both valley
and arroyo fill and the upper parts of the Nacimiento sandstone

e Ground water at a depth of 25 to 45 feet beneath the land
surface

» An upper water-table surface generally conforming to topog-
raphy; ground water slopes and flows from north or northeast to
south (towards the San Juan River) through the refinery area

e Minor, Tocal zones of perched ground water, lying 5 to 30 feet
above the water table

Plate 1 shows an overall view of the site. Plates 2A and 2B present
hydrogeologic cross sections of the refinery site, and the borings used
to construct them. The specific locations of the cross sections on
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the refinery site are shown on Plate 3. Appendix B presents lithologic
logs and completion diagrams for the monitor wells on site.

Water levels and floating product thicknesses of all wells on the
refinery property were measured from April 1986 through present. A
record of these measurements is shown in Appendix C. A water-table
contour map was prepared (Figure 5-4) based on the static water Tevels of
all the wells at the refinery measured in November 1986. This map is

representative of static conditions of the aquifer since recovery pumping
was not being done at the time.

The effects of floating product on the water levels were considered in
the maps by multiplying product thickness (Appendix C) by 0.8 and adding
the result to the measured water elevation. Product density in the area
is approximately 0.8 g/cm3 (Table 5-2) and this calculation corrects for
the difference in density between floating product and water. The result
provides a value that is the actual potentiometric surface.

The water-table surface depicted in Figure 5-4 generally conforms to
local topography. The ground-water gradient slopes and flows from:

¢ north to south in the arroyo toward the San Juan River

e northeast to southwest from east of the arroyo

o east to west at the arroyo boundary near the Diesel Spill Area

The water-table contour map presented in this report was generated by
computer and represent the probable contour lines as interpreted from a
significant number of data points.

Several pump tests were conducted in the Diesel Spill Area and the
Southern Refinery Area. Analysis of the pump tests revealed small values
of transmissivity and storativity observed near GBR-27 and GBR-14 and
much higher values near GBR-29 in the Southern Refinery Area (Table 5-3).
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TABLE 5-2

GIANT BLOOMFIELD REFINERY
PRODUCT VISCOSITY DATA

WELL NO. SAMPLE NO. API GRAVITY SPECIFIC GRAVITY!
GBR 5 8610071647 45.3 0.800
GBR 10 8610071630 46.1 0.797
GBR 112 .. 46.1 0.797
GBR 13 8610071605 43.8 0.807
GBR 212 .. 43.8 0.807
GBR 28 8610071540 34.2 0.854
GBR 29 8610071619 44.2 0.805

Samples Collected By GCL, Analyzed by Ciniza Refining Company

1
2

at 20°C, calculated from API gravity
determined by visual comparison with
analyzed samples
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TABLE 5-3

SUMMARY OF TRANSMISSIVITIES (T)
AND STORATIVITIES (S)
GIANT BLOOMFIELD REFINERY

DIESEL SPILL AREA T(qpd/ft) S
GBR 14 792 NA
GBR 15 128 0.0045
GBR 25 387 0.00016
GBR 27 126 NA

SOUTHERN REFINERY AREA

GBR 8 2340 0.051
GBR 29 1040 NA

NA = Not Applicable

(S cannot be estimated at pumped wells due to borehole storage
effects)
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This 1implies that fine-grained sandstone, shale, and clay are more
predominant in the northern part of the Diesel Spill Area and that
coarse-grained sandstone dominates the geology in the southern part of
the Diesel Spill Area and the Southern Refinery Area. Flow conditions
appear to range from confined near GBR-27 where shale is present, to
semi-confined near GBR-14 where clay is present, to unconfined near GBR-
29, where clay and shale may be intermittently present but do not
significantly affect flow. Descriptions of the pump tests and analysis
of results are presented below.

5.3.1 Hydraulic Characteristics of the Diesel
Spill Area

The first pump test was conducted using GBR-27 which is located in the
center of the Diesel Spill Area plume. The well was pumped for 16 hours
at a rate of 0.88 gpm on April 30 and May 1, 1986. A 24 hour test was
planned but the well was pumped dry and the test was terminated early.
The pumped well had a drawdown of 21 ft. at the end of the test, and an
observation well 85 ft. away (GBR-25) had a drawdown of 8 inches.

Drawdown and recovery data for this pump test along with plots of
drawdown and recovery versus time and a thorough analysis of the data are
shown 1in Appendix D. These data were analyzed by both the Jacob and
Theis methods and the following aquifer parameters were obtained using
the data from both GBR-27 and GBR-25 correcting for borehole storage

effects and for the effects of floating product which was present in
GBR-27:

TRANSMISSIVITY
WELL AND TYPE OF ANALYSIS (gpd/ft) STORATIVITY
GBR-27
Theis 20.2 NA
GBR-25
Theis 183.4 0.00028
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Since floating product was not present in GBR-25, its calculated values
for transmissivity and storativity are probably more reliable estimates
of the consolidated aquifer parameters. For a saturated screened
interval of 26 feet, the hydraulic conductivity was estimated to be 0.78
gpd/ft2 near well GBR-25. This conductivity is well within the range of
that normally encountered in sandstone (Freeze and Cherry, 1979). Stora-
tivities estimated on the basis of data from observation well GBR-25 are
well within the range of storativities generally associated with
confined or partially confined units.

A pump test was conducted using GBR-14 on November 6, 1986, in order to
better define the characteristics of the alluvial aquifer in the Diesel
Spill Area. GBR-14 was step tested at 1 and 5 gpm and subsequently test

pumped at 2 gpm. Even at this Tow pumping rate, the well was pumped dry
after 4 hours.

Data obtained during the pump test along with graphs of drawdown and
recovery versus time and a detailed analysis of the data are shown in
Appendix D.  The graphs prepared from the drawdown data exhibit two
distinct inflection points which occur at the end of casing and borehole
dewatering.

Transmissivities obtained on the basis of early drawdown data at the

pumped well (GBR-14) are fully discussed in Appendix D and are summarized
below:

ESTIMATED TRANSMISSIVITY OF THE ALLUVIAL AQUIFER NEAR GBR-14

T (gpd/ft)

mp Te Theis Analysis

st
gpm) 10.4
gpm) 8.8

)
rno
N oy —

u
3.(Q
5 (Q

Using the average of the Theis values, the transmissivity of the
alluvial aquifer was estimated at 9.6 gpd/ft. Assuming an average
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saturated thickness of 28 ft., this translates into a hydraulic conduc-

tivity of 0.34. gpd/ftz, which is within the range of conductivity
expected for clayey gravel.

Drawdown observed at well GBR-15 was not analyzed because a sufficient
number of points are not available to warrant pump test analysis.

Estimated transmissivities for the Diesel Spill Area suggest that the
Area is underlain by nonhomogeneous units comprised of sandstone and
silty-to-clean sand and gravel.

A combined pump test utilizing GBR-14, GBR-27 and GBR-28 was conducted on
November 19-21, 1986, for the purpose of identifying the combined effects
of the three wells on the aquifer in the area of the floating product
plume. The data from the test is presented in Appendix D along with

plots of drawdown verses time for the three pumped wells and 6 observa-
tion wells.

No measurable drawdown response was observed in GBR-26 and only small
drawdowns were observed in GBR-30 and GBR-39 even though they were each
about 50 feet from the pumped wells. These wells were screened within
clayey sand or sandy clay located at the base of the alluvium in which
GBR-14 was screened. Since there appears to be hydraulic communication
between the coarser grained alluvium and the underlying clayey sand and
sandy clay layers, as indicated by the response in well GBR-15 which was
also screened in these layers, it is likely that silt has migrated
through the gravel pack and may be lodged in the screens of the
unresponsive wells. Alternatively, there could be a higher incidence of
clay or shale between GBR-14 and the unresponsive observation wells than
between GBR-14 and GBR-15, but given the closeness of the responsive and
unresponsive observation wells this does not appear likely. Due to the
nonhomogeneity of the deposits, it was not possible to explicitly
separate drawdown effects due to pumping at each well. Analysis of the
3-well pump test data was therefore not performed.
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5.3.2 Hydraulic Characteristics of the Southern
Refinery Area

A pump test was conducted using GBR-29 in the Southern Refinery Area
November 4-7, 1986. The data from this test and thorough analysis are
presented in Appendix D.

It was expected from observations during drilling of the well and from
the experience of other wells on the site that GBR-29 would probably have
a capacity of ,only about 1 gpm. Test pumping at 1 gpm, however, produced
almost no drawdown and a rate of 2 gpm was subsequently used for the
test. At 2 gpm, GBR-29 exhibited a drawdown of 9.0 inches after 31 hours
and the nearest observation well, GBR-8, had a drawdown of 2.0 inches.

Transmissivity calculated on the basis of data from GBR-29 was estimated
as 1042 gpd/ft., while transmissivity and storativity from the observa-
tion well (GBR-8) were determined to be 2339 gpd/ft. and 0.051, respec-
tively, as tabulated below:

WEL T(gpd/ft) S
GBR-29 1042 NA
GBR-8 2339 0.051

Transmissivities calculated from the test can be viewed as overall
transmissivities for the unconfined system occurring throughout the
alluvium and sandstone in the absence of containing shale units. An
average transmissivity of 1690 gpd/ft. can therefore be used to charac-
terize the unconfined alluvial system underlying the Southern Refinery
Area. The Tlarger transmissivity relative to values observed in the
Diesel Spill Area suggests that coarse-grained sandstone predominates in
the Southern Refinery Area.

It is concluded that the alluvium and sandstone underlying the Southern
Refinery Area are hydraulically connected in the vicinity of GBR-29 and
GBR-8. This system is generally unconfined, but confined conditions may
exist locally beneath shale units of limited areal extent.

58




5.3.3 Hydrogeologic Characteristics of the Truck
Fueling Area

Seven exploratory boreholes were drilled in the Truck Fueling Area.
Three of these were developed into 2-inch diameter recovery wells (GBR-
22, GBR-34 and GBR-35). A 6-inch diameter recovery well was also
installed (GBR-36). The lithologic logs of all the wells and boreholes
are presented in Appendix B.

The hydrogeologic characteristics of the Truck Fueling Area are similar
to those of the nearby Diesel Spill Area. Since an aquifer analysis was
performed previously in the Diesel Spill Area, it was not considered
necessary to perform such analysis in the Truck Fueling Area.

5.4 SURFACE WATER HYDROLOGY AND FLOODING POTENTIAL

An unnamed arroyo, which drains the site area, is a tributary to the San
Juan River. Surface flow in the San Juan River is controlled by Navajo
Dam, which forms a reservoir with a 1,700,000 acre-feet capacity (Stone,
et al., 1983). The site area is located downstream from Navajo Dam and
upstream from the San Juan/Animas River and the San Juan/La Plata River
confluences. Because the Giant Bloomfield Refinery is located 100 feet
higher (outside the floodplain of the 100 yr. flood) than the San Juan
River, flooding potential from the San Juan is negligible (Appendix E).

The major local drainage is the unnamed arroyo. This ephemeral drainage
flows north to south for approximately 22,000 feet at a 0.024 topographic
gradient before reaching the refinery area. The volume of water produced
by a 100 year flood event (Table 5-4) can be easily contained by this
arroyo; therefore no operation or remediation facilities at the refinery
are subject to flooding from a 100-year flood event. Cross section B/B’
(PTate 2A) illustrates the maximum extent of flooding on a 100-year
cycle. The maximum flood extent in cross section B/B’ illustrates a

worst case scenario in consideration of the choking effects caused by the
culvert beneath U.S. Highway 64.
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TABLE 5-4

HYDROLOGIC DATA SHEET FOR UNNAMED ARROYO
WEST OF GIANT BLOOMFIELD REFINERY

RECURRENCE INTERVAL: 10 YEARS 25 YEARS 50 YEARS 100 YEARS
Rainfall (24 hour) 1.7 in. 2.0 in. 2.3 in. 2.6 in.
Direct Runoff (Q) 0.40 in. 0.58 in. 0.75 in. 1.0 in.
Net Runoff (Qn) 0.28 in. 0.41 in. 0.53 in. 0.70 in.
Peak Discharge (cfs) 591.72 cfs 866.44 cfs 1120.04 cfs 1479.30 cfs
Volume of Runoff (acre-ft) 94.82 acre- 138.85 acre- 179.49 acre- 237.06 acre-

ft ft ft ft

Note: Computations in Appendix E follow methods cited in Chapter 2, U.S.D.A. Soil
Conservation Service Engineering Manual for Conservation Practices.
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No distinct drainage patterns cut across refinery property. Sheet runoff
is the only potential for run-on to remediation facilities. The natural
gradient of the site will drain a 100 year runoff event of 2.6 inches in
24 hours (Table 5-4) with limited erosion and ponding.
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6.0 MONITORING AND REPORTING
Two elements of the remedial design must be monitored:

e Quality and quantity of discharge
e Aquifer quality

A11 sampling will be conducted by personnel trained in sampling protocol.
A1l samples will be analyzed pursuant to EPA methods outlined in
appropriate guidance documents and in Standard Operating Procedures
contained herein. Analytical Technologies (Tempe, AZ) and Radian
Corporation (Austin, TX) will be used for most of the analytical ser-
vices. Should circumstances arise which prohibit the use of the above
laboratories, any 1laboratories selected to perform the analysis will
follow EPA approved techniques and proper QA/QC methods. Samples may
also be analyzed with a portable gas chromatograph. Complete QA/QC
procedures for the selected laboratory will be submitted with the first
set of analytical data. Reports to NMOCD will consist of the data
outlined in the following sections. Reports will be submitted semi-
annually in January and July. Reports will also include QA/QC
procedures and the names and qualifications of the sampling staff. Field
information will be recorded in a log book which is to remain on site.

6.1 TREATMENT SYSTEM MONITORING

Giant will oversee a program of continued surveillance to assure that the
pumping systems operate properly. Each week, Giant personnel will
monitor and record discharge meter readings (flow rate and total gallons)
from recovery wells and discharge lines. General observations of the
entire system and any repair actions taken will also be recorded.

On a weekly basis, water levels in all storage tanks will also be
obtained and recorded in the log. Pipelines will be inspected for leaks.

Prior to discharging from a specific storage tank, a sample from the tank
will be obtained and analyzed for dissolved hydrocarbon compounds (EPA
Method 601/602). If the water to be discharged shows no dissolved
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hydrocarbon concentrations above WQCC 1imits, it will be discharged
directly to the infiltration trenches or the land application areas. If
dissolved hydrocarbon constituent levels exceed WQCC limits, the water
will be air-stripped to achieve the required reductions. Air-stripper
effluent will be sampled on a monthly basis for dissolved hydrocarbons
(EPA Method 601/602).

The volume of water applied to the land surface or infiltration trenches
will also be determined on a monthly basis.

On an annual basis, representative samples from each discharge stream
(tank, airstripper, sprinkler) will be analyzed for WQCC parameters (3-
103). Radio chemistry and PCB testing will not performed. An initial
sample will be taken prior to discharge.

6.2 AQUIFER MONITORING

Giant has installed a system of observation (monitor) and recovery (pump-
ing) wells. A description of wells and boreholes drilled at the refinery
by GCL is listed in Table 6-1. Ground-water investigations have revealed
two localized zones of petroleum hydrocarbons due to recent leaks (the
Diesel Spill Area and the Truck Fueling Area), one localized area of
ground-water degradation due to past refinery activities (the Southern
Refinery Area), and one extensive plume associated with the Lee Acres
Landfill.  The Diesel Spill Area is north of the truck dispatching
office, the Truck Fueling Area is northwest of the truck dispatching

office, and the Southern Refinery Area is in the southwest corner of the
refinery site (see Plate 1).

On a monthly basis, Giant will monitor and record water levels and
product thicknesses in observation wells GBR-7, 8, 10, 13, 15, 17, 19,

21, 24, 25, and 33. Water levels will also be measured and recorded in
all operating recovery wells.

Water quality samples from wells GBR-6, 8, 13, 15, 24D and 33 will be
collected quarterly for analysis of BTEX (EPA Method 602) and TDS (EPA
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TABLE 6-1

DESCRIPTION OF WELLS AND BOREHOLES DRILLED BY GCL AT THE
GIANT BLOOMFIELD REFINERY
(FEBRUARY 1988)

GBR COMPLETION CASING
l WELL NO. DATE LOCATION MATERIAL DIAM. DEPTH SCREEN
1 12/20/85 FFDA - - 20’ NOT COMPLETED
2 12/20/85 FFDA - - 25’ NOT COMPLETED
3 12/20/85 FFDA - - 11/ NOT COMPLETED
l 4 12/20/85 FFDA - - 25’ NOT COMPLETED
5 12/20/85 SOUTHERN PVC 2" b5’ 32’ - 52’
6 09/09/86 SOUTHERN PVC 6" 65’ 20’ - 60
? l 7 09/24/86 SOUTHERN PVC,SS 2" 48’ 31.6" - 41.6'
j 8 10/01/86 SOUTHERN PVC,SS 2" 58’ 38’ - 53’
‘ 9 09/30/86 SOUTHERN PVC,SS 2" 65/ 50’ - 60’
| 10 09/29/86 SOUTHERN PVC,SS 2" 45/ 29’ - 39/
: l 11 04/01/86 SOUTHERN GALV. 2" 55’ 40’ - 50/
i 12 04/03/86 SOUTHERN - - 42’ NOT COMPLETED
13 04/01/86 SOUTHERN PVC 2" 48’ 327 - 42’
r I 14 09/10/86 DIESEL SPILL PVC 6" 65’ 20" - 60’
15 09/28/86 DIESEL SPILL  PVC,SS 2" 60/ 45’ - K5/
g 16 05/28/86 FFDA PVC 2" 2% REMOVED
‘ l 17 05/28/86 ARROYO PVC,SS 2" 68’ 31’ - 51’
; 18 05/28/86 NORTHERN GALV. 2" 50/ 35’ - 45’/
| 19 10/01/86 SOUTHERN PVC,SS 2" 51’ 31’ - 46’
20 04/18/86 SOUTHERN PVC 2" 48’ 27’ - 371’
1 l 218 04/16/86 DIESEL SPILL PVC 2" 40’ 177 - 32’
21D 04/16/86 DIESEL SPILL PVC 2" 41/ 33’ - 38’
22 04/16/86 DIESEL SPILL PVC 2" 48’ 327 - 42’
l 23 04/16/86 DIESEL SPILL PVC 2" 48’ 24’ - 34/
245 04/17/86 DIESEL SPILL PVC 2" 41’ 23’ - 33
24D 04/18/86 DIESEL SPILL PVC 2" 46’ 33’ - 43’
25 04/18/86 DIESEL SPILL PVC 2" 48’ 25’ - 35’
I 26 04/18/86 DIESEL SPILL PVC 2" 42’ 22’ - 62’/
27 04/23/86 DIESEL SPILL PVC 5" 67’ 22’ - 62’
28 05/27/86 DIESEL SPILL PVC 6" 69’ 24’ - 64’
l 29 05/30/86 SOUTHERN PVC 6" 72’ 25’ - 65’
30 09/24/86 DIESEL SPILL  PVC,SS 2" 49’ 25’ - 40’
31 09/15/86 DIESEL SPILL  PVC,SS 2" 45" 24,6’ - 39.6
I 32 04/22/87 ARROYO PVC,SS 2" 4%’ 24’ - 39’/
33 04/23/87 FUELING AREA  PVC 2" 48.5" 27’ - 43’
34 04/24/87 FUELING AREA  PVC,SS 2" 48’ 27’ - 43’
35 04/24/87 FUELING AREA  PVC 2" 46’ 25’ - 41’
I 36 04/30/87 FUELING AREA  PVC 6" 70’ 25’ - 65’/
37 04/28/87 SOUTHERN PVC 6" 69’ 26’ - 66’
38 04/29/87 SOUTHERN PVC 6" 72 27’ - 67’
| l 39 10/08/87 DIESEL SPILL PVC 2" 40’ 25’ - 35’
; 40 10/07/87 CENTRAL PVC 2" 40’ 26’ - 36’
| 41 10/07/87 CENTRAL PVC,SS 2" 35/ 26’ - 32’
l 42 12/15/87 SOUTHERN PVC,SS 6" 63’ 36.6’ - 52.3'
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TABLE 6-1 (Cont.)

DESCRIPTION OF WELLS AND BOREHOLES DRILLED BY GCL AT THE
GIANT BLOOMFIELD REFINERY
(FEBRUARY 1988)

GBR COMPLETION CASING
WELL NO. DATE LOCATION MATERIAL  DIAM. DEPTH SCREEN
43 12/17/817 SOUTHERN PVC,SS 6" 62’ 34.5' - 50.2'
44 12/17/87 SOUTHERN PVC,SS 6" 59’ 32.6’ - 48.3'
45 04/23/87 FUELING AREA - - 43’ NOT COMPLETED
46 04/24/87 FUELING AREA 38’ NOT COMPLETED

BH 1 10/07/87 CENTRAL - - 20’ NOT COMPLETED
BH 2 10/07/87 CENTRAL - - 28.5 NOT COMPLETED
BH 4 10/07/87 CENTRAL - - 10’ NOT COMPLETED
BH 6 10/07/87 CENTRAL - - 10’ NOT COMPLETED
BH 8 10/08/87 NORTHERN - - 18’ NOT COMPLETED
‘ BH 9 10/10/87 NORTHERN - - 20’ NOT COMPLETED
ﬁ BH 10 10/18/87 NORTHERN - - 15/ NOT COMPLETED
] BH 11 10/08/87 NORTHERN - - 20’ NOT COMPLETED

Galvanized Steel
Stainless Steel
Polyvinyl Chloride

Fire Fighting Drill Area
Does not apply
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Method 160.1). Water levels and product thickness in all wells will be
measured and recorded on a quarterly basis.

Where soil is to be treated in place, by the application of water to the
land surface, such as the Southern Refinery Area, aquifer monitoring
will be accomplished in the following manner. After treated ground water
is applied, the wells in the vicinity of the treatment area will be
monitored for water levels and product thickness on a weekly basis during
active treatment. It is anticipated that the flushing of contaminated
soils will result in an increase in the product thickness on ground
water. As flushing continues to remove product from the soil, it is
anticipated that the thicknesses observed after flushing will decrease.

6.3 SAMPLING AND ANALYSIS

This section provides a plan for sampling related to conducting remedial
action at Giant’s Bloomfield refinery.

Adherence to the procedures described herein will ensure the collection
and analysis of ground-water samples which are:

o Free of contamination due to any possible effects incurred
during withdrawal of water from the borehole,

e Representative of the physical and chemical characteristics of
ground water in the uppermost aquifer, and

e Consistent with appropriate procedures for collection, preser-
vation, handling and analysis.

This section is written as a practical guide for technical personnel
engaged in water sampling. It describes in detail the philosophy,
regulatory background, necessary equipment, operational requirements and
handling procedures for collecting ground-water samples. Procedures
outlined herein are modeled on those specified for use at sites subject
to the strict requirements of the Resource Conservation and Recovery Act
(RCRA), but have been adapted to meet the unique requirements of ground-
water monitoring at the Bloomfield refinery. This procedure is also
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fully adequate for sampling air-stripper effluent or other sampling
points.

6.3.1 Sampling Equipment And Supplies

Equipment needed for purging and sampling the monitor wells, the pumping
wells, and the air-stripper effluent includes a stainless steel/teflon
development pump, equipment necessary to operate the pump, a bailer, pH
and electrical conductance meters, a field logbook, and other miscel-

laneous supplies. These are listed and described in the following
sections.

6.3.2 Development Pump

Monitor wells will be purged with a stainless steel and teflon develop-
ment pump which will be thoroughly cleaned before each use. Stainless
steel bailers will be used for purging if necessary.

6.3.3 Bailer

Bailers with removable check valves will be utilized for sampling. The
bailer will be constructed of stainless steel with a teflon ball check
valve at the.bottom and top, and will have a capacity of approximately
0.25 gallons. The bailer will be equipped with a clean rope or cable at
least 50 feet in length. This bailer may also be used to sample light or
heavy phase immiscibles ("floaters" or "sinkers") if present.

6.3.4 Field Analytical Equipment

Equipment necessary for field analyses includes a thermometer, specific
conductance meter, pH meter, and spare batteries for the meters.
Standard solutions must be included for field calibration of the pH and
conductance meters.

6.3.5 Field Logbook

A1l field activities, observations and measurements will be recorded in a
field logbook, which must be kept up to date. Items which should be
recorded in the field logbook each time sampling is conducted include:
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Identification number of well

e Well depth

e Static water level depth and measurement technique

e Purge volume and pumping rate

e Time well purged

e Sample withdrawal procedure/equipment

o Date and time of collection

o Well sampling sequence

e Types of sample containers used and sample identification
numbers

e Preservative(s) used

e Field analysis data and method(s)

o Sample distribution and transporter

e Field observations on sampling event

o Name of collector

e Climatic conditions

6.3.6 Other Equipment And Supplies

A list of other equipment and supplies needed for sampling is included in
Section 3.1 of the Procedures for Purging and Sampling Wells, included as
Appendix F of this document.

6.3.7 Equipment Cleaning and Prevention of
Contamination

A11 equipment used for monitor well sampling shall be decontaminated

prior to each use. Decontamination procedures are included as Appendix G
of this document.

In some cases, it may be impractical for logistic reasons to decontam-
inate equipment 1in accordance with Appendix G. In these cases, the
equipment shall be cleaned and rinsed as described in Appendix H.

Equipment blanks shall be taken by running distilled water over or
through the cleaned equipment and collecting it in 40 ml septum vials,
which shall then be carefully capped so that no air bubbles or headspace
remain. The equipment blanks shall be labeled, assigned sample numbers,
and handled identically with other samples collected during the sampling
program. This will allow identification of any analytical irregularities
that might occur due to incomplete decontamination of the equipment.

68




6.4 SAMPLING PROCEDURES

The complete sampling procedure for ground-water monitor wells includes
measurement of water level and total well depth, testing for "floating"
and/or "sinking" phases, purging and sample withdrawal from the well,
field analyses for temperature, specific conductance, and pH, and sample
preservation and storage. These procedures are described in detail in
the accompanying texts of standard operating procedures. Their specific
applications at Giant are discussed in this section.

6.4.1 Water Level Measurement

Before purging and sampling, uncap the well, allow it to equilibrate for
5 minutes, measure the depth to water (to the nearest 0.01 foot) using an
electronic sounder or steel tape. Record this measurement in the field
logbook. Depth measurements are made from the defined measuring point
at the top of each well casing. For wells with known product, an
interface probe will measure depth to product as well as depth to water.
Detailed procedures for the measurements are described in Appendix I.

Since the elevations of the measuring points have been surveyed, the
elevation of the water table can be determined by subtracting the depth
to water from the known elevation at the measuring point.

6.4.2 Well Purging

Purge the well at a slow enough rate to prevent cascading of water down
the sides of the well. The pump should initially be placed with its
intake about 3 feet below the water level in the well, and slowly lowered
to the bottom of the well, if necessary, to prevent pumping air. Pump
until three casing volumes (Appendix F) have been purged from the well,
or, if recovery is too slow to allow this, purge the well to dryness once
and allow it to recover before sampling. Record the volume of water

purged, rate of pumping, and any other pertinent data in the field
logbook.

Detailed procedures for determining the volume to be purged and for the
purging process are included in Appendix F.
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6.4.3 Sample Collection

Samples will be collected using a stainless steel bailer which has been
fully cleaned in the 1laboratory prior to arriving on site. Cleaning
procedures are described in Appendix G.

Samples should be collected in the order they are listed in Appendix F,
which also lists the sample volumes, types of containers, and preserva-
tives to be used. Sample containers and preservatives will be supplied
by the contract laboratory.

At all times during sampling, care will be taken to minimize agitation of
the samples and 1limit sample contact with the atmosphere as much as
possible, particularly while collecting samples for analysis of vola-
tiles.

The well number, date and time of sampling, and sample number(s) will be
recorded in the field logbook. Further discussion of standard sampling
procedures will be found in Appendix F.

6.4.4 Field Analyses
Both the first and last samples collected at each well will be reserved
for field determination of temperature, specific conductance, and pH.

Two additional samples for these parameters will be collected at con-
venient times during the sampling of the well. Detailed procedures for
making these field analyses are described in Appendix J.

Record the results of the field analyses in the field logbook with a
description of the sample’s physical characteristics.

6.4.5 Sample Preservation And Storage

Samples will be preserved in accordance with the methods shown in
Appendix F.
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Promptly after labeling and sealing each sample container, place it on
ice in a suitable closed container (ice chest) for preservation during
transportation to the laboratory.

6.4.6 QA/QC Splits And Blanks

Quality Assurance/Quality Control (QA/QC) is a critical part of any
ground-water sampiing program. The QA/QC program at Giant will include
trip blanks, equipment blanks as needed, and sample splits for analysis
by independent laboratories. Other field QA/QC procedures are described
in the following sections.

6.4.7 Trip Blanks

Before conducting each quarterly sampling program, fill one of each type
of container listed in Appendix F (including the appropriate preserva-
tives) with laboratory grade deionized water. Carry these blanks to the
site, assign them a sample number in the same manner as the ground-water
samples, and submit them to the contract Tlaboratory with labels and
chain-of-custody seals identical to those used for the ground-water
samples. Record the sample number as "trip blank" in the field logbook,
but do not indicate to the laboratory which samples are blanks. Request
the same analyses as are performed on the ground-water samples.

6.4.8 Sample Splits

Annually, take duplicate samples (splits) for all constituents, from one
of the downgradient monitor wells and a recovery well. Label, seal, and
preserve these samples in the same manner as those sent to the contract
laboratory. Store the sample splits on ice and transport them as soon as
possible to an independent analytical laboratory for analyses.

6.4.9 Packing And Shipping Of Samples

Store all samples on ice in appropriate containers until delivery to the
analytical laboratory. Most samples will be shipped to the laboratory by
common carrier. Sample splits for independent analysis will be delivered
directly or by common carrier, as appropriate, to the laboratory selected
to perform the independent analyses.
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Complete procedures for labeling, packing and shipping of water samples
are included in Appendix K.

6.4.10 Chain-0f-Custody Procedures

Follow chain-of-custody procedures at all times during sample collection,
transportation, and delivery to the analytical laboratory. Chain-of-
custody procedures are described in detail in Appendix L.

6.5 ANALYTICAL METHODS AND QA/QC

A1l ground-water samples, except splits, will be analyzed by Analytical
Technologies in Tempe, Arizona. QA/QC VOA splits from all wells will be
analyzed by Radian in Austin, Texas. [If any other laboratory is used, it
will follow the proper EPA techniques and QA/QC methods.

6.5.1 Analytical Parameters And Methods
As described 1in previous sections, selected water samples will be
analyzed for one or all of the following:

e Purgeable Hydrocarbons (EPA Method 601 or 602)
o WQCC Parameters
e Selected Field Parameters

A1l parameters will be determined in accordance with the methods outlined
in 40 CFR Part 136, or comparable methods. Parameters and analytical
techniques to be used are listed in Appendix F.

6.5.2 Laboratory QA/QC Procedures
Laboratory QA/QC procedures will include the use of:

o Standard samples
e Laboratory blanks
o Spiked samples

o Field blanks

o Sample splits sent to separate laboratories
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The analytical 1laboratories will be required to maintain logbooks or
similar records listing the sample preparation techniques, analytical
methods, and experimental conditions applied to each sample, and the
date, time, and person performing each processing step. The laborator-
ies shall adhere to the standards and procedures set forth in Sections
1.2 through 1.5 of EPA Manual SW-846, Test Methods for Evaluating Solid
Waste, which are included in this document as Appendix M.

Units of measure shall be reported with all analytical results. Units of
concentration will be milligrams/iiter (mg/1) or micrograms/liter (ug/1).
Other units of measure must be justified and approved in advance by the
person requesting the analyses.

Also, all sampling results will be reviewed by GCL for completeness and
consistency, particularly for the following:

e All constituents requested were analyzed;

e All values are properly reported with appropriate units of
measure shown;

o Detection 1limits are clearly indicated for parameters that
were found to be "below detection 1imits" or "not detected;"

o Values reported for field blanks show no evidence of contamina-

tion or analytical error (i.e., different concentrations of any
analyte than expected);

o Data values obtained for each analyte in QC samples (e.q.,
blanks, spiked samples) will be used as a measure of perform-
ance or as an indicator of potential sources of cross-con-
taTigation, but should not be used to alter or correct analyti-
cal data.

If the analytical results fail to meet any of these tests, retesting will
be conducted as necessary.
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6.6 SEMI-ANNUAL REPORTS
Semi annual reports will be prepared Tisting:

Ground-water elevations;

Product thickness on ground water;

Quantities pumped;

Quantities discharged;

Locations of discharges;

Relevant field information;

Analytical results of discharge and ground-water samples; and
Changes in the plan during the period.
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7.0 SUMMARY OF MONITORING AND REPORTING

7.1

MONITORING

On a weekly basis Giant will:

Perform a visual inspection of the recovery pumps, air strip-
per, storage tanks, pipelines, infiltration trenches and
associated ancillary equipment.

Monitor the total flow from each recovery well and discharge
lines.

Measure water levels in all storage tanks.

Measure water levels and product thickness in wells immediately
adjacent to areas being treated by the controlled application
of treated water. Such monitoring will be implemented during
active treatment of such sites.

On a monthly basis Giant will:

A

Monitor the total flow applied to the land surface.

Monitor the total flow discharged to infiltration trenches.
Monitor water levels and'product thickness in monitor wells
GBR-7, 8, 10, 13, 15, 17, 19, 21, 22, 24, 25 and 33 and all
operating recovery wells.

Use EPA Method 601/602 to analyze discharges from the air-
stripper

On a quarterly basis (March, June, September, December) Giant will:

Measure water levels and product thickness in all wells.

Use EPA Method 602 (Purgeable Hydrocarbons) and Method 160.1

ATDS) to analyze ground water samples from wells GBR-6, 8, 13,

15, 24D, and 33.

Prior to initial discharge and on an annual basis thereafter, Giant will:

Use EPA methods to analyze representative discharge streams for
WQCC Para-meters (3-103). Radiochemistry and PCB testing will
not be performed.

Perform hydraulic pressure tests of underground pipelines.
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Prior to discharging from a specific storage tank Giant will:

e Use EPA Method 601/602 to analyze any stored water which is to
be discharged without air stripping.

7.2 REPORTING
Giant will prepare semi-annual reports which tabulate:

Ground-water elevations;

Product thickness on ground water;

Quantities pumped;

Quantities discharged;

Locations of discharges;

Relevant field information;

Analytical results of discharge and ground-water samples; and
Changes in the plan during the period.

In accordance with WQCC Regulation 1-203, Giant will immediately notify
the NMOCD of any unplanned release.
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1.0 EXECUTIVE SUMMARY

The Prickett Lonnquist Aquifer Simulation Model (PLASM) (Prickett, T.A.
and C.G. Lonnquist, 1971, Selected Digital Computer Techniques for Ground
Water Resource Evaluation, I1linois State Water Survey, Urbana, Bulletin
55) was used to predict the hydraulic impacts of pumping from existing
and proposed recovery wells at the Giant Bloomfield Refinery Site. The
model was first calibrated for steady-state conditions using projected
long-term drawdown responses observed during pump testing at the recovery
wells. Long-term impacts of recovery pumping were then predicted by
imposing anticipated vrecovery discharges on the steady-state model.
Results of the modeling study indicate that pumping at rates of 1 gpm at
the three existing recovery wells in the Diesel Spill Area will be
sufficient to capture the plume of product and dissolved contamination
that extends over this area. The results also suggest that the
installation and operation of the recovery wells in the Southern Refinery
Area will be adequate to intercept all potentially contaminated ground
water known or believed to be present north of the recovery wells.

Approximately 20 trial-and-error calibration runs were used to define the
final model. Four transmissivity zones were used to characterize the
flow domain. Artificial constant-head boundary conditions were imposed
along three edges of the model, while an artificial no-flow boundary was
used to characterize flow along the remaining edge. A 4l-column by 49-
row rectangular grid was used to represent an area of 2200 feet by 2975
feet. The recovery model included eight pumping wells withdrawing at
rates of from 1 to 15 gpm. At steady-state, approximately 91,000 gallons

per day of water would be produced for treatment, storage, and eventual
disposal.
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2.0 JUSTIFICATION FOR THE MODELING STUDY

Use of a finite-difference model to predict the hydraulic response of the
unconfined to partially-confined aquifer underlying the site provides a
systematic framework for understanding the natural flow dynamics of the
aquifer. While analytical methods for analyzing aquifer hydraulics can
be useful for gaining insight into the general characteristics of an
aquifer, they cannot be used to evaluate a heterogeneous, unconfined or
partially-confined aquifer of finite extent under conditions of a sloping
water table. At the Bloomfield site, two distinct but hydraulically-
connected units of sandstone and alluvium comprise the shallow aquifer.
The subsurface hydrogeology is further complicated by the existence of
discontinuous shale and clay layers distributed throughout the aquifer.
These conditions preclude the use of simple Theis analysis for predicting
the impacts of recovery.

In addition to permitting evaluation of aquifer response in the presence
of heterogeneities and a sloping water table, the use of a numerical
model also allows for accurate description of flow dynamics in an
unconfined or partially-confined aquifer. The nonlinear nature of the
flow equation under unconfined and partially-unconfined conditions
requires iterative solution of the ground water flow equation. During
early, transient stages of calibration, changes in transmissivity and in
the storage coefficient resulting from aquifer dewatering can easily be
accounted for using a numerical model.

A final justification for application of numerical modeling is the fact
that a well-calibrated model offers a means of systematically defining
areas of the site that require more intensive data collection. These
areas can easily be identified through sensitivity analysis, during which
the response of the calibrated model to small changes in parameters can
be determined. Large changes in response indicate that a more refined
model may be developed if additional data is acquired in the area where
the Targe response occurs.




3.0 CALIBRATION OF THE FINITE-DIFFERENCE GROUND-WATER FLOW MODEL

3.1 OVERVIEW OF THE CALIBRATION METHODOLOGY

Development of a realistic predictive model requires that the parameters
of the model be systematically adjusted until the historical behavior of
the aquifer 1is duplicated. Such calibration, or history-matching,
generally involves simultaneous adjustment of aquifer parameters until
the model reproduces observed aquifer behavior. Using the known steady-
state behavior and transient response of the aquifer, calibration of the

model for the aquifer underlying the Giant Bloomfield Refinery proceeded
as follows:

Phase 1: An initial steady-state calibration for overall hydraulic
conductivity zones was performed using the current hydraulic head
distribution to reflect natural, steady-state flow conditions.

Phase 2: This phase of calibration involved variation of hydraulic
conductivity within previously-defined conductivity zones until estimated
long-term drawdown was reproduced at recovery-well nodes. Single-well
pump test results performed at GBR-14, GBR-27 and GBR-29 were used to
estimate long-term drawdown under steady-state conditions. The actual
inputs into the calibrated model differed from the data from test
pumping. During this phase, as well as during Phase 1, the storage
coefficient was set to zero in order to force instantaneous convergence
to steady-state head. The steady-state head distribution generated using

the final conductivity estimates closely matched the observed November
1986 water-table.

Phase 3: The final calibration phase will involve variation of the
storage coefficient until short-term aquifer responses are duplicated.
The hydraulic conductivity will be held fixed at the values obtained
during Phase 2 steady-state calibration. This final phase of modeling
will be completed after results of the 2-month pumping test (October-
November, 1987) are evaluated and input into the model.

Division of the calibration procedure into steady-state and transient
phases minimized the number of degrees of freedom associated with each



calibration phase. During Phase 1 and 2, only the hydraulic conduc-
tivity distribution had an effect on the simulated steady-state head
distribution and the storage coefficient was not explicitly considered
during these phases. Calibration during the final, transient phase will
involve only adjustment of the storage coefficient, with hydraulic
conductivity fixed at the final values obtained during Phase 2. Use of
this phased calibration approach eliminates the problems generally
associated with simultaneously varying two parameters to match the
observed aquifer response.

3.2 MODIFICATIONS OF PLASM

Certain modifications were made in the BASIC code for the 2-dimensional
finite-difference PLASM algorithm in order to facilitate calibration.
The modified code allows recalculation of adjusted hydraulic conductivity
and rewrites the recalculated transmissivity onto the input file for
subsequent model execution. In addition, the modified code adjusts the
xy coordinates used to generate a hydraulic head plot file in order to
account for an irregular grid. Finally, the modified code prints
steady-state hydraulic head values to an external file rather than
directly to a printer so that the simulated steady-state head distribu-

tion can be used to initialize the model for subsequent transient model
execution.

3.3 MODEL SPECIFICATIONS

3.3.1 The Finite-Difference Grid

A finite-difference grid was constructed over the entire refinery site so
that the effects of recovery in both the Diesel Spill Area and the
Southern Refinery Area could be predicted simultaneously. Interaction
between the two recovery sites was of some interest, since pumping at
GBR-29 and at proposed wells in the Southern Refinery Area could con-
ceivably draw some of the product from the Diesel Spill Area downgradient
into the Southern Refinery Area. Moreover, pumping in the Diesel Spill
Area at the three existing recovery wells could potentially reduce the
natural southwestward hydraulic gradient in the Southern Refinery Area,



minimizing the rate of pumping required to prevent additional off-site
migration of potentially contaminated ground water.

Some initial consideration was given to orienting the grid such that rows
and columns would be parallel and perpendicular to the overall
south-westward hydraulic gradient over the site, as shown in the
observed water table. This would have made it possible to input
longitudinal and lateral dispersivity values directly during subsequent
solute-transport simulation, with Tongitudinal dispersivity specified
along columns corresponding to the direction of flow and transverse
dispersivity specified along rows perpendicular to the flow direction.
Instead, orientation of the grid columns in a north-south direction was
chosen because this orientation permitted no-flow conditions to be
assigned to nodes located along the western boundary, where water-table
contours appeared to be perpendicular to the edges of the grid. This
orientation greatly facilitated the modeling study.

The finite-difference grid was constructed to be very fine at the pumping
sites, where large hydraulic gradients were expected to occur. Close
spacing of rows and columns permitted more accurate definition of
drawdown at the recovery wells, since the model generated average
drawdown over a given nodal element. Drawdown averaged over a small
element thus approached the drawdown that would occur at a point.
Distances between columns and rows were expanded at increasing distances
from recovery sites where hydraulic gradients were expected to gradually
decline and where average drawdown in a given nodal element approached
drawdown at any point in the element. The change in column or row
spacing did not exceed a factor of two between adjacent cells anywhere in
the grid, minimizing spatial-truncation errors during model execution.

A total of 49 rows and 41 columns comprised the grid, resulting in 2009
nodal points. The entire grid extended 2200 feet in the east-west or
x-direction and 2975 feet in the north-south or y-direction. The
dimensions of the grid were defined to be sufficiently large to avoid



propagation of recovery well drawdown to the edges of the grid during
calibration. Tables 1 and 2 1list values of DELX (I) and DELY (J)
describing the spacing between columns and rows. These spacings are
shown plotted on Plate Al. The northwesternmost corner of the grid was
located at a northing of 2500 feet and an easting of 10,400 feet.

Despite anticipation of radial flow during steady-state and transient
pumping, a regular grid rather than a radial-segment grid was used
throughout the flow domain. The loss of accuracy associated with using a
regular grid near pumping wells was more than offset by the convenience
of using a grid with regularly-spaced nodes.

3.3.2 Boundary Conditions

Since natural physical boundaries were not observed at the site, artifi-
cial boundary conditions were established around the flow domain. A
no-flow boundary was specified along the western edge of the flow domain
because observed equipotential lines appeared to be perpendicular to the
edges of the grid. It was not clear whether this orientation of
equipotential lines was due to the contouring process or whether it was
due to southward channeling of water through the arroyo, which happened
to be parallel to the boundary. Southward deflection of flowlines as
water enters the arroyo from the east implies that the hydraulic
conductivity of the arroyo is significantly larger than the conductivity
of the adjacent sandstone.

Unlike water-table contours along the western edge of the grid, contours
along the northern, eastern and southern edges of the flow domain are
oblique to the edges of the grid. This suggests that water laterally
enters or exits the system through these areas. Since the rates of
influx and outflux of water were not known, constant-head conditions were
assigned to these parts of the flow domain. This permitted the model to
calculate the rate of influx, equal to the rate of outflux under
steady-state conditions, for any given distribution of hydraulic conduc-
tivity. As long as steady-state conditions were maintained at these
boundary nodes, there is no difference between assigning constant-head

i



TABLE 1
FINITE-DIFFERENCE GRID COLUMN
SPACING ARRAY DELX(I) (FT)

I DELX(I) I DELX(I)
1 250 21 12.5
2 200 22 12.5
3 150 23 12.5
4 100 24 12.5
5 75 25 12.5
6 50 26 12.5
7 25 27 12.5
8 25 28 12.5
9 25 29 25
10 25 30 25
11 12.5 31 25
12 12.5 32 50
13 12.5 33 50
14 12.5 34 50
15 12.5 35 50
.5 36 75
.5 37 100
18 12.5 38 150
19 12.5 39 200
20 12.5 40 250
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TABLE 2
FINITE-DIFFERENCE GRID ROW
SPACING ARRAY DELY(J) (FT)

<

DELY(J) J DELY(J)

300 25 50
250 26 50
200 27 100
150 28 100
100 29 100
100 30 50
100 31 50
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and constant-flux conditions. This is because the saturated thickness
and gradient at a boundary remains constant under steady-state condi-
tions. Use of constant-head boundaries along the northern, eastern, and
southern edges of the grid was valid during calibration phases involving
pumpage as long as the pumping stresses did not propagate to the boun-
daries. Specification of constant-head conditions along these boundaries
was easier to implement than assignment of constant-flux conditions,
because hydraulic head along a constant-flux boundary would have to be
adjusted during calibration whenever hydraulic conductivity was changed.

With lower heads assigned along the southern constant-head boundary, and
higher heads specified along the eastern and northern constant-head boun-
daries, the steady-state throughflow Q of water was uniquely defined for
any distribution of hydraulic conductivity. The distribution of hydrau-
1ic conductivity was then modified until the observed distribution of
hydraulic gradients was obtained. Essentially, the steady-state calibra-
tion procedure focused on modifying hydraulic conductivity K(x,y) at each
node until the observed gradient Ah/A1 across the nodal element was
reproduced according to Darcy’s Law:

q = K(x,y) Ah/A}

where q equals the constant, but unknown, influx and outflux rate.
Constant-head values along the northern, eastern, and southern
boundaries were specified on the basis of observed water levels. Since
data related to the observed hydraulic head distribution did not extend
to the grid edges, constant heads were instead assigned along the edges
of a rectangle constructed along the edges of the water-table contoured
area (see Plate Al). When constant-head conditions were assigned along
the top, bottom and right edges of this rectangle, the resulting head
values between the rectangle and the grid edges automatically conformed
to principles of ground-water flow. It should be noted, however, that
the grid edges act as no-flow boundaries by default during model
execution. Therefore, simulated head between the constant-head inner

boundaries and the grid edges became less reliable close to the grid
edges.



November 1986 water levels corrected for floating product were used to
define constant-head values along the inner rectangular boundary (see
Plate Al). Tables 3, 4 and 5 1ist the constant heads assigned to row 5
along the northern edge of the rectangle, row 48 along its southern edge
and column 39 along its eastern edge. 5000 feet were subtracted from all
head levels in order to minimize accumulation of round-off error during
model execution. Constant head Tevels were maintained by setting the
storage coefficient along these rows and columns at an effectively
infinite value of 1 x 1022 to represent infinite sources and sinks. Any

storage coefficient of S equal to 1.0 or greater could actually have been
used.

3.4 STEADY-STATE CALIBRATION

After the grid was defined and boundary conditions were established, the
mode]l was initially calibrated by attempting to match the simulated
steady-state hydraulic head distribution to the observed November 1986
water table. Since the steady-state head distribution is completely
insensitive to the storage coefficient, this initial stage of calibration
focused on adjustment of hydraulic conductivity values until the observed
head distribution was duplicated. A storage coefficient of zero was
therefore used. Subsequent transient calibration for storativity will
involve duplication of pump-test drawdown to the extent possible, given
the non-ideal behavior of the aquifer under pumping stresses.

3.4.1 Convergence to Steady-State

Steady-state calibration for hydraulic conductivity involved solution of
the general flow equation:

where Kxx = the hydraulic conductivity in the
x-direction (along rows) [L/T]
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ROW 5: COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN

TABLE 3

CONSTANT HEADS ALONG THE
NORTHERN INNER BOUNDARY (FT)

371.
371.
371.
372.
372.
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ROW 48: COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN

TABLE 4

CONSTANT HEADS ALONG THE
SOUTHERN INNER BOUNDARY (FT)

350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
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350
350
350
350
350
350
350
350
350
350
350
350.7
352.0
353.0
354.0
354.75
356.3
357.4



l TABLE 5
CONSTANT HEADS ALONG THE
EASTERN INNER BOUNDARY (FT)

' COLUMN 39: ROW 3 378.25 27 375.0
ROW 4 378.5 28 373.4
ROW 5 378.65 29 371.5

l ROW 6 378.75 30 370.0
ROW 7 379.0 3] 367.2
ROW 8 379.0 32 366.0

I ROW 9 379.0 33 364.9
ROW 10 378.9 34 364.2
ROW 11 378.7 35 363.5

I ROW 12 378.5 36 362.95
ROW 13 378.35 37 362.85
ROW 14 378.25 38 362.75
ROW 15 378.1 39 362.65

l ROW 16 378.0 40 362.55
ROW 17 377.9 41 363.35
ROW 18 377.75 42 362.2

l ROW 19 377.5 43 361.9
ROW 20 377.35 44 361.15
ROW 21 377.25 45 360.3
ROW 22 377.0 46 359.5

I ROW 23 376.5 47 359,05
ROW 24 376.2 48 357.4
ROW 25 376.0

' ROW 26 375.5

l 13
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Kyy = the hydraulic conductivity in the
y-direction (along columns) [L/T]

Vhy = the hydraulic gradient in
the x-direction (along rows)
Vhy = the hydraulic gradient in

the y-direction (along columns)
h = the hydraulic head at any point [L]

S = the specific yield or storage
coefficient at any point

In order to obtain instantaneous convergence to steady-state, the value
of S was effectively set to zero at 10-22,  Since this removed the time
derivative term from the right-hand side of the flow equation, the

resulting equation was essentially equivalent to the Laplace equation
describing steady-state flow:

Alternatively, steady-state conditions could have been attained by using
a non-zero value of S and by allowing the model to converge to steady-
state over a finite period of time. The length of real time required for
dh/dt to approach zero would depend on how close the specified initial
conditions were to steady-state «conditions, on the transmissive
characteristics of the aquifer, and on the magnitude of S. This
procedure would have required far more computer time than the procedure
used to generate instantaneous convergence.

For the case of instantaneous convergence, the time derivative term does
not explicitly appear in the flow equation. Under these circumstances,
initial conditions become irrelevant and arbitrary initial heads of 362.5
feet were assigned to all variable-head nodes in the flow domain. When
a uniform bedrock elevation of 300 feet is specified for all nodes, an
initial saturated thickness of 62.5 feet is defined by the model prior to

convergence to steady-state.
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3.4.2 Average Saturated Thickness

Although saturated thickness for the model was initially set to 62.5 feet
to reflect the average depth to the Tower edge of recovery-well screens,
saturated thickness generated by the model varied from 50 to 78 feet
after convergence to steady-state. Since this range of saturated
thickness was well above the 25-foot average saturated screened interval
of recovery wells, it produced overestimated values of transmissivity and
underestimated recovery-well drawdowns, causing the impacts of recovery
tended to be conservatively-underestimated.

3.4.3 Hydraulic Conductivity Zoning

Hydraulic conductivity zones were defined over the flow domain according
to observed geologic conditions. Hydraulic conductivity, rather than
transmissivity, was used as the calibration parameter because the actual
saturated thickness of the unconfined to partially-confined aquifer was
unknown. In areas located outside of the regions of pump test influence,
hydraulic conductivity was estimated on the basis of Tithologic descrip-
tions obtained from well logs.

Due to boundary influences, a sloping water table, and other non-ideal
conditions affecting pump test results, hydraulic conductivities obtained
from the pump tests required some adjustment until the behavior of the
aquifer was reproduced. The pump-test conductivities represented an
initial input to the iterative, trial-and-error calibration.

There are no perennial rivers affecting the hydrology at the site.
Therefore, no attempt was made to incorporate stream leakance into the
model calibration. Leakage from the fire water pond was not considered
in Phase 1 or 2 model runs because a radial-flow analysis did not
conclusively prove that the observed water table near the pond is
impacted by pond leakage. Leakage between sandstone and shale layers was
assumed to be slow relative to the overall dynamics of the flow system,
and was ignored.

15



3.4.4 Iterative Trial-and-Error Calibration

Initial attempts at steady-state calibration focused on relative
variation of hydraulic conductivity within geologic zones until the
overall configuration of the observed water table was reproduced. This
Phase 1 calibration was directed at generating the overall
characteristics of the potentiometric surface through definition of
hydraulic conductivity zones. Phase 2 calibration involved adjustment
of hydraulic conductivity within previously-defined zones until the
anticipated Tlong-term, steady-state response to pumping stresses was
duplicated. An error closure of 196 ft was used during both phases,
allowing an average error of 0.1 feet at each of the 1960 active nodes.

3.4.4.1 Phase 1 Calibration

It became clear early in the calibration procedure that the closely
spaced contours in the vicinity of the recovery wells in the Diesel Spill
Area and near recovery-well GBR-29 in the Southern Refinery Area could
not be duplicated by the previously-described zoning. In an effort to

reproduce these closely-spaced contours, two low-permeability zones were
constructed beneath these areas.

Hydraulic head simulated in the northeastern part of the flow domain with
the initial conductivities was well below the observed head. This
suggested that a ground water source should be included in that area. If
such a source did exist, it might also explain why closely-spaced
contours in the Diesel Spill Area could not be duplicated. However,
steady-state injection of up to 1 gpm at a node in the 14th row and 28th
column of the grid had no observable effect on the hydraulic gradients in
the areas of interest. This injection rate was considered to be the
maximum rate at which water could be migrating into the system through
preferred pathways such as along buried pipelines from the northeast.
Given the unlikelihood that such a source could be contributing at a rate
of even 1 gpm, the calibration was continued without specifying an
external source anywhere in the northeast part of the grid.

16
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3.4.4.2 Phase 2 Calibration

To define absolute, rather than relative, hydraulic conductivities in
each conductivity zone, use was made of the three single-well aquifer
tests performed in the Diesel Spill Area and Southern Refinery Areas.
Based on the drawdown data collected at each pump well, a long-term
steady-state drawdown was extrapolated from double-log plots of the data.
Hydraulic conductivities were then adjusted until the model-simulated
drawdown at the pumping node, discharging at the aquifer-test rate,
matched the estimated 1long-term drawdown at the pump well. The
extrapolated long-term drawdown was intentionally underestimated so that
adjusted model conductivities would be somewhat overestimated. Coupled
with overestimated saturated thickness, overestimated conductivities
represented a worst-case scenario for the case of recovery operations,
because high transmissivities would result in small drawdowns and induced
hydraulic gradients towards recovery wells. Using these somewhat overes-
timated transmissivities, it was possible to predict maximum discharges
required to capture all contaminated ground water. If the aquifer zone
containing the recovery well could support this maximum required
discharge, then recovery could be expected to be successful.

Drawdown obtained at the pump nodes had to be adjusted for the finite-
area cell associated with the node before it could be compared to the
drawdown at a point sink such as a pump well. The adjustment was made
according to the relation (Prickett and Lonnquist, 1971):

As = 0.3665 (Q/T) log (a/4.81 ry)
where As = additional drawdown at the pump
well beyond that predicted
_ by the model (ft)
Q = pump-test discharge (gpd)

—
il

aquifer transmissivity (gpd/ft)
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a = square root of the cell area
associated with the pumping
node (ft)

rw = well radius (ft)

The procedure used to perform Phase 2 steady-state calibration was as
follows:

1) Using the estimated conductivity of the zone containing the well
and pump-test discharge, generate predicted drawdown s with the flow
model.

2) Add As to the drawdown predicted by the model, s, to obtain actual
drawdown at a point s’=s + As

3) If the value of s’ is approximately equal to  steady-state
drawdown at the pump well, as extrapolated from aquifer test data,
the model has been calibrated for conductivity of the zone
containing the pump node. If s’ does not match the observed
drawdown, adjust transmissivity accordingly and repeat steps 1-3.

Table 6 lists the pump-test discharges and extrapolated steady-state
drawdown at GBR-14, GBR-27, and GBR-29.

TABLE 6 EXTRAPOLATED STEADY-STATE DRAWDOWN AT RECOVERY WELLS

Extrapolated

Conductivity Steady-State

Well Zone Q(gpd) Drawdown (ft)
14 Arroyo alluvium 1440 15
27 Low-K Sandstone 1440 20
29 Sandstone (SE) 2880 1

The conductivity in these zones was varied until the generated drawdown,
adjusted for the finite-area pumping node, was equal to the extrapolated
steady-state drawdown. Assuming that drawdown at any pump well was not
significantly affected by pumping from the other wells, all recovery
wells could be pumped simultaneously during this stage of the calibration
procedure.

18
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Use of extrapolated drawdown at the GBR-14, 27, and 29 pump-test wells
permitted estimation of hydraulic conductivities in the arroyo alluvial
zone, the low-conductivity sandstone zone, and the southeastern sandstone
zone. Due to Tack of pump-test data in the high-conductivity sandstone
located in the northern part of the grid, conductivity in this zone was
assumed to be equal to conductivity identified in the southeastern
sandstone zone. Conductivity for the valley sediments in the southern
part of the grid was estimated by matching the model drawdown and the
observed drawdown at GBR-8 due to pump-testing at GBR-29. Since radial
flow was not .occurring at GBR-8 during the pump test, no drawdown
correction was necessary when matching drawdown at GBR-8.

Table 7 lists the final estimates of conductivity obtained on the basis
of the two-phase steady-state calibration. The similarity of
conductivities obtained in the arroyo alluvium zone and in the adjacent
low-conductivity sandstone zone suggests that the Tlow-conductivity
sandstone zone may actually be underlain by silty saturated overbank
sediments associated with the arroyo. Although southward deflection of
flowlines occurring in the arroyo would appear to suggest that the
overall arroyo conductivity is 1larger than the conductivity of the
sandstone, a lower conductivity was evident from pump test results.
These resu]fs indicated larger drawdown in GBR-14 than in GBR-27 under an
equivalent pumping stress.

Comparison of the final simulated steady-state head distribution (Plate
A2) with the observed water table shows that while the closely-spaced
contours in specific portions of the flow domain were not exactly
duplicated, the overall regional characteristics of the steady-state
water table were adequately reproduced using the zone conductivities
listed in Table 7. The far-spaced equipotential lines evident immediate-
ly southwest of the Diesel Spill Area appeared to result from the flow
geometry around the low-conductivity area. The stagnation point at which
streamlines converged on each oth