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EXECUTIVE SUMMARY

This Work Plan describes an approach to performing a pilot test to evaluate the enhancement of
product recovery from the Tow Way Fuel Facility (TWFF), U.S. Naval Station, Roosevelt
Roads, Ceiba, Puerto Rico. The site contains 7 fuel tanks. Since 1957, spills, leaks, and sludge
disposal have resulted in an estimated release of over one million gallons of total petroleum
hydrocarbons (Bunker C fuel, Diesel fuel, JP-5 fuel).

For the pilot test, two permutations of pneumatic fracturing (PF) technology and two product
recovery methods will be evaluated. Additionally, a product recovery interceptor trench will be
installed at the site and evaluated as a product recovery system. This Phase 2 Work Plan
describes the details for designing, installing, and performing the pilot test. A Phase 1 Work
Plan, submitted to the Navy Technical Team on January 13, 2000, describes the baseline
program for the Phase 2 activities.

The pilot tests will be conducted at the RW-1 and the PW-6 areas of the TWFF. The
approximate area of the pilot test areas is 880 ft* and 1080 fi* respectively, and the anticipated
treatment zone is 16 to 30 ft. bgs. These locations were selected because free product is known
to be present and information on subsurface conditions from previous investigations and pilot
tests, as well as historical information on product recovery, is available. Well RW-1 is an
existing product recovery well and Well PW-06 has been used for product recovery in the past.

In the RW-1 area, three wells will be tested as product recovery wells and six boreholes will be
installed and pneumatically fractured. The boreholes will be located radially around the existing
product recovery wells and will be radially and directionally fractured to enhance these systems.
One of the radial boreholes will be converted into a recovery well after fracturing. The
evaluation program will consist of pre-fracture baseline product recovery measurements using a
total fluids pneumatic pumping system. After fracturing, these tests will be repeated for 90 to
120 days to determine if any change in product recovery rates or hydraulic parameters has
occurred.

In the PW-6 area, three wells will be tested as product recovery wells. Three fracture boreholes
will be installed and pneumatically fractured (radially and directionally) to enhance the
performance of an existing well. Additionally, a proppant will be installed into specific product
zones and the boreholes will be converted into two types of extended radius wells. Each of these
wells will then be evaluated as product recovery wells. For the evaluation of the total fluid
product recovery method, a system utilizing a pneumatic pump and a vacuum pump will be
tested. The testing procedure will be similar to the program developed and described for the
RW-1 area.

For this pilot test , the proper local and state authorities will be notified, and storage of gases on
site will follow appropriate protocols and procedures. The necessary permits have been
identified and will be acquired from the respective agencies. Ad addendum to the site-specific
health and safety plan has been prepared and is included as Appendix D of this document.
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Following the completion of the pilot testing activities, Volume 2 of the final report will be
submitted to the Navy for review. It will supplement the findings of Volume 1 (test procedures
for the two pilot test areas, the construction of the recovery trench, discuss the results from each
pilot test, evaluate the effectiveness of PF to enhance the performance of the existing system,
evaluate various well types, and evaluate the performance of the two total fluids product recovery
methods to improve the removal of product from the formation) by including the results of the
long-term product evaluation program and evaluating the overall performance of the pilot test
and the product recovery trench. It will also propose recommendations for a full scale design.
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1.0 INTRODUCTION

McLaren/Hart appreciates the opportunity to submit this Phase 2 Work Plan to conduct pilot tests
at the Tow Way Fuel Facility (TWFF) to evaluate enhancement of product recovery using
pneumatic fracturing and pumping techniques. This Work Plan describes the procedure for
implementing and evaluating a program to enhance product recovery using pneumatic fracturing
and pumping techniques. on January 13, 2000, a Phase 1 Work Plan describing a baseline
program for the pilot tests was submitted to the Navy and is still under review.

McLaren/Hart (M/H) is a team sub-contractor with J.A. Jones Environmental Services (JAJES)
on the Petroleum, Oils and Lubricants Remedial Action Contract (POLRAC) operating in the
Navy’s Atlantic Division. McLaren/Hart is currently operating and maintaining the Interim
Remedial Measures, Free Product Recovery System commissioned in 1997 at the TWFF.

This pilot test program will be conducted as part of the pre-design activities for the Product
Recovery System at the TWFF. The Work Plan is submitted as an Addendum to the approved
Task Order (TO) # 9 Work Plan (Installation of a Free Product Recovery System at the Tow
Way Fuel Facility", submitted August 16, 1996 ') and will be performed under the existing
POLRAC contract.

During the period 1957 to 1986 approximately one million gallons of diesel and jet fuel leaked
from tanks and pipelines at the US Naval Station — Roosevelt Roads Site (Site), and this
discharge has impacted soil and groundwater at the site. The cumulative volume of free product
- recovered since product recovery remediation activities commenced in 1994 is 15,600 gallons
(Quarterly Summary Progress Report Number 8, dated February 26, 1999).

The single-phase product-only recovery system which was installed in 1997 has removed
approximately 974 gallons of product in 1997, 675 gallons in 1998 and 360 gallons in 1999. The
performance of the system is poor and appears to be limited by the heterogeneity of the
formation which is very dense and a hard inconsistency.

The objectives of the pilot study at the site are two fold. The primary objective is to evaluate the
effectiveness of Pneumatic Fracturing (PF) technology to enhance product recovery at two
different soil locations at the site. The secondary objective is to evaluate product recovery
methods. Although this pilot study will be conducted at the Roosevelt Roads Site, it is also
intended to evaluate enhancement of product recovery systems on a program-wide basis for use
at other US Naval Station sites.

1. McLaren/Hart (Formerly PDG Environmental Services, Inc.), Work Plan D.O.# 0009, Free Product Recovery
System for the Tow Way Fuel Facility, Project 945809, Contract No. N62470-93-D-3033, August 16, 1996.
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To accomplish the first objective, M/H will:

1)  Fracture soils around two existing product recovery wells

2) Fracture soils around an existing monitoring well, and then convert to a
product recovery well

3) Fracture an open borehole and then convert to a product recovery well

4) Install extended radius wells (ERWs) at two locations and then convert to
product recovery wells

The new wells (i.e., open boreholes, ERWs) will be located where there is an accumulation of
product in the formation. The fracturing process will be designed to shorten advective distances
and to create a network of interconnected fractures around the fracture- and recovery-wells. The
accumulated effect is expected to result in an increased production from the product recovery
wells.

To accomplish the second objective, two types of product recovery methods will be evaluated
and compared in short- and longer-term pumping tests. These tests will be designed to determine
if free product recovery rates can be significantly increased over the current, product only (i.e.,
single phase) pumping system.

1.1 OVERVIEW OF THE TECHNOLOGIES

The following sections describe the three main technologies which will be used during the pilot
test. They are: pneumatic fracturing, extended radius wells, and two product recovery methods.

1.1.1 Pneumatic Fracturing

PF is a patented process that was developed in the late 1980s to increase pneumatic permeability
of geologic formations. The PF process has received intensive laboratory and bench scale testing
and development at the New Jersey Institute of Technology (NJIT). The process uses
pressurized gas at controlled pressures and flow rates to initiate and propagate a network of
fractures in low permeability soil and rock formations. FIGURE 1 shows a schematic of the
Pneumatic Fracturing Concept in both soil and rock formations. PF in overconsolidated soil
formations creates a network of horizontal fractures that radiate from the fracture well. In rock
formations, PF opens up, cleans out, and interconnects existing discontinuities in the formation.

In addition to permeability enhancement, PF can improve homogeneity in the formation and
access pockets of free product or contaminants previously unattainable. Since the first PF patent
in 1992, PF technology has been extended to include the addition of liquid and solid
amendments. To date, over 70 sites have been treated throughout the United States. Thirty of
these sites have been pneumatically fractured to enhance subsurface permeability for various
remedial options, including soil vapor extraction, dual phase extraction, product recovery, and
pump and treat systems.
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1.1.2 Extended Radius Wells

Extended radius wells have evolved from the original PF concept and are designed to extend the
effective radius of a pumped well. An ERW is created by injecting supplemental media (e.g.,
dry media, proppant) into the subsurface at a specified depth. The injection creates conductive
lenses which radiate outward from the well. They have a conductivity which is significantly
greater than that of the native soil, thus increasing the recovery of liquids and vapors from the
formation. The media are injected into the formation through the use of an injection nozzle
which is capable of creating conductive lenses in various directions and at multiple elevations.

The concept of an ERW and comparison of it with a standard recovery well are depicted on
Figure 2. Traditional wells possess high permeability zones only adjacent to the well as part of
the sand pack. In contrast, the ERW has high permeability lenses which extend outward from
the sand pack into the formation, which greatly increases the effective diameter of the well. The
lateral extent of the ERW will, of course, depend on the site specific soil properties, as well as
injection flow rates and pressures.

1.1.3 Product Recovery Methods

A total fluid recovery system is a conventional pumping method used to simultaneously recover
groundwater and Non-Aqueous Phase Liquid (NAPL) from the formation. Because they pump
water, these pumps lower the water column in the well and induce product migration to the well.
Therefore, they may enhance produce accumulation in the well and thus accelerate product
removal. Use of total fluid pumps requires an oil/water separation step after the total fluids are
recovered.

The two types of total fluid recovery pumping systems include a pumping only system which
uses a pneumatic pump and a vacuum enhanced recovery (VER) system which uses a drop tube
or a pneumatic pump plus a vacuum pump.

The application of a multi-phase (air and water) extraction system can be achieved with a single
or two-pump configuration. In a single pump configuration, a single drop tube is used to remove
liquid and vapor from a recovery well. Practically, this configuration is limited to depths less
than 30 ft. bgs. This depth limitation can be overcome with a two-pump configuration. This
system (commonly known as a vacuum-enhanced recovery [VER] system) uses a submersible
pump for groundwater recovery in conjunction with a separate vacuum applied at the wellhead.
In this configuration, liquid and vapor streams are separate at the well head and the respective
streams are managed by independent air and NAPL treatment systems.

Historically, VER systems have been the standard approach for dewatering low permeability
sediments and for speeding the dewatering of more permeable sediments. VER is a multi-phase
extraction process which uses high vacuums on recovery wells and the geologic formation to
enhance the recovery of total fluids from the well. In the process, air and water are used as
carriers for the removal of contaminants from unsaturated and saturated zones. The extraction
process is applied to recovery wells with some portion of the well screen extending above the
water table and into the unsaturated zone. The applied vacuum increases the effective drawdown
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at the pumping well, extracts soil vapor, and enhances groundwater recovery. Liquid flow rates
are increased due to the increased negative pressure gradient applied on the system. The applied
vacuum enhances the volatilization and mobility of trapped product in the unsaturated zone,
thereby accelerating the cleanup process and reducing the number of recovery wells required to
achieve the same process

1.2 PRODUCT RECOVERY EXPERIENCE

For product recovery applications, the technology has been applied at two Air Force bases - one
in Oklahoma and the other in New Jersey.

1.2.1 Oklahoma Site

At the Oklahoma site, a total fluids product recovery system was installed in 1991 and 1992.
The geology of the formation was a weak cemented red sandstone, which classified texturally as
a fine Sand. The depth of fracturing for product recovery enhancement was 26.7-28.7 ft. below
ground surface (bgs). The results of the pilot test showed that PF technology increased the
performance of the existing product recovery system. During pre-fracture pump tests, the
product represented only 12% of the total fluid (product plus water) recovered. After fracturing
this increased to 74% of the total fluid recovered. One month after fracturing the system had
been adjusted so that more than 90% of the fluid recovered was product’. Information on the
current status of the system is unavailable from the Air Force.

1.2.2 New Jersey Site

The geology of the formation at the New Jersey site was silty fine Sand. Prior to PF, several
product recovery systems had been evaluated to recover free product from a migrating plume.
These systems included: single phase free product recovery pumping, vacuum enhanced free-
product recovery (bioslurping), and installation of two (50 ft and 100 ft) recovery trenches. The
performance of these systems was poor and product recovery rates were low.

In April 1998, a pilot test was performed to evaluate if PF could improve the recovery of free
product in these cohesionless soils at depths ranging from 9 ft - 13-ft bgs. The test was
designed to install extended radius wells (ERWs) by two delivery methods. One method
involved injecting a proppant into the formation using a directional nozzle. The second method
involved the creation of ERWs using a newly designed helical nozzle. FIGURE 2 shows the
concept of a conventional well verses an ERW.

The results of the pilot test showed that product recovery rates were increased by both PF
delivery systems and that ERWs could be installed in cohesionless soil formations. Product
recovery rates were increased by 325% for the directional ERW system and by 225% for the
helical ERW system. Based on the results of this pilot study, the Air Force has selected product
recovery ERWs as the preferred option for the product recovery system.

% Pneumatic Fracturing Demonstration, Tinker Air Force Base, Oklahoma City, OK. Oct. 1994. Project Report
prepared by HSMRC of NJIT, NJ; Accutech Remedial Systems, NJ; Battelle Memorial Institute, OH; and Battelle
Pacific NW Labs, WA.
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1.3 REPORT ORGANIZATION
The organization of this Workplan is as follows:

e Section 2.0 presents an overview of the project background and objectives; this includes
an understanding of site geology, hydrogeology and project objectives

e Section 3.0 details the pre-pilot test preparation activities

e Section 4.0 details the pilot test program

o Section 5.0 discusses the pilot-test data interpretation and reporting format
e Section 6.0 presents a project organization chart and

e Section 7.0 presents a project schedule

All tables, figures and appendices are provided at the end of this report.
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2.0 BACKGROUND AND PROJECT OBJECTIVES
2.1 SITE LOCATION AND BACKGROUND

The Site is an active U.S. Naval Station and is located near the town of Ceiba on the eastern end
of Puerto Rico. A site location map is presented as FIGURE 3. The approximate location of the
Naval Station is 18°15” 00’ latitude and 65° 39’ 30” longitude.

Seven fuel storage tanks constitute the TWFF. Since 1957, spills, leaks, and sludge disposal
have resulted in an estimated release of over one million gallons of product. This discharge has
impacted soil and groundwater at the site, and there is currently a migrating plume of free
product moving south of the upper TWFF and south-east along Forrestal Drive.

Free product recovery operations began in 1994 with the installation of a small-scale pilot test
product recovery system. From 1994 to 1995, approximately 12,600 gallons of product and
water were recovered. In April 1997, a larger system was installed, consisting of seven product
recovery wells. In July 1998, the system was expanded to include two additional recovery wells.
Historically, four of the nine recovery wells were operated at a time. This product recovery
system is a skimming system (i.e., single phase). From April 1997 until January 1999, the total
volume of free product recovered by this system was only 2,650 gallons. The total amount of
product recovered in the 6 years of operation is estimated to be 15,600 gallons.

An analysis of the lack of recovery indicates that the primary reasons are the severe
heterogeneities in the soil and fill material and the low permeabilities of the formation. Review
of product thickness maps indicates that the product has accumulated at select locations, possibly
due to the subsurface heterogeneities. To improve performance of the free product recovery
system, a method is needed to improve the subsurface conditions by allowing easier flow of the
viscous oil through the overburden and shallow bedrock.

2.2 SITE GEOLOGY

The site geology is taken from the Quarterly Summary Progress Report Number 8, dated
February 26, 1999. The surficial lithology from 0 to 42 ft. bgs is predominantly clay with
varying amounts of weathered volcanic rock fragments. The clays are primarily grayish-green,
yellowish-brown, grayish-brown, and olive-brown as based on color matching with the Munsell
soil color chart. Intermixed with the primary colors are shades of red, grayish-brown, olive-gray
and bluish-gray. The clays are cohesive, stiff, and range from dry to moist. A review of boring
logs from several of the recovery wells indicates that much of the near-surface geology consists
of silt and clays, and that at one location (RW-4), the bedrock is fairly close to the surface.
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2.3 SITE HYDROGEOLOGY

The site hydrogeology information is taken from the Quarterly Summary Progress Report
Number 8, dated February 26, 1999. The hydrogeology is controlled by elevation differences
between the Upper and Lower TWFFs. The average hydraulic gradient is 0.012 ft/ft towards the
southwest. The dense nature of the volcanic rock and slow recharge rates observed in
monitoring wells indicate that the permeability of the rock is very low, causing it to behave as a
confining or semi-confining unit. '

24 PROJECT OBJECTIVES

The pilot test will be conducted in two areas of the TWFF site where product recovery wells are
currently being operated. The proposed locations for the pilot test areas are shown on Figure 4,
anticipated treatment depths range from 16 to 30 ft. bgs. Both wells in these locations, RW-1
and PW-06, are skimming product from a weathered volcanic rock formation which is classified
as inorganic clays of low to high plasticity, Gravely and Sandy Clays.

The goals of this pilot test are to evaluate a program to enhance the removal of free product from
these two locations and to prepare a report for the Navy on the procedure and findings of the
pilot test. This will involve application of PF technology to increase the permeability of the soil
formation in the test areas and conductance of short term pump tests in both existing and new
product recovery wells. During these tests, product removal will be monitored at the recovery
wells, and product levels in the surrounding wells will be monitored. Based on the results of the
short term tests, a longer-term product removal and monitoring program will be performed at
selected wells. This program could last for 3 to 4 months, during which time the long-term
performance of the enhanced system will be evaluated.

The objectives of this pilot test are:

1) Establish baseline conditions for the test areas. This will be done by conducting short term
product recovery tests, followed by 20 to 30 day longer term tests. A Phase 1 Work Plan has
been submitted to the Navy (dated 1/13/00) describing the procedure for these evaluations.

2) Evaluation of the change in product recovery rates after fracturing in both test plots. This
evaluation will involve conversion of selected fracture boreholes to recovery wells and
repeating the baseline short term tests in various product recovery wells. Based on the
findings from these tests, longer term product recovery testing will be performed.

3) Evaluation of various product recovery well construction techniques. Four types of recovery
well scenarios will be evaluated:

e Enhancement of existing recovery wells with PF

e Enhancement of an existing monitoring well with PF
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o Installation of dry media (proppant) into two PF open borehole and conversion to two
types of recovery wells.

o Installation of recovery well in a PF open borehole after fracturing has occurred

4) Determination if product recovery performance can be increased by using a different
recovery method (e.g., total fluids system, which will hydraulically stress the formation)
compared to the current single-phase system.

5) .Compare pilot test results with.the predictions from the recently developed software, PF
Model.

6) Obtaining site-specific engineering design data necessary for a full-scale system design.

In the period preceding and during the Pilot Studies, operation of the existing Free Product
Recovery System will be suspended in the pilot test areas. This will allow product levels of the
recovery and monitoring wells to stabilize and present a more representative picture of the true
subsurface, groundwater and free product conditions at the site.
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3.0 PRE-PILOT TEST PREPARATION ACTIVITIES

The objective of the pre-pilot test preparation activities is to ensure that the design of the pilot
test will be efficient and cost effective. Test preparation activities include the following: 1) site
visit by a PF engineer, 2) implementation of a reconnaissance soil boring program, 3) conducting
a product assessment in the proposed pilot test areas, 4) conducting a geotechnical analysis on
selected soil samples, and 5) determining permit and health and safety issues.

3.1 SITE VISIT

In September 1999, the McLaren/Hart, Inc. project manager and a PF engineer conducted a site
visit to obtain first hand knowledge of the site and pilot test area. They saw the layout of the
site; selected two potential pilot test areas; located a soil boring grid for split spoon sample
collection; looked at soil samples from the two areas; evaluated free product levels in existing
monitoring wells; determine drilling requirements and performance; and identified general pilot
test requirements.

During this visit they also met with representatives from the U.S Naval Station environmental
staff and field staff of J.A. Jones Management Services Company which is currently monitoring
the product recovery system at the site. Information on permit requirements, access
requirements by pilot test personnel (sse APPENDIX B for Naval Base Access Requirements),
utility requirements and general site protocol was also obtained.

3.2 SOIL SAMPLING PROGRAM AND RESULTS

The location of the proposed pilot test areas RW-1 (named after Recovery Well 1) and PW-6
(named after Pumping Well 6) are shown on FIGURE 4. Both areas are located in the Upper
TWFF and are approximately 250 ft. apart. A reconnaissance soil-boring program was
performed to evaluate the soil conditions at the site and to identify product zones to a depth of
30-ft bgs. This program involved the collection of 101 split spoon samples from eight soil
boring locations within the two pilot test areas.

Samples were collected by driving a 2-fi. by 2-in. diameter split spoon sampler into the
undisturbed formation with a 140-pound drop hammer. Once the sample was retrieved, a 2.5-in.
hollow stem auger was advanced to the sample depth and the sampling process repeated.

Samples were visually inspected for the evidence of product and were lithologically described
using the Burmister Soil Classification System. Shear strengths of the samples were determined
using a pocket penetrometer or from the hammer blow counts. On completion of soil
classifications, the samples were carefully packaged and shipped to NJIT, in New Jersey, USA
for further inspection and for the determination of selected geotechnical parameters.
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3.2.1 RW-1 Area

In September 1999, sixty-five split spoon soil samples were collected from five soil boring
locations. FIGURE 5 shows the soil boring locations in the RW-1 pilot test area. The boring
identifications were: MH-SB-2, MH-SB-5, MH-SB-6, MH-SB-7, MH-SB-8 and DP-31A, and
the sample identifications were S-#s. Copies of the soil boring logs are included as APPENDIX
C.

FIGURE 6 shows a geologic cross-section location map and FIGURE 7 shows two
stratigraphic cross sections which are representative of the geology in the RW-1 pilot test area.
These cross-sections were developed using boring logs from the Mantech Environmental well
installation program, the McLaren/Hart reconnaissance soil boring program and the RW-1 well
installation log.

Cross-section AA’ is a north to south trend of the area and cross-section BB’ is a northwest to
southeast trend of the area. The figure highlights the following:

e From the land surface to a depth of approximately 30-ft, the geologic materials
consist of silt and clay with some sand and gravel.

¢ The geologic material consists of dry to damp clay and sand.

e Lenses or zones of sand and gravel are more evident in the northeast location of
the pilot test plot.

e The potentiometric surface in the area of this test plot varies from 3-ft. bgs at
RW-1 to 13-ft. bgs at the MTMW-4 location.

3.2.2 PW-6 Area

In September 1999, thirty-six split spoon soil samples were collected from three soil boring
locations within this pilot test area. FIGURE 8 shows the soil boring locations in the PW-6 pilot
test area. The boring identifications were: MH-SB-1, MH-SB-3, and MH-SB-4, and the sample
identifications were S-#s. Copies of the soil boring logs are also included as APPENDIX C.

FIGURE 9 shows one stratigraphic cross section for this area. This cross-section was developed
using the 3 McLaren/Hart borings. This cross-section was developed to gain a conceptual
understanding of the subsurface conditions in the pilot test plot and should not be considered
representative of the site-wide geologic conclusions. Cross-section CC’ is a northwest to
southeast trend of the area. Based on the limited number of soil boring locations, the figure
highlights the following:

e From the land surface to a depth of approximately 30-ft, the geologic materials consist of silt
and clay with some sand and gravel.
The geologic material consists of dry to damp clay and sand.

e In the area of MH-SB-4 there is a saprolite zone of weathered gabbro which is classified
texturally as sand and gravel and occurs from grade to a depth of approximately 20-ft.

e The potentiometric surface in the area of the test plot is approximately 8-ft bgs.
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3.3 GEOTECHNICAL TEST PROGRAM

To determine if PF could be applied to enhance the permeability of the soil formation at the site,
samples were shipped to the research laboratory at the Center of Environmental Engineering and
Science (CEES), located at NJIT in New Jersey, USA. These samples were reviewed by
McLaren/Hart personnel and the NJIT PF technical team.

Five samples from zones identified for product recovery enhancement were analyzed for several
geotechnical-engineering parameters. TABLE 1 shows a summary of the geotechnical test
program. It includes: boring ID, type of analysis, American Society for Testing and Materials
(ASTM) methods, etc. These boring locations have been prioritized based on field screening of
soil samples and the evidence of product in these boring locations. The main geotechnical
parameters evaluated were: Atterberg Plastic and Liquid limits by ASTM D2217 and D4318; and
Atterberg Shrinkage Limit by ASTM D427. These soils have been cla551ﬁed using the Unified
Soil Classification System (ASTM D2487).

3.4. GEOTECHNICAL ANALYTICAL RESULTS

The results of the geotechnical analysis, performed on select soil samples by NJIT, are
presented in TABLEs 2, 3, and 4. A discussion of the results and a recommendation
(based on the samples analyzed) for the PF strategy at the site are presented below.

Five soils from Roosevelt Roads were selected and tested for Atterberg limits [liquid limit (LL),
plastic limit (PL), and shrinkage limit (SL)]. This selection was based on a review of the boring
logs (i.e., reference to potential product zones and logged PID readings) and odor from the
samples. The results, including calculations of plasticity index (PI) and shrinkage index (SI), are
presented in TABLE 2. Grain size data associated with the wash are shown in TABLE 3. The
data suggest the following:

o The soils passing the No. 40 sieve are highly variable, ranging from silts to clays of both
low and high plasticity. This is consistent with the saprolitic nature of the soil, where the
residual clay mineralogy is expected to vary according to lithology and weathering
conditions.

o The grain size data show that there is 10-50% medium to coarse sand, and gravel. Because
the sand and gravel are completely coated with fines, it is expected that the fines will
dominate the soil behavior.

An analysis of the potential expansivity of the soil passing the No. 40 sieve was also performed
according to empirical relationships shown in Table 2.8 of Hall [Hall, H.A. 1995. "Investigation
into Fracture Behavior and Longevity of Pneumatically Fractured Fine-Grained Formations,"
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M.S. Thesis, New Jersey Institute of Technology, Newark, NJ]. Results are presented in
TABLE 4 and are summarized below:

e There is some potential for swelling to occur. Sample SB-6 12’-14’ shows the greatest
potential, with both a high PI (46.2) and a high SI (20.5). It is expected to contain the clay
mineral montmorillonite. The sample SB-4 18’-18°10” appears to be of secondary
concern.

¢ It will be difficult to predict swelling zones given the geologic history of the deposit.
While lithology is one component which may be traced, clay mineral formation also
depends on leaching history, pore water constituents, pH, and temperature. It is
recommended that Atterberg limit testing be performed on samples at the screened interval,
or, at the very least, that the samples be observed with a trained eye.

The degree of contamination was also monitored on the five samples tested for Atterberg limits.
The samples were prioritized from most contaminated to least contaminated based on odor and
oily sheen on the wash water as shown below:

SB-4 cuttings most contaminated
SB-8 18°-20°

SB-4 18°-18’10”

SB-6 12’-14°

SB-6 24°-26° least contaminated

The two samples which appear to be most contaminated (SB-4 cuttings and SB-8 18°-20”) do not
exhibit a great degree of swelling behavior. The samples SB-4 18°-18’10” and SB-6 12-14’
appeared to be contaminated to a lesser degree, but are both swelling soils. Sample SB-6 24’-26’
seemed to be clean and exhibit relatively little swelling.

The results of this testing suggest that the soils must be monitored closely at the site, and that the
consideration of proppant use is warranted. The fines are swelling and are expected to control
soil behavior, contamination was found in the swelling soils, and the degree of potential swelling
is believed to be great enough to influence fracture geometry and longevity.

3.5 PNEUMATIC FRACTURING MODEL EVALUATION

Originally when McLaren/Hart began evaluating the use of PF at the TWFF, two possible
applications of PF to enhance product recovery were considered:

1) Using PF technology (which employs pressurized gases to create fractures)
as a method to develop a network of interconnecting fractures that would
vastly improve soil permeability and free product recovery.

2) Installing ERWs at strategic locations associated with product zones. This
would be accomplished by using a variation of the PF technology to inject
thin layers of ceramic beads (proppant) which would form highly
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conductive lenses in and immediately within the vicinity of product zones.
This would improve product recovery well performance by extending the
well's radius of influence.

Initially, based upon field observations that the soil appeared to be dense and brittle, it was
believed that the soil could be fractured without the need to maintain fracture apertures with
proppants. However, as discussed above, when certain geotechnical tests were performed, some
of the samples exhibited swelling behavior. Therefore, in a portion of this pilot test, ERWs will
be installed to created thin conductive lenses adjacent to the product zones.

In association with technology applicability review, further evaluation of the application of PF
and ERWs was performed using the windows-based PF Model. This program, developed at the
CEES provided guidelines for optimum and safe field implementation of the technology (e.g.,
injections pressures, expected radius of influence and fracture aperture dimensions).

The model consists of three major components: site screening, system design, and calibration
components. The site-screening component was used to determine a technology recommendation
rating for permeability enhancement, dry media injection and liquid media injection. The system
design component provided information on fracture aperture, radius of influence, maintenance
pressures and the effect of various injection flow rates. The calibration component allowed data
from site pilot tests to be inserted into the model so that the model could be calibrated to site-
specific conditions.

The following conclusions were made using the PF Model in conjunction with geotechnical
analyses:

1) The soils will benefit from a permeability enhancement program

2) Injection of a dry media (proppant) is recommended in select locations

3) Depending on treatment depth, injection pressures should be in the range of
250 to 600 psi

4) Maintenance pressures will vary between 81 to 87 psi

5) Injection flow rates will vary between 1000 — 3000 SCFM

6) Fracture apertures will vary from 0.02 —0.04 inches and

7) Radius of influence will vary between 10 — 16 ft.

3.6 PRODUCT EVALUATION

An evaluation of free product in the two pilot test areas was performed based on a review of soil
geologic logs, evaluation of soil samples from a reconnaissance soil boring program and
measurement of Light Non-Aqueous Phase Liquid (LNAPL) in pumping and monitoring
(existing and M/H temporary) wells. The following summarizes the findings for each pilot test
area.
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3.6.1 RW-1 Area Soils

Six existing borings logs and soil samples from six McLaren/Hart soil borings were reviewed for
this area. The existing soil boring logs are: RW-1, AW-1, AW-2, MTMW-1, MWMT-3, and
MTMW-4. Except for RW-1, the logs were prepared by Mantech Environmental during their
Chemical Oxidation Pilot test. The McLaren/Hart soil boring locations are: DP-31A, MH-SB-2,
MH-SB-5, MH-SB-6, MH-SB-7 and MH-SB-8. All logs are included in APPENDIX C.

A review of the Mantech Environmental boring logs shows that product zones vary between a
quarter of an inch and two feet. These thicknesses were observed at various elevations in the
borings and were all above the water-saturated zone for that location. A two foot saturated
product zone was observed at MTMW-4 at a depth of 18 to 20 ft. bgs. The deepest zone where
product was identified was 29 to 29.5 ft. bgs at MTMW-1. There is no documented evidence of
free product in the boring log of RW-1.

During the McLaren/Hart reconnaissance soil-boring program, samples from six soil borings
were evaluated. Except for MH-SB-8 sample location (at a depth of 18 to 20 ft. bgs.) there was
no clear evidence of product saturated zones in any of the remaining soil samples. At some
sample depths, where no product was visible, but a strong odor was obvious, the locations were
logged as damp.

During sampling at MH-SB-6, a damp sample, retrieved from a depth of 20 to 22 ft. bgs had a
diesel odor. A measurement for product was made inside of the auger at this depth, and 22
inches of diesel fuel was measured. The first evidence of water was observed at 24 ft. bgs. This
boring was completed to 29 ft. bgs, and no further evidence of product was observed in the soil
samples. A check of the open borehole approximately 30 minutes after the final depth of 29 ft.
was achieved show no evidence of free product. There was less than 4 inches of water in the
well at the time of the measurement.

3.6.2 RW-1 Area LNAPL

A survey of existing wells and the new temporary monitoring wells installed by McLaren/Hart
show that there is free product in some areas of the site. The results of several rounds of
monitoring for free product and groundwater is summarized in TABLE 5. The distribution of
free product is also shown on the geologic cross section A-A’ and B-B’ on FIGURE 7.

In the Mantech Environmental wells on 9/25/99, product thickness varied from 3.7 ft. at
MTMW-4 to 5.0 ft. at MTMW-2. On the same day, 1.9 fi. of product was measured at the
temporary McLaren/Hart monitoring well location MH-SB-6. There was no measurable product
thickness in the RW-1 well on 9/25/99. Based on the groundwater data collected, the
potentiometric level is approximately 16 to 18 ft. bgs (see TABLE 5).
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This evidence from the soil and groundwater evaluation shows that there is a free product plume
in the zone 15 to 25 ft. bgs. This plume is above a semi-confining layer which varies between 24
and 38 ft. bgs based on the soil boring logs for this area.

3.6.3 PW-6 Area Soils

No soil borings or well construction logs for existing wells were available for review.
Evaluation of soils in this area was based on samples from three McLaren/Hait soil borings:
MH-SB-1, MH-SB-3 and MH-SB-4. These logs are included in APPENDIX C.

During sampling at the MH-SB-1 location, evidence of product was observed in a moist zone 10
to 12 ft. bgs. There was also a petroleum odor at this zone. Samples collected above and below
this zone were dry. At the MH-SB-3 location, a damp to moist zone was observed 16 to 18 ft.
bgs on 9/20/99. Before continuing the boring on 9/21/99, one foot of product was measured in
the borehole. Continued sampling at this location showed a moist zone of product at
approximately 22.5 to 24 ft. bgs. There was no further evidence of product in samples collected
from this location. At the MH-SB-4 location, product was observed at 16.5 to 17 ft. bgs on
9/21/99. Prior to sampling, on the following day (9/22/99), 2 ft. of product was measured in this
borehole. During split spoon sampling, the 20 to 22 foot zone was observed to be saturated with
product.

3.6.4 PW-6 Area LNAPL

A survey of existing wells and the temporary wells installed by McLaren/Hart show that there is
some evidence of free product in this area. The results of several rounds of monitoring for free
product and groundwater is summarized in TABLE 5. The distribution of free product is also
shown on the geologic cross section C-C’ on FIGURE 9.

In existing wells, product thickness varies from 0.3 to 0.2 fi. at PW-06 and PW-05 respectively.
In the temporary McLaren/Hart monitoring wells product was observed in all wells, with product
thickness varying from 1 to 10 ft. at MH-SB-3 and MH-SB-1 respectively. It should be noted
that the thickness at MH-SB-1 might be an anomaly based on well construction technique.

Based on the groundwater measurements, the potentiometric level is approximately 14 ft. bgs
(see TABLE 5).

This evidence shows that there is a free product plume in the zone 10 to 25 ft. bgs. This plume is
above a semi-confining layer

3.7 PERMIT ACQUISITION

Based on conversations with the U.S Naval Station Environmental Management team in Puerto
Rico, no permits for the performance of a pilot test at the TWFF site is required. However, since
the injection process involves the injection of an inert gas (e.g., industrial grade nitrogen) and an
inert media (ceramic beads), this Workplan is to be submitted to Environmental Quality Board
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(EQB) for review. Upon acceptance of the Workplan, the EQB will grant an approval letter for
the term of the pilot test.

3.8 SITE HEALTH & SAFETY PLAN

APPENDIX D is an addendum to the site-specific Health and Safety (HASP) plan. This
‘addendum provides supplemental information related to the proposed PF activities at the pilot
test site. The following sections for the HASP have been updated for the pilot test:

Section 5.1.5 Site History and Description '

Section 5.2.2 Site Health and Safety Officer

Section 5.5  Work Activities

Section 5.7  Potential Safety Hazards

The plan has been updated to ensure it addresses all issues related to the safe implementation of a
PF pilot study. A signed copy of the HASP plan, together with all attachments, will be
maintained on-site during all field activities. The HASP plan will include:.
¢ General site information
e Project information including a site description, purpose of work, scope of
work, and project schedule
e Hazard analysis, non-chemical hazards, site Chemicals of Concern (COCs),
and chemical hazards
e Requirements for Personal Protective Equipment (PPE), monitoring
equipment, site zone delineation, and site communication protocol
Site operating procedures
Emergency response procedures
Record keeping requirements
Hospital route map

3.8.1 Health and Safety Meetings

Prior to the commencement of the pilot test, the health-safety officer will conduct a mandatory
health and safety meeting for all personnel actively involved in the pilot test. Also, tailgate health
and safety meetings will be conducted daily to remind personnel of hazards and the objectives
for the day.

3.8.2 Personal Protection

To minimize exposure from the compressed gases, only authorized personnel will be involved in
handling the gas supply sources and lines and in operating valves and/or equipment. During the
injection periods, non-authorized personnel will be notified and kept clear of the compressed gas
lines and general area. Hoses and fittings will be de-pressurized (through by-pass valves) before
disconnection or handling of the PF equipment.
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3.9 MATERIAL HANDLING AND OPERATIONAL PROCEDURES

The materials, which will be handled during this pilot test, are compressed nitrogen gas and
extracted groundwater and product. MSDS data sheets for the compressed gas will be included in
the site-specific Health and Safety Plan. The pumped fluid will be managed using the existing
product recovery system at the site. This is described in Section 4.6 of this Work Plan.

3.9.1 On-Site Storage

Since the pilot test program will be performed at an U.S. Naval Station, all materials will be
staged in an area designated by personnel representing the base.

3.9.2 Waste Disposal

Waste generated during the pilot test program will be managed in accordance with Section 3.0 of
the approved TO # 9 Work Plan®. This waste includes soil cuttings from well installation
activities, groundwater from well development and other pilot test activities, and other non-
hazardous trash.

The drill cuttings generated during drilling activities will be stockpiled in designated areas near
the pilot test plots (see FIGURE 20). Upon completion of drilling activities, the potentially
contaminated soil stockpile will be sampled and analyzed for TPH and other required parameters
for disposal. Soil with TPH levels iess than 100 ppm will be considered non-contaminated and
will be used on site to backfill excavations and complete grading and site restoration activities.
Contaminated soil will be subsequently removed from the site for treatment and disposal by an
approved subcontractor.

Groundwater generated during the pilot test program will be temporarily stored in 2,500 gallon
holding tanks, passed through a treatment skid consisting of oil/water separator and carbon
vessels before temporary storage in an effluent holding tank. Grab samples will then be
collected and analyzed to comply with the on-site treatment system influent requirements. Based
upon the analytical results obtained, the treated effluent will then be discharged into the on-site
sewer system or will be routed back to the treatment system and retreated. Garbage and trash
will be removed and properly disposed of by an approved subcontractor.

3 1. McLaren/Hart (Formerly PDG Environmental Services, Inc.), Work Pian D.O.# 0009, Free Product Recovery
System for the Tow Way Fuel Facility, Project 945809, Contract No. N62470-93-D-3033, August 16, 1996.
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4.0 PILOT TEST PROGRAM
4.1 INTRODUCTION

This section details McLaren/Hart’s technical approach to the performance of the pilot test. This
approach is based on McLaren/Hart's experience in performing pilot tests and is designed to
accomplish the following goals in a timely and cost effective manner: 1) evaluation of the
effectiveness of PF as an enhancement to an existing product recovery system, 2) evaluation of
three PF enhancement options for product recovery, 3) evaluation of two product recovery
methods, 4) conductance of the test in a logical manner, and 5) conductance of the pilot test with
regards to safety considerations.

The following scope of work identifies the main tasks required to accomplish the goals stated
above:

TASK DESCRIPTION
Pre-Pilot Test Discussed in Section 3.0, these include: a soil sampling program;
Activities geotechnical analyses; free product evaluation; PF Model evaluation

Activities include: planning and mobilization; construction of the pilot
test layout; baseline short-term product recovery tests at two to three
RW-1 Area Pilot | locations (see Phase 1 Work Plan); PF at six locations within the target

Program treatment zone; conversion of one fracture well into a product recovery
well, heave monitoring; and post-fracturing short- and long-term
_product recovery testing.

Activities include: planning and mobilization; construction of the pilot
test layout; baseline short-term product recovery tests at one location
(see Phase 1 Work Plan); pneumatic fracturing at three locations within
the target treatment zone; split spoon sampling at two well locations; PF
and installation of proppant at selected product zones; conversion of SF
boreholes into product recovery ERWs; heave monitoring; and post-
fracturing short- and long-term product recovery testing.

PW-6 Area Pilot
Program

Product Recovery | This activity includes comparing two product recovery methods in the
Methods two treatment plots over a period of 90 to 120 days..

Performance

. . . These criteria will be discussed in Section 5.0.
Evaluation Criteria

As discussed in Section 6.0, a recovery trench will be constructed and
put into operation before the commencement of the PF pilot test
activities. It will continue to operate during the Pilot Study Program.
The trench will be equipped with a Single-Phase Discriminating Product
Removal System.

Recovery Trench
Installation

G:Clients\Gov\Navy\RR ds\Phase2\Phase2WP.doc 4-1 MCLAREN/HART, INC




Roosevelt Roads
October 20, 1999

4.2 PLANNING AND MOBILIZATION

This includes all planning and mobilization work required for the implementation of field activities.
These include:

e Evaluating the existing single phase product recovery system and determination of how
the baseline and post fracture product recovery tests will be integrated into the existing
product recovery treatment system.

e Evaluating the logistics of shipping materials, and mobilization to the Site from New
Jersey and Pennsylvania, USA.

Once mobilization has occurred, a site meeting of McLaren/Hart, U.S. Navy representatives and
J.A. Jones (site management) personnel will be held to review site conditions and establish the
pilot test locations.

4.3 RW-1 AREA PILOT TEST PROGRAM

The area containing product recovery well (RW-1) has historically shown evidence of product in the
formation. In 1994, a well was installed to recover this product. More recently, a chemical
oxidation pilot test was also performed. A recent soil reconnaissance boring program and
evaluation of product in wells at this location has also confirmed the presence of product.

This evidence has led to the selection of this area, called RW-1 after the existing product recovery
well, as one of the pilot test locations. This location is shown on FIGURES 4 and 10. The RW-1
pilot test area is approximately 850 fi* and is located north of the second pilot test area (PW-6)
which is approximately 6 ft. above mean sea level. There are no structures or utilities in the RW-
1 pilot test area.

FIGURE 4 shows the location of the RW-1 pilot test area while FIGURE 10 shows a more
detailed layout of the test area. FIGURE 10 identifies the fracture wells (FWs) and their
locations, the monitoring wells which will be equipped with instruments, and the yellow area
denotes the anticipated treatment area that will be impacted by the PF Program. The figure
also shows which locations will be used as radial fracture wells and directional fracture wells.

PF will be applied at 6 locations in the RW-1 area. The pilot test program is designed to
stimulate product recovery for 3 test configurations: an existing product recovery well RW-1
which accesses product adjacent to the area; converting an existing monitoring well, MTMW-
4, (which is located in an area where there is evidence of product) into a product recovery well
and evaluating product recovery by fracturing around the well; and finally, installing a PF
borehole, fracturing through the borehole, and then converting the borehole to a product

recovery well. For the pilot test, several existing wells in the area will be converted to
monitoring wells.
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4.3.1 Layout and Construction of Pilot Test Plot

This task includes all work associated with laying out the test plot and installation of a network of
wells. FIGURE 10 shows the pilot test layout and TABLE 6 provides a summary (i.e., well type,
depth, screen interval and material of construction) of pre-fracture and post-fracture product
recovery wells and monitoring wells for this pilot test plot.

The pilot test well network includes the following:

e Boring MH-SB-5 will be cement betonite grouted to eliminate the potential of short-
circuiting during fracturing.

e One existing recovery well (RW-1) will be used to determine if PF can improve the
performance of existing wells.

o Installation of six pneumatic fracture wells (FW). The wells will be installed as open
boreholes and will receive the PF equipment. FIGURE 11 shows a typical PF open
borehole well and several construction notes.

e The area in the center of the Mantech Environmental wells AW-1, MTMW-1 & -3,
and AW-2 will receive a standard 3.5 in. diameter open borehole (FW-6). The well
will be used as both a PF and a product well. On completion of fracturing at FW-6, a
2% in. inner diameter slotted screen will be placed inside the open borehole and the
location will be evaluated as a product recovery well (see FIGURE 12 with notes for
details.)

o Seven wells (AW-1, AW-2, MTMW-1, MTMW-2, MTMW-3, MTMW-4 and RW-1)
may be equipped with instruments to measure the radial effects of PF. The locations
of these wells are shown on FIGURE 10.

4.3.1.1  Pilot Test Layout

FIGURE 10 shows a detail diagram of the pilot test layout. The figure identifies the fracture
wells (FWs) and their locations, the existing monitoring well to be used as a product recovery
well, boreholes which will be used as radial or directional fracture locations, and new monitoring
wells which will be instrumented. The yellow area on the figure shows the anticipated PF
treatment zone.

Located around the monitoring well MTMW-4 (converted to product recovery well MTMW-4)
are three open borehole FWs. FW-1, FW-2 and FW-3 are located radially around MTMW-4 at
distances of 5, 8, and 10 ft. respectively. FW-1 and FW-2 will be radially fractured and FW-3
will be directionally fractured. This layout is designed to enhance the performance of MTMW-4
as a product recovery well.

Located around the existing RW-1 product recovery well are three open borehole FWs. FW-3,
FW-4, and FW-5 are located radially around RW-1 at distances of 10, 8, and 5 fi. respectively.
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FW-4 and FW-5 will be directionally fractured and FW-3 will be radially fractured. This layout
is designed to enhance the performance RW-1 as a product recovery well.

Located in the center of four Mantech Environmental wells (AW-1, AW-2, MTMW-1, and
MTMW-2) is one open borehole FW (FW-6). FW-6 will be radially fractured and then
converted to a recovery well. This layout is designed to determine if fracture wells can be
converted to recovery wells.

4.3.1.2 Recovery and Fracture Well Construction Details
Recovery Well RW-1

Recovery Well RW-1, an existing well, is 30 ft. deep and is screened from 10 to 30 fi. bgs. It is
a 4-in. diameter PVC well that was drilled and installed using 8'4-in. hollow stem augers. For
the pilot test, the product recovery pump will be removed from the well and the well modified at
the surface to accommodate a well cap and instrumentation. This may include pressure gauges,
ball valves, and a discharge flexible hose. TABLE 6 includes the materials for this modification.

Recovery Well (PF/RW-1)

[This well type and designation will not be installed as originally
proposed in the Draft Work Plan. It will be replaced by adapting the
monitoring well (MIMW-4) from the Mantech Environmental
Corporation's Chemical Oxidation Pilot Test into a product recovery
well.]

Recovery Well (MTMW-4)

To provide an additional product recovery well in a location where product is known to be
present, the 2 in. diameter Mantech Environmental monitoring well MTMW-4 will be used as a
product recovery well.

A boring log and well construction details are included in APPENDIX C. The well is 36 ft.
deep and is screened from 15 to 35 ft. bgs. Prior to commencement of the pilot test activities, the
well will be developed to maximize hydraulic communication between the well and the geologic
deposits. This is discussed in Section 3 of the Phase 1 Work Plan.

Open Borehole Fracture Wells (FWs)

The September 1999 soil-sampling program demonstrated that borings at the RW-1 test plot area
will, because of the density and hardness of the soil, stay open to depths of 30 ft. or more. Open
boreholes are the most efficient situation for PF application because direct contact with the soil is
allowed. Thus, PF will be conducted in open boreholes constructed as shown on FIGURE 11.
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In this test plot 6 boreholes (FW-1, FW-2, FW-3, FW-4, FW-5, and FW-6) will be constructed at
various locations in the test plot. Each will be constructed with a 6 ft. long x 6 in. diameter steel
casing. The casing will be installed to a depth of 5 ft. bgs to provide stability to the borehole.
The remainder of the borehole will be drilled with 3% in. solid stem augers to 35 fi. bgs. In order
to preserve the integrity of the borehole prior to fracturing, a 2%-in. internal diameter Sch 40
PVC pipe will be placed in the borehole. TABLE 6 provides a summary of construction
materials for the well.

Pneumatic Fracture/Product Recovery Well (FW-1)

[This well type and designation will not be installed as originally proposed in the
Draft Work Plan. The option is omitted to allow a more thorough evaluation of
the ERWs and open borehole options. |

4.3.2 Pre-Fracture Baseline Testing

A comprehensive baseline test program has been developed for the pilot test areas at the TWFF.
This program has been submitted, under separate cover, as a Phase 1 Work Plan (dated
1/13/2000). Sections 3.0 and 3.1 of the Phase 1 Work Plan describe the baseline test design for
the RW-1 area and Section 4.0 describes the details for the test program in the RW-1 area. An
overview of this baseline program is presented below.

The short-term tests pn RW-1 are designed to determine:
1) pump placement elevation for optimum product recovery using only a pneumatic pump
2) difficulty of separating product and groundwater
3) estimates of the hydraulic parameters of the test plot

Prior to PF activities, a baseline-testing program will be performed in the RW-1 area using a
total fluids controllerless pneumatic pump. In the test program, only existing wells RW-1 and
MTMW-4 will be tested. The open borehole fracture well (FW-6) will not be installed until a
few days before the commencement of PF activities and, therefore, will not be baseline tested.
This approach is necessary to minimize any compromise to the integrity of the borehole prior to
PF activities. The purpose of this program is to establish a product recovery baseline and a
hydraulic properties (i.e., hydraulic permeability and transmissivity) baseline for the pilot test
area. This data will be compiled with existing product recovery data for the test area and will be
compared with post- fracturing data to determine the success of the PF program.

The program will consist of a product recovery evaluation and short-term pump tests at selected
wells. TABLE 7 provides a summary of the product recovery evaluation program which will be
performed prior to the commencement of the PF activities. TABLES 8 and 9 provide a summary
of the short-term test schedule for the RW-1 and MTMW-4 product recovery wells, respectively.
Data collected during the tests (e.g., pump flow rates and groundwater recovery rates will be
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used to evaluate several hydraulic parameters [e.g., hydraulic permeability and transmissivity].
Drawdown data will be used to evaluate ROIL.

On completion of the short term test, a longer-term product recovery and pump evaluation test
will be performed using the same total fluids pump. This test will be conducted for 20 to 30 days,
by which time product recovery and hydraulic equilibrium conditions are expected to have been
reached.

4.3.3 Pneumatic Fracturing Program

The fracturing pattern for RW-1 area is shown on FIGURE 10. Six fracture wells will be used
and the fracturing will be performed in open boreholes. The targeted fracture zone is between 16
and 30 ft.. Fracturing will be performed at two-foot intervals using an HQ injector. The PF
program for this pilot test is summarized on TABLE 10. The following summarizes the
rationale for fracture well location selection.

e FW-1 Well located 5 ft. from MTMW-4; directional fracturing oriented toward
MTMW-4 to create a high fracture zone in the immediate vicinity of the
recovery well.

e FW-2 Well located 8 fi. from MTMW-4; directional fracturing oriented toward
MTMW-4 to create a high fracture zone in the immediate vicinity of the
recovery well.

e FW-3 Well located approximately 10 fi. from RW-1 and MTMW-4; radial
fracturing to impact the area between RW-1 and MTMW-4 and create an
interconnected zone between these wells.

e FW-4 Well is located 8 ft. from RW-1; directional fracturing oriented toward
RW-1 to create a high fracture zone in the immediate vicinity of the
recovery well.

e FW-5 Well is located 5 ft. from RW-1; directional fracturing oriented toward
RW-1 to create a high fracture zone in the immediate vicinity of RW-1

e FW-6 Well is located approximately 10 ft. from MTMW-2, MTMW-3, AW-1,
and AW-2; radial fracturing in an area of know product distribution to
achieve maximum distance of fracture propagation and aperture.

4.3.3.1 Equipment Set-Up

On completion of the construction of the pilot test area and the collection of baseline data, the PF
program will commence. The key components of the program are:

e Pneumatic fracturing packers, HQ injector nozzle, delivery piping, and high pressure
flexible hoses

e Compressed gas (i.e., nitrogen tube trailer) supply and piping
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o Instrumentation including pressure gauges, engineering optical levels, and graduated
heave rods

The configuration of the injection system includes a direct connection of the compressed gas
from the tanker to the movable packer assembly. A system of solenoid valves, check and ball
valves, and a pneumatic control console will be used to control the pressurization of the
formation and safely perform the PF injections.

Groundwater. and product can potentially be forced out of some wells during fracturing. To
minimize this occurrence and to limit impact to receptors, strategic wells will be instrumented
(e.g., with pressure gauges, liquid relief valves). (FIGURE 10 shows well locations to be
instrumented; TABLE 6 lists the wells in each test plot and the materials of constructions/notes.)
Hoses can be attached to the top of the wells and any discharge routed to a drum. Fracture
boreholes may be evacuated prior to fracture injections and/or sandbags may be placed on top of
the boreholes to minimize any potential liquid discharge.

4.3.3.2  Fracturing

Based on the geologic data, fracturing will begin at the bottom of the uncased borehole and will
then proceed upward. FIGURE 13 shows a schematic of an HQ injection set in an open fracture
borehole. The depths, injection parameters, and sequence of injections will be determined in the
field. This approach will serve to ensure that the best possible fracturing networks are attained at
each depth. It is estimated that seven to ten fracture events per fracture well will be performed.

Fracture injections will be accomplished at discrete 2-foot intervals using the HQ injector. The
pneumatic injections will be relatively short, lasting approximately 20 seconds. Injection flow
rates and pressures will be adjusted to site conditions, but are presently estimated to range
between 1000 to 3000 SCFM and 250 to 600 psi, respectively. During injection, the flow rate
and pressure from the compressed air supply will be measured. Influence at selected retrofitted
monitoring wells may be recorded by gauges which will indicate the peak pressure at that well.

It is estimated that fracturing will require three days. There will be a one-day mobilization/set-
up and a one-day demobilization.

4.3.3.3  Heave Monitoring

Practical experience has shown that fracturing causes slight deformation of the surface. The
amount of deformation is determined by the depth at which the fracturing takes place.
Information on surface heave is, therefore, critical when fracturing is done near active structures
and utilities. One objective of the pilot test program is to measure heave during the fracture
program and to gain understanding of the deformation behavior of the formation. This
information will be critical to the safe implementation of a site-wide PF program in the future,
particularly if fracturing has to be applied near structures (i.e., tanks) and utilities and will also
be used to calibrate the PF Model for existing site conditions.
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During the PF activities of the pilot test program, surface heave will be monitored at select
fracture and monitoring well locations in each test plot. Surface heave will be measured with
optical engineering levels and graduated heave rods. Prior to fracturing, an operator will sight
the levels on the graduated heave rods which will be either attached to wells or placed on the
ground surface. The maximum surface heave will be recorded during the fracture event, and the
residual heave will be recorded at the end of the pneumatic injection cycle. The information
collected will also be used to make real time adjustments (e.g., raise or lower injection pressures
and flows) to the fracture program to improve its effectiveness (i.e., increase fracture radius and
apertures).

4.3.4 Post-Fracturing Short-Term Tests

Upon completion of the PF activities in the RW-1 pilot test area, a series of post-fracture tests
and product recovery evaluations will be performed. These tests will be similar to the
procedures discussed for the pre-fracture baseline tests described in the Phase I Work Plan. The
tests will be performed to evaluate:

1)  Optimum pump placement for product removal

2) Change in hydraulic parameters of the test plot as a result of fracturing

The significant differences between the Phase 1 activities and the post-fracture short term tests
will be more wells. In the RW-1 test plot, these wells will be RW-1, MTMW-4, and FW-6.

As discussed previously, during fracturing, “real time” measurements will be obtained by placing
pressure gauges on adjacent monitoring wells and measuring surface heave at varying distances
from the fracture well. However, the most effective technique to evaluate the impacts of the
fracturing is to duplicate the tests performed during the pre-fracture baseline test. These tests
are a repeat of the baseline tests and are summarized in TABLE 7. These tests will be
performed at one or all of the following wells: RW-1, MTMW-4 and FW-6. Following the
short-term pumping tests, product accumulation rates will be measured for two to five days.

4.3.5 Post-Fracturing Long-Term Test

As a final step in the pilot test, a long-term (90 to 120 days) product recovery test will be
performed. Initial testing criteria w