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1. INTRODUCTION

This Work Plan is written to specify the design, implementation, and operation of
a pilot-scale treatability study of Steam Enhanced Extraction (SEE) at Site 13,
Abandoned Oil Refinery, at NAS Alameda. Based on previous investigations at
Site 13, oily waste is found in high concentrations below the four-foot deep water
table. In situ restoration options for remediation include biosparging, where air
would be injected into the oil bearing zones to stimulate biodegradation, and both
bioventing and soil-vapor extraction during dewatering.  However, these
ambient-temperature technologies cannot be expected to recover the viscous
hydrocarbon phase to a significant extent, and would be inherently slow due to
low volatilities, aqueous-phase diffusivities, solubilities, and vapor pressures of
the contaminants.

Because the waste oil will become more volatile, less dense and flow more readily
as the boiling point of water is approached, applicable temperature-enhanced in
situ technologies are of interest to the acceleration of remedial processes. The
mechanisms exploited by thermal processes are the reduction of the oil viscosity
and oil-water interfacial tension to increase mobility, an increase in the difference
between the water and oil densities to increase the upward flow driving force,
and an increase in the hydrocarbon mixture vapor pressure to enhance its
evaporation rate. Thus, thermal processes are expected to be the most rapid of the
viable options. An effective process would include significant free product
pumping and removal of the more volatile and soluble components of the
immobile hydrocarbon mixture to minimize potential for future exposure.
Applicable thermal heating processes include steam injection and electrical
heating. The assessment of feasible in situ technologies is required prior to a
regulatory Record of Decision; this will require the evaluation of thermal

remediation techniques.

Given the readily available clean steam source from facility steam plants, SEE
appears to be particularly attractive for pilot-scale testing at Site 13. There are no
structures on the site that would interfere with application of SEE, and there are
no immediate planned uses of Site 13.

The project consists of a laboratory treatability study and field scale tests, first
with three wells over a period of 30 days, followed by a pilot-scale test with 15
wells run for an additional 180 days. The pilot-scale demonstration of SEE at
Site 13 is to follow this Work Plan, unless new data suggests better design,
implementation procedures or data collection protocols.
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1.1 OBJECTIVES

The overall objective of this project is to ascertain the viability of the SEE
process as a cost-effective in situ remedial method for restoration of soils and
groundwater containing the low-volatility hydrocarbons at Site 13. Laboratory
treatability test objectives are to determine the rates and extents of toxic substance
removal by SEE. Specific objectives of the three well treatability tests are to
quantify in situ hydraulic parameters, assess the performance of the prototype
injection/extraction well design, and identify potential operational difficulties in
above ground fluid treatment. The pilot-scale test objective is to provide a
comprehensive assessment of the overall technical feasibility of the process to
restore the site and identify any improvements in the design and implementation
of the process if expanded to full-scale site cleanup.

1.2 BACKGROUND OF SEE PROCESS

SEE was developed in the late 1980s by engineering scientists from the
University of California at Berkeley. While steam injection for enhanced oil
recovery has been practiced for decades by the oil industry, additional
thermodynamic features of the process were identified and exploited in the
Berkeley work to make the process amenable to the restoration of sites
contaminated with volatile and semi-volatile liquid contaminants found above and
below the water table, as well as non-volatile compounds in the aqueous phase.

The SEE process removes hydrocarbons from the soil by injecting steam to
volatilize hydrocarbons present in the subsurface. Hot vapors which contain the
volatilized hydrocarbons are captured, condensed, contained, and treated to
remove hydrocarbons. At Site 13, the process will include:

. Warming the treatment zone with steam to mobilize free product to the top
of the water table where it will be pumped from the subsurface;

. Collection and disposal of recovered free product;

. Dewatering to expose residual oil to injected steam and to enhance
volatilization;

. Collection of condensate from extraction wells and from the ground
surface;

. Treatment of the condensate by carbon adsorption followed by discharge to

the sanitary sewer; and
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. Injection of air or pure oxygen into the hot, dewatered oil bearing zone to
dry the soil and oxidize the heavier oil fractions.

1.3 PARTNERSHIP AGREEMENT

On August 24, 1994, the U.S. Navy and the University of California entered into
a partnership that provides the framework for exploring the application of
innovative environmental restoration technologies developed by the University of
California at Berkeley (UCB), the Lawrence Livermore National Laboratory
(LLNL) and the Lawrence Berkeley Laboratory (LBL), on Installation
Restoration (IR) sites NAS Alameda. This partnership is governed by Contract
No. N62474-94-7420.

Delivery Order (DO) 003 funds the demonstration of the SEE technology at Site
13 for the removal of contaminants from the soils and groundwater. UCB shall
perform the following tasks in order to accomplish this objective:

1)  Prepare a Work Plan to install treatability and pilot-scale test wells.

2)  Install, operate, and monitor the treatability test wells to determine if
the soil characteristics favor further application of the SEE
technology in a pilot-scale process.

3)  Prepare a report commenting on the treatability test results.

4)  Install, operate, and monitor the pilot-scale SEE process in the field
to determine further application of the SEE technology in a full-scale

process.

5)  Prepare a report on the pilot-scale results of the SEE technology.

6)  Produce 75 percent designs for full scale operation of the SEE
process.

This Work Plan is written is in response to the requirements of Task One and
describes Tasks Two through Six.

1.4 RELATED DOCUMENTS

As part of their partnership agreement with EFA West, the Berkeley
Environmental Restoration Center (BERC) will implement innovative restoration
technologies at three sites within NAS Alameda, including Site 13. The following
two documents have been prepared to describe general quality assurance/quality
control and health and safety procedures to be followed for each site:
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. Contractor Quality Control Program Plan, Revision A, dated June 1995,
prepared by E2; and

. Health and Safety Plan, Volumes I and II dated June 8, 1995, prepared by
BERC.

Work conducted at Site 13 will be conducted in accordance with the general
procedures described in these program level documents as well as Standard
Operating Procedures and Standard Quality Procedures that are being prepared
for this project. This Work Plan describes site-specific procedures to be

followed.

1.5 ORGANIZATION OF WORK PLAN

Section 1 of this work plan presents an overview of the pilot-scale treatability
study to be performed at Site 13, as well as the contracting mechanisms that
authorize the work and related documents that need to be referred to during
implementation of the study. A brief background of NAS Alameda and Site 13
are presented in Section 2 with a discussion of previous investigations. The site
hydrogeology is described in Section 3. Soil and groundwater quality are
described in Section 4 and probable exposure pathways are presented in Section
5. Data gaps are described in Section 6. Section 7 presents the treatability testing
that needs to be conducted in support of the pilot-scale study. The design of the
field-scale study is presented in Section 8. An implementation plan, including the
sampling and analysis plan, is included in Section 9. The project organization is
described in Section 10.

Detailed results of a laboratory shake-down treatability experiment will be
included in Appendix A when data are available. Appendix B includes the
Contractor Quality Control Plan (CQCP); Appendix C contains the Site Health
and Safety Plan (SHSP); Appendix D contains the Environmental Protection Plan
(EPP) for the pilot-scale treatability study. The piping and instrumentation

diagram (P&ID) is included in Appendix E.

Supplemental information is included in Appendix F. This information includes
Standard Operating Procedures (SOPs) that will be implemented as a part of the
sampling and analysis plan. These SOPs are draft and will be issued as final at a

later date.
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2. BACKGROUND
2.1 NAS ALAMEDA DESCRIPTION

NAS Alameda i1s located on the western end of Alameda Island. The base,
rectangular in shape, is approximately 2 miles long and 1 mile wide, and occupies
2,634 acres. Approximately 1,526 acres of NAS Alameda are land and 1,108

acres are bay.

Much of the land now occupied by NAS Alameda was once covered by the waters
of San Francisco Bay or was tidal flats. Much of the base was gradually filled
using hydraulically placed dredge spoils from the surrounding San Francisco
Bay, the Seaplane Lagoon at NAS Alameda, and the Oakland Channel (PRC,

1994).

The Army acquired the NAS Alameda site from the city of Alameda in 1930 and
began construction activities in 1931. The Navy acquired title to the land from
the Army in 1936 and began building the air station in response to the military
buildup in Europe prior to World War II. After the 1941 entry of the United
States into the war, more land was acquired adjacent to the air station. Following
the end of the war, NAS Alameda returned to its original primary mission of
providing facilities and support for fleet aviation activities.

2.2 SITE 13 HISTORY

The following history of Site 13 was obtained from Naval Air Station, Alameda,
Alameda, California, Remedial Investigation/Feasibility Study Site Conceptual
Models, Preliminary Draft dated September 22, 1994, and prepared by PRC
Environmental Management, Inc. (PRC) and Montgomery Watson (PRC, 1994b).
Site 13 consists of approximately 30 acres located in the southeast corner of NAS
Alameda. This site is the former location of the Pacific Coast Oil Works refinery,
which operated between 1879 and 1903. Refinery wastes and asphaltene residues
were dumped at the site during the 24-year history of the refinery. The refinery
consisted of pump and lubricating houses, stills, two laboratories and agitators, as
well as approximately 19 above-ground iron oil storage tanks, six underground
iron storage tanks, and a storage area containing drums of oil.

The area once occupied by the refinery was later surfaced by the Navy. Sometime
in the 1940s, a surface rupture occurred as a result of vapor pressure buildup
from underground hydrocarbons and refinery wastes. The Navy excavated an
area of approximately 30 by 30 feet (depth not recorded), and a concrete slab was
emplaced in the bottom of the excavation which was then backfilled and

resurfaced.
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Several naval facilities now exist on the site of the former oil refinery. A
former on-base annex service station, Building 547, is located in the northeast
corner of the former oil refinery area. In the northwest corner is a hazardous
waste storage yard, which is currently in operation. A missile rework facility is
housed in Building 530, which is located in the southern portion of the former oil
refinery area.

During a previous removal action, approximately 104 cubic yards of soil
exhibiting a low pH and containing high lead concentrations was removed.
Approximately another 50 cubic yards was expected to be removed after
September 1994. For this removal action, soil containing lead at concentrations
greater than 100 mg/kg were removed from the southern portion of Site 13.

In February 1991, a JP-5 release occurred on the east side of Building 397, a jet
engine test cell. Following a period of heavy rains, several storm drain manholes
overflowed, resulting in an accumulation of free product; twelve manholes in the
area were found to contain floating product. The storm drain lines south of
Building 397 were reportedly extensively damaged during the 1989 Loma Prieta
earthquake and groundwater in the area may have been impacted by JP-5 leaking
from the damaged storm sewer lines.

2.3 PREVIOUS INVESTIGATIONS

Remedial investigations have been conducted at numerous IR sites throughout
NAS Alameda. The reports which document these investigations include the
following which were prepared by PRC and Montgomery Watson:

. NAS Alameda, Alameda, California, Data Summary Report RI/FS Phases 1
and 2A, Final. August 25, 1993.

. NAS Alameda, Alameda, California, Data Summary Report RI/FS Phases
2B and 3, Final. October 27, 1992.

. NAS Alameda, Alameda, California, Solid Wastewater Quality
Assessment Test (SWAT) and Data Summary Report RI/FS Phases 5 and 6,

Final. April 30, 1993.

As part of the remedial investigation(s) at Site 13, six groundwater monitoring
wells (MW-1 and MWOR-1 through MWOR-5) and 22 soil borings (BOR-6
through BOR-27) have been installed at Site 13 (PRC, 1994). Soil and
groundwater samples from these monitoring wells and borings have been

laboratory analyzed.
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A conceptual model of Site 13 presenting a summary of existing analytical data
and an assessment of exposure pathways is also included in Naval Air Station,
Alameda, Alameda, California, Remedial Investigation/Feasibility Study Site
Conceptual Models, Preliminary Draft dated September 22, 1994. This report |
was also prepared by PRC and Montgomery Watson.

In March and April 1994, PRC conducted a Site Characterization and Analysis
Penetrometer System (SCAPS) project at Site 13. The SCAPS project included
the advancement of 45 SCAPS push holes (ALA13P1 through ALA13P45) and
eight hollow stem auger borings (ALA13B38 through ALA13B45). The results
of the project are described in SCAPS Push and Intercalibration/Validation
Boring Summary Report, Naval Air Station Alameda - Site 13. Old Refinery Site,
Alameda, California dated August 19, 1994 and prepared by PRC. As part of this
project petroleum hydrocarbon concentrations in the soil were measured using an
in-situ fluorometer. The results of these measurements were validated by
traditional laboratory analysis of selected soil samples for total recoverable
petroleum hydrocarbons (TRPH), and total petroleum hydrocarbons as diesel,
gasoline, JP5 and motor oil (TPHd, TPHg, TPHjp5, and TPHmo).

3. SITE HYDROGEOLOGY

Soils encountered during implementation of the SCAPS project include
hydraulically placed fill and Young Bay Mud Deposits (PRC, 1994a). The
hydraulically placed fill consists primarily of sand and silty sand. In places, these
materials are mixed with refinery wastes described as a black, tar-like material.
The fill is underlain by Young Bay Mud Deposits consisting of sand, silt, and
clay. The depth to groundwater at Site 13 ranges from 5.94 to 6.04 feet below

ground surface (bgs) (PRC, 1994c).

4. DISCUSSION OF SOIL AND GROUNDWATER QUALITY

Soil and groundwater samples have been collected as part of the remedial
investigation(s) and SCAPS project at Site 13. Based on the results of the
remedial investigations, the pH of soil samples from Site 13 ranges from 6.2 to
10 and total organic carbon concentrations range from 109 to 16,800 mg/kg
(PRC, 1994 b). The following chemicals have been identified in the near surface

soil and at depths up to 15 feet bgs:
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. TRPH; benzene, toluene, ethylbenzene, and xylenes (BTEX); n-nitroso-di-
phenylamine; butylbenzylphthalate; polynuclear aromatic hydrocarbons
(PAHs); and the pesticides beta-BHC, heptachlor epoxide, 4,4-DDT, 4,4-
DDE, 4,4-DDD, and toxaphene.

Total dissolved solids concentrations in groundwater samples ranged from 620 to
3,160 mg/l; total organic concentrations ranged from 7.5 to 57.6 mg/l; dissolved
oxygen concentrations ranged from 1.6 to 6.2 mg/l; the pH ranged from 6.7 to
7.8; and the specific conductivity ranged from 470 to 4,020 cm (PRC, 1994b).
The following chemicals have been identified in the groundwater at Site 13:

. TRPH, benzene, ethylbenzene, xylenes, 4,4-DDT, PAHs, and metals.

Sediments in the storm drains had not been sampled in September 1994 and are
not of concern for this pilot-scale test.

The results of the SCAPS project identified the following zones of contamination
(PRC, 1994a):

. Refinery wastes present in the southeast portion of the site from a depth of
five to 15 feet below ground surface. The western, northern, and southern
extent of refinery wastes has been identified by the SCAPS project. The
eastern extent has not been identified because it intermingles with the
release from the NEX service station and because this site is located near
the eastern base boundary which restricts additional sampling locations to
the east of those areas already sampled.

. An asphaltic and/or oily dust surface feature.

. A gasoline release from the former on-base annex service station located at
Building 547. The horizontal extent of this release has not been identified.

. A release of JP-5 near Building 397 which is a jet engine test cell. The
horizontal extent of this release has not been identified.

The horizontal extent of TRPH in the soil as inferred from the SCAPS project is
shown on Figure 4.1, and the vertical extent is inferred on Figure 4.2.
5. PROBABLE TRANSPORT PATHWAYS

Potential sources of soil and groundwater contamination at Site 13 include
historic oil refinery operations and wastes as well as the JP-5 release on the east
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side of Building 397. Based on the exposure pathway analysis prepared by PRC
(PRC, 1994b) the following transport/exposure pathways are considered
currently present at Site 13:

. Volatilization of compounds identified in the soil and groundwater to
outside air which would be inhaled by site occupants;

. Wind suspension of soil particulates which could result in off-site
deposition of particulate on previously uncontaminated soil and could result
in human exposure to the chemicals in the soil either through ingestion or
direct contact. The particulates could also be inhaled by site occupants;

. Direct contact with or ingestion of soil and/or groundwater that contains
chemicals.

6. DATA GAPS

Data gaps that will need to be addressed before the pilot-scale treatability study is
performed include:

. Additional treatability testing is necessary to evaluate the effectiveness of
the SEE process on soil from Site 13.

. The easterly extent of TRPH in the soil has not been fully characterized.

. The TRPH concentrations have not been fully characterized in the eastern
portion of horizontal extent of TRPH inferred from the SCAPS project;
and additional sampling to characterize the extent and concentration of
TRPH in the soil is described in Section 9.3 along with other sampling and
analysis that will be conducted during implementation of the pilot-scale
study. Section 7 describes additional bench scale testing that will be

performed.

7. LABORATORY TREATABILITY TESTS

Previous laboratory treatability tests of the applicability of SEE to relatively low
volatility hydrocarbon mixtures such as JP-5 fuel and coal tars showed effective
removal of those liquid compounds from soils. There are questions whether SEE
would be effective in removing the waste oil from the Site 13 soils, since the oil
may be from distillation column residues and may consist of non-volatile
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components. The potential extent of removal of the toxic components of the waste
oil from Site 13 soils by SEE, and the composition of the residual hydrocarbons
are of interest. To better define the characteristics of the effluent liquids and
residual waste oil, a laboratory treatability test will be conducted. The apparatus,
sample preparation procedures, steam injection schedule, and soil and effluent
chemical analyses for the laboratory experiment are presented below.

7.1 ONE-DIMENSIONAL EXPERIMENTAL APPARATUS

As shown in Figure 7.1, the apparatus for the one-dimensional treatability experiment
consists of a pair of metering pumps to deliver a constant mass flow rate of distilled
water, a steam generator to boil the water into steam, a stainless steel pipe to hold the
contaminated soil sample, and an effluent collection jar maintained in an ice bath to
minimize loss of components from the effluent to the atmosphere. The inlet and outlet
of the sample holder have end caps which can be unbolted and removed to pack and
unpack the soil sample. These caps have channels cut on their inner surface in contact
with the soil to help spread the injected steam across the entire inlet cross section of the
sample holder and reduce the end effects of the one-dimensional experiment. In addition
to these channels, 300- and 25-mesh stainless steel screens are attached to the inner
surfaces of the end caps to encourage uniform spreading of the steam over the sample
holder cross section and to prevent the grains of soil in the sample from escaping the
sample holder. The stainless steel sample holder is wrapped with heater tape and
insulated. During injection, this heater tape is set to a constant supply power to offset
the heat loss through the insulation, maintaining a constant temperature along the length
of the tube and thus produce an adiabatic environment. Thermocouples are mounted at
the steam inlet tubing, the upstream end of the soil sample, the downstream end of the
soil sample, and the outlet tubing. Teflon tubing is used to carry all fluids into and out
of the system. The outlet tubing is long enough to allow the effluent to cool to near
room temperature before it enters the effluent collection bottle. Because flow rates are
low, usually one meter of tubing is a sufficient length. Not shown in the diagram is a
condenser stage which can be added to the outlet tubing between the outlet of the
stainless steel piping and the effluent collection jar when the effluent flow rate is too
high to condense all of the steam in the effluent tube.

7.2 SOIL SAMPLE PREPARATION

Soils will be taken from contaminated regions of Site 13 using a hand auger. The soil
will be chilled to reduce hydrocarbon vapor pressures and mixed in a clean Pyrex tray
to uniformly distribute the waste oil throughout the sample. Two samples will be sent to
an outside laboratory for analysis. If the TPH concentrations of the two soils analyzed
are less than 5,000 mg/kg and within 10% of each other, then the soil will be packed
into the sample holder. If the samples contain hydrocarbon concentrations greater than
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5,000 mg/kg, the clean fine sand similar to that of the soil samples will be mixed with
the contaminated soil to reduce the concentration to 5,000 mg/kg. By reducing the
concentrations to this value, the experiment can be completed in reasonable time period
of the order of two weeks.

Contaminated soils will be packed into the stainless steel sample holder by alternately
adding a few centimeters of soil and compacting with a large wooden dowel to reduce
void spaces in the pack. The thermocouples situated within the soil will be inserted
during packing. Packing will continue until enough material is in the sample holder to
require slightly compressing the end cap when it is bolted into place. This compression
minimizes voids created during settling of the sand pack. Such voids are undesirable
since they compromise the homogeneity of the one-dimensional sand pack and could
lead to uneven steam flow. To minimize the end effects, 1 inch of clean sand will be
packed at the exit of the sample holder and 1.5 inches of clean sand will be packed at the

mlet.
7.3 STEAM INJECTION PROCEDURE

After packing the sample holder with contaminated soil as described in the sample
preparation section, the metering pumps will be set to provide a constant water flow
rate of 38 ml/hr. Previous experiments on tarry compounds more volatile than those
suspected at Site 13 show that a contaminant level of 10,000 mg/kg can be removed to a
level exceeding 99% in about two weeks. Based on those results, we expect to conduct
the treatability tests for two to three weeks depending on effluent fluid characteristics.
If the effluent liquid has no visible liquid hydrocarbon as floating product or emulsion,
and the effluent has no odor, the experiment will be concluded. The contaminant
concentrations removed by steam are highest in the first part of injection, so a sampling
regime will be employed that takes more frequent samples early giving a better
resolution of contaminant removal during this stage. All of the effluent coming from
the sample holder will be collected into sample bottles according to the following

regime:
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. Target Cumulative
Time (hrs) Time (hrs)

Begin lInjection 0 0
Sample 1 1 1
Sampie 2 1 2
Sample 3 1 3

| Sample 4 1 4
Sample 5 4 8
Sample 6 4 12
Sample 7 4 16
Sample 8 4 20
Sample 9 8 28 |
Sample 10 8 36
Sample 11 8 44 |
Sample 12 8 52
Sample 13 12 64 |
Sample 14 12 76
Sample 15 12 88
Sample 16 12 100
Sample 17 24 124
Sample 18 24 148
Sample 19 24 172
Sample 20 24 196
Sample 21 24 220
Sample 22 24 244
Sample 23 24 268
Sample 24 24 292
Sample 25 24 316
Sample 26 24 340
Sample 27 24 364
Sample 28 24 388
Sample 29 24 412
Sampie 30 24 436
Sample 31 24 460
Sample 32 24 484
Sample 33 24 508

End Injection 34 24 532

This regime provides small samples of effluent allowing detailed analysis of effluent
concentrations during the first few hours of injection, and it gives large samples of
effluent later in the experiment when concentrations are low and changing slowly. To
minimize sample degradation, an ice bath will surround each bottle while collecting the
effluent. As each bottle fills, it will be sealed with a Teflon cap and placed it in a
refrigerator at 4°C (+ 2°C) or an ice bath to prepare for transport to the analytical

laboratory.

The pressure in the s
on a solenoid valve at
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ample holder will be cycled throughout the injection using a timer
the outlet end of the sample holder to close the outlet for one
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hour and open the valve for thirty minutes while maintaining steady steam flow into the
inlet. With the valve closed steam pressures should rise to about 207 kPa gauge (30
psig), then we will open the valve to depressurize the system over about two minutes.
Cycling in this way first increases the pressure and temperature of contaminants in the
sand pack then causes the contaminants to vaporize as the ambient pressures returned to
normal. This increases the contaminant concentrations in the effluent by mobilizing
contaminant trapped in less accessible regions such as crevices between sand grains.
During steam cycling, the effluent tube will be placed in an ice bath to condense the
effluent before it reaches the sample bottle. This is necessary because the fairly rapid
depressurization of the test section produces enough steam to heat the effluent tube and
send vapors to the collection bottle where they could be lost to the atmosphere from

around the tube’s entrance through the bottle cap.
7.4 LABORATORY SAMPLE ANALYSIS PLAN

The soil and effluent samples will be sent to a certified laboratory for chemical analysis.
The soil samples taken from the site will be analyzed for TPH (EPA method
8015/5030), PAHs (EPA method 8270), metals (EPA method 6010), and pesticides
(EPA Method 8080). The table below summarizes the samples to be analyzed and the
methods to be employed.

7.5 QUALITY ASSURANCE/QUALITY CONTROL

The one-dimensional bench study will follow the quality assurance and quality control
procedures outlined in the Quality Assurance/Quality Control Plan. In addition, all
water injected into the sample holder will be distilled and then boiled to reduce the
amount of dissolved gas. All tubing used to carry the water and effluent will be PTFE
to lower the risk of water or effluent contamination by interaction with the tube
material. During the entire experiment, the system remains closed except for the
necessary introduction of water to the metering pumps and the changing of the sample
bottles to minimize the chance of system contamination. All sample bottles will be
prepared by washing with nonphosphate detergent followed by multiple tap water and
distilled water rinses. After washing, the bottles will be oven dried and sealed with
Teflon caps. The sample bottles will be kept in an ice bath while the sample is being
collected to keep the effluent temperature low and minimize potential evaporation. Full
sample bottles will be capped with a Teflon cap and placed in a refrigerated space or
into a cooler containing ice to maintain temperatures at 4°C (£ 2°C). Each cooler will
contain a method blank consisting of a bottle prepared along with the sample bottles,
filled with distilled water as used in the metering pumps, capped with a Teflon cap, and
placed in the cooler along with the first effluent sample. The method blank should
indicate any contamination in the preparation, storage, and transportation of the
samples. All samples will be sent for analysis within the prescribed holding time. All
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samples will be packed with foam and ice prior to transportation. Each cooler
will contain a chain of custody and be sealed with custody tape.

8. PILOT-SCALE SEE DESIGN

The application of SEE to Site 13 would include operation to first mobilize the
free product oil to the top of the water table by injection of steam from below.
From there it would be pumped from the subsurface. Thereafter, significant soil
dewatering would be necessary to expose the residual oil to flowing steam to
enhance vaporization of the light ends. Dewatering will take place during both the
treatability and pilot-scale phases. An attempt will be made to lower the water
table to at least 10 feet below ground surface. Until the transmissivities of the
water-bearing materials- are determined, it will not be known whether de-
watering to 10 feet will be possible. Injection of air or pure oxygen into the hot,
de-watered, oil-bearing zone will lead to the drying of the soil, and may also lead
to significant oil oxidation rates of the heavier oil fractions.

Implementation of SEE at Site 13 will require the installation of a set of wells for
steam injection/fluid withdrawal, and the appropriate above-ground fluid
processing equipment. In addition, a surface containment system will be installed
to capture condensable vapors created during steam injection. Base steam,
compressed air, water, power, and wastewater disposal utilities are available
adjacent to the site. Present utility locations are shown in Figure 4.1.

Steam injection would be continuous to the site but alternate between the various
wells in the pattern as needed to maintain energy levels and optimize recovery
efficiency. The pilot-scale treatability study design should be similar to that of the
full-scale implementation with individual well injection rates and well spacing the
same as that considered for full-scale implementation. The pilot-scale study would
involve the installation and operation of a much smaller number of wells than for
full-scale cleanup with wells located in areas of high concentrations and extending
to the edge of the contaminated region as conceptually shown in Figure 8.1.

Before the pilot-scale equipment can be properly sized and assembled,
preliminary data on the subsurface permeability and prototype well design
performance are necessary. Thus, three treatability study wells will be installed
and operated for 30 days to gather process data appropriate for pilot-scale system
final design. The initial three wells will be located to become part of the pilot-
scale pattern if initial results indicate SEE applicability to site cleanup.

The three test wells will be installed at the approximate locations shown on
Figure 8.2; specific locations will be selected after additional site characterization
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is completed as described in Section 9.3.1. Actual locations for pilot scale test
wells will be selected using the results of the three well treatability test. A high
soil hydrocarbon concentration area will be targeted for the three test wells to
allow significant oil volume recovery. Recent applications of SEE in similar
situations showed the need for great flexibility in the control of liquid pumping
operations, and steam injection locations. The design to be tested at NAS Alameda
is a significant improvement in these regards. Details of the well design are
shown in Figure 8.3. The design includes two screened intervals; the deeper
interval is for steam injection and the upper interval is for vacuum extraction and
liquid pumping. Liquids, including the hydrocarbon phase, will be removed using
a gas displacement pump. Compressed air will be used as the displacement gas.
For greater precision in subsurface transport definition, the design will also allow
for the insertion of a logging tool used to evaluate vertical gas flow rates, gas
concentrations, and temperatures.

Thirteen temperature observation wells will also be installed as shown in Figure
8.2. The design of the temperature observation wells will allow percussion
insertion for reduction In cost, greater temperature sensitivity, and elimination of
soil drilling disposal. Subsurface temperatures are monitored by the placement
of subsurface thermocouples. To allow for the possibility of continuous
temperature logging, the fixed thermocouples will be attached to the outside of a
bottom-sealed, 2-inch diameter, 25-foot long, schedule 40 carbon steel pipe,
inserted into a bore hole and grouted in place, as shown in Figure 8.4. The
thermocouples will be sealed in stainless steel sheaths, attached to 24 gauge,
Teflon-coated wire, extending to above ground. The coded wires will extend 5
feet beyond ground level, finished with compatible plugs for quick attachment to
a thermocouple output display unit and housed in a weather-proof enclosure.

Large increases in soil temperature caused by the injection of steam create
substantial changes in soil resistivity. Electrical resistance tomography (ERT)
will be used to map the subsurface progress of steam injection as a function of
space and time. ERT measurements will be made using a combination of surface
and downhole measurements to map the steam propagation. The planned
electrode well locations are shown on Figure 8.5. A schematic of the electrode
strand is given in Figure 8.6. Resistivity measurements will be made before,
during, and after steam injection, and will be processed to generate two-
dimensional vertically oriented resistivity tomographs.

Two surface containment designs will also be installed and tested during the pilot-
scale treatability study. The design of the actively cooled surface containment
system (Figure 8.7) will allow condensable vapors to flow to an upper metal
barrier where heat losses to the environment will allow condensation. Enhanced
condensation will be achieved by active cooling of the exposed surface of the
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barrier by installing a water sprinkler system. The passive barrier is simply a
vapor barrier with soil placed on top for thermal insulation and protection.
Beneath the vapor barrier, a gravel layer 3” thick would allow removal of vapors
flowing up from the steamed soils through the application of a vacuum to the
region. While the passive design may have an advantage in ease of installation, the
active design would provide superior performance and greater control. The
design which is most effective overall will be installed at the pilot-scale.

The three-well treatability test will require installation of most of the above
ground equipment necessary for the pilot-scale implementation. The flow
schematic of the above-ground processing equipment is shown in Figure 8.8.
The effluent treatment system is designed to treat both the effluent vapor mixture
and liquid water pumped from the extraction wells. The effluent vapor mixture
enters a liquid trap where entrained liquid is trapped and pumped to an oil-water
separator. The gas stream goes to an air-cooled heat exchanger where steam and
the hydrocarbon vapor are condensed. The gas-liquid mixture then enters a
vapor-liquid separator. Upon exiting the separator, the liquid phase is pumped to
the oil/water separator, and the noncondensable air is removed with a vacuum
blower to be treated by a thermal oxidizer before its release to the atmosphere.

Similarly, the effluent liquid treatment system recovers and treats liquids from
the injection/extraction wells and surface separation vessels. Liquid mixtures are
first separated and then metered upon exit from the oil/liquid separators. While
oil is pumped to an oil storage tank, water is pumped through carbon canisters to
reduce oil concentration to below discharge limits. In addition, the pH of the
water is metered and treated, if necessary, before release to the sewer system. All
hydrocarbon vapors that escape from the separators or the oil tank must pass
through carbon canisters before their release to the atmosphere. Depending on
availability and cost, all equipment components will be selected for the
treatability test well operation. However, if the well pattern is expanded to pilot-
scale dimension, then savings might be found in time and money if the equipment
is sized for pilot-scale operation.

9. IMPLEMENTATION PLAN

The implementation plan consists of a list of tasks for implementation of the
pilot-scale treatability study at Site 13, an implementation time line, and a site
sampling and analysis plan. The following sections detail the work to be
performed and the procedures to be followed in the operation and evaluation of
the pilot scale treatability study. All work will be performed in accordance with
the Contractor Quality Control Plan (Appendix B), Site Health and Safety Plan
(Appendix C), and the Environmental Protection Plan (Appendix D).
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9.1 TASKS

This section describes the tasks that will be performed during the pilot scale
treatability study at Site 13.

9.1.1 Three-Well Treatability Study

The initial stage of the pilot scale treatability study will be implementation of the
three well treatability study; this section describes the tasks that will be
performed as part of this stage.

1. Perform additional site characterization for treatability test well siting.
While the existing site characterization provides good delineation of the
maximum extent of the subsurface waste oil, additional characterization of
the subsurface concentration distribution is needed before the pilot-test wells
are installed. Cone penetrometry with laser-induced florescence for soil oil
concentration quantification will be used to determine the vertical waste oil
distribution at 20 or more additional locations shown on Figure 9.1.

2. Survey the site to determine ground elevations and reference existing wells
and prior soil borings. The surface topography of the site is to be quantified
by standard surveying techniques. Surface elevations will be measured on a
20-foot grid. Once the existing topography is known and well locations are
determined, the surface containment design and surface grading needs can be
specified. To minimize the volume of surface soil to be moved, the drainage
pattern for the surface containment system will be designed to best fit the

surface topography.

3. Grade site to provide appropriate drainage from surface containment system.
As shown in Figure 8.7, the grading will provide a sloped surface of one-
quarter inch rise per foot of run for proper drainage of the surface
containment system. The north and south sides of the graded region are to be
sloped at a similar angle. For the three-well treatability test, grading will be
performed only for the three wells shown in Figure 9.2.

4, Procure and have delivered to the site vacuum pump, downhole pumps,
vapor condenser, oil/water separators, air and water treatment carbon
canisters, and storage tanks. The operation of the treatability wells will
require an oil-water separator, vacuum pump, two liquid storage tanks,
carbon canisters and a thermal oxidation unit for treatment of extracted air,
and an air-cooled heat exchanger for the vapors from the extraction wells. A
second small oil-water separator will be installed on the liquid line exiting
the liquid-vapor separator (see Figure 8.8). These equipment items will be

procured and delivered to the site.
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10.

11.

12.
13.

Install three injection/extraction wells. Continuous soil samples will be
recovered during the installation of the injection/extraction wells. Three
injection/extraction wells will be fabricated (as shown in Figure 8.8) and
installed. Pilot borings will be drilled using a hollow stem auger with soil
samples recovered continuously using a split-spoon sampler. The borings
will then be reamed to 15 inches using reverse circulation drilling
techniques. The wells will then be installed with number 2/12 sand packing
except for grout plugs at the surface and above the depth of the metal plate
separating the injection region of the well from the upper extraction region.

Analyze three soil samples from each boring for TRPH, BTEX, semi-
volatile organic compounds (SVOC:s), pesticides, and metals.

Develop injection/extraction wells to improve hydraulic communication with
the water-bearing materials.

Analyze a groundwater sample from each injection/extraction for water-
bearing materials for TRPH, BTEX, SVOCs, pesticides, and metals.

Conduct pumping tests to determine the transmissivity of the water-bearing
materials.

Install 13 temperature observation wells. The temperature observation wells
are to be installed by percussion insertion techniques at the locations shown
in Figure 8.2. The temperature wells will be constructed from 2-inch
diameter pipe to allow temperature readings at six thermocouple locations,
and continuous temperature logging from inside the well.

For ERT purposes, seven electrode wells containing one electrode strand
each will be installed using a cone penetrometer and surface electrodes will
be emplaced in the ground surface as shown in Figure 8.5. One to two
resistivity measurement sets will be made prior to steam injection;
approximately one measurement per week will be made during injection; and
about two will be collected after injection.

Survey all well locations and elevations.

Install surface containment system. For the treatability test, grading will be
performed only for the three wells as shown in Figure 9.2, with the surfaces
covered with two types of surface containment. The eastern slope, which will
be covered with gravel, will have plastic sheeting laid over the gravel layer
and sealed with temperature and hydrocarbon resistant glue or caulk to form
an air tight plastic layer capable of withstanding one hundred degrees
Celsius. The plastic sheet will then be covered with a six-inch thick layer of
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clean soil to provide insulation. The western slope will be covered with a
sandwich of flat steel sheeting on top and corrugated steel sheeting on bottom
riveted together with one-half inch spacers in between as shown in Figure
9.2. The steel sheeting will be supplied to the site as panels to be assembled
and connected with caulk and rivets to form an air-tight cover. Because the
injection/extraction wells will be in place when the surface containment
system is laid, both the plastic and steel coverings must be cut to form
around the wells and sealed at these openings. :

14. Hook up vacuum lines, compressed air lines, and steam lines to wells. The
steam inlets to the wells will be connected to the steam line at the manifold
using steel pipe and rubber hose as appropriate. Orifice plate flow meters
will be installed two feet from the well head and fitted with electronic
differential pressure transducers for flow rate calculation. The extraction
ports from the wells will be connected to the vapor extraction and liquid
treatment systems using hose or pipe as appropriate. Compressed air will be
connected to the downhole pump gas inlet port using high pressure hose or
piping.

15. Operate treatability test system and collect operational samples for a period
of 30 days. Steam will be injected into one well while fluids are pumped
from the other two wells for a period sufficient to bring the oil-laden soil to
steam temperatures. The radius of influence of the steam from the well is to
be determined by monitoring subsurface temperatures. Then, the steam will
be cycled between wells in a manner that optimizes vapor recovery and oil
pumping rates. Operation will be under daily direction from the Project
Manager or designee.

16. Prepare a report summarizing the results of the three-well treatability test
and making recommendations for implementation of the 15-well pilot-scale
test, including any revisions to the planned design.

9.1.2Pilot-Scale Test

Assuming that the results of the three-well treatability test indicate that
continuation of the pilot scale study is viable, the 15-well pilot-scale test will be
implemented. This section describes the tasks that will be performed as part of

that test.

1. Produce the 100% design for the expansion to the pilot-scale test. The plans
will be used for construction of the surface containment system, temperature
monitoring wells, injection/extraction wells, electrode wells, equipment pad,
piping, and electrical systems by subcontractors. Equipment specifications
will be produced by sizing-up the three-well test data and evaluation of field
operation computer simulations, calibrated to the three-well performance.
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2.

I

Procure any additional or replacement equipment (i.e., downhole pumps,
vapor condenser, oil/water separators, air and water treatment carbon
canisters, and storage tanks) as needed to meet pilot-scale projected rates and
conditions.

. Survey the site as described for the three-well treatability study.

Grade site to provide appropriate drainage and install surface containment
system. The graded surfaces will be covered with the best of the two surface
containment systems tested during three-well operation, with potential design
improvements based on three-well field experience.

Install additional injection/extraction wells, develop and sample these wells as
described for the three-well treatability test.

Install additional temperature-monitoring wells for pilot-scale test as
described for the three-well treatability test.

Install additional electrode wells as described for the three-well treatability
test.

Install appropriate surface containment system.

Hook up vacuum lines, compressed air lines, and steam lines to wells. The
steam inlets to the wells will be connected to the steam line at the manifold
using steel pipe and rubber hose as appropriate. Orifice plate flow meters
will be installed two feet from the well head and fitted with electronic
differential pressure transducers for flow rate calculation. The extraction
ports from the wells will be connected to the vapor extraction and liquid
treatment systems using hose or pipe as appropriate. Compressed air will be
connected to the downhole pump gas inlet port using high pressure hose or

piping.

10. Operate pilot-scale test system and collect operational samples for a period of

11.

180 days or until recovery rates drop to sustained values less than 25 gallons
of oil per day. The process will be operated continuously for the 180-day
period, with steam injection alternating between various well. After the
contaminated zone within the pilot pattern reaches steam temperature, the
steam will be cycled between wells in a manner that optimizes vapor recovery
and oil pumping rates. Operation will be under daily direction of the Project

Manager or designee.

Conduct post-demonstration sampling to measure reduction in contaminant
levels.
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12. Produce a final report on the performance of the pilot-scale treatability test.

13.

The report will contain sufficient data and analysis to support evaluation of
the use of SEE for full-scale cleanup including a summary of field conditions,
all analytical data obtained, and information illustrating optimum operating

conditions.

Produce 75% designs for the full-scale surface containment system,
temperature monitoring wells, injection/extraction wells, process equipment,
piping, and electrical systems. Equipment specifications will be produced by
sizing up pilot-scale test data and evaluating additional field operation
computer simulations calibrated to past field performance.

9.2 TIME LINE

The time tables and critical paths for the tasks outlined in Section 9.1 are
provided as Figures 9.3 through 9.5.

9.3 SITE SAMPLING AND ANALYSIS PLAN

Sampling and analysis will be performed during the implementation and
operation of the pilot-scale study for the SEE process at Site 13 to achieve the
following objectives:

Provide further characterization of the extent of chemicals and refinery
wastes identified in the soil at Site 13;

Characterize the hydraulic properties of the subsurface waste-bearing
zone;

Assess the performance of the prototype injection/extraction well design;

Monitor the performance of the SEE system and the above-ground
treatment  equipment to identify potential difficulties in above-ground

fluid treatment;

Provide an overall assessment of the technical feasibility of the SEE
process to restore Site 13; and

Characterize wastes for disposal purposes.

This sampling and analysis plan describes the field activities, sampling, and
analyses that will be performed to achieve the above objectives. Specific tasks that
will be performed are described in Section 9.1. The data obtained during the
pilot-scale study will be used to assess the effectiveness of the SEE process in
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reducing chemical concentrations in the waste bearing zone. Many field and
sampling procedures identified in this SAP are described in “Standard Operating
Procedures” dated June 1995, prepared by the BERC. These SOPs are in draft
form and are referenced in the SAP as appropriate. Draft versions of the SOPs
referenced are included in Appendix F, Supplemental Information. These SOPs
will be finalized and submitted under separate cover.

9.3.1 Additional Site Characterization

As discussed in Section 9.3, it will be necessary to conduct additional sampling to
characterize the extent of refinery wastes in the subsurface prior to locating the
three injection/extraction wells for the three-well treatability test. To achieve this,
cone penetrometer testing (CPT) and laser induced fluorescence for identifying
oil concentrations in soil will be used at a minimum of the 20 locations shown on
Figure 4.2 CPT and laser induced fluorescence methods are described below.

9.3.1.1 Cone Penetrometer Testing

CPT methods are described in SOP No. 10.2; soundings obtained at each CPT
location will include the friction ratio, friction resistance, and differential pore
pressure ratio to obtain information regarding subsurface lithology as well as
pore pressure to measure water pressure in the formation. At each location, CPT
soundings will be obtained to a maximum depth of 20 feet below ground surface.
Groundwater samples will not be collected. Upon completion of each sounding
and measurement of laser induced fluorescence, each CPT location will be
backfilled with a neat cement grout containing no more than five percent

bentonite.
9.3.1.2 Laser-Induced Fluorescence

Laser-induced fluorescence will be used to identify PAHs present in petroleum
hydrocarbons by their fluorescent response to excitation by ultra-violet light. In
situ measurements of the PAH levels will be obtained using an in situ
fluorometer equipped with two optical fibers, a timing circuit fiber, and the
downhole irradiation fiber. The PAH levels can be used to infer petroleum
hydrocarbon levels. This measurement method will provide a continuous vertical
profile of relative petroleum hydrocarbon concentrations identified through the

total depth of the CPT sounding.
9.3.2 Injection/Extraction Well Installation

The locations of the injection/extraction wells to be installed for the three well
treatability test will be selected on the basis of additional site characterization

BERKELEY ENVIRONMENTAL RESTORATION CENTER PAGE 23



PILOT-SCALE TREATABILITY WORK PLAN 6/30/95

performed as described in Section 9.3.1, above. The wells will be located in the
areas where the highest petroleum hydrocarbon levels are identified. Expected
locations are shown on Figure 4.1. The location of the additional twelve wells to
be installed for implementation of the 15 well pilot-scale test will be selected on
the basis of the results of the treatability test. Methods planned for the installation
and sampling of injection/extraction wells during both stages of the pilot-scale
treatability study are described below.

9.3.2.1 Installation of Soil Borings

A truck mounted drilling rig equipped with eight-inch outside diameter hollow-
stem augers will be used to drill initial soil borings to a total depth of 25 feet bgs
for soil sample collection. Upon completion of soil sampling , the augers will be
removed from the boring and it will be reamed to a 15-inch diameter using
reverse circulation drilling techniques. During reaming, water will be added to
the boring to maintain hydrostatic pressure in the boring and control potentially
heaving sands. Drill cuttings will be contained in 55-gallon drums or a covered
roll-off bin and appropriately labeled for subsequent disposal.

9.3.2.2 Soil Sampling

Soil samples will be collected continuously from ground surface to total depth
using a two-inch diameter split spoon sampler lined with six-inch long precleaned
stainless steel or brass tubes. This soil sampling procedure is described in SOP
3.2. All recovered soils will be logged in the field and recorded on the boring
logs by the project geologist under the supervision of a registered geologist using
the Unified Soil Classification System (USCS).

Upon retrieval, each sample will be prepared for potential analysis. Each end of
the sample liner will be covered with aluminum foil or Teflon sheeting and the
liner will then be capped with a polyethylene lid, taped, labeled, and handled as
described in Section 9.3.11 .

9.3.23 Injection/Extraction Well Construction

The injection/extraction wells will be constructed as indicated on Figure 8.3.
Well construction methods are described in SOP 8.1 and in more detail below.
The casing will consist of eight-inch diameter blank carbon steel with two
screened intervals constructed of 304 stainless steel with 0.02 inch openings
installed at four to 14 feet and 19 to 24 feet bgs. The screen will be continuous
slot with V-type slot openings. The bottom of the casing will be completed with
welded or threaded bottom plug. The screened intervals will allow dewatering
from the upper screened interval and injection of steam from the lower portion.
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A steel plate will separate the injection interval from the overlying pumping
interval.

The casing and screen will be installed directly into the boring. To complete the
wells, clean imported number 2/12 clean silica sand will be poured into the
boring and will extend to the top of the deepest screened interval. A five foot
thick seal of hydrated 3/8 inch bentonite pellets will then be placed opposite of the
blank casing. Above this, clean imported number 2/12 silica sand will be
emplaced to the top of the uppermost screened interval. These well completion
materials will be emplaced through a tremie pipe.

After the uppermost filter pack has been installed, a sanitary seal consisting of 3/8
inch diameter bentonite pellets will be emplaced and hydrated. The remainder of
the annular space will be filled with a neat cement grout containing no more than
five percent bentonite. A six inch concrete pad will be constructed around the
well head. A water tight locking cap will temporarily be placed on the well head
until pumping and injection equipment is installed and the well is hooked up to

the treatment system.
9324 Well Development Methods

At least 48 hours after completion, the wells will be developed by the drilling
contractor using a surge block and bailer. Well development procedures are
described in SOP 8.2. A field geologist will observe the field activities and
monitor water quality parameters during development. The water quality
parameters to be monitored include temperature, pH, and specific conductance.
Purging will continue until all three parameters have stabilized and the purge
water is relatively free of sediment or there is no observable change in the
amount of sediment in the purge water. A minimum of three well volumes of
liquid will be removed and purge water will be contained on-site in DOT-
approved 55-gallon drums and appropriately labeled.

9.3.2.5 Water Level and Product Thickness Measurements

Prior to groundwater sample collection, the static water level and product
thickness in each monitoring well will be checked at least 24 hours following
development. These procedures are described in SOPs 5.1 and 5.2, respectively.
Samples will be inspected in the field for presence of odor or sheen in addition to
the above evaluation. Both water level and product thickness measurements are

measured to the nearest 0.01 foot.
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9.3.2.6 Groundwater Sampling Methods

Groundwater sampling methods are described in SOP 9.1. Prior to sampling, the
well will be purged using a pump to remove a minimum of three and a maximum
of 10 well volumes of liquid. The pH, specific conductance, and temperature of
the purge water will be closely monitored, and purging will continue until all
three parameters have stabilized. If a well does not recharge fast enough to
permit purging three well volumes, the well shall be pumped or bailed dry and
sampled as soon as the water level has recovered to 80 percent of the original
level. The purged water will be stored on-site in 55-gallon DOT-approved drums

and appropriately labeled.

Groundwater samples will be obtained in a disposable polyethylene bailer. Water
samples will be poured directly from the bailer into the sampling bottles specified
in Table 9.1 for each analytical method. Samples for analysis of volatile organic
compounds will be collected in 40 milliliter glass vials with Teflon lined lids. No
head space will be present in the sample container when it is capped. All
groundwater samples will be labeled and handled as described in Section 9.3.11 .

9.3.2.7 Laboratory Analyses

Three soil samples from the depths of two, seven, and 12 feet bgs in each boring
and one ground water sample from each well will be analyzed at a Navy certified
laboratory for TRPH, BTEX, SVOCs, pesticides, and metals by the analytical
methods specified in Table 9.2. The numbers of samples to be analyzed is
summarized in Table 9.3. The remaining soil samples will be taken by BERC
engineers for additional tests at UCB labs. The sampling intervals selected for
analysis include a sample from the vadose zone and the interval where the highest
chemical concentrations were identified during the SCAPS project at Site 13

(PRC, 1994a).
9.3.3 Hydraulic Testing

To identify the transmissivity of the water bearing materials, a single well
pumping test will be conducted in each injection/extraction well installed during
the three-well treatability study. The tests will be performed by pumping the well
at a constant rate and obtaining appropriate water level measurements during
pumping of the well as well as during recovery to measure drawdown and
recovery of the water levels. Drawdown data will be analyzed using the Jacob
time-drawdown method to calculate the transmissivity of the water-bearing

materials.
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9.3.4 Temperature Monitoring Well Installation

To monitor temperatures at the injection point, temperature monitoring wells
will be installed adjacent to each of the injection/extraction wells installed during
the pilot-scale treatability study. To monitor temperature changes within the
remainder of the treatment area, 13 temperature monitoring wells will be
installed for the three-well treatability test and 30 temperature monitoring wells
will be installed for the 15-well pilot-scale test. Estimated locations for these
wells are shown on Figures 8.1 and 8.2.

The planned well construction is shown on Figure 8.6. The wells will be installed
by pushing 2-inch outside diameter carbon steel schedule 40 pipe directly into the
soil to a total depth of approximately 25 feet below ground surface using van-
mounted percussion insertion techniques. The casing will be completed with a
two-inch NPTF cap at the bottom and the well head will be completed with a
weatherproof T-Type thermocouple terminal box. T-Type shielded stainless steel
thermocouple wire with beads spaced every four feet will be installed inside the

casing for temperature monitoring.
9.3.5 Electrical Resistance Tomography

Seven electrode wells will be installed each containing one strand with five
regularly spaced electrodes. Between each well pair, ten surface electrodes will
be emplaced for a total of 60 surface electrodes.

9.35.1 Surface Resistivity Survey

Surface resistivity measurements will be obtained before the electrode wells are
installed. For this survey, four metal stakes will be driven approximately six
inches into the ground in a linear array. Each stake will be electrically connected
to a data acquisition system that transmits a current of about 0.5 amps through the
transmitting electrodes and measures a voltage potential through the receiving
electrodes. The apparent resistivity is then calculated from an equation based on
the voltage received. This information will be used to determine the size of the
electrodes needed for the electrode wells.

935.2 Electrode Well Installation

Electrode wells will be installed using a cone penetrometer. The cone and a
hollow push rod will be pushed into the ground and a strand of five regularly
spaced electrodes will be lowered into the push rod. The push rod will then be
pulled from the ground leaving the cone and the electrode strand in the ground.
A schematic of the electrode well is shown on Figure 8.6. Following electrode
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installation ten surface electrodes will be permanently emplaced between well
pairs along the lines indicated on Figure 8.5. Data from the surface electrodes
and the electrode wells will be used to create two dimensional vertically oriented
resistivity tomographs. A minimum of one set of resistivity measurements will
be made before steam injection to collect base line data, set up the measuring
system, quantify measuring noise, and trouble shoot the system.

9.3.6 Operational Monitoring

During operation of the three-well treatability test and the pilot-scale test, a
BERC engineer or technician will monitor the performance of the system. The
engineer or technician will ensure that the system is operating within established
parameters or make adjustments to attain compliance with operating parameters.

The specific data requirements needed to determine the progress of the
advancement of the steam front and the progress of the cleanup include both
temperature, electrical resistance, flow rates, and concentration data. The
temperature data will be used to determine the rate at which the steam is flowing
through the contaminated region. Electrical resistance data will be used to map
the subsurface progress of steam injection. The steam flow rates and the
concentrations of hydrocarbon compounds in the effluent steams will be used to
determine the progress of the steam stripping of the volatile and semi-volatile
compounds from the subsurface. In addition, the effluent of the water treatment
system will be sampled to determine that the effluent water quality meets the
necessary requirements for discharge. A summary of operational samples that
will be collected is presented in Table 9.4 .

9.3.6.1 Influent and Effluent Sampling

During operation of both phases of the pilot-scale treatability study, effluent from
the wells will be pumped directly to the water treatment system installed for the
pilot-scale treatability study. Influent water sampling will provide an
measurement of the amount of hydrocarbons being removed by the system.
Effluent water sampling will provide a demonstration that the discharge
requirements of the base water treatment plant are being met. Discharge
limitations for the water treatment plant are included in Table 9.5.

At the startup of operations during each phase of the pilot scale study, the influent
and effluent of the system will be sampled daily for one week and the samples
will be analyzed for TRPH, BTEX, SVOCs, and pesticides by the analytical
methods identified in Table 9.2. To demonstrate compliance with requirements
for discharge to the base water treatment plant, effluent samples will also be
analyzed for arsenic, cadmium, chromium, copper, cyanide, iron, lead, mercury,
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nickel, oil and grease, pH, phenolic compounds, silver, total identifiable
chlorinated hydrocarbons, zinc, and total toxic organics by the methods identified
in Table 9.2. Depending on the results of the sampling, the sampling frequency
and number of analyses may be reduced after one week after consultation with
the Resident Officer in Charge of Construction (ROICC) and the operator of the

base water treatment plant.
9.3.6.2 Temperature Measurements

An infrared thermocouple will be utilized to obtain a continuous temperature
profile at each temperature observation well twice daily. The infrared probe will
be lowered at a constant rate into the temperature observation well and the
temperatures will be sent to a Macintosh-based computerized data collection
system. Plots of temperature versus depth will be generated every one to three
days to monitor the location of the steam and heated zones around the

injection/extraction wells.
9.3.6.3 Electrical Resistivity Measurements

Weekly resistivity measurements will be made using the electrode wells and
surface electrodes during operation of the SEE system to generate a two-
dimensional, vertically oriented resistivity tomograph for mapping progress of
the steam.

9.3.64 Flow Rate Measurements

The flow rate measurements are needed in order to determine the steam injection
rates and the rate at which the petroleum hydrocarbons are being removed from
the subsurface. Steam flow rate will be measured using orifice plates and
differential pressure measurements. The steam flow rate will be logged twice
daily, or automatically in electronic form using a Macintosh-based computerized

data acquisition system.

Total pumped liquid flow rates will be obtained by stroke counters on downhole
pumps, and individually measured stroke volumes. Stroke volumes will be
measured on a weekly basis throughout SEE operations. Liquid volumes exiting
the oil/water separators will also be measured using totalizing meters and logged
twice daily to calculated pumping rates.

Accurate measurements of the amount of energy injected into the subsurface as
steam will be needed to accurately estimate the energy that is used to heat up the
subsurface. The measurement of the temperature and the total volume flow rate
of both liquid and vapor phases is also required to determine the amount of
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energy removed from the system as well as to estimate the total volume of
hydrocarbons removed.

9.3.6.5 Pressure Monitoring

The pressure of air in the air injection line will be measured to control the
pressure of the compressed air injected to drive the submersible pumps installed
in the injection/extraction wells.

The steam pressure of the steam injection line will be measured to control the
steam injection pressure at the well head.

The vapor pressure of the vapor mixture in the vapor extraction line will be
measured to monitor the vacuum pressure in the extraction lines. Pressure before
and after the vacuum blower are measured to monitor the operations condition of

the vacuum blower.
9.3.7 Post-Demonstration Sampling

At the completion of the pilot-scale test, resistivity measurements will be made
using the electrode wells and surface electrodes to generate a two-dimensional,
vertically oriented resistivity tomograph. Soil samples will also be collected and
laboratory analyzed to identify the level of chemicals left in the soil. A total of
five soil borings will be drilled for collection of soil samples. The locations of the
borings will be determined after information on the shape of the steam zone can
be infrared from the temperature profiles and the resistivity tomographs. The
borings will be located in the areas where the highest petroleum hydrocarbon
levels were previously identified.

9.3.7.1 Installation of Soil Borings

A portable, hydraulically driven soil coring system will be used to collect
continuous soil samples to a total depth of 25 feet below ground surface for soil
sample collection. This method utilizes two nested sampling rods that are driven
simultaneously. The small-diameter inner rod is used to obtain and retrieve
sample cores. The larger rod serves as a temporary drive casing to prevent
caving into the boring. Upon completion of soil sample collection, each boring
will be backfilled with a neat cement grout containing no more than five percent
bentonite. No soil cuttings will be produced using this drilling method.
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9.3.7.2 Soil Sampling

Soil samples will be collected continuously from ground surface to total depth in
1-1/2 inch diameter by six-inch long precleaned stainless steel or brass tubes
using a sample barrel attached to the inner rod which is advanced during drilling.
All recovered soils will be logged in the field by the project geologist, under the
supervision of a registered geologist, using the Unified Soil Classification System
(USCS).

Upon retrieval, each sample will be prepared for potential analysis. Each end of
the sample liner will be covered with aluminum foil or Teflon sheeting and the
liner will then be capped with a polyethylene lid, taped, labeled, immediately
placed in a cooler and handled as described in Section 9.3.11 .

93.73 Laboratory Analyses

Seven soil samples from the depths of two, four, six, eight, 10, 12, and 14 feet in
each boring will be analyzed at a Navy-certified laboratory for TRPH, BTEX,
SVOCs, and pesticides by the analytical methods specified in Table 9.2. The
remaining soil samples will be taken by BERC engineers for additional tests at
UCB labs. A larger number of samples are being taken for post-demonstration
sampling to demonstrate whether chemicals from the steamed zone have migrated

upwards.

9.3.8 Decontamination Procedures

All sampling and downhole drilling equipment will be decontaminated prior to
and between uses to minimize the potential for the introduction of off-site
contaminants as well as cross contamination of samples. All sampling equipment
will be decontaminated by washing with a solution of tap water and non-
phosphate detergent such as Lacunas or equivalent. Next, the equipment will be
rinsed in succession with tap water, isopropanol, and deionized water. All
downhole drilling equipment will be steam-cleaned. Decontamination of drilling
and downhole equipment is described in SOP 6.2. Wastewater generated during
decontamination will be contained in DOT-approved 55-gallon drums and

appropriately labeled.
9.3.9 Quality Assurance/Quality Control Procedures

Flow rate, temperature, mass of waste removed, and pressure readings will be
taken in a manner that is representative of UCB scientific standards. Discharge
compliance measurements will be supported by independent analytical analysis.
Our goal is to maintain £10% accuracy on all mass and energy balances, which
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will require calibration diligence, backup of critical data acquisition systems, and
extensive subsurface temperature measurements.

Quality assurance/quality control (QA/QC) procedures that will be followed for
this project are addressed in the Contractor Quality Control Plan included in
Appendix B. This section identifies the field QA/QC samples that will be
analyzed.

Field QA/QC samples to be collected and analyzed are addressed in SOP 18.1.
The following QA/QC samples will be collected during soil and groundwater
sampling. Only trip blanks will be prepared during operational monitoring. The
planned number of QA/QC samples for each sampling event and the planned
analyses for each sample are summarized in Table 9.2.

. Trip blanks will be analyzed for BTEX. One trip blank will be prepared
for each cooler of soil or groundwater samples to be analyzed for BTEX;

. Equipment rinseate samples will be analyzed for the same parameters as the
soil or groundwater samples being analyzed. A minimum of one equipment
rinseate sample per week will be prepared. Rinseate samples collected
during soil sampling will be prepared by collecting the final rinseate from
the soil sampling equipment. Rinseate samples collected during
groundwater sample collection will be prepared by pouring ASTM Type 11
deionized water into the disposable bailers and then into the appropriate
sample containers;

. Field blanks will be analyzed for the same parameters as the soil or
groundwater samples being analyzed. One field blank will be prepared
from each source of decontamination water used during each sampling
event by pouring the water directly into the appropriate sampling
containers;

. Field duplicates of groundwater samples will be analyzed for the same
parameters as the groundwater samples. Field duplicates are collected at an
approximate rate of ten percent of the groundwater samples. No duplicate
soil samples will be collected.

9.3.10 Waste Disposal

Waste materials to be disposed of during both phases of the pilot-scale treatability
study include drill cuttings, decontamination fluids, purged well water, recovered
free product, and spent carbon canisters from the water treatment system.
Disposal of these items is discussed in this section.
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9.3.10.1 Soil

Drill cuttings generated during well installation will be containerized and left on-
site at the end of each day in DOT-approved 55-gallon drums or roll-off bins.
Selection of the appropriate disposal method for the cuttings will be based on the
analytical results for soil samples from the borings.

9.3.10.2 Wastewater

Wastewater will be generated during the decontamination of the drilling and
sampling equipment; well development and groundwater sampling activities; and
hydraulic testing. The wastewater will be collected and stored in DOT-approved
55-gallon drums, and treated with the water treatment system installed for the
pilot-scale treatability study. After treatment by oil/water separation and activated
carbon, the wastewater will be discharged to the base water treatment plant.

9.3.10.3 Free Product

Free product will be accumulated in the oil/water separators or DOT-approved
S5-gallon drums, depending on the recovery rate. Free product from the
separators will be pumped directly into a vacuum truck by a licensed commercial
service and transported to a licensed off-site facility for disposal or recycling. If
the drums are used, they will be transported by a licensed hauler to a licensed
off-site facility for disposal or recycling.

9.3.10.4  Spent Carbon Canisters

Spent carbon canisters will be picked up by a licensed waste hauler and
transported to a licensed facility for regeneration.

9.3.11 Sample Handling and Analysis

Sample handling procedures are described in SOP 2.1. Upon collection, each
sample will be labeled according to the specifications contained in SOP 17.1 and
numbered in accordance with SOP 17.2. After collection, each sample will be
placed in a seam-sealing polyethylene bag and excess air will be removed.
Samples will be placed in a cooler with crushed or cubed ice contained in a
double-bagged self-sealing polyethylene bag. The samples will be picked up daily
by the laboratory or delivered daily to the laboratory by field personnel using
proper chain-of-custody procedures described in SOP 1.1. Documentation of
final disposition of all samples collected will be provided to the Navy.

BERKELEY ENVIRONMENTAL RESTORATION CENTER PAGE 33



PILOT-SCALE TREATABILITY WORK PLAN 6/30/95

9.3.12 Surveying

Prior to any grading, existing ground surface elevations will be surveyed on a
20-foot grid. Existing soil borings, existing groundwater monitoring wells, and
all wells installed during the pilot-scale treatability study will be surveyed to the
nearest 0.01 foot and the location will be surveyed to the nearest 0.10 foot.
Surveying procedures are described in SOP 23.1.

10. PROJECT MANAGEMENT

A program and project organization chart for the pilot-scale treatability study is
presented on Figure 10.1. As indicated on the chart, UCB will be responsible for
providing program management for the overall partnership agreement with the
U.S. Navy. UCB has subcontracted to E2 Consulting Engineers, (E2) to provide
project management services for the pilot scale treatability study at Site 13. The
responsibilities of each of the positions identified on the organization chart are

described in Section 2 of the CQCPP.

During implementation of the study, BERC will provide initial design documents
which will be finalized by E2 or a subcontractor to E2. Many field activities will
be conducted by BERC and subcontractors to E2 with oversight by E2 who has a
California registered geologist on staff. E2 will procure equipment and
subcontract to other firms for construction and maintenance of the pilot scale
treatability system. BERC will collect operational samples during both phases of
the study. E2 and BERC will jointly be responsible for report preparation.
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Table 9.1 Required Containers, Preservation Techniques, and Holding Times

t

Analysis ___ Containers Preservation  {Maximum Holding Time
Soil Water

BTEX 4 0z.jar| 40 mL vial |<4°C, pH<2 HCl 14 days
SvOC 4 oz. jar| 1 L. amb. glass |< 4°C 7/40 days1
Metals 4 oz. jar| 250 mL plastic |pH<2 HNO, 6 months
Mercury 4 oz. jar| 251 mL plastic [pH<2 HNOj3 28 days
Pesticides 4 oz. jar| 1 L amb. glass |< £°C, pH 5-9 40 days
Cyanide 4 oz.jar| 1L plastic |{pH >12 NaOH 14 days
Oil & Grease 4oz.jar| 1Lglass |<4°C,pH<2HCI 28 days
pH 4 oz. jar| 125 mL plastic [none req. asap
TIC(volatile) 40z jar| 40mLvial |<4°C 14 days
TIC(semi-volatile) |4 oz. jar| 1 L amb. glass |< 4°C 7/40 days
TTO(volatile) 4oz.jar| 40mLvial |<4°C 14 days
TTO (semi-volatile)| 4 oz. jar| 1 L amb. glass |< 4°C 7/40 days
TRPH 4oz.jar| 1Lglass |<4°C, pH<2 HCl 28 days

1.
soil/water



Table 9.2 Analytical Methods

Method number

Analysis Soil Water
BTEX 8240 625
SVOC 8270 625
Metals 6010 6010
Mercury 7471 7470
Pesticides 8080 8080
Cyanide 9010 335
Oil & Grease 5520 e&f 5520 b&f
pH 9045 9040
TIC(volatile) 8240/826 624
TIC(semi-volatile) 8270 625
TTO(volatile) 8240/826 624
TTO (semi-volatile) 8270 625
TRPH 418.1 418.1




Table 9.3 Summary of Required Analyses

Activity

Analysis

TRPH

BTEX

PESTICIDES

SVOCS

Metals

Three Well Treatibility Test

Injection/extraction wells

soil samples

groundwater samples

tripblanks

equipment rinsate

field blanks

field duplicates
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Fifteen Well Pilot Scale Test
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Post-Steaming Sampling

soil samples
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equipment rinsate

field blanks

field duplicates
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Table 9.4 Operational monitoring Frequency

Sample Type Frequency
Temperature (from the twice daily
temperature monitoring wells)
Flow rate twice daily
Pressure twice daily
Influent and Effluent Sampling daily’
Electrical Resistivity weekly

' Frequency to be revised after one week of sampling.
Analyses are specified in Section 9.3.6.1.



Table 9.5
DISCHARGE LIMITATIONS

Regulated Parameter Daily Maximum
Arsenic 2 mg/L
Cadmium 1 mg/L
Chromium 2 mg/L
Copper 5 mg/L
Cyanide (Total) 5 mg/L

Iron 100 mg/L
Lead 2 mg/L
Mercury 0.05 mg/L
Nickel 5 mg/L

Oil and Grease 100 mg/L

pH (not less than) 55 S.U.
Phenolic Compounds 100 mg/L
Silver 1 mg/L
Temperature 150 ° F (65.5° C)

Total Identifiable Chlorinated Hydrocarbons 0.5 mg/L
Zinc 5 mg/L

Total Toxic Organics 2.13 mg/L
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SEE LABORATORY TREATABILITY TEST ANALYTICAL
RESULTS

INTRODUCTION

Previous laboratory treatability tests of the applicability of SEE to
relatively low volatility hydrocarbon mixtures such as JP-5 fuel and coal
tars conducted at the University of California, Berkeley in the BERC
laboratory showed effective removal of those liquid compounds from soils.
There are questions whether SEE would be effective in removing the waste
oil from the Site 13 soils since the oil may be distillation column residues
and consists of very low volatility components. [f this is the case, then
steam distillation would not be cost effective for complete removal. The
potential extent of removal of the toxic components of the waste oil from
Site 13 soils by SEE, and the composition of the residual hydrocarbons are
of interest, however, since reductions in the concentrations of the most
volatile compounds may be enough to reduce potential health risks to
acceptable values. Furthermore, the acidic conditions at the site and metal
stability may be positively affected by the steaming process.

To better define the characteristics of the effluent liquids and residual
waste oil, a laboratory treatability test was conducted. The apparatus,
sample preparation procedures, steam injection schedule, and soil and
effluent chemical analyses for the laboratory experiment are presented
below. An energy cost analysis is presented to show that complete
restoration of the site by steam distillation would be cost prohibitive, and
modest hydrocarbon recovery may be obtained at for energy costs in the
range of $20/yd’. Further laboratory treatability tests with significantly
less steam throughput volumes are recommended.

ONE-DIMENSIONAL EXPERIMENTAL APPARATUS

As shown in Figure A.1, the apparatus for the one-dimensional
treatability experiment consisted of a pair of metering pumps to deliver a
constant mass flow rate of distilled water, a steam generator to boil the
water into steam, a stainless steel pipe to hold the contaminated soil sample,
and an effluent collection jar maintained in an ice bath to minimize loss of
components from the effluent to the atmosphere.

8/5/9S Draft Page |
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The inlet and outlet of the sample holder had end caps which could
be unbolted and removed to pack and unpack the soil sample. These caps
had channels cut on their inner surface in contact with the soil to help
spread the injected steam across the entire inlet cross section of the sample
holder and reduce the end effects of the one-dimensional experiment. In
addition to these channels, three-hundred and twenty-five mesh stainless
steel screens were attached to the inner surfaces of the end caps to
encourage uniform spreading of the steam over the sample holder cross
section and to prevent the grains of soil in the sample from escaping the
sample holder. :

The stainless steel sample holder was wrapped with heater tape and
insulated. During injection, this heater tape was set to a constant supply
power to offset the heat loss through the insulation, maintaining a constant
temperature along the length of the tube and thus producing an adiabatic
environment. Thermocouples were mounted at the steam inlet tubing, the
upstream end of the soil sample, the downstream end of the soil sample,
and the outlet tubing. Teflon tubing was used to carry all fluids into and
out of the system. The outlet tubing was long enough to allow the effluent
to cool to near room temperature before it entered the effluent collection
bottle. Because flow rates were low, usually one meter (3.3 feet) of tubing
was a sufficient length.

When the effluent flow rate was too high to condense all of the steam
in the effluent tube, a condenser stage was added to the outlet tubing
between the outlet of the stainless steel piping and the effluent collection
jar.

SOIL SAMPLE PREPARATION

Soils were taken from contaminated regions of Site 13 using a hand
auger. -The soil was chilled to reduce hydrocarbon vapor pressures and
mixed in a clean Pyrex tray to uniformly distribute the waste oil
throughout the sample. One sample was sent to an outside laboratory for
analysis for total extractable hydrocarbon (TEH) concentrations,
polyaromatic hydrocarbon (PAH) concentrations, and metal concentrations.

Contaminated soils were packed into the stainless steel sample holder
by alternately adding a few centimeters of soil and compacting with a large
wooden dowel to reduce void spaces in the pack. The thermocouples
situated within the soil were inserted during packing. Packing continued
until enough material was in the sample holder to require slightly
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compressing the end cap when it was bolted into place. This compression
‘minimized the voids created during settling of the sand pack. Such voids
were undesirable since they compromised the homogeneity of the one-
dimensional sand pack and may lead to uneven steam flow.

STEAM INJECTION PROCEDURE

After packing the sample holder with contaminated soil as described
in the sample preparation section, the metering pumps were set to provide
a constant water flow rate of 38 ml/hr. *~Previous experiments on tarry
compounds more volatile than those suspected at Site 13 show that a
contaminant level of 10,000 mg/kg can be removed to a level exceeding
99% in about two weeks. Based on these results, we expected to conduct
the treatability tests for two to three weeks depending on effluent fluid
characteristics. If the effluent liquid had no visible liquid hydrocarbon as
floating product or emulsion, and the effluent had no odor, the experiment
would be concluded. Since the contaminant concentrations removed by
steam were highest during the first part of injection, sampling was more
frequent in the early stages of the experiment in order to have better
resolution of initial contaminant removal. All of the effluent coming from
the sample holder was collected into sample bottles according to the
following regime:

Table A.1. Sampling Schedule

Sample Time Cumulative Time
Begin (day) (day)
Injection
Sample 1 0.04 0.04
Sample 2 0.04 0.08
] Sample 3 0.04 0.13 -
) Sample 4 0.04 0.17
Sample 5 0.04 0.21
Sample 6 0.12 0.33
Sample 7 0.17 0.50
Sample 8 0.17 0.66
Sample 9 0.17 0.83
Sample 10 0.34 1.17
Sample 11 0.33 1.50
Sample 12 0.35 1.85
Sample 13 0.31 2.16
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Sample 14 0.52 2.67
Sample 15 0.48 3.15
Sample 16 0.52 3.67
Sample 17 0.49 4.16
Sample 18 .1.00 5.16
Sample 19 1.00 6.16
Sample 20 1.00 7.16
Sample 21 1.00 8.16
Sample 22 1.00 9.16
Sample 23 1.00 10.16
Sample 24 1.00 11.16
Sample 25 1.00 12.16
Sample 26 1.00 13.16
Sample 27 1.04 14.20
Sample 28 1.06 15.26
Sample 29 9.82 25.08
Sample 30 1.02 26.10
Sample 31 1.04 27.14
Sample 32 1.00 28.14
Sample 33 1.02 29.16
Sample 34 0.72 29.88
Sample 35 1.06 30.95
Sample 36 0.99 31.93
Sample 37 1.01 32.94
Sample 38 1.00 33.94
Sample 39 1.04 34.97
Sample 40 1.05 36.03
Sample 41 0.96 36.99
Sample 43 0.95 37.94
Sample 44 1.00 38.94
Sample 45 0.99 39.93
Sample 46 0.97 40.90
~- | Sample 47 1.05 41.95
Sample 48 0.97 42.92
Sample 49 1.00 43.92
Sample 50 1.02 44 .94
Sample 51 0.99 45.94

While this regime provided small samples of effluent allowing
detailed analysis of effluent concentrations during the first few hours of
injection, it gave large samples of effluent later in the experiment when
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concentrations were low and changing slowly. To minimize sample
degradation, an ice bath surrounded each bottle while collecting the
effluent. As each bottle filled, it was sealed with a Teflon cap and placed in
a refrigerator at 4 °C (+ 2 °C) or an ice bath to prepare for transport to
the analytical laboratory.

The pressure in the sample holder was cycled throughout the
injection using a timer on a solenoid valve at the outlet end of the sample
holder. The valve functioned to close the outlet for one hour and open it
for thirty minutes while maintaining steady steam flow into the inlet. With
the valve closed steam pressures rose to 207 kPa gage (30 psig). Then the
valve was opened to depressurize the system over about two minutes.
Cycling in this way first increased the pressure and temperature of
contaminants in the sand pack and then caused the contaminants to vaporize
as the ambient pressures returned to normal. This process increased the
contaminant concentrations in the effluent by mobilizing contaminant
trapped in less accessible regions such as crevices between sand grains.
During steam cycling, the effluent tube was. placed in an ice bath to
condense the effluent before it reaches the sample bottle.

On the sixteenth day of steaming, the steam generator developed a
leak. The experiment was temporarily shut down and the test cell was
flooded with water, capped and refrigerated. While the steam generator
was being repaired, the test cell remained in the refrigerator for a period
of nine days. When the cell was removed, a leachability study was
performed. Water which had been placed in the test cell and allowed to
equilibrate with the residual contaminants was flushed out using nitrogen
gas. Sample 29 consisted of this collected effluent. Steaming resumed with
Sample 30. :

QUALITY ASSURANCE/QUALITY CONTROL

The one dimensional bench study followed the quality assurance and
quality control procedures outlined in the Quality Assurance/Quality
Control Plan. In addition, all water injected into the sample holder was
distilled and then boiled to reduce the amount of dissolved gas. All tubing
used to carry the water and effluent was made of Teflon in order to avoid
contamination by interaction with the tube material. To minimize the
chance of system contamination, the system remained closed throughout the
experiment except for the necessary introduction of water to the metering
pumps and the changing of the sample bottles.
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All sample bottles were prepared by washing with nonphosphate
detergent followed by multiple tap water and distilled water rinses. After
washing, the bottles were oven-dried and sealed with Teflon caps. Sample
bottles were kept in an ice bath while the effluent was being collected to
keep the temperature low and minimize potential losses due to evaporation.
Filled sample bottles were capped with a Teflon cap and placed in either a

refrigerated space or into a cooler containing ice to maintain temperatures
at4 °C (£ 2 °C).

Each cooler contained a method blank consisting of distilled water
from the same source as that used in the metering pumps. The method
blank should have indicated any contamination in the preparation, storage,
and transportation of the samples. All samples were packed with foam and
ice prior to transportation. All samples were sent for analysis within the
prescribed holding time. Each cooler contained a chain of custody form
and was sealed with custody tape.

LABORATORY SAMPLE ANALYSIS

The soil and effluent samples were sent to Curtis and Tompkins, Ltd.
Analytical Laboratories (Berkeley, CA) for chemical analysis. The soil
samples taken from the site were analyzed for TEH (EPA method 8015),
PAH (EPA method 8270) and metals (EPA method 6010). Effluent
samples were analyzed for TEH (EPA method 8015), PAH (EPA method
8270) and pH (EPA 9040). Table A.2 below summarizes the samples
analyzed and the methods employed.

Table A.2. Samples Analyzed and Methods Employed

TEH PAH Metals pH
(Method 8015) | (Method 8270) | (Method 6010) | (Method 9040)
Original Soil N N
Post-Steam Soils #1-9 \ N
Effluent #1 N J
Effluent #2-41,43-50 N
Effluent #51 N N
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RESULTS
Untreated Soil Analytical Results

The untreated soil was heavily contaminated with crude oil-like
petroleum hydrocarbons in concentrations of 32,000 ppm in the diesel and
motor oil range. Longer and shorter chained hydrocarbons outside of the
diesel and motor oil range are not included in the analysis, and thus the
actual concentration was larger. As shown in the Method 8015
chromatogram (Figure A.2) and the Method 8270 chromatogram (Figure
A.3), the distribution of hydrocarbons is spread from retention times of 5
min. to 30 min., which corresponds to straight-chain hydrocarbons from
Cl14 to C44 (see Figure A.4: carbon range standard, Figure A.5: diesel
standard, Figure A.6: motor oil standard).

The PAH analysis (EPA Method 8270) showed all compounds of
concern to be below detection limits; however the detection limits of
individual components were quite high (50 ppm to 250 ppm). Thus, no
conclusions can be drawn regarding the presence or absence of compounds
of health concern.

The metal analysis (EPA Method 6010) showed moderate levels of
Chromium (20 mg/kg), Copper (110 mg/kg), Lead (38 mg/kg), Nickel (21
mg/kg), and Zinc (57 mg/kg).

Post-Steam Soil Analytical Results
While there was a dramatic compositional change in the waste oil
after being subjected to steam flow, the actual concentrations remained

high in the motor oil range as shown in Table A.3. The location of each
sample is-referenced to the distance from the test cell outlet:
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Table A.3. Soil Hydrocarbon Concentrations

LAB ID Sample ID Diesel Range Motor Oil Range
(mgkg) (mghg) |
121413-001 SO 12,000 20,000
121413-002 Sl@1” 1,600 25,000
121413-003 S2@2” 1,500 30,000
121413-004 S3@3” 490 30,000
121413-005 S4@4” ND(300) 23,000
121413-006 SS@5” ND(400) 12,000
121413-007 S6@6” ND(930) 21,000
121413-008 S7@7” ND(930) 35,000
121413-009 S8@8” ND(1,900) 33,000
121413-010 S9@9” ND(880) 36,000

The chromatograms for the steam soil (Figures A.7-A.15) show
interesting trends of the preferential removal of the shorter retention time
hydrocarbons (more volatile) and anomalous peaks in the 14 min. to 18
min. range near the inlet and outlet of the test cell (S9 and S1). These
peaks are presumed to be due to vapor fluxes inside the test cell due to heat
losses at the endcaps.

The metal analysis (EPA Method 6010) of all soils, presented in
Table A.4, showed no appreciable change in the levels of Beryllium,
Cadmium, Chromium, Copper, Lead, or Nickel. Mercury was detected in
the untreated soil, but not in the treated soils. Since mercury is a relatively
volatile metal, its removal, and thus presence in extracted fluids, is
expected. Arsenic and Zinc concentrations may also have been reduced by
the steaming process.

Table A.4. Soil Metals Concentrations

Arsenic Beryllium Cadmium Chromium Copper Lead Mercury Nickel  Zinc
(mig/kg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mg/kg) (mg/kg) (mg/kg)|
SO 1.50 0.16 0.3 20 110 38 0.13 21 57
Si@1”] 0.80 0.13 0.33 20 94 60 ND(@0.4) 21 49
S2@2”] 0.69 0.15 0.33 21 38 0 ND@.1) 20 33
S3@3”| 0.82 0.13 0.3 18 75 100 ND(0.1) 20 18
S4@4”} 0.67 0.14 0.32 21 130 70 ND(0.1) 21 22
S5@5”Y 0.77 0.13 0.29 19 130 61 ND(0.1) 20 19
S6@6”} 1.00 0.15 0.3 21 110 72 ND(0.1) 22 26
S7@7’] 0.99 0.14 0.28 21 54 55 ND(.1) 21 32
S8@8”| 0.83 0.14 0.33 24 49 83 ND(@.1) 21 33
S9@9”1 0.83 0.15 0.38 25 42 71 ND(0.1) 21 32
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Effluent Liquid Analyses

The effluent analyses results (EPA Method 8015) are summarized in
Table A.4. The concentrations are highest in the first 12 samples, and
decrease significantly thereafter. Also reflected in these numbers is the
trend of increasing retention times of the hydrocarbons found in the
effluent with the time of steaming. This trend shows up in the shift from
compounds in the diesel range to the longer retention time motor oil range.
The numbers reported, while self-consistent, are not fully representative of
the effluent concentrations due to the limited range of the diesel and motor
oil standards.
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LABID Sampie ID Diesel Range Motor Oil Range

(mg/kg) (mg/kg)
121433-001 E-1 23 ND(16)
121433-002 E-2 3.400 ND(1,300)
21433-003 E-3 110 ND(16)
21433-004 E-4 33.000 ND(3.100)
21433-005 E-5 2.100 ND(300)
21433-006 E-6 2,100 ND(250)
21433-007 E-7 3.200 ND(830)
21433-008 E-8 D00 - ND(180)
21433-009 E9 .700 ND(170)
21433-010 E-10 6.600 ND(830)
21433-011 E-11 2,200 ND(480)
21433-012 E-12 4.800 ND(480)
21433-013 E-13 80 ND(13)
21433-014 E-14 180* ND(S7)
21433-015 E-15 S60* ND(150)
21433-016 E-16 220* ND(140)
21433-017 E-17 340* S6*
21433-018 E-18 230* 300*
21433-019 _E-19 110* 120*
21433-020 E-20 65* 46*
21433-021 E-21 68* 49%
21433-022 E-22 S1* 39*
21433-023 _E-23 48* 36*
21433-024 E-24 34* 30*
21433-025 E-25 20* 63*
21433-026 E-26 23* 22%
21433-027 _E-27 19* 17*
21433-028 E-28 38* 25%
21433-029 E-29 4.1* ND(16)
21433-030 E-30 18* 16*
21433-031 E-31 42%* 27*
21433-032 E-32 18* 6*
21433-033 E-33 8.8* S*
21433-034 _E-34 14* 20*
21433-035 E-35 8.8% 36*
21433-036 E-36 7.9% 39*
21433-037 _E-37 6.4* 30*
21433-038 E-38 4 8% 37*
21433-039 E-39 4.5% 37*
21433-040 E-40 4.7* 44*
21433-041 E-41 3.8% 39*
21433-042 E-43 9.2%* 60*
21433-043 E-44 4.1% 35%
21433-044 E-45 14* 29%*
21433-045 E-46 0.92* 29*
21433-046 E-47 2% 25%
21433-047 E-48 A* 24*
21433-048 E-49 A* 23*
21433-049 E-50 2.3* 40*
21433-050 E-51 2.2% 23*

*Sample chromatogram does not resemble hydrocarbon standard.
8/5/95 Draft Page 10
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The chromatograms corresponding to the analyses presented in Table
A.4 are summarized in Figure A.16, while the individual chromatograms
are presented in Figures A.17 - A.66. Figure A.16 is a three-dimensional
representation of the detector response as a function of retention time for
each analyses, stacked in depth to show trends with respect to sample
number (time). Figure A.16 clearly shows the shift in composition with
sample number from shorter retention time components at the beginning,
to longer-chained, greater retention time compound at the later stages of
the treatability test. It is also clear from this plot that the bulk of the
recovered hydrocarbon mass was removed during the first fraction of the
experiment.

Cumulative Mass Removed

The cumulative mass removed was calculated by multiplying the total
concentrations of hydrocarbons (diesel range plus motor oil range values)
by the total mass of liquid in the effluent sample, and summing all sample
hydrocarbon mass values. The cumulative mass.removed was thus found to
be 9 grams. The trend with cumulative steam condensate recovered is
plotted in Figure A.67. As shown in Figure A.67, most of the
hydrocarbon mass was removed during the first fifth of the experiment.
Thereafter, the mass removal rate was small due to the low volatility of the
compounds remaining in the soil. It is of note that the removal rates
during the later parts of the experiment were comparable to those that
might be expected during isothermal groundwater pumping.

pH Analyses

pH analyses were performed on E-1 and E-51. Since the volume of
water drained from the test column after 9 days of refrigeration (E-29)
was small, insufficient water was available to perform EPA Method 9040.
Enough water was available to test pH using litmus paper-however, and that
value ispresented in the following table along with those of E-1 and E-51.

Table A.6. pH of Effluent Fluid

Sample ID pH
E-1 2.1
E-29 6-7*
E-51 6.3

*yalue obtained from litmus test

8/5/95 Draft Page 11
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From these analyses, it appears that the steaming process increases
the pH of the water in equilibrium with the waste oil for very acid

‘conditions to neutral values. This pH neutralization seems to occur early in

the steaming process than later.
ENERGY COST ANALYSIS

The result of the treatability test show decreasing recovery rates with
time as the more volatile compounds are first removed and the less volatile
compounds remain. Extrapolation of the data and trends to extremely long
times indicates that a substantial fraction of the hydrocarbon mass may be
removed, but at the cost of very large steam volumes. To bring these
results to a form - appropriate for field-scale evaluation, the steam
condensate mass is normalized to the test cell pore volume, defined as the
internal volume of the test cell multiplied by the soil porosity. Since the
porosity of the highly contaminated soil could not be measured, it is
assumed to be 40% for the purpose of analysis. The fraction of the initial
hydrocarbon mass that was removed during .the steaming process was
calculated from the mass of hydrocarbon remaining in the soils after
steaming plus the total mass of hydrocarbon removed during the steaming
process since the original concentration of hydrocarbons in the unsteamed
soil is considered to be less reliable than the post-steaming concentrations
or cumulative hydrocarbon mass removed. From the calculation of the
initial mass, the hydrocarbon concentration in the unsteamed soil is
estimated to be 45,000 mg/kg. A plot of the fraction of original
hydrocarbon mass removed vs. the number of pore volumes of steam
condensate collected is provided in Figure A.68. Note that Figure 67 and
68 have the same basic shape. Since the steam distillation rate drops off
exponentially for long-term steam distillation, the fraction of oil removed
for condensate pore volumes greater than 20 will not vary significantly
from those shown for soil concentrations less than 50,000 mg/kg.

The energy cost per unit volume of soil for the steaming process is
proportional to the pore volumes of steam injected which is linearly related
to the pore volumes of steam condensate. The costs can thus be calculated
from the following equation which was derived from a energy and mass
balances.

$/yd® = $/MBtu x (pore volumes condensate) x .7555

The factor .7555 is the porosity (0.4) multiplied by the water density (62.3
Ibm/ft’) multiplied by the difference between the steam enthalpy and the

8/5/95 Draft Page 12
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inlet water enthalpy (1.1228 x 10~ MBtw/lbm), and the conversion factor

between cubic feet and cubic yards (27 ft'/yd).

Using the equation above, the energy cost associated with a given
fraction of hydrocarbon recovery can be obtained from the data of Figure
A.69. The analysis was performed for two energy costs, one with quoted
steam costs at Alameda ($13.52/Mbtu) and the other for field SEE
operation at LLNL during the summer of 1993 ($2.5/Mbtu). Figure A.69
can be used to estimate the expected cost for recovering a specified fraction
of the hydrocarbon mass from soil contammated with oil at a concentration
of 45,000 mg/kg. As shown in the figure, 25% of the oil mass can be
removed for about $20/yd’ in energy cost if commercial rates for an
energy source are paid. However, Alameda steam costs would be over
$100/yd’ for the same level of removal.

While this analysis is based on the composition and assumed
concentration of the oil in this single soil sample, its implications are clear.
First, complete removal of the hydrocarbon phase from this site by steam
distillation would be prohibitively expensive. Second, mobilization and
capture of the liquid oil will be much more effective in removing oil mass
than steam distillation. Third, if pH reduction is considered to be a
priority function of the in situ cleanup of this site, then steam injection of
relatively short duration may be valuable. Indeed, the expectedly low pH
of site water may be responsible for the very small microbial populations
observed in the oil-free soils sampled thirty feet from the location of the
hydrocarbon laden soil used in these treatability tests. Thus pH reduction
maybe necessary before biodegradation reactions can occur to any
significant extent.

CONCLUSIONS

Based on this laboratory treatability test, Steam Enhanced Extraction
alone will-not be capable of removing the low-volatility components of the
waste oil without exorbitant energy costs. Up to 25% of the waste oil may
be removed from the soil for a commercial energy cost of $20/ yd’ of
treated soil. SEE does have the ability to restore the soil water to neutral
pH from an initial effluent sample pH of 2.1, and reduced the aqueous
phase hydrocarbon concentrations by a factor of 5.6 at a point half way
through the treatability test.

8/5/95 Dratt Page 13
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RECOMMENDATIONS

While the results of this treatability test were not entirely positive,
the information gleaned from the study has been very valuable in knowing
the limits of field performance, both economic and effectiveness. Within
those limits, there is much value to be gained in the restoration of this site
through the application of SEE. Particularly, the removal of the most
volatile fraction of the hydrocarbon mass, and the restoration of the site to
neutral pH may be possible at modest cost. These changes may have
sufficient effect on contaminant mobility and future hydrocarbon
biodegradation rates to allow the process to meet cleanup needs without
further processing. Thus, it is recommended that an additional short
duration treatability test be run to assess the effect of SEE on the
leachability of the hydrocarbons and PAH’s, if present, and the pore water
pH. These tests are to be run in accordance with the Laboratory
Treatability Study section of this work plan, with modifications as specified
in the following section.

AMENDMENTS TO LABORATORY TREATABILITY WORK
PLAN

After the contaminated soils are placed in the core-holder and before
steam injection begins, the core-holder will be flooded with distilled, de-
ionized and de-aerated water, and sealed. After a period of 5 days to allow
thermodynamic equilibrium conditions to become established, the water
will be drained from the core-holder, split into two samples, and sent to
two independent analytical laboratories to assess for total petroleum
hydrocarbon concentrations (against crude oil, diesel, and motor oil
standards), PAH concentrations, pH, and metal concentrations. These
analysis will be used as the baseline for the assessment of the leachability of
the contarmnants from the affected soils.

Steam will be injected for a period of 50 hours allowing for 10 pore
volumes of steam condensate and displaced water to be collected in 10
effluent sample containers.

At the end of the steam injection treatability study, the core-holder
will be slowly cooled to ambient temperature, and again flooded with
distilled, de-ionized and de-aerated water. After a period of 5 days to allow
thermodynamic equilibrium conditions to again become established, the
water will be drained from the core-holder, split into two samples, and sent
to two independent analytical laboratories to assess for total petroleum

8/5/95 Draft Page 14



L3
LY

SEE TREATABILITY TEST RESULTS

hydrocarbon concentrations (against crude oil, diesel, and motor oil
standards), PAH concentrations, pH, and metal concentrations. The
comparison between the pre-steam and post-steam concentrations of the
various compounds of concern in the drained water will provide a direct
measure of the impact of steam injection on the reduction of the mobility
of potentially toxic compounds, and thus the degree of reduction of risk of
future exposure through groundwater pathways.
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SEE LABORATORY TREATABILITY TEST ANALYTICAL
RESULTS

INTRODUCTION

Previous laboratory treatability tests of the applicability of SEE to
relatively low volatility hydrocarbon mixtures such as JP-5 fuel and coal
tars conducted at the University of California, Berkeley in the BERC
laboratory showed effective removal of those liquid compounds from soils.
There are questions whether SEE would be effective in removing the waste
oil from the Site 13 soils since the oil may be distillation column residues
and consists of very low volatility components. If this is the case, then
steam distillation would not be cost effective for complete removal. The
potential extent of removal of the toxic components of the waste oil from
Site 13 soils by SEE, and the composition of the residual hydrocarbons are
of interest, however, since reductions in the concentrations of the most
volatile compounds may be enough to reduce potential health risks to
acceptable values. Furthermore, the acidic conditions at the site and metal
stability may be positively affected by the steaming process.

To better define the characteristics of the effluent liquids and residual
waste oil, a laboratory treatability test was conducted. The apparatus,
sample preparation procedures, steam injection schedule, and soil and
effluent chemical analyses for the laboratory experiment are presented
below. An energy cost analysis is presented to show that complete
restoration of the site by steam distillation would be cost prohibitive, and
modest hydrocarbon recovery may be obtained at for energy costs in the
range of $20/yd’. Further laboratory treatability tests with significantly
less steam throughput volumes are recommended.

ONE-DIMENSIONAL EXPERIMENTAL APPARATUS

As shown in Figure A.l, the apparatus for the one-dimensional
treatability experiment consisted of a pair of metering pumps to deliver a
constant mass flow rate of distilled water, a steam generator to boil the
water into steam, a stainless steel pipe to hold the contaminated soil sample,
and an effluent collection jar maintained in an ice bath to minimize loss of
components from the effluent to the atmosphere.

8/5/95 Draft Page |
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Relative HC Detector

Figure A.16. Effluent Liquid Chromatograms for the 1-
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Sample Name : 121433-044 38Q:25 Sample #: 21558 Page 1 of 1
FileName 1 gi\gciS\cha\181A084. raw Date : 772/95 10:17 PN
Hethod 1 TEH_CHA.ins Time of Injection: 7/2/95 9:43 PH
\ Start Time : 0.00 min End Time : 31.92 min Low Paint : 29.32 av High Point : 79.32 av
S SCale Factors =1 Plot Offset: 29 mv Plot Scale: SO mv
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Sample Name : 121433-045 500:25 sample #: 21710 ‘ Page 1 of 1
£{laName : gs\gcl1i\cha\188a027.rau Date : 7/9/95 01:09 PN
“athod : GC11DUAL.ins . Time of Injection: 7/9/95 12:37 PM
we Time : 0.00 min End Time : 31.92 min Low Point : 29.89 mV High Point : 79.89 mv
-1 Plot Offset: 30 nv plot Scale: S0 mv

e Factor:

C[unw] swang

Response [mV]

A . ‘ e (@) (8] ~
Tul;lul1?1:11Juu?uuhnl?uHllul?unhul

C—
BROMOBENZ —
. =18
U+
- 2%
. ~7.2¢
—
- 5 —=8.82
N —9.50
~ . =9.99
- ‘ii‘é
U | gexacosane— e ———————— =]
7 =18:4
— "18.9
N -
o)

Figure A.61



C[unu] suwany

JUL M7 ’SS 14:51 C&T '
TEH Chromatogram GC11 CH A

Sample Name : 121433-046 500:25 Sample #: 21710 page 1 of 1
FileName : g:\gc11\cha\188a028. rau Date : 7/9/95 01:53 PM
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TEH Chromatogram GCl1l CH A

Sample Name : 121433-047 500:25 sample #: 21710 page 1 of 1
£{{eName : g2\gcii\cha\188a032.rau Oate : 7/9/95 04:49 PH
od : GCT1DUAL.ins Ti{me of Injection: 7/9/95 04:16 PM
t Time : 0.00 min End Time : 31.92 min Low Point : 28.37 mV fiigh Point : 78.37 mv
cule Factor: -1 Plot Offset: 28 mv plot Scale: 50 mv

Response [mMV]

o« O P & u a1 oy (8)) ~ ~
O l?lliJLTlllI?LIHT‘HJI?HIITI IJJ?HH?IIII?HHTHJ

“IBRoMoBENZ — - _
- =18
Ut
B =3:3%
] -1.27
—
— =8.83
—9.50
5— ~9.99
3.7 =
Ul | yexacosane— ;ig;
5 i
L 2
] 7 -13:1.
— 7 —~18.9
o
o
-
~22.6
n ~23.1
] =24.0
N ~26.6
S1I -25.2
] Figure A. 63
_
7
— E - 7
S _



e m—eepew GLLL A A P.55
JUL 17 'S5 14:52 C&T

sample Name : 121433-048 500:25 Sample #: 21710 Page 1 of 1
FileName : 3:\gc1i\cha\188a033. raw Date : 7/9/95 05:32 PM

Hethod : GC11DUAL.ins Time of Injection: 7/9/95 05:00 PM

start Time : 0.00 min End Time : 31.92 min Low Point : 27.55 mV High Paint : 77.55 av
Scale Factor: -1 Plot Offset: 28 ¥ plot Scale: 50 mv
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JUL 18 7S5 16252 TEH Chromatogram GC15 CH A
sample Name : 121433-049 430:2.5 sample #: 214683 Page 1 of 1
FileKame ~ : G:\GCTS\CHA\188A054.raw Date : 7/18/95 01:48 PM
Method : TEH_CHA.ins : Time of Injection: 7/9/95 12:27 AM
‘~¢ Time : 0.00 min End Time : 31.92 min Low Point ; 29.92 mv High Pcint : 79.92 mv
e fFactor: -1 Plot Offset: 30 aV Plot Scate: S0 mV
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APPENDIX A — LABORATORY TREATIBILITY TEST
ANALYTICAL RESULTS

FIGURE A.66
PILOT-SCALE TREATIBILITY WORK PLAN

THE ABOVE IDENTIFIED FIGURE IS NOT
AVAILABLE.

EXTENSIVE RESEARCH WAS PERFORMED BY
NAVFAC SOUTHWEST TO LOCATE THIS FIGURE.
THIS PAGE HAS BEEN INSERTED AS A
| PLACEHOLDER AND WILL BE REPLACED
o SHOULD THE MISSING ITEM BE LOCATED.

QUESTIONS MAY BE DIRECTED TO:

DIANE C. SILVA
RECORDS MANAGEMENT SPECIALIST
NAVAL FACILITIES ENGINEERING COMMAND
SOUTHWEST
1220 PACIFIC HIGHWAY
SAN DIEGO, CA 92132

TELEPHONE: (619) 532-3676



Petroleum Removed (gm)

Figure A.67. Petroleum Removed vs Effluent Mass

10

PSP 2 2 4

L . ! -

4

'
T T R T

10 15 20 25 30
Effluent Mass (kg)

35



Fraction Petroleum Removed

Figure A.68: Petroleum Removed vs Pore Volumes Condensed
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Figure A.69. Cost of Steam vs. Fraction Oil Removed
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 APPENDIX B
CONTRACTOR QUALITY CONTROL PLAN
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CONTRACTOR QUALITY CONTROL PLAN

SITE 13

NAVAL AIR STATION, ALAMEDA

June 21, 1995
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