N40003.AR.000798
PUERTORICO NA
5090.3a

PHASE 2 WORK PLAN

Pilot Test to Evaluate
Enhancement of Product Recovery

U.S. Naval Station
Roosevelt Roads
Ceiba, Puerto Rico

Prepared for:

Department of the Navy,

Atlantic Division

Naval Facilities Engineering Command
Norfolk, Virginia

and

J.A. Jones Environmental Services

January 20, 2000

SEIENEE * STRATEGY * TEEHNOLOGY * SBLUTIONS



rsteed
Typewritten Text
N40003.AR.000798
PUERTO RICO NA
5090.3a


Mg

January 24, 2000 Tracking No. JPDGN-4519-0009-Be
Project No. 945809

Mr. Christopher Penny, Code 1823

LANTDIV NAVFACENGCOM

Naval Health Care Support Facility, Building A
3500 Hampton Blvd.

Norfolk, VA 23508

VIA Overnight Service

RE: TRANSMITTAL
PHASE 2 WORK PLAN: PILOT TEST TO EVALUATE ENHANCEMENT OF PRODUCT RECOVERY
USING PNEUMATIC FRACTURING AND PUMPING TECHNIQUES
TOW WAY FUEL FACILITY, NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO
CONTRACT NO. N62470-93-D-3033, TASK ORDER #9

Dear Mr. Penny:

Enclosed is one copy of the Phase 2 Work Plan prepared by McLaren/Hart, Inc. to conduct pilot tests to enhance
the performance of a product recovery system at the Tow Way Fuel Facility, U.S. Naval Station Roosevelt Road,
Puerto Rico.

Phase 1 of the Work Plan was submitted on January 13, 2000. This current Phase 2 Work Plan describes the
details and mechanics of the proposed pilot test and also includes the recommendations and modifications to the
Draft Work Plan. Together these two work plans constitute the pilot test program at the Tow Way Fuel Facility.

A response to the comments for the Draft Work Plan is attached as Appendix A i this Phase 2 Work Plan.
Additionally, the figures, tables, and appendices had been bolded in the text of this document to enable the reader
to locate them before reading the respective sections.

If you have any questions regarding this transmittal or the project in general, please do not hesitate to contact me.

Respectfully submitted,

Tiecd Fony §-

William A. Buccille, P.E.

Project Manager
Enclosure
cc: Madeline Rivera, BEE Connie , Booz-Allen & Hamilton
Ivan Rosado, AREICC Luz Muriel, PREQB
John Tomik, CH2M Hill Dennise Laabes, PREQB
Mark Kimes, Baker Dave Schweikert, J.A. Jones (Transmittal Only)

Tim Gordon, US EPA Region II (2 copies)

25 Independence Boulevard, Warren, New Jersey 07059
908.647.8111 * 908.647.8162 fax * www.mclaren-hart.com L+ S



PHASE 2 WORK PLAN ADDENDUM
TASK ORDER #9

PILOT TEST TO EVALUATE
ENHANCEMENT OF PRODUCT RECOVERY
USING ,
PNEUMATIC FRACTURING TECHNOLOGY AND PRODUCT RECOVERY METHODS

AT
Tow WAY FUEL FACILITY
U.S. NAVAL STATION ROOSEVELT ROADS
CEIBA, PUERTO RICO

January 20, 2000
Project No. 945809

Prepared for:
Department of the Navy
Atlantic Division
Contract No. N62470-93-0-3033
POLRAC
Naval Facilities Engineering Command
Norfolk, Virginia
and
J.A. Jones Environmental Services

Prepared by:
McLaren/Hart Inc.
2 North Shore Center
Suite 100
Pittsburgh, PA 15212

M LS




Roosevelt Roads
October 201999

TABLE OF CONTENTS

Section Page
EXECUTIVE SUMMARY ..ottt ettt ettt ettt eeaa et ES-1
1.0 INTRODUCTION. ... ..ottt e 1-1
1.1 Overview of the Technologies..............ccc.ccoeciiiiii e, 1-3

1.1.1 Pneumatic Fracturing ............c..ccccoiiii i 1-3

1.1.2 Extended Radius Wells (ERW).................cccccoiiiiiiiiieeee e 1-3

1.1.3 Total Fluids Product Recovery System.................cccccccoeviiiiiiieeenii . 1-4

1.2 Product Recovery EXperience ............ccccoooiiiiiiiiiiiiiiii e 1-5

1.2.1 Oklahoma Site...........ccoooiiiiiiiiiii e 1-5

1.2.2 NeW JErsey SIte.......ccoiiiiiiiiiiiiiei et 1-6

1.3 Report OranizZation.............cccoeviuiiiiieeie ettt et eea e 1-6

2.0 BACKGROUND AND PROJECT OBJECTIVES ..o 2-1
2.1 Site Location and Background .................cccocoiii 2-1

22 St GEOIOBY ...ttt e 2-1

2.3 Site HydrogeolOZY .........cooiiiiiiiieciiieteiet e 2-2

2.4 ProjeCt ODJECLIVES .........oiiiiiie it eitieeeiee ettt e e e et e ee e 2-2

3.0 PRE-PILOT TEST PREPARATION ACTIVITIES.............cccooiiiiiiiiiiiiieeiee 3-1
3.1 SHEE VSTt oo 3-1

3.2 Soil Sampling Program and Results .....................cooooii 3-1

321 RWoL AT@a. .ot 3-2

322 PW=O AT@A ..ot 3-2

33 Geotechnical Analysis..............c...ccoiiiiiiiiii e 3-3

3.4 Geotechnical Analytical Results.................cooccoiiiiii e 3-3

3.5  Pneumatic Fracturing Model Evaluation .........................ooooii 3-4

3.6  Product Evaluation....................cccoiiiiiiiiii e 3-5

3.6.1 RW-1 Area Soils ........cccooviiiiiiiiiiii e 3-6

362 RW-1Area LNAPL.........ooooiiiiieiiii s 3-6

3.63 PW-6Ar1ea SOilS.......covviiiiiiiiiii e 3-7

364 PW-06Area LNAPL ...........ooooiiiiiiiiiiii e 3-7

3.7  Permit ACQUISIEION ........oooiiiiiiiiiiiiiee ittt 3-7

3.8 SiteHealth & Safety Plan................occoooiiiiiii e 3-8

3.8.1 Health & Safety Meetings .............ccccoeiiiiiiiiiiiiiiiien e 3-8

3.8.2 Personal Protection............cccoooiveiiieniiiiiiiiiie e 3-8

3.9  Material Handling and Operational Procedures ................c...oocoevviiviiiiianennnn, 3-9

3.9.1  On-Site STOTAZE .......cvvieiieiiieeieeie et 3-9

3.92 Waste Disposal...........ooooiiiiiiiiiiii e 3-9

4.0 PILOT TESTPROGRAM. . .......ooooiiiiiiiiiee e 4-1
4.1 IMtrOAUCHION ..ot 4-1

G:Clients\Gov't\Navy\RR ds\Phase2\Phase2WP.doc i MCLAREN/HART, INC.



Roosevelt Roads
Qctober 20, 1999

TABLE OF CONTENTS (Cont’d)

Section Page
4.2  Planning and Mobilization ....................cccooieii i 4-2
43 RW-1 Area Pilot Test Program ...............cccccceeiiiiiiiiiiiiiiieee e 4-2

4.3.1 Layout and Construction of Pilot Test Plot................c..cccoeeiiiiiiiinin, 4-3
43.1.1  Pilot TeSt LAYOUL...........ooveeveieeeeeeieeeeeeeeeeeeeeeeeeeeeeean. 4-3
43.1.2  Recovery and Fracture Well Construction Details ................ 4-4

4.3.2 Pre-Fracture Baseline Testing....................ccooooiiiieeeiiiiieeeecee e 4-5

4.3.3 Pneumatic Fracturing Program ........................coooii 4-6
433.1 Equipment Set-Up.......cccccooiiiiiiiiiiiiiecece e, 4-6
4332  FracturiNg ........cccoooomiiiiiieiiiiie e 4-7
4333  Heave MONItOTING ......ccooociiiiiiiiiiiiiiiieic e 4-7

4.3.4 Post-Fracturing Short-Term Tests...............cccoooiiviiiiiieniiiiiee, 4-8

4.3.5 Post-Fracturing Long-Term Test ................ccocoiiiiiiiiiiiii s 4-8

44  PW-6 Area Pilot Test Program............cocccooviiiiiiiiiiiieie e 4-9

4.4.1 Layout and Construction of Pilot Test Plot...............cccccccceiiiiiiinn, 4-10
4411 Pilot Test Layout ...........ccooviiiiiiiiiiiiiiiie e, 4-10
4.4.1.2 Recovery and Fracture Well Construction Details ................. 4-11

4.42 Pre-Fracture Baseline Testing......................oooiiiiiieiiiii 4-13

4.43 Pneumatic Fracturing Program ....................ccccoiiiiiiiiii 4-13
4.43.1 Equipment Set-Up .......ccccoceiiiiiiiiiiiii e 4-14
4.4.3.2 FraCturiNg .........cooieiiieeiiiaiieiiii ettt e 4-14
4433 Heave MONIMOTING ..........coovvieiiiiiiiiiieeeeee e 4-14

4.4.4 Post-Fracturing Short-Term Tests.................ccocoeiiieiiiiniiiiieeen 4-15

445 Post-Fracturing Long-Term Test ................cccoooviiiiiiiiiienicice, 4-15

4.5  Product Recovery Methods...............ooooiiiiiiiiiii e 4-15

4.5.1 Pumping System Evaluation Strategy ................c...ccoceceeiniinniinn. 4-16

452 RW-1 Area Pump Evaluation .......................i 4-16

453 PW-6 Area Pump Evaluation....................ooociiiiiniii 4-16

4.6  Treatment System DesCription ............cccooviiriiiiiiiiiieriiiee e 4-16

4.6.1 Treatment System S€tUP.........coooiviiiiiiiiiiiii e 4-17

4.6.2 Equipment atthe Wellhead............................. 4-17

4.6.3 Recovery PUMPS..........cocoiiiiiiiiii 4-18

4.6.4 Vacuum Pumps & Air Treatment .................cccoooiviiiiinii. 4-18

4.6.5 Groundwater Treatment...............ccoeoiiiiiiiiiiiiiiiiee e 4-18

50 PERFORMANCE EVALUATION CRITERIA...............coooiiiiiiiiiiiieccee 5-1
5.1 Increased Product Remowval............cccooooiiiiiiiiii 5-1
52  Measurement of Performance Improvement at Existing Product

Recovery WellS.......c.oooiiiiiiiiiii e 5-1

5.3  Product Recovery Methods Evaluation...................cccoviiiii 5-3

G:Clients\Govt\Navy\RRds\Phase2\Phasc2WP.doc ii MCLAREN/HART, INC.



Roosevelt Roads
QOctober 20, 1999

TABLE OF CONTENTS (Cont’d)

Section Page
54  Pilot Test REPOITS ......ooouviiiiiiiiiiiiee e 5-3

5.4.1 Preparation of Draft Pilot Test Report.............cc.cocovviiiiiiiiiiie 5-3

5.4.2 Preparation of Final Pilot Test Report...................ccocoooiiiiiii. 5-3

6.0 RECOVERY TRENCH..........c..ccocoioiiiiiiiiiiieciiieeee e . 6-1
6.1 SPECHICALIONS ........ooiiiiiiiii e 6-1

6.2  Subsurface Conditions .............ccoviiiiiieiiiiiiii e 6-2

6.3 Pre-Construction ACHIVILIES ...........ccuiiiiiiiiiiie it 6-3

6.4 EXCAVALION......cooiiiiiiiiiiiitii ettt e et ettt e e et e e e s 6-3

6.5  OPETALION........oooiiiiiiiiiiiceeeeeee e 6-5

6.6  Waste Management ..................ccoooiiiiiiiiiiii e 6-5

7.0  PROJECT ORGANIZATION ......ooooiiiiiiiiie et 7-1
8.0  SCHEDULE ...........oiiiiitii ittt ettt ettt ettt e e e e e enaeasaaeetteesaeeaseeaes 8-1

G:Clients\Govt\Navy\RRds\Phase2\Phase2 WP doc iii MCLAREN/HART, INC.



Roosevelt Roads
October 20, 1999

TABLE OF CONTENTS (Cont’d)

FIGURES

1 Schematic of Pneumatic Fracturing Concept

2 Concept of Conventional Well vs. Extended Well

3 Site Location Map

4 Site Plan Showing Proposed Location of Pilot Test Areas

5 Soil Boring Locations in RW-1 Area

6 Geologic Cross-Section Location Map

7 Geologic Cross-Sections A-A' and B-B' for RW-1 Location

8 Soil Boring Locations in PW-6 Area

9 Geologic Cross-Section C-C' for PW-6 Location
10 Layout of Pneumatic Fracturing Pilot Test Plot in RW-1
11 Details for Typical Pneumatic Fracturing Open Borehole Well

12 Construction Details for completing FW-6 as a Product Recovery Well
13 Schematic of HQ Injector Set in Fracture Open Borehole
14 Layout of Pneumatic Fracturing Pilot Test Plot in Area PW-6
15 Construction Details for ERW-1 Before Installation of Dry Media
16 Construction Details for ERW-2 Before Installation of Dry Media
17 Construction Details for Converting ERW-1 to Enhanced Product Recovery Well
18 Construction Details for Converting ERW-2 to Enhanced Product Recovery Well
19 Product Recovery System Schematic
20 Site Plan — Temporary Facilities
21 Recovery Trench Plan
22 Recovery Trench Sections

G:Clients\GovtNavy\RRds\Phase2\Phase2WP.doc iv MCLAREN/HART, INC.



Roosevelt Roads

QOctober 20,1999

NN B W -

10
11
12
10

Owp

TABLE OF CONTENTS (Cont’d)

TABLES

Summary of Geotechnical Test Program

Atterberg Limit Test Results

Grain Size Data

Volume Change Ratings

Groundwater and Product Recovery Data

Summary of Construction Materials for Pneumatic Fracturing/Product Recovery
Wells and Monitoring Wells

Summary of Pre- Fracture and Post-Fracture Product Recovery Evaluation
Program

RW-1 Area Short-Term Test Schedule

MTMW-4 Area Short-Term Test Schedule

Summary of Pneumatic Fracturing Program in RW-1 Pilot Test Area

PW-06 Area Short Term Test Schedule

PW-06 Area Short VER Test Schedule

Summary of Pneumatic Fracturing Program in PW-6 Pilot Test Area

APPENDICES

Response to Comments to Draft Work Plan
Naval Base Access Requirements '
Soil Boring Logs

1 - McLaren/Hart

2 - Mantech Environmental

3 -RW-1
Addendum to Site Health & Safety Plan

G:Clients\GovtiNavy\RRds\Phase2\Phase2WP.doc A MCLAREN/HART, INC.



Roosevelt Roads
October 20,1999

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.

G:Clients\Gov\Navy\RRds\Phase2\Phase2WP.doc 2-3 MCLAREN/HART, INC



Roosevelt Roads
Qctober 20_1999

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,"

GClients\Gov\Navy\RRds\Phase2\Phase2WP.doc 3.3 MCLAREN/HART, INC



Roosevelt Roads
October 201999

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
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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 will be based on the results of the post-PF short-term test
program. The term of the test will be based on the time it takes for removal rates to stabilize and
be sustained at product removal rates greater than baseline conditions, or product removal rates
become less than or equal to baseline conditions in the test plots. The controllerless pneumatic
pumps used in the baseline program will again be used to evaluate the effectiveness of PF in
improving the continuous product removal rate of the system. At each pilot test location, one to
three product removal wells (RW-1; MTMW-4; FW-6) will be used to perform the test:

During the test, product thickness levels in adjacent wells will be measured, as will total product
removal from the well. The evaluation procedure in each test plot is described in Section 4.5.
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4.4 PW-6 AREA PILOT TEST PROGRAM

Based on reports, the area containing product recovery well PW-06 has historically shown evidence
of product in the formation. In 1994 and 1995 Terra Vac performed a pilot test to enhance product
recovery from this area. It is estimated that approximately 13,000 gallons of total product was
removed from this area during the study. In September 1999, McLaren/Hart conducted a soil
reconnaissance-boring program and evaluated free product at this location. This investigation
confirmed the presence of product in an area south of PW-06, and southeast of the TerraVac pilot
test area (i.e., PW-03, and PW-05).

This evidence forms the basis for selecting this area as the second pilot test location, called PW-6
after the existing product recovery well, and shown on FIGURE 4. 1t has an area of approximately
1050 fi* and is located south-south-west of pilot test area RW-1.

One significant difference between the RW-1 and the PW-6 pilot tests is that in the PW-6 area
extended radius wells (ERWs) will also be evaluated as a method to recover free product.
Geotechnical analysis of soil samples from a portion of the PW-6 test plot indicate that there is
potential for soil swelling to occur. In order to keep the soil from swelling the fractures shut, a
proppant will be injected into the soil that will not only prop open the apertures but will also create a
zone of enhanced permeability.

FIGURE 14 shows a more detailed diagram of the area. It identifies the fracture wells (FWs)
and their locations, the ERWs and their locations, and the monitoring wells which will be
equipped with instruments; 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 wells. Note in the figure that the ERWs will be installed in the
southern portion of the test pilot. Also note that the identified treatment areas for the ERWs
and the PF wells are separate from each other.

The pilot test program in PW-6 is somewhat similar to the RW-1 area in that PF will be
applied in the northern component to determine if it can stimulate product recovery from an
existing product recovery well (e.g., PW-06). However, as mentioned above, two ERWs will
also be installed in the PW-6 test area to evaluate this method. For the pilot test, several
existing wells in the area will be converted to monitoring wells.

Structures close to the PW-6 test area include a building without a basement and an underground
fiberglass tank (<25 ft. west of the PW-06 well). The injection pressures, flows, directional and
radial fracturing techniques, and surface heave data obtained in the RW-1 pilot test plot will be
used to manage the fracture program in the vicinity of these structures. The utilities in the PW-6
area have been identified and marked off in the field. Based on this information, the proposed
fracture wells were sited to minimize potential impact to the utilities. Also, the depth of
fracturing (>15 ft) is well below the depth of the utilities.
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4.4.1 Layout and Construction of Pilot Test Plot

This task includes all work associated with laying out the test plot and installation of well networks.
FIGURE 14 shows the pilot test layout, and FIGURE 11 shows the construction details for the
fracture boreholes. FIGURES 15 and 16 show the construction details for the two ERWs before
the injection of proppant. TABLE 6 summarizes the fracture, ERW, and monitoring wells'
construction details (i.e., well type, depth, screen interval and material of construction) for this pilot
test plot. ’

The pilot test well network includes the following:

e Boring MH-SB-3 will be cement betonite grouted to eliminate the potential of
short-circuiting during fracturing.

e One existing recovery well (PW-06) will be used to determine if PF can improve
the performance of existing wells.

e Installation of three 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 Three wells (PW-03, PW-05, and PW-06) will be equipped with instruments to
measure the radial effects of PF. Figure 14 shows the locations of these wells.

e Two ERWs (ERW-1 and ERW-2) will be installed in the southern component of
the test plot to test this method of product recovery.

4.4.1.1  Pilot Test Layout

FIGURE 14 shows a detail diagram of the pilot test layout. The figure identifies the fracture
wells (FWs) and their locations, monitoring wells which will be instrumented, the boreholes
which will be used as radial or directional fracture locations, and the locations of two ERWs.
The yellow area on the figure shows the anticipated PF treatment zone.

Located in the southern portion of the test plot are two ERWs. They will be created using a dry
media injection system in addition to the equipment used for PF. A borehole similar to the
fracture wells will be split spoon sampled and drilled. During the sampling program, the product
zones will be identified. These product zones will be the intervals that will receive proppant
injection. After injection, one ERW will be finished as a 2 % in. diameter recovery well, and the
other will be finished as a 4 in. diameter recovery well. Construction details well be discussed in
following sections.
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44.1.2 Recovery and Fracture Well Construction Details
Recovery Well PW-06

PW-06 is an existing recovery well and is constructed of 4-in. diameter PVC. Based on the
depth of surrounding wells, it is estimated that it is 30 fi. deep and is screened from 10 to 30 ft.
bgs. 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-2)

[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. ]

Open Borehole Fracture Wells
The construction of these boreholes are similar to those in the RW-1 pilot test area.

In this test plot, three boreholes (FW-7, FW-8, and FW-9) will be constructed at various
locations in the test plot. Each will be constructed with a 6 in. diameter steel casing at the
surface to provide stability of the borehole and will be drilled with 3'% in. solid stem augers to 35
ft. bgs (see FIGURE 11). 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
construction details for the wells.

Extended Radius Wells (ERWs)

During the pre-pilot test soil boring program, soil samples were obtained in portions of the PW-6
test plot (borings MH-SB-1, MH-SB-3, and MH-SB-4). As discussed in Section 3.2, a portion of
these soil samples were shipped to the New Jersey Institute of Technology (NJIT) for
geotechnical analysis to evaluate the soil characteristics with regard to the application of PF and
fracture stability. The tests performed included grain size analysis, Atterberg liquid limit, plastic
limit, and shrinkage limit. Of particular concern was whether the soil has the potential for
swelling behavior which might lead to aperture closure. All of the samples except two showed a
low potential for swelling. The two exceptions (SB-6 at 12 to 14 ft and SB-4 at 18 fi to 18 ft 10
in) showed a moderate to high potential. The SB-6 sample is above the target zone for PF, but
the SB-4 sample is within our PF target zone and is also close to the product zone depth in that
boring. Based upon this information , there is a need for a proppant to maintain the fractures at
this location. Therefore, two ERWs are included in the southern part of the PW-6 test plot.

G:Clients\GoviNavy\RR ds\Phase2\Phase2WP.doc 4-11 MCLAREN/HART, INC



Roosevelt Roads
October 20_1999

4.4.2 Pre-Fracture Baseline Testing

The baseline testing program is described in detail in the Phase 1 Work Plan (dated January 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 on PW-06 are
designed to determine: '

1) pump placement elevation for optimum product recovery using only a pneumatic pump
2) optimum vacuum to maximize product recovery while pumping with a pneumatic pump
3) difficulty of separating product and groundwater

4) estimates of the hydraulic parameters of the test plot

Additionally, a long-term test (30 days) will be performed in PW-06 to determine product
removal rates over an extended period. This will establish a product removal rate baseline that
can be used to determine improvements associated with PF. The 30 day test will involve only
pneumatic pumping for the first seven days. Following that period, for the duration of the test,
a vacuum will also be applied to the well (see Section 4.4.2 of the Phase 1 Work Plan for
details.)

443 Pneumatic Fracturing Program

The fracturing pattern is shown on FIGURE 14. Three fracture wells will be oriented around
PW-06. The targeted fracture zone is between 16 and 30 ft. and fracturing will be performed in
open boreholes at two-foot intervals using an HQ injector. The PF program for the PW-6 pilot
test is summarized on TABLE 13. The following summarizes the rationale for fracture well
location selection.

e FW-7 Directional fracturing to create a highly fractured zone in the immediate
vicinity of PW-06

e FW-8 Radial fracturing to achieve a maximum distance of fracture propagation
in the area south of PW-06 which has been shown to contain product
zones.

e FW-9 Directional fracturing toward PW-06 and MH-SB-3 to enhance
performance of PW-06 and induce migration of product in MH-SB-3
toward PW-06.

G:Clients\GovtiNavy\RR ds\Phase2\Phase2WP.doc 4-13 MCLAREN/HART, INC



Roosevelt Roads
October 201999

4.4.3.1  Equipment Set-Up

The PF equipment set-up is the same as for the RW-1 area (see Section 4.3.3.1 for details). In
addition to the standard PF equipment that will be used for basic fracturing, the ERWs to be
constructed in the PW-6 test plot will also require the use of the dry media injection system. This
is a skid-mounted unit that is used to feed the proppant material into the air stream. It consists of
two tanks to hold the media and various pneumatic-controlled valves to release proppant into the
air stream at carious times in the fracturing process. The gas feed for the dry media system is the
same gas source as for the basic fracturing. A separate control panel is used to operate the dry
media system.

4.4.3.2  Fracturing

Based on the geologic data, fracturing in the FWs will begin at the bottom of the uncased or
screened 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 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 at 1000 to 3000
SCFM and 250 to 600 psi, respectively. Also, using experience gained from the RW-1 area, the
injection parameters will be modified to optimize the fracturing program.

During injection, the flow rate and pressure from the compressed air supply will be measured.
Influence at selected retrofitted monitoring wells will be recorded by gauges which will indicate
the peak pressure at that well.

Creation of the proppant zones associated with the ERWs is a variation of the basic pneumatic
fracturing technology. Rather than pressurize the standard two foot interval described above, the
HQ injector is modified to compress the fracture pressure to a small interval that creates a single
fracture immediately adjacent to the plate nozzle. Once this fracture has been created and the
-injection pressure has enlarged it to its maximum aperture, then the proppant is introduced into
the gas stream. The proppant is transported by the carrier gas (nitrogen) into the fracture to form
a conductive lens (normally, five to seven feet long). The gas is turned off and the formation
relaxes, supported by the proppant. The entire process requires 45 to 75 seconds.

4.4.3.3  Heave Monitoring

The heave-monitoring program will follow the same procedure as discussed in Section 4.3.3.3
for the RW-1 pilot test area.
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4.4.4 Post Fracturing Short Term Tests

The post-fracturing short term tests will be performed 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:

3) Optimum pump placement for product removal

4) Influence of vacuum on pump performance and product removal

5) 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 PW-6 test plot, these wells will be PW-06, ERW-1, and ERW-2.

4.4.5 Post-Fracture 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 will be based on the results of the post-PF short-term test
program. The term of the test will be based on the time it takes for removal rates to stabilize and
be sustained at product removal rates greater than baseline conditions, or product removal rates
become less than or equal to baseline conditions in the test plots. The controllerless pneumatic
pumps used in the baseline program will again be used to evaluate the effectiveness of PF in
improving the continuous product removal rate of the system. At each pilot test location, one to
three product removal wells (PW-06; ERW-1; ERW-2) will be used to perform the test:

During the test, product thickness levels in adjacent wells will be measured, as will total product
removal from the well. The evaluation procedure in each test plot is described in Section 4.5.

After completion of the post-fracture short-term tests, the PW-6 test plot will be allowed to
stabilize for one to two days. Once water levels in observation wells have returned to near static
conditions, the post-fracturing long-term product removal test will begin. This test will last 90 to
120 days and will consist of product removal pumping from PW-06, ERW-1, and ERW-2 using
a pneumatic pump in association with VER. Measurements of product removal and liquid
removal rates will be performed during this period.

4.5 PRODUCT RECOVERY METHODS

There are two phases to the pilot tests. One is to evaluate the effectiveness of PF to increase
permeability and subsequently total fluids and product recovery, and the other is to evaluate the
two methods of product recovery. The first method evaluated will be pneumatic pumping only
(before and after PF) in the RW-1 area. The second method will involve evaluation (before and
after PF) of pneumatic pumping in association with Ver in the PW-6 area.
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4.5.1 Pumping System Evaluation Strategy

Recovery due to the effects of PF can be differentiated from that due to the use of a total fluids
recovery system by conducting the designed baseline testing (See Phase 1 Work Plan) of
hydraulic properties and product recovery rates in the test plots. After the formation is fractured,
these parameters will be re-evaluated, and any changes in performance of the wells and hydraulic
parameters in the treatment area will be attributable to the PF enhancement program. While PF
can enhance subsurface conditions to allow greater access to the product, selection of the most
cost-effective pumping system is critical to the long-term success of the product removal system.

The fluid recovered from wells in the test areas will be routed to an on-site temporary treatment
system to remove free and dissolved product and to discharge these, in accordance with the
operating discharge permit, to the sanitary sewer for the site. The treatment system components
are discussed in Section 4.6. A schematic of a typical product recovery treatment skid is shown
on FIGURE 19, and the site plan showing the layout of the treatment system's components is
shown on FIGURE 20.

4.5.2 RW-1 Area Pump Evaluation

Based on the design of the test plot and the construction of the new product recovery wells,
McLaren/Hart recommends that the evaluation of the pneumatic submersible pump be conducted
in the RW-1 pilot test location. In this location, the pumps will be installed in RW-1, MTMW-4,
and FW-6.

The pumping will be performed, as described in the Phase 1 Work Plan, by conducting baseline
tests, including short term pumping tests and long term baseline pumping tests. The optimum
locations and depths in wells will be used to perform the long term test for the wells after PF for
the post-fracture evaluation program.

4.5.3 PW-6 Area Pump Evaluation

The evaluation of the pneumatic submersible pump at the PW-06 well in the PW-6 area will be
performed in Phase 1 by conducting a baseline test and short-term tests to determine the
optimum location of the pump and short term tests to determine the optimum level of vacuum
required to enhance product recovery at the site. Based on the results of Phase 1, the VER tests
will be performed on three wells: PW-06, ERW-1, and ERW-2 after PF.

4.6 TREATMENT SYSTEM DESCRIPTION

The groundwater and product recovery pilot tests after PF at RW-1 area will be performed on
one 4 - in. (RW-1), one 2-in. (MTMW-4) and one 2%-in. (FW-6) recovery wells. The recovery
test in the PW-6 area will be performed on two 4-in. (PW-06 and ERW-1) and one 2% -in.
(ERW-1) recovery wells. FW-6, ERW-1, and ERW-2 are the fracture wells converted into
recovery wells.
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During testing , each well in the RW-1 area will consist of a pneumatic recovery pump, a holding
tank, and a transfer pump. PW-6 well testing will consist of the same components as in RW-1
except that a vacuum pump will be added to apply negative pressure to the well A
groundwater/product treatment system will be installed to treat the influent from both areas.
Each recovery well will contain a pneumatically-operated total fluid recovery pump to remove
groundwater/product. The flow from each of the wells will be directed through a flow gauge
then into a dedicated 55-gallon drum to determine each well's extraction rate and quantity of
product recovered. The groundwater and product that is collected during this test will be
processed through a treatment system consisting of an product/water separator, intermediate
holding tanks, and liquid phase carbon. The treatment system can be operated as a batch or
continuous flow process. The product recovery and treatment schematic is shown on FIGURE
19.

4.6.1 Treatment System Setup

e Install product oil/water separator and connect the discharge lines from the transfer
pump to the influent of the separator. The flow rate to the separator will be controlled
by a globe valve.

e Install pump and piping to pump separated free product from the separator to the
temporary product storage tank.

o Install the surge tank and accessories and connect the separator effluent pipe to the
surge tank.

e Install the liquid phase carbon units and piping to direct the flow from the surge tank
through the carbon units. Carbon units will be piped so that they can operate in series
or parallel.

o [Install the treated water holding tanks and connect the effluent form the carbon units
to the tanks.

o Install discharge pump to pump the treated water from the holding tanks into the site
sanitary sewer. Install the piping and valves so that the discharge from the holding
tank can be re-routed back through the treatment system if the chemical analysis
shows that treatment was not adequate.

4.6.2 Equipment at the Wellhead

e Install the total fluid recovery pump in the well with discharge hose, air supply hose
and exhaust vent.
e Connect the discharge hose and air supply hose to the bottom of the well cap.

e Connect the discharge hose and air supply hose form the top of the well cap to
continue the piping.

¢ Install the vacuum pump with liquid knockout tank and connect the vacuum line to
the well head (for PW-6 area only).
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o Install coalescing filter on the pressure side of the vacuum pump (for PW-6 area
only).

e Install pump to evacuate liquids from the liquid knock out tank (for PW-6 area only).

e Install 55-gallon tanks at each wellhead and connect the pump discharge to them.
The 55-gallon tanks will gravity drain into the holding tank(s).

o Install water holding tanks and piping to gravity drain from the 55-gallon tank.

o Install transfer pumps and piping to pump from the water holding tanks to the
treatment system skid.

e Interconnect the piping to incorporate the vacuum extraction system, compressed air
supply, and product recovery system to the wellhead.

4.6.3 Recovery Pumps

Pneumatic submersible pumps will be utilized to recover the product and groundwater from the
pilot test recovery wells. The pumps will be operated using an on-site compressed air source.
The pumps are controllerless, top loading submersible pumps that are designed to operate
continuously, provided the liquid in the well is sufficient to fill the pump body. The total fluid
stream recovered will be directed to 55-gallon drums to accurately gauge the pumping rate and
the quantity of product recovered from each well.

4.6.4 Vacuum Pumps & Air Treatment

A high vacuum extraction pump will be utilized to induce a vacuum at the recovery well head to
enhance the total fluid recovery of the collection system in the PW-6 area. The high vacuum
system will be capable of providing 140 scfm flow with a vacuum of 20-25 inches of mercury.
This high vacuum system will consist of a condensate/vapor knockout tank, a vacuum pump, and
a vapor phase carbon system for the treatment of the vacuum pump air effluent. The knockout
tank will remove the condensate/vapor that may be carried over from the recovery well into the
vacuum system. The knockout tank will be equipped with a pumping system and liquid levels
controls to process the collected condensate through the liquid treatment system.

4.6.5 Groundwater Treatment

The product and groundwater collected in the 55-gallon tanks from RW-1 area and PW-6 area
will be drained by gravity to the 2,500-gallon and 5,000-gallon holding tanks respectively. The
product and groundwater from the holding tanks will be pumped, utilizing a progressive cavity
pump, to a product/water separator for separation and removal of the free product. The product
collected in the 55-gallon tanks, holding tanks and separator will be pumped to the existing
product storage tank for proper disposal (i.e., as currently practiced at the site). The water from
the product separator will be pumped to a surge tank and then processed through liquid phase
carbon units for the removal of any dissolved contaminants. The treated water from the carbon
units will be collected in one of the two 500-gallon water holding tanks
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The effluent will then be tested to ensure it meets the stipulated discharge standards prior to
release to the sanitary sewer and on-site treatment facility. If the final effluent does not meet the
discharge requirements, it will then be re-directed through the treatment system again for
additional processing.
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An ERW is created by injecting proppant media into the subsurface at specific zones
immediately above and below the product zones and, thereby, creating a conductive lens that
radiates outward from the well. Since these conductive lenses have a permeability which is
significantly greater than the native soil, the recovery of liquids and vapors is increased. The
typical radii of injection for proppants are five to seven f.. At this test plot, the proppant will be
injected using a specially-designed variation of the HQ injector — a device used for pneumatic
fracturing in open boreholes.

Thus, an important component of building an ERW is identification of the product zones. A
method has been included in this approach that allows for this product zone identification during
drilling. The following steps will be undertaken to construct the ERWs:

1)  Drill and install 5 ft long surface casing
2) Dirill borehole to 12 ft. with 3% in. solid stem augers

3) Obtain continuous split spoon samples from the borehole to locate product
zone(s)

4) Dirill out borehole to 35 ft. bgs with 32 in. solid stem augers

5) Identify product zones in the borehole and select the proppant injection
zones

6) Install proppant injection nozzle in the borehole and inject the proppant at
the identified zone.

In this test plot, there will be two open boreholes with proppant injected at the appropriate zones. |
Both boreholes will be converted to product recovery wells ERW-1 and ERW-2 using the
following techniques so that recovery rates from different casing diameters can be evaluated.

ERW-1 (FIGURE 17) will be constructed using a 2% in. PVC casing and screen.
This diameter was selected so that the casing could easily slide in the borehole.
The well annulus will be filled with well gravel (if possible) to a depth of
approximately 5 ft. bgs. Next 6" of bentonite chips will be placed on top of the
well gravel and hydrated in 3" liftis. The well will be completed with cement
bentonite grout as shown on the figure.

ERW-2 (FIGURE 18 ) will be constructed using a 4 in. diameter PVC casing and
screen. To accommodate this diameter screen, the 3% in. borehole will be drilled
out by 4% in. hollow stem augers to create an eight in. diameter borehole. The
well will be built up with filter pack around the screen and sealed at the surface by
grouting between the well and surface casings.
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5.0 PERFORMANCE EVALUATION CRITERIA

It is important to establish agreement with regards to performance evaluation criteria in order to
have a common understanding of how the pilot test will be judged. From an overall perspective,
the preeminent criteria will be the effectiveness of PF technology to enhance the removal of
petroleum product from the formation at select locations in TWFF. Factors to be measured
include the enhancement of the test plot site's product removal systems and, to-a lesser extent,
various well construction techniques, product removal pumps and engineering design parameters.

S.1 INCREASED PRODUCT REMOVAL

The overall objective of this entire pilot test is to determine if PF technology can be used as a
product recovery enhancement technique at the site. The strategy for this evaluation is to conduct
a 90 to 120 day long-term product removal program in each test plot and compare these results to
the historical product removal data for the area.

Compared to the present pilot test, the historical data covers a much longer time frame. To
logically evaluate the increase in product recovery, therefore, comparable time frames must be
devised. Historically, the operating system has performed less efficiently as time has passed. To
make an objective comparison, any increase in the quantity of product removed must be
measured against recent historical values rather than an average value for the existing PW-06 and
RW-1 wells. Therefore, the data will be evaluated on a monthly basis and compared to historical
data from that of the last quarter. The quantity of product removed from each pilot test area after
fracturing will be measured at 2-3 of the new and/or existing product recovery wells. The results
of this evaluation will be reported as a Volume 2 Pilot Test Report.

5.2 MEASUREMENT OF PERFORMANCE IMPROVEMENT AT EXISTING PRODUCT RECOVERY
WELLS

A recent survey of recovery wells in the pilot test area showed that very little product is in these
wells. To evaluate if PF technology can be integrated into the existing recovery system and if it
will improve the performance of poorly producing wells, fracturing will be performed around
existing product recovery wells. Four criteria will be used to make this evaluation:

1) Increased product removal afier fracturing

2) Increased radius of influence during short term pump tests.

3) Improved hydraulic parameters as determined by the short term pump tests.

4) Evaluation of the performance of various product recovery well types.
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1) Increased product removal after fracturing

At some locations it is possible that the amount of product recovered will increase
significantly immediately after fracturing. This behavior is not uncommon in subsurface
fracturing projects and is known as “flush production”. This production may be sustained
for several days, or may begin to decline after a few days due to a depletion of product in
the immediate vicinity of the well. To measure any increase, a combination of product
baildown tests and/or short-term pump tests will be performed, focusing on the¢ RW-1 and
PW-06 wells. The results from these tests will be compared with the baseline data as a
measure of any improvement.

2) Increased radius of influence during short term pump tests.
Another determining factor for the measurement of product recovery improvement is
radius of influence per recovery well. The radius measured depends upon the
configuration of fracture locations and the monitoring well network, and will be
determined using field indicator parameters (pressure, groundwater mounding). Also, the
difference in drawdown at fixed pumping rates during the pre- and post-pilot short-term
pumping tests will be used in evaluating the radius of influence.

3) Improved hydraulic parameters as determined by the short term pump tests.
In well locations RW-1 and PWO06, where there is little evidence of product, an
enhancement may not be possible. However, a change in hydraulic parameters in the
treatment area would suggest that product recovery rates would have increased if product
were present. The results of the short term pump tests will be used to determine several
hydraulic parameters, including hydraulic conductivity and transmissivity.  This
information will be used to evaluate the overall effectiveness of the PF program.

4) Evaluate the performance of various product recovery well types.

The effect of employing various well constructions will also be studied during the pilot test
to determine the most cost- and performance-effective design. The well construction
techniques will be evaluated with regards to:

e Ease of installation

¢ Drilling method required

e Amount of cuttings and purge water generated

o Impact of the fracturing on the structural integrity of the well

e Ability to accommodate pumps and other recovery equipment

Also, the evaluation will include determination (based primarily on measurement of the
quantity of product removed after fracturing) of whether:

e Fracturing is effective for enhancing existing wells

G:Clients\Gov\Navy\RR ds\Phase2\Phase2WP.doc 5-2 MCLAREN/HART, INC



Roosevelt Roads
October 20,1999

o Fracturing through screened wells and using them as product recovery wells is
viable

¢ Conversion of open fracture boreholes to product recovery wells is viable

o Installation of ERW is an effective product recovery well design
53 PRODUCT RECOVERY METHODS EVALUATION

An evaluation will be performed on two types of product recovery methods. These systems will
also be compared with the existing product only system. For the product only, the evaluation will
be based on historical performance data. The performance of these two methods will be
evaluated based on the following:

e Ease of installation

e Ease of accommodation by the well construction
e Ability to control operation

e Simplicity of operation

e Durability

e Ability to minimize water pumping and maximize product recovery

5.4 PILOT TEST REPORTS
5.4.1 Preparation of Draft Pilot Test Report

Following the completion of the pilot testing activities, McLaren/Hart will prepare a pilot test
report which will be completed in two volumes. The Volume 1 report will contain the results of
the pilot test, and the Volume 2 report will supplement the findings of Volume 1 by including the
results of the long-term product evaluation program. A draft of both documents will be
submitted to the Navy for review.

The Volume 1 report will describe the 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. The Volume 2 report will summarize the results
from the long-term product removal test, evaluate the overall performance of the pilot test and
the product recovery trench, and propose recommendations for a full scale design.

5.4.2 Preparation of Final Pilot Test Report

Upon receiving one set of consolidated comments, for the Volume 1 and Volume 2 Report, from
the Navy, McLaren/Hart will revise the Draft Report and submit the Final Report.
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6.0 RECOVERY TRENCH

Concurrent with the PF and pump performance pilot studies, the effectiveness of a product
recovery trench will be evaluated. Well monitoring results indicate the free product plume has
migrated eastward between Forrestal Drive and the natural slope. It is concluded that the product
migration is confined to a narrow path near the utility corridor bounded by the bedrock surface to
the North and the dense soil beneath Forrestal Drive. Flow of the product may be aided by the
more porous granular soils comprising the utility trenches adjacent to Forrestal Drive.

The recovery trench will be constructed to tie into the utility trenches and will extend from
Forrestal Drive on the South to the toe of the rock slope on the North. The trench is designed to
intercept and collect free-phase product occurring in the near surface strata. The trench will be
located near recovery well RW-8, which is located along the utility corridor (near the leading
edge of the measured free product plume) adjacent to Forrestal Drive. The trench is intended to
control migration of free product toward the East.

6.1 SPECIFICATIONS

Specifications for installation of a recovery trench were included in the approved Work Plan
“Product Recovery System at the Tow Way Fuel Facility” which was submitted in August 1996.
These specifications provide details of construction materials and procedures and will serve as a
guideline for construction activities. The recovery trench will be installed as shown on
FIGURES 21 (Recovery Trench Plan) and 22 (Recovery Trench Sections) and to the
specifications presented in the approved Work Plan. Site temporary facilities and staging areas
are illustrated on FIGURE 20.

The recovery trench will be approximately 6 ft. wide, 20 ft. long and 12 ft. deep. The final
dimensions will depend upon actual subsurface conditions and the location of existing utilities in
the area. The width of the trench (perpendicular to Forrestal Drive) will be maximized to
intercept as much of the product flow path as practical. The width will be limited by maintaining
support of Forrestal Drive the South and the competent bedrock to the North. The trench will
extend a minimum of two feet below the recorded seasonal low groundwater surface to allow for
seasonal fluctuation of groundwater levels.

A sump will be installed at the eastern (down gradient) end of the trench to house product
recovery equipment. The sump will consist of a six-inch diameter slotted (0.02-in. opening) PVC
standpipe with capped end. The sump will extend an additional two feet below the bottom of the
trench to allow room for the pumping equipment below the groundwater surface. A 2-in.
diameter PVC piezometer will also be installed at the western (up gradient) end of the trench to
monitor groundwater and product levels during operation.

The sump will be fitted with a discriminating skimmer type recovery pump previously used at
the site. The pumps are pneumatically driven pumps fitted with a specific gravity float
mechanism to skim floating product. The trench will be incorporated into the existing product
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recovery system utilizing existing pneumatic equipment, conveyance lines and product storage.
Pump controls and wellhead plumping will be housed in a flush-mounted steel vault box. The
vault box will be constructed with a water resistant, lockable hinged lid with hydraulic assist
designed to withstand AASHTO H20 highway loads. Discharge from the skimmer pumps will
be conveyed in product resistant hose to the existing product storage tank for recycling/disposal.
The compressed air and product lines will be run between the vaults in secondary containment
pipes. The pipes will be approximately 24 inches below the ground surface to prevent damage
by surface loads. ‘

The trench will be backfilled with of clean, pea size gravel to approximately 2 ft. below the
ground surface, followed by compacted soil placed to the ground surface to minimize infiltration
of surface water into the trench. A geotextile filter fabric will be installed between the soil and
gravel interface to provide separation. Geotextile is susceptible to clogging not specified on the
sides of the trench. It is anticipated that free floating product intercepted by the trench will
readily flow through the pea gravel into the sump and draw down of the groundwater will not be
necessary to enhance product recovery at this location. An impermeable lining on the down
gradient end of the trench was considered. However, the effectiveness of the barrier would be
limited due the he configuration of the trench. Due to physical constraints at the site, the trench
will be only 4 to 6 fi. wide. Flow distances around the impermeable barrier wold be relatively
short thus minimizing the effect of the barrier.

6.2 SUBSURFACE CONDITIONS

Evaluation of soils and product in this area was based on well installation logs for two recovery
wells in the area, RW-7 and RW-8. These logs are included in APPENDIX C.

During installation of these wells, evidence of product was observed in the drill cuttings below a
depth of five fi. below the surface. Based on review of well gauging data from UGW-21 and
RW-8, groundwater levels range from 3 to 10 fi. bgs. Free product has historically been
measured floating on the groundwater surface ranging from 0.1 to over 2 fi. thick in these wells.

The near surface soils in this area consist of asphalt pavement and granular base to a depth of 1
foot. This is followed by a well-graded granular fill to a depth of 4 ft. bgs. This layer is likely
the utility trench for the buried waterline that runs adjacent to Forrestal Drive as indicated on
FIGURE 21. From a depth of 4 to 18 ft. bgs the soil is classified as a mixture of gravel, sand
and silt. At a depth of 18 fi., weather rock is encountered consisting of gray-green weathered
Olivine Gabro. The rock surface is believed to be encountered at less depth closer to the toe of

slope. Excavation of the trench is anticipated to be limited by the location of the competent
bedrock.
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6.3 PRE-CONSTRUCTION ACTIVITIES

Prior to the start of intrusive activities the McLaren/Hart will conduct an Environmental
Conditions Survey to document pre-existing condition of existing structures and surfaces. The
Environmental Conditions Survey will include taking photographs of existing structures such as
pavement, buildings and sidewalks within the work areas, and discussing and noting existing
conditions. This report will be submitted to the Resident Officer in Charge of Construction
(ROICC) and reviewed prior to site restoration activities.

An important consideration is the constructability of the trench given the depth at which the
product layer is encountered and the proximity of existing utilities. Both buried and overhead
utilities are present in the area between Forrestal Drive and the toe of the slope. Known utilities
include an 8-in. PVC waterline approximately 3 fi. bgs adjacent the road, a fiber optic line
approximately 2.5 f. bgs and a copper communications line at an unknown depth. In addition,
an overhead electric line is located approximately 15 ft. from the road.

Prior to mobilization of excavation equipment, a Level B utilities survey will be conducted by
the Naval Station Mechanical Utilities Depart Engineer and McLaren/Hart's representative. The
horizontal location of buried utilities will be determined by non-destructive locating methods
such as electromagnetic, sonic, and other energy fields. Known utilities will be marked in the
proposed trench excavation area with color-coded flags and paint. A meeting will then be held
with the Naval Station Communications department to discuss the handling and protection of the
communication lines near the trench.

Mobilization of equipment and setup of temporary facilities, including an office trailer,
equipment storage and material stockpile areas, and water treatment system, will be coordinated
with the RIOCC and Naval Station Fuels Department. The temporary facilities and staging areas
will be located north of Palua Drive in the Tow Way Fuel Facility near recovery well RW-2 as
shown on FIGURE 20. Any changes to the facilities will be coordinated with the ROICC. Site
controls such as construction barricades, security fencing and sediment control features will be
installed during this phase.

The proposed location of the recovery trench and temporary facilities will be marked in the field
and discussed with the ROICC.

6.4 EXCAVATION

Exploratory borings will be installed to locate and confirm all field-marked utilities. Trench
excavation and construction operations will be supervised by McLaren/Hart personnel, and care
will be taken to locate all utilities. For example, prior to excavation, known utilities in the
vicinity of the trench will be located and exposed using hand excavation methods and power
operated equipment. All power operated equipment will be maintained at least two feet away
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from known utilities. Each utility exploration hole will be advanced by hand and then opened
further with power utility line excavating equipment.

The joints of the water line within the trench excavation will be laterally supported. Each joint
will be exposed using hand excavation methods prior to extending the trench excavation below
the level of the waterline. The waterline will be supported using a combination of jacks, struts
and/or tie-back cables.

Once the communication lines are exposed, the Naval Station Communications Department will
be consulted to determine the final course of action. The lines may be temporarily or
permanently relocated beyond the anticipated limits of the trench excavation. Temporarily
relocation would involve uncovering the lines within the lines of the trench excavation, and
placing the lines adjacent to the trench encased in a split-case PVC pipe for protection during
trench construction.  Once, construction of trench is completed, the fiber optic and
communications lines would be reinstalled in accordance with Naval Station Communications
Department specifications.

Once the existing utilities are secured, trench excavation will begin. The trench will be
excavated with a hydraulic excavator guided by a spotter during operation. Care will be taken to
maintain the required 10 fi. safe operating distance from the overhead 13 KVA power lines. It
will not be necessary for personnel to enter the excavation below the level of the existing utilities
(less than 4 ft. deep) to complete the recovery trench. Use of a trench box is not anticipated.

Based on well gauging data and the presence of free product in the area, soil from the recovery
trench below a depth of approximately five feet may be contaminated with POL. Each bucket of
soil removed from the trench will be visually observed and screened for TPH using either a PID
or an OVA. Screening will be used to determine if the soils are to be placed in the clean or the
potentially contaminated soil stockpile (i.e., readings above background will be used as the
criteria for segregating soils into a "potentially contaminated" soil stockpile.

Soil removed from the trench will either be loaded directly into a truck for transportation to the
soil stockpile areas in the Tow Way Fuel Facility (see FIGURE 20) or temporarily staged
adjacent to the trench in a prepared soil containment stockpile located west of the trench
excavation. In order to segregate the potentially contaminated soil from the clean soil, the
trench will be excavated in lifts equal to the entire width of the trench until the level of soil
contamination is reached. Once soil contamination is encountered in any portion of the trench
excavation, all soil removed from the trench from that point on is considered potentially
contaminated. The temporary stockpile adjacent to the trench will be used for staging potentially
contaminated soil from the trench.

Each bucket of soil removed from the trench will be allowed to drain prior to dumping to
minimize handling of potentially contaminated water. Saturated soil will be allowed to drain in
the temporary soil stockpile adjacent to the trench prior to transporting to the stockpiles in the
staging area. Drainage from the stockpiles will be placed either into the temporary treatment
system of the product/water storage tank. Soil stockpiles will be covered during non-working
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hours to divert rainfall and minimize non-project personnel exposure. They will also be
cordoned off and the appropriate traffic controls will be implemented (details will be provided in
an Excavation Plan).

Once the trench excavation is complete, recovery sump and piezometer will be installed. The
trench will be backfilled with pea size clean gravel to approximately two feet below the surface,
followed by compacted soil placed to the ground surface. A geotextile filter fabric will be
installed between the soil and gravel interface to provide separation. A vault box will be
installed to house product recovery pumps, and associated controls and piping. Conveyance
piping will be connected to the RW-7 vault and tied into the existing air supply and product
return lines.

6.5 OPERATION

Existing single-phase discriminating product recovery pumps will be used to evacuate the
recovery trench. Controller-less pneumatic driven diaphragm “Genie” pumps manufactured by
Clean Environment Equipment Company are currently used at the site. These pumps are fitted
with specific gravity product intake floats that are capable of handling 42 inches of water level
fluctuation. The intake skimmer is calibrated to float on the oil/water interface and allow free-
floating product to be drawn into the pump chamber. Once the chamber completely opens, the
pneumatic pressure is used to forced the product from the chamber towards the equipment
compound and the product storage tank. Since other portions of the product recovery system
will be temporarily shut down during pilot studies, product recovery from the trench can be
monitored by measuring the levels in the product tank directly.

6.6 WASTE MANAGEMENT

Wastes will be handled in accordance with the Waste Stream Management Plan specified in
Section 3.0 of the Approved Work Plan. Based on assessment data for the site, the work is
expected to involve materials contaminated only with petroleum constituents at non-hazardous
levels. It is anticipated that the proposed activities will generate the following four waste
streams:

¢ Contaminated Water — Water removed from areas of know contamination or suspected
contamination based on field observations. To include water generated by well
development and pumping, decontamination operations, excavation de-watering and
runoff from contaminated soil stockpiles.

e Contaminated Soil — Soil removed from areas of known contamination or suspected
contamination based on field observations. To include excess soils generated from trench
installation and well installation.

e General Demolition Debris — Non-metallic debris generated from demolition of existing
structures including pavement or other materials of construction.
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6.6.1 Contaminated Water

Contaminated water generated from the pilot tests and trench installation will be processed in the
temporary on-site treatment system. The system consists of a product/water separator,
intermediate holding tanks, and liquid phase carbon. The treatment system is described in detail
Section 5.0 of the Phase 1 Work Plan.

The final effluent will be collected in two 500-gallon holding tanks and tested to ensure it meets
the requirements of the discharge standards prior to release to the sanitary sewer for final
treatment by the Naval Station sanitary treatment plant (STP). If the final effluent does not meet
the discharge requirements, it will be re-directed to the head of the treatment system for
additional processing. The STP authorities will be notified prior to discharge. In addition, a
letter identifying the anticipated discharge rates from the pilot studies will be submitted to the
STP so that the US EPA can be notified for a potential temporary NPDES permit modification.

Groundwater samples from two wells in the vicinity of the proposed test plots were obtained and
analyzed for a full scan surface water parameter list. Results indicate that the groundwater
would meet the base STP influent criteria without pretreatment. The concentration of
hydrocarbons in the groundwater will likely increase due to pumping activities. We anticipate
sufficient clarification and hydrocarbon separation will be accomplished with the sizable (5,000
and 2,500 gallon tank) surge tanks and oil/water separator to meet treatment influent criteria.

6.6.2 Contaminated Soil

Clean and potentially contaminated soil stockpile areas will be located in the Tow Way Fuel
Facility as shown on FIGURE 20. In order to determine handling and transportation and
disposal requirements, soil samples will be collected from both the clean and potentially POL
contaminated soil removed from the trench and analyzed for TPH and disposal parameters
required by the disposal facility as discussed in Section 2.0 of the Approved Work Plan. Based
on analytical results of the soil samples, excavated soil will be direct loaded for transportation
and disposal or stockpiled for later transportation and disposal or potential reuse if clean. Soil
with less than 50 ppm TPH shall be considered clean (non-regulated) and spread in areas in the
Tow Way Fuel Facility where POL soil contaminated has been identified. Non-contaminated
soil stockpiles, which will not be returned to the excavation by the end of the shift, will be
covered with a single layer of 10 mil poly liner to minimize moisture content increases due to
rainfall events. Concrete and asphalt pavement will be disposed as construction debris at the
designated area on base.

In the event rainfall occurs during excavation activities, standing water will be removed from the
excavation by pumping prior to placing materials or backfilling. Any POL evident will be
skimmed off and disposed into the product storage tank. Water from uncontaminated areas will
be filtered and discharged into existing surface water facilities.
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6.6.3 General Construction Debris

Construction debris will be disposed at the designated on-site construction debris disposal
site.

6.6.4 Recovered Free Product

Recovered free product will be temporarily stored in the existing on-site 500 gallon
product storage tank pending analysis and final disposition.
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7.0 PROJECT ORGANIZATION

The project team is structured to provide the Roosevelt Roads U.S. Naval Management team
with a strong, streamlined group of technical experts who collectively will implement and
evaluate the pilot study. This team of engineers, geologists, and scientists will be selected from
McLaren/Hart, Inc. and New Jersey Institute of Technology's staff. A project organization chart
is attached.
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PROJECT ORGANIZATION CHART

Pilot Studies to Evaluate Enhancement of Product Recovery
Tow Way Fuel Facility
Naval Station, Roosevelt Roads
Ceiba, Puerto Rico

Program Manager
D. Schweikert*

Cont. Admin. Mor. CIH QC Manager Sr. Project Eng./Mgr.
S. Watkins* J J. Panko M. Sealey* PMO W. Buccille, P.E.

Sr. Project Engineer

W. Buccille, P.E.

Project
Team

r Technical Advisors
Dr. J. Schuring, Ph.D., P.E.

Proj. Cont. Engineer
J. Burge*

J. Mack

—
Office Engineers

| TBA

Invoice Q/C

W. Buccille, P.E.

Technical Project Manager
T. King

Submittal Q/C
L 1. DiDio

Site Health & Site Quality

Administrator

Base Operations

Site Engineer

Geologist

1. Drilling Francisco Mendez**

*J.A. Jones Environmental Services
** J.A. Jones Mgmt. Services
TBA: To Be Determined

NJIT: New Jersey Institute of Technology
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1. W. Whitesell
2. S. Sinha
3. M. Krawchuk

2. Utility Locating
3. Electrical
4, Earthwork
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8.0 PROJECT SCHEDULE

The Project Schedule is attached.
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Table 1.

Summary of Geotechnical Test Program
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico

Pilot Test| Sample Boring ID | Laboratory Analysis | ASTM Designation| Number of | Field Sample Collection
Location Media Samples
RW-1 Soil e MH-SB-6 e USCS Classification [ D2487-93 3 ¢ Auger/ Drill Rig
¢ MH-SB-8 ¢ Grain Size e D422-63 3 ¢ Split spoon
e Liquid Limit e D2217-85 3
¢ Plastic Limit e D4318-84 3
o Shrinkage Limit o D427 3
PW-6 Soil o MH-SB-4 |e USCS Classification | D2487-93 2 o Auger/ Drill Rig
¢ Grain Size e D422-63 2 o Split spoon
¢ Liquid Limit e D2217-85 2
o Plastic Limit o D4318-84 2
¢ Shrinkage Limit o D427 2
RW- Recovery well location
PW- Pumping well location
USCS- Unified Soil Classification System
MH-SB-#- McLaren/Hart - soil boring- number
GAStafiCommon\RoseyRoad\RRTbls.xls Page 1 of 1




Table 2. Atterberg Limit Test Results
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico
Sample ID Sample Depth| Liquid Plastic Shrinkage | Plasticity | Shrinkage | Classification**
Limit (%) | Limit (%) | Limit (%) | Index (%) | Index (%)
MH-SB-8 18'-20' 36.9 20.8 16.8 16.4 4 CL
37.4 20.8
MH-SB-4 18' - 18'10" 59.9 38.6 21.7 21.7 21.2 MH
MH-SB+4 cuttings* 40.6 21.4 19.2 19.2 8.3 CL
MH-SB-6 24'-26' 45.8 29.4 17.9 16.4 11.5 ML
- MH-SB-6 12'-'14' - 80.9 34.7 - 142 | 462 | 205 ° CH

* Soil cuttings collected from a depth of 21' below grade surface using augers.

**Represents plasticity chart classification for soil passing the No. 40 sieve, not total soil sample.

MH-SB-# - McLaren/Hart soil boring number

CL - Inorganic clays of low to medium plasticity, gravelly clays, sandy clays, silty clays,

lean clays

MH - Inorganic silts, micaceous or diatomaceous fine sands or silts, elastic silts
ML - Inorganic silts, very fine sands, rock flour, silty or clayey fine sands

CH - Inorganic clays of high plasticity, fat clays
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Table 3. Grain Size Data
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico

Sample ID Sample Depth >No. 40 Sieve <No. 40 Sieve
(%) (%)
MH-SB-8 18' - 20' 23.8 76.2
MH-SB-4 18' - 18'10" 50.1 49.9
MH-SB-4 cuttings* 36.3 63.7
MH-SB-6 24' - 26' 53.1 46.9
MH-SB-6 12' - 14' 10.5 89.5

- * Soil cuttings collected-from a-depth of 21' belowgrade surface using augers.

MH-SB-# - McLaren/Hart soil boring number
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Table 4. Volume Change Potential
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico
Investigator* MH-SB-8 MH-SB-4 MH-SB-4 MH-SB-6 MH-SB-6
18'-20' 18'-18'10" cuttings** 24'-26' 12'-14'
Chen (1988) M M M M H
Ranganatham and
Satyanarayana (1965) L M L L-M M
Raman (1967) L-M M L-M L-M M-VH
Altmeyer (1955) L L L L L
Holtz and Gibbs (1956) L L-M M L-M M-VH
Chen (1965) M VH H H VH
Snethen et al. (1977) L L-H L L H

* Hall, H.A. "Investigation into fracture behavior and longevity of pneumatically fractured fine-grained
formations", Master's Thesis, NJIT, Table 2.8, pg. 44, October 1995.
** Soil cuttings collected from a depth of 21' below grade surface using augers.

MH-SB-# - McLaren/Hart soil boring number
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Table 5. Groundwater and Product Recovery Data
September 1999
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico
Depth of well* Depth to Apparent Depthto Apparent Depth to Apparent Depth to Apparent
Well ID Product* Water* Product Product* Water* Product Product* Water* Product Product* Water* Product
Thickness Thickness Thickness Thickness
m (W] (3] (W] m (0] (W] [(3) (3] m (03] (] m
MH-SB-1 18 NA NA NA NA NA NA 7.70-18.00 0.00 1.70 18.05
MH-SB-38 25 14.90 15.60 0.70 NA NA NA 11.50 12.50 5.20 8.00
MH-SB-3D 30 0.00 13.30 0.00 NA NA NA 0.00 11.60 10.90 11.05 0.15
MH-SB-3 Hole 25 NA NA NA NA NA NA 10.90 14.10 NA NA
MH-SB-4 215 NA NA NA 6.63 12.03 9.43 15.63 9.44 15.36
MH-SB-4 Hole 21.5 NA NA NA 12.60 15.70 9.50 13.30 7.20 13.00
PW-06 NA 11.37 11.52 0.15 NA NA 11.40 11.52 NA NA
PW-05 26.9 9.15 9.30 0.15 NA NA 9.20 9.40 NA NA
PW-03 26.3 NA NA NA NA 9.83 9.98 NA NA
UGW-1 NA NA NA NA NA NA NA NA NA
MwW-4 27.7 NA NA NA NA 3.87 3.97 NA NA
MW-3 222 NA NA NA NA 10.27 10.35 NA NA
RW-1 35 0.00 16.25 0.00 16.59 0.00 16.50 NA NA
UGW-3 NA 17.57 18.2 17.55 18.17 0.00 17.62 NA NA
AW-1 36 16.95 21.1 16.95 21.20 16.95 21.15 NA NA
AW-2 31 16.14 19.81 16.26 19.69 16.24 19.64 NA NA
MTMW-1 40 17.83 21.68 17.91 21.65 17.93 21.68 NA NA
MTMW-2 NA 19.08 21.98 17.1 22.03 17.13 22.13 NA NA
MTMW-3 35 16.89 20.59 16.86 20.59 16.34 20.38 NA NA
MIMW-4 36 18.29 21.09 16.35 21.13 16.89 20.59 NA NA
DP-31A 18 NA NA NA NA 0.00 13.00 NA NA
MH-SB-2 30 NA NA NA NA NA NA NA NA
MH-SB-5 29 NA NA NA NA 0.00 15.68 0.00 15.25
MH-SB-5 Hole 29 NA NA 0.00 19.80 0.00 16.70 , NA NA
MH-SB-6 S 19 NA NA NA NA 15.70 15.90 0.20 13.60 15.50
MH-SB-6 D 29 NA NA NA NA 0.00 15.50 0.00 16.25
MH-SB-6 Hole 19 NA NA 16.01 16.31 0.30 14.91 15.91 12.51 14.21
MH-SB-7 13.5 NA NA NA NA NA 0.00 0.00 NA NA
MH-SB-8 26 NA NA NA NA NA NA NA NA NA

*. Level measured from grade
MH-SB-#, 5,D- McLaren/Hart s0il boring number, shallow well or deep well.
MH-SB-#, Hole- McLaren/Hart soil boring number, borehole common with shallow well.
PW- Pumping well
RW- Product recovery well
DP-  Direct push monitoring well
MW- Monitoring well
AW- Mantech chemical oxidation pilot test delivery well
MTMW- Mantech chemical oxidation pilot test monitoring well
NA - Not available
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Table 5. Groundwater and Product Recovery Data
(cont.) October 1999
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico
Depth of well*
Well ID
Thickness Thickness Thickness

(U] (3] (3] (L] (W] (0] () (1)) (1) [Lu3]
MH-SB-1 18 NA NA NA NA NA NA NA NA NA
MH-SB-3S 25 NA NA NA NA NA NA NA NA NA
MH-SB-3D 30 NA NA NA NA NA NA NA NA NA
MH-SB-3 Hole 25 NA NA NA NA NA NA NA NA NA
MH-SB-4 21.5 NA NA NA NA NA NA NA NA NA
MH-SB-4 Hole 21.5 NA NA NA NA NA NA NA NA NA
PW-06 NA 15.02 15.52 0.50 10.87 11.62 0.75 9.12 9.92 0.80
PW-05 26.9 8.80 8.95 0.15 7.45 7.52 0.07 1.22 13 0.08
PW-03 263 9.38 9.48 0.10 7.83 7.93 0.10 4.03 4.13 0.10
UGW-1 NA NA NA NA NA NA NA NA NA NA
MW-4 NA NA NA NA NA NA NA NA NA NA
MW-3 22.2 9.82 9.92 0.10 9.17 9.22 0.05 11.80 11.83 0.03
RW-1 35 14.86 14.88 0.02 14.16 14.17 0.01 13.45 13.68 0.23
UGW-3 NA NA NA NA NA NA NA NA NA NA
AW-1 36 NA NA NA NA NA NA NA NA NA
AW-2 31 NA NA NA NA NA NA NA NA NA
MTMW-1 40 NA NA NA NA NA NA NA NA NA
MTIMW-2 NA NA NA NA NA NA NA NA NA NA
MTMW-3 35 NA NA NA NA NA NA NA NA NA
MIMW-4 36 NA NA NA NA NA NA NA NA NA
DP-31A 18 NA NA NA NA NA NA NA NA NA
MH-SB-2 30 NA NA NA NA NA NA NA NA NA
MH-SB-5 29 NA NA NA NA NA NA NA NA NA
MH-SB-5 Hole 29 NA NA NA NA NA NA NA NA NA
MH-SB-6 S 19 NA NA NA NA NA NA NA NA NA
MH-SB-6 D 29 NA NA NA NA NA NA NA NA NA
MH-SB-6 Hole 19 NA NA NA NA NA NA NA NA NA
MH-SB-7 13.5 NA NA NA NA NA NA NA NA NA
MH-SB-8 26 NA NA NA NA NA NA NA NA NA

*. Level measured from grade

MH-SB#, §,D- McLaren/Hart soil boring number, shallow well or deep well.

MH-SB-#, Hole- McLaren/Hart soil boring number, borehole common with shallow well.

PW-
RW-
DP-
MW-

Pumping well

Product recovery well
Direct push monitoring well

Monitoring well

AW- Mantech chemical oxidation pilot test delivery well

MTMW-
NA-

Mantech chemical

idation pilot test

well

Not available
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Table §.

Groundwater and Product Recovery Data

(cont.) November 1999
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico
Depth of well* Apparent
Well ID Product* Water* Product Product* Water* Product Product* Water* Product
Thickness Thickness Thickness
(Y] m (U] (1) (] M m (M (m (]
MH-SB-1 18 NA NA NA NA NA NA NA NA NA
MH-SB-3S 25 NA NA NA NA NA NA NA NA NA
MH-SB-3D 30 NA NA NA NA NA NA NA NA NA
MH-SB-3 Hole 25 NA NA NA NA NA NA NA NA NA
MH-SB-4 21.5 NA NA NA NA NA NA NA NA NA
MH-SB-4 Hole 21.5 NA NA NA NA NA NA NA NA NA
PW-06 NA 9.32 10.12 0.80 9.42 10.22 0.80 4.92 4.92 Sheen
PW-0S 26.9 7.20 7.31 0.11 7.13 7.25 0.12 4.10 4.15 0.05
PW-03 26.3 7.37 7.37 0.00 7.46 7.46 3.43 3.43 0.00
UGw-1 NA NA NA NA NA NA 6.10 6.20 0.10
MW-4 NA NA NA NA NA NA 0.52 0.77 0.25
MW-3 222 8.27 8.27 0.00 8.45 8.45 297 2.97 0.00
RW-1 35 12.45 12.63 0.18 12.15 12.4 6.35 6.50 0.15
UGW-3 NA NA NA NA 15.32 15.97 12.12 12.77 0.65
AW-1 36 NA NA NA 14.70 18.55 NA NA NA
AW-2 31 NA NA NA 12.69 14.59 NA NA NA
MTMW-1 40 NA NA NA 15.73 18.93 NA NA NA
MIMW-2 NA NA NA NA 13.38 21.48 NA NA NA
MTIMW-3 35 NA NA NA 17.39 17.84 NA NA NA
MIMW-4 36 NA NA NA 12.59 20.64 NA NA NA
DP-31A 18 NA NA NA NA NA NA NA NA
MH-SB-2 30 NA NA NA NA NA NA NA NA
MH-SB-5 29 NA NA NA NA NA NA NA NA
MH-SB-5 Hole 29 NA NA NA NA NA NA NA NA
MH-SB-6 S 19 NA NA NA NA NA NA NA NA
MH-SB-6 D 29 NA NA NA NA NA NA NA NA
MH-SB-6 Hole 19 NA NA NA NA NA NA NA NA
MH-SB-7 13.5 NA NA NA NA NA NA NA NA
MH-SB-8 26 NA NA NA NA NA NA NA NA
*. Level measured from grade
MH-SB-#, $,D- McLaren/Hart s0il boring number, shallow well or decp well.
MH-SB-#, Hole- McLaren/Hart s0il boring number, borehole common with shallow well.
PW- Pumping well
RW- Product recovery well
DP- Direct push monitoring well
MW- Monitoring well
AW- Mantech chemical oxidation pilot test delivery well

MTMW-
NA -

Mantech chemical oxidation pilot test monitoring well

Not available
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Table 6. Summary of Construction Materials for Pneumatic Fracturing/Product Recovery and Monitoring Wells
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico

Well Type and ID Depth bgs Screen Interval Material of Construction/Construction Notes Design
(ft) bgs (ft) Reference
Product Recovery Well o 1-2" diameter, 2-4" diameter threaded Sch. 40 PVC well caps (M) w/ barbed fitting NA
New: o 1-4" diameter, 6" long Sch. 40 PVC pipe (one end M)
e MTMW-+4 36 16 to 36 e 1-4" diameter PVC well cap w/ three fittings (CEE*)
Existing: e 1-2'x 2" diameter Sch. 40 PVC pipe (one end F) riser
e RW-1 30 10 to 30 o 2-2'x 4" diameter Sch. 40 PVC pipe (one end F) riser
e PW-06 NA NA o 1-4"x4"x2"2-2"x2"x 112", 6-1" x 1" x 1/2"; 3-1/2" x 1/2" x 1/2" Sch. 40 PVC tees
¢ 13-12"BV; 3-1"BV; 1-1" CV; 1-1" strainer
o 1-2" and 2-4" flexible sleeve pipe coupling
Fracture Well : e 8-36'x 21/2" diameter Sch. 40 PVC pipe (to keep boreholes open) Figure 11
o FW-123,4,578,9 35 14 to 34 s 2-20'x 21/2" diameter Sch. 40 PVC screen Figure 12
s FW-6 <35 14 to 34 ¢ 1-20'x 4" diameter Sch. 40 PVC screen Figure 15
o ERW-1 _ <35 14 to 34 o 2-16'x 21/2" diameter Sch. 40 PVC riser Figure 16
e ERW-2 35 14 to 34 o 1-16'x 4" diameter Sch. 40 PVC riser
: e 2-2172" diameter Sch. 40 PVC well cap (M) with barbed fittings
o 2-21/2" diameter Sch. 40 PVC well cap w/ three fittings
e 1-212"x2112"x 2", 6-2"x 2" x 12" 14" x4"x 2", 3-1"x 1" x 112",
3-112" x 12" x 12" tees
e 13-12"BV;3-1" BV, 3-2" BV; 3-1" CV; 3-1" strainer
o 2-21/2" and 1-4" flexible sleeve piping
Monitoring Well
PW-6 Area: NA
¢ PW-03 23 NA o 3-4" diameter threaded PVC well cap (M)
e PW-05 23 NA e 3-4" diameter Sch. 40 PVC coupling
e MW-03 22 NA o 3-4" diameter Sch. 40 PVC Male adapter (NPTx Socket)
o 3-2'x 4" diameter Sch. 40 PVC riser (F x F)
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Table 6 (cont.). Summary of Construction Details for Pneumatic Fracturing/Product Recovery and Monitoring Weils
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico
Well Type and ID Depth bgs Screen Interval Material of Construction/Construction Notes Design
(ft) bgs (ft) Reference
RW-1 Area: NA
o AW-1 355 20.5-35.5 e 5-2" diameter Sch. 40 PVC coupling
e AW-2 31 16-31 e 5-2"x 2' Sch. 40 PVC pipe
o MTMW-2 38 18-38 o 5-2" diameter Sch. 40 PVC Male adapter (NPTx Socket)
o MTMW-1 39.5 19.5-39.5 e 5-2" diameter threaded PVC well cap (M)
« MTMW-3 35 15-35
*Can be obtained from Clean Environmental Equipment.
RW- Recovery Well
PW- Pumping Well
MTMW- Mantech chemical oxidation pilot test monitoring well
AW- Mantech chemical oxidation pilot test delivery well
FW- Pneumatic fracture well
ERW- Extended radius well
BV- Ball valve
CV- Check valve
bgs- Below ground surface
NA- Not available
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Table 7. Summary of Pre-Fracture and Post-Fracture Product Recovery Evaluation Program
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico
Pilot Test | Test Well ID| Projected Duration for Parameters Measured Frequency of Measurement Field Equipment
Location Test
RW-1 ¢ Oil/water interface probe
e Pre o FW-6 ¢ 30 days o Total fluids removed Daily, weekly, or as conditions ¢ M-scope
» MTMW+4 ¢ Total product removed allow ¢ Pneumatic pump
¢ RW-1 + Bailers
¢ Post e FW-6 ¢ 90-120 days ¢ Total fluids removed Daily, weekly, or as conditions
o« MTMW-4 ¢ Total product removed allow
o RW-1
PW-6 ¢ Oil/water interface probe
e Pre * PW-06 » 30 days o Total fluids removed Daily, weekly, or as conditions ¢ M-scope
¢ ERW-1 ¢ Not installed o Total product removed allow ¢ Pneumatic and vacuum pump
e ERW-2 * Not installed e Bailers
¢ Post o PW-06 e 90-120 days o Total fluids removed Daily, weekly, or as conditions
e ERW-1 » Total product removed allow
o ERW-2
FW- Pneumatic Fracture Well
PW- Pumping Well
RW- Recovery Well
ERW- Extended Radius Well
MTMW- Mantech Chemical Oxidation Pilot Test Monitoring Well
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RW-1 Short Term Test Schedule

Table 8.
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico
Depth Screen SWL, Short Term Tests (1,2&3) Transducer Water Level Measurements
Well LD. Well Use ’Interval 9125099 Pump Intake Duration Pumping Rate Depth Frequency Method
(fH) (ft) (1) (ft) (Hrs) (gpm) (ft) (Hr)
RW-1 PW 30 10-30 16.5 1 19 4 TBD 29 1 Data Logger/M-Scope
2 2 4 TBD
3y 4 TBD
AW-2 ow 31 16-31 19.64 NA 4 TBD 30 1 Data Logger/M-Scope
UGW-3 ow 354 | 25.4-35.4 17.62 NA 4 TBD NA 1 M-Scope
MTMW-1 ow 39.5 | 19.5-39.5 21.68 NA 4 TBD NA 1 M-Scope
MTMW.-2 ow 38 18-38 22.13 NA 4 TBD NA 1 M-Scope
MTMW-3 ow 35 15-35 20.38 NA 4 TBD NA 1 M-Scope
AW-1 ow 35.5 20-35.5 21.15 NA 4 TBD NA 1 M-Scope
MTMW-4 ow 36 15-35 20.59 NA 4 TBD NA 1 M-Scope
NA- Not Applicable
SWL- Static Water Level
TBD- To be Determined
PW- Pumping Well
OW- Observation/Monitoring Well
AW- Mantech chemical oxidation pilot test delivery well
MTMW- Mantech chemical oxidation pilot test monitoring well
G:\Staff\Common\PumpTestTable xle Page 1l of 1




Table 9.

MTMW-4 Short Term Test Schedule
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico

Depth Screen SWL, Short Term Tests (1,2&3) Transducer Water Level Measurements
Well LD. Well Use Interval | 9/25199 Pump Intake Duration Pumping Rate Depth Frequency Method
(ft) (ft) (ft) (ft) (Hrs) (gpm) () (Hr)
MTMW-4 PW 36 15-35 20.59 ' 22 4 TBD 34 1 Data Logger/M-Scope
2 27 4 TBD
P 32 4 TBD
AW:-2 ow 31 16-31 19.64 NA 4 TBD 30 1 Data Logger/M-Scope
UGW-3 ow 354 |234-354] 17.62 NA 4 TBD NA 1 M-Scope
MTMW-1 ow 395 ]19.5-39.5] 21.68 NA 4 TBD NA 1 M-Scope
MTMW-2 ow 38 18-38 22.13 NA 4 TBD NA 1 M-Scope
MTMW-3 ow 35 15-35 20.38 NA 4 TBD NA 1 M-Scope
AW-1 ow 35.5 20-35.5 21.15 NA 4 TBD NA 1 M-Scope
RW-1 ow 30 10-30 16.5 NA 4 TBD NA 1 M-Scope
NA- Not Applicable
SWL- Static Water Level
TBD- To be Determined
OW- Observation/Monitoring Well
AW- Mantech chemical oxidation pilot test delivery well
MTMW- Mantech chemical oxidation pilot test monitoring well
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Table 10. Summary of Pneumatic Fracturing Program in RW-1 Pilot Test Area
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico
PF Well ID | Depth of PF Proposed | Number of Comments
Well Treatment PF
Zone Injections
(L13) (bgs)
FW-1 35 16 to 30 7 ¢ Directional fracturing towards MTMW-4,
¢ Instrument wells AW-2, MTMW-2, MTMW-4,
and RW-1,
¢ See Figure 10.
FwW-2 35 16 to 30 7 o Directional fracturing towards MTMW-4,
¢ Instrument wells AW-2, MTMW-2, MTMW-4,
and RW-1,
o See Figure 10.
FW-3 35 16 to 30 7 o Radial fracturing towards RW-1 and MTMW-4,
o Instrument wells AW-2, MTMW-4, and RW-1,
o See Figure 10.
Fw-4 35 16 to 30 7 ¢ Grout MH-SB-5,
¢ Directional fracturing towards RW-1,
¢ Instrument wells AW-2, MTMW-4, and RW-1,
o See Figure 10.
FW-5 35 16 t0 30 7 » Directional fracturing towards RW-1,
¢ Instrument wells AW-2, MTMW-4, and RW-1,
»_See Figure 10.
FW-6 35 16 to 30 7 ¢ Radial fracturing between AW-1, AW-2,
MTMW-2, and MTMW-4,
¢ Instrument wells AW-1, AW-2, MTMW-1,
and MTMW-3,
» See Figure 10.
FW- Pneumatic fracture well
PF- Pneumatic fracture
MTMW- Mantech chemical oxidation pilot test monitoring well
AW- Mantech chemical oxidation pilot test delivery well
RW- Prodect recovery well
bgs- Below ground surface
Borehole
Construction- 3 1/2 Solid stem augers or approved drilling method.

Open borehole to depth specified by client representative.
Install 2 1/2" 1.D. PVC pipe to keep borehole open.
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Table 11. PW-06 Short Term Test Schedule
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico
j)e " Screen SWL, Short Term Tests (1,2&3) Transducer Water Level Measurements
WellLD. | Well Use [ P Interval | 9/25/99 | Pump Duration Pumping Depth Frequenc Method
Intake Rate q y
(ft) (ft) (ft) (19) (Hrs) (gpm) (i3] (Hr)
Not Not 1 1' above Data Logger/M-
PW-06 PW' | Available | Available| 112 19-22( 4 TBD | yottom of well ! Scope
2 25 4 TBD
30 4 TBD
" Not Not Not 1' above Data Logger/M-
PW-04 ow Available | Available | Available NA 4 TBD bottom of well 1 Scope
Not Not Not
UGw-1 OW | Available | Available| Available] N2 4 TBD NA ! M-Scope
Not Not
PW-05 ow Available | Available 94 NA 4 TBD NA 1 M-Scope
Not Not
PW-03 ow Available | Available 9.98 NA 4 TBD NA 1 M-Scope
Not Not Not
MW-03 OW | Available | Available| Available| N2 4 TBD NA ! M-Scope
NA- Not Applicable
SWL- Static Water Level
TBD- To be Determined
PW- Pumping Well
OW- Observation/Monitoring Well
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Table 12. PW-06 Short VER Test Schedule
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico
Depth Screen | SWL, Short VER Tests (1,2&3) Transducer Water Level Measurements
Well LD. Well U
¢ of Hee Interval | 9/25/99 Pump Intake Duration | Pumping Rate Depth Frequency Method
(ft) (ft) (ft) (inches of mercury) | (Hrs) (gpm) (ft) Hr)
Not Not 1 1' above bottom
PW-06 PW Available | Available 1152 15 4 TBD of well ! Data Logger/M-Scope
220 4 TBD
325 4 TBD
Not Not Not 1' above bottom
PW-04 ow Available | Available | Available NA 4 TBD of well 1 Data Logger/M-Scope
Not Not Not
UGW-1 OW | Available | Available | Available NA 4 8D NA ! M-Scope
Not . Not
PW-05 ow Available | Available 9.4 NA 4 TBD NA 1 M-Scope
Not Not
PW-03 ow Available | Available 9.98 NA 4 TBD NA 1 M-Scope
Not Not Not
Mw-03 OW | Available | Available | Available NA 4 8D NA ! M-Scope
NA- Not Applicable
SWL- Static Water Level
TBD- To be Determined
PW- Pumping Well
OW- Observation/Monitoring Well
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Table 13. Summary of Pneumatic Fracturing Program in PW-6 Pilot Test Area
Tow Way Fuel Facility, Roosevelt Roads, Puerto Rico
PF WellID | Depth of PF | Proposed PF | Number of Comments
Well Treatment PF
Zone Injections
(ft) (bgs)
FW-7 35 16 to 30 7 ¢ Grout MH-SB-3
¢ Directional fracture towards PW-06
¢ Instrument PW-03, PW-05, and PW-06
o See Figure 14 o *
FwW-8 35 16 to 30 7 ¢ Radial fracture towards PW-06
¢ Instrument wells PW-06 and PW-05
» See Figure 14
FW-9 35 16 to 30 7 ¢ Directional fracture towards PW-06
¢ Instrument PW-03, PW-05 and PW-06
o See Figure 14
ERW-1 <35* 16 to 30 7 + Radial fracture
¢ Instrument well PW-05
o See Figure 14
ERW-2 < 35* 16 to 30 7 ¢ Radial fracture
¢ Instrument well PW-05
o See Figure 14
MH-SB-# - McLaren/Hart soil boring number
ERW- Extended radius well
FW- Fracture well
PW- Pumping well
bgs- Below ground surface
Borehole
Construction- 3 1/2 Solid stem augers or approved drilling method.

L

Open borehole to depth specified by client representative.
Install 2 12" 1.D. PVC pipe to keep borehole open.
Final depth depends on product zone seen in split spoon samples at this location.
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(b) Sedimentary Rock Formations

Alternatives

1. Compressed Gas
Cylinders

2. Tube trailer

3. Nitrogen Pumper
Truck

4 Compressed
Air

DWG: 45800902 10/27/99

/—;
4 EATEAN\

e =W Fine Grained Soil " Sedimentary
5 Q -  Rock

N
~N : Previously ©
§ —_— Fractured 3
-] Zones ] T
s : — > :

o ] HQ" Inject ??W W
Detail “A™ «—"“HQ" Injector Unfractured . Sce
g Solt —¥: =t \_{ N~ " Denitva”
v << )
o e
Before Fracture After Fracture After Fracture
(Diffusion Controlled) (Convection and Diffusion Controlled) Existi Before Ffac(ure
sting
Discontinulies Detail “A”
typical
Detail “A” (Urpleah Effect of Fracturing
Vapor movement ) on Rock Discontinuities
in Soil Microstructure ‘;'i’:"l':"

Joint Filling

SOURCE: SCHURING AND CHAN, 1992

Partially Aperture
_ Cleared Widened
FIGURE 1

PNEUMATIC FRACTURING CONCEPT

ROOSEVELT ROADS U.S. NAVAL STATION -
TOW WAY FUEL FACILITY, CEIBA, PUERTO RICO °

mgiaren’
art .

DRWN: S.F.H.

CHK'D: T.K.

SCALE: AS SHOWN

DATE: 10/27/99




Conventional Recovery Well

-

77777777707 777070117777

CTTT777777777 777 7 7

IR

Extended Radius Well

TTT777777 777 /7 1p7 01177777

/ 77777 7

————— v
e
\’4 -

Sand NE=
Pack \ E h

— H e 2

Proppant/Conductive Lenses > =R=—1
C E | -] 1
=1 - {
rl

SOURCE: GALBRAITH, 1999,

DWG: 45800803 10/27/99

FIGURE 2

CONCEPT OF CONVENTIONAL WELL
VERSUS EXTENDED WELL

ROOSEVELT ROADS U.S. NAVAL STATION -

TOW WAY FUEL FACILITY, CEIBA, PUERTO RICO

MsHeD

DRWN: S.F.H. CHK'D: T.K.

SCALE: AS SHOWN

DATE: 10/27/99




ATLANTIC OCEAN

-----

.......

»

VAYAGUEZ {ROCSEVELT ROADS

PUERTO RICO AREA OF INVESTIGATION ~
: U.S. NAVAL STATION) ]

+* PONCE

" CARRIBEAN SEA

SCALE
e s T —]
15 7.5 0 15 MILES
FIGURE 3
SITE LOCATION MAP
N ROOSEVELT ROADS U.S. NAVAL STATION -
° TOW WAY FUEL FACILITY, CEIBA, PUERTO RICO
g W E
S ®
| S
S PUERTO RiCO M ___
< DRWN: S.F.H. CHK'D: TK.
S QUAORANGLE LOCATION SCALE: AS SHOWN DATE: 10/27/99




DWG: 45800928 01/23/00

— Ny, o
\\
— T
.\\\_ T o
l\\n.,\\\'\\, o
RW1 PILOT T TN Mo
— TEST AREA \_\\
UGWO3 ; ~. ™
~ - \$ /Jfr :7\ \‘\ \\
/ / A N
7 rs "~
Lme )/ \ .
A \ / f** \ ~
I N s A
11{ — f-/ ) THHOZA
! o
| / /
4 F
if /s /
/] )ﬁ«;f"é" /
T
470—MWO1 d ,%é" /Qé“
7 /
4 / TN
&7MWo / ; \
/o e
/ } )Y /!
ﬂ}4?0—»«1\~n}3 UGW1 4 4 AN - -

PW6 PILOT
TEST AREA

< A 3
2]

~~ P

iFHaG

e WP

34

UGW23
.Q

N
W E
S
LEGEND
=~ FENCE
= VEGETATION

EXISTING MONITORING WELL LOCATION

McLAREN/HART PRODUCT RECOVERY
WELL LOCATION

i# TERRAVAC PRODUCT RECOVERY
WELL LOCATION

( B APPROXIMATE LOCATION OF
~ PILOT TEST AREAS

SCALE
e —
80 40 g 80 FEET
FIGURE 4

SITE PLAN SHOWING PROPOSED LOCATION OF
PILOT TEST AREAS

ROOSEVELT RCADS U.S. NAVAL STATION —
TOW WAY FUEL FACILITY, CEIBA, PUERTO RICG

DRWHN: S.F.H.

CHK'D: T.K.

SCALE: AS SHOWN

DATE: 01,/23/00




DWG: 45800820 01/23/00

DP-31A
®
W E
S
~.
_" \I\\
P A
//*'"/_/:
UGWO3 / A
f :
STV % / //
MH-SB-2 Wy
] S
/ LEGEND
_ /7 4  EXISTING WELL LOCATION
w1 S M McLAREN/HART PRODUCT RECOVERY WELL LOCATION
TS 7 ®  MCLAREN/HART SOIL BORING LOCATION
MTMW -2
&
A2 '
L4
& rwi kd
EATIY 4 MH-SB-8 X
. £ 1
MH—SB—-5 | P
(CLUSTER) ® S/ |
Fa S e i
i e
Lof
)r!' . J/’
MH—SB—7 e SCALE
. /) Vi —— e —
s 10 5 o 10 FEET
. .
MH-SB-86
(CLUSTER)
FIGURE &
SOIL BORING LOCATIONS IN RW1 AREA
ROOSEVELT ROADS U.S. NAVAL STATION —
S/ TOW WaAY FUEL FACILITY, CEIBA, PUERTO RICO
. /:;
oy ®
\{I{//’.‘ %cLaren
T A \ a? INC,
s DRWH: S.F.H. CHK'D: T.K.
SCALE: AS SHOWN DATE: 01/23/00




WG, 45800949 01/23/00

s ™ P i :
T g gt T N Y oy ; ;
T By e \‘\ S } ], i
P -~ R i 1 A" /

~——_
—— e N
—— e
— T
“-\\ T~
'\\ ~_ 4 v E
., ™,
GHOS " . \_
fw~1" & /7\
MIMW-Z g -7
2 T j/ s/ \
a/ R e i \
7 L4 SLUESTER; %
( 1o88 ! i YEH-SE-6 -7
1\\ ; Q Ii '\CLLmTE;F?_!A Y ) BT
e | A -
- ! / /
S, o Y /
4 i 1 FARS
I# 7 ‘-.‘. ; { ‘% 3 ,Hci(? /
4 oo \ A ©
s TO-NWO u ‘\\ L 5{? /Q@
Vs ¥ A A / LEGEND
p | & .
7 \._\ \\ ¥ / ) e \\ —me FENCE
FENGIA '\\ 5 / / v vyt YEGETATION
RN PR ! 85 | &  EXISTING MONITORING WELL LOCATION
1
AR 4 P, 5 S & McLAREN/HART PRODUCT RECOVERY
AT WELL LOCATION
k4 & TERRAVAC PRODUCT RECOVERY
WELL LOCATION
* McLAREN,/HART SOIL BORING LOCATION
— CROSS—SECTION LOCATION
LSEWOE
ﬁﬂ}‘i?
SCALE
e —
80 40 0 80 FEET
el el
v {Ciug 1
- | FIGURE 6

SHURTER)

GECLOGIC CROSS—SECTION LOCATION MAP

ROOSEVELT ROADS U.S. NAVAL STATION

TOW WAY FUEL FACILITY, CEIBA, PUERTO RICC

Mo
art ..

DRWN: S.F.H,

CHK'D: T.K.

SCALE: AS SHOWN

DATE: 01/23/00




DEPTH — MEAN SEA LEVEL (FT.)

/23/00

DWG: 45800831 01

('14) TIATT V38 NVAN — H130
DEPTH — MEAN SEA LEVEL (FT.)
("13) 13A3T VIS NVAN — HL1dAd

i FIGURE 7
o GEOLOGIC CROSS—-SECTIONS
LEGENG A—A" AND B—B' FOR RW1 AREA
E] SCREENED INTERVAL ROOSEVELT ROADS U.S. NAVAL STATION -
| PETROLEUM PRODUCT ZOME TOW WAY FUEL FACILITY, CEIBA, PUERTC RICO
b 4 WATER TABLE
SAND & GRAVEL MRS ®
o & T M4 M_?La_ﬁn
i arf .
! SCALE W FERT DRWN: S.FH. CHK'D- T.K.
E i SCALE: AS SHOWHN DATE: G1/23/00

~t
I




DWG: 45800932 01/23/00

3
\, \
Y i
5 \
\ ‘ T
\ h
\‘» sl\
\ ‘
\.. B
Y ! N
5
5 }
3 W E
\
."-.\ S
\ \
% i
4 § -
Y |
\I.
i
\! Y
. \
\ \ e
RAWEES b 4 4 ;
\ | \ {
* | \ \ % %
Y03 @ & ® MH-SB-3 | | { 5
iy Ie (CLUSTER) '.1 ' i e LEGEMD
| ! ’11 e FENCE
& y ‘ 1 / e VEGETATION
WS { \ i\ 4 EUSTING WELL LOCATION
i | t ‘ & TERRAVAC PRODUCT RECOVERY WELL LOCATION
| | ® McLAREN /HART SOIL BORING LOGATION
: § i
TP § i i !
R LAES 1 i B I
! i :
i ] 1
4 1 '
MH—SB—4 | ‘
& (CLUSTER) o ]
W04 H
| |
; i
f
! i
| |
MH—S8—1 -; SCALE
! - e
] i 4
! i ' [ 10 5 0 10 FEET
i !
!
i FIGURE 8
! ! : K
: : ;’;I. SOIL BORING LOCATIONS IN PWS AREA
, i | r ROOSEVELT ROADS .S, MAVAL STATION —
}' i , TOW WAY FUEL FACILITY, CEIBA, PUERTO RICO
] i x
i : f
; i : ?
Mciaren
/ 4 afrline.
{ i _
i DRWN: S.F H. CHK'D: T.K.
| ' L SCALE: AS SHOWN DATE: 01/23/00




DEPTH — MEAN SEA LEVEL (FT.)

DWG: 45800933 01/23/00

LEGEND

g SCREENED INTERVAL
] PETROLEUM PRODUCT ZONE
¥ WATER TABLE
SAND & GRAVEL

& CLAY & SILT

z

|

z

g

-15 z

@ 10

z

2

p

£ —20 a SCALES:
aned Z 5 HORIZ. 17 = 10"

VERT. 1" = 10’

25 i s - e P

SCALE IN FEE

FIGURE 9

GEOLOGIC CROSS—SECTION
C—C’ FOR PW6 AREA

ROOSEVELT ROADS U.S. NAVAL STATION —
TOW WAY FUEL FACILITY, CEIBA, PUERTO RICO

Mg

DRWN: S.F.H. CHK'D: T.K.

SCALE: AS SHOWN DATE: 01/23/00




DWG: 45800936 01/23/00

WELLS DISTANCE
TO FROM (FT)
RwW-1 PW-1 19
UGW-03 FwW-1 24
RW-1 Fw-2 21
UGW-03 FWw-2 3s N
RW-1 FW-3 8 p PP TIM
UGW-03 FW-3 H v E
RW-1 Fw-4 8
UGW-03 Fw-4 42 8
RW-1 FW-5 5
UGW-03 FW-5 35
RW-1 FW-6 17 ,
|
UGW-03 FW-6 20 !
2 s AN
4l
/{' s
244
unwe;? yavd
$ ~ I /
< i1 MH-SB-2 s
Ve 0 AN ® YAV LEGEND
vl & EXISTING WELL LOCATION
/ \ / /-/ McLAREN /HART PRODUCT RECOVERY WELL LOCATION
A1 RW1 PROPOSED S / MTMW—4 USED AS A PRODUCT RECOVERY WELL
U] \ TREATMENT AREA N, 9 McLAREN/HART SOIL BORING LOCATION
& /' J X RADIAL PNEUMATIC FRACTURE LOCATION
\M l’hg‘;-:- FW—6 %% /’ 7 . /%?J\ DIRECTIONAL PNEUMATIC FRACTURE LOCATION
I |
& ()] WELLS INSTRUMENTED DURING FRACTURING
\ i MTM:N-—Z / * SO#. BORING LOCATIOM TO BE GROUTED IN PLACE
0 s %%  LOCATION CONVERTED TO PRODUCT
R . i RECOVERY WELL AFTER FRACTURING
ﬁ.{i’i‘)‘;@_ / -  (SEE FIGURE 12 AND NOTE 6)
/ - FW—T\ ey ¢~ 1 ESTIMATED TREATMENT AREA = 850 ft°
/ — ® ,-’//f ;; N
/ -®-\FW“‘5 / \ \ /),!'_f /3
’ £ Ryt K- @ a4
n / FW—-3  MTMW-4 } WMH-~5R - i /z
* M ~538 -3 ® @ 7 /
(CLURTER oS -
k si o ‘ \ / / /,/ —
D S o -
\\\\\@_/ - 4’\"-—2 /./ / J‘-" -
\FW"4 - ; .J;,'
—_— — o /o SCALE
M-SR -7 7
S — e —
s 10 5 0 10 FEET
A _./”
>/;Y§\
A S
S ] FIGURE 10
A LAYOUT OF PRODUCT RECOVERY AND
s ;-"OQ- MONITORING WELES IN RW1 AREA
i ROOSEVELT ROADS U.S. NAVAL STATION —
Fan TOW WAY FUEL FACILITY, CEIBA, PUERTO RICO
.‘.l ) {//
‘.»" JJ.f' / ar B
\ (;.(-r 1(“’ %CLE en
D AW arl E INC.
! DRWN: S.F.H. CHK'D: T.K.
/ SCALE: AS SHOWN DATE: 01/23/00




-

PROPOSED PNEUMATIC FRACTURING/
PRODUCT RECOVERY TREATMENT ZONE

GROUND SURFACE

PNEUMATIC FRACTURING SYSTEM
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ALL FINAL DEPTHS WILL BE DETERMINED AT TIME OF INSTALLATION
BY CLIENT REPRESENTATIVE.

LOCATE BOTTOM OF FILL ZONE USING GEOPROBE (OPTIONAL).
DRILL/AUGER A 10" BOREHOLE TO 5' BELOW GRADE.

PLACE 6' X 8"¢ STEEL CASING IN BOREHOLE.
COMPLETE SETTING OF CASING AS SHOWN ON FIGURE.

24 HOURS LATER DRILL/CORE A 3.5"¢ BOREHOLE 4' PASS THE
BOTTOM OF THE PROPOSED TREATMENT ZONE.

PLACE A 36" X 2 1/2" 1.D. SCHEDULE 40 PVE PIPE IN BOREHOLE
TO KEEP IT OPEN,

INSTALL SURFACE COMPLETION AS DIRECTED BY CLIENT REPRESENTATIVE.

| FIGURE 11

beonnremd

DETAILS FOR TYPICAL PNEUMATIC FRACTURE
OPEN BOREHOLE WELL (FW—#)
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PROPOSED PNEUMATIC FRACTURING/
PRODUCT RECOVERY TREATMENT ZONE
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AFTER PNEUMATIC FRACTURING CONVERT TO A PRODUCT RECQVERY
WELL BY PLACING A 20" X 2 1/2 1.D. NOMINAL SCH. 40 PVC SCREEN
(20 SLOT), WITH 16" PVC RISER IN OPEN BOREHOLE.

FiLL ANNULUS WITH #! WELL GRAVEL.
COMPLETE WELL AS SHOWN ON FIGURE.

FIGURE 12

CONSTRUCTION DETAILS FOR COMPLETING
FW-6 AS A PRODUCT RECOVERY WELL
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PROPOSED PNEUMATIC FRACTURING/
PRODUCT RECOVERY TREATMENT ZONE
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| FIGURE 13

SCHEMATIC OF HQ INJECTOR
SET IN FRACTURE OPEN BOREHOLE

ROOSEVELT ROADS U.S. NAVAL STATION -
TOW WAY FUEL FACILITY, CEIBA, PUERTO RICO

M

DRWN: S.F.H. CHK’'D: T.K.

SCALE: AS SHOWN DATE: 01/23/00
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PROPOSED PNEUMATIC FRACTURING/
PRODUCT RECOVERY TREATMENT ZOMNE
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FIGURE 15

CONSTRUCTION DETAILS FOR ERW-—1
AL Cpl_s;\El/?qLT %%%T;éEVKlIIT_knsE DETERMINED AT TIME OF INSTALLATION BEFORE INSTALLATION OF PROPPANT

LOCATE BOTTOM OF FILL ZONE USING GEOPROBE (OPTIOMAL). ROOSEVELT ROADS U.S. NAVAL STATION —

DRILL/AUGER A 10"¢ BOREHOLE TO 5' BELOW GRADE. TOW WAY FUEL FACILITY, CEIBA. PUERTO RICO
PLACE 6" X 6"¢ STEEL CASING IN BOREHOLE. e
COMPLETE SETTING OF CASING AS SHOWN ON FIGURE.

®
24 HOURS (ATER DRILL/CORE A 3.5 BOREHOLE 4' PASS THE CLG"'
BOTTOM OF THE PROPOSED TREATMENT ZONE. \
PLACE A 36" X 2 1/2" |.D. SCHEDULE 40 PVE PIPE IN BOREMOLE A _ a? INC.
TO KEEP IT OPEN. .

INSTALL SURFACE COMPLETION AS DIRECTED BY CLIENT REPRESENTATIVE. DRWN: S.F.H. CHK'D: T.K.
SCALE: AS SHOWN DATE: 01/23/00




PROPOSED PNEUMATIC FRACTURING/
PRODUCT RECOVERY TREATMENT ZONE
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NOTES FIGURE 16
CONSTRUCTION DETAILS FOR ERW-—2
L Al L ETERMI E OF INSTALLATION
1) Ak S DEFTHS WL BE DETERMINED AT T ALLaTI BEFORE INSTALLATION OF PROPPANT
7) LOCATE BOTTOM OF FILL ZONE USING GEOPROBE (OPTIONAL). ROOSEVELT ROADS U.S. NAVAL STATION —
3)  DRILL/AUGER A 12"¢ BOREHOLE TO 5 BELOW GRADE. TOW WAY FUEL FACILITY CEIBA, PUERTO RICO
.§ 4) PLACE 6 X 8"@¢ STEEL CASING IN BQREHOLE. e
<] COMPLETE SETTING OF CASING AS SHOWN ON FIGURE. ®
= 3 24 HOURS LATER DRILL/CORE A 3.5"¢ BOREHOLE 4° PASS THE
: ) BOTTOM OF THE F’ROPOéED TREATMENT ZONE, CLarﬂJ
> 6) PLACE A 36' X 2 1/2" 1.D. SCHEDULE 40 PVE PIPE iN BOREMOLE a?E/NC.
g TO KEEP 1T OPEN, L _ .
2 7) INSTALL SURFACE COMPLETIOM AS DIRECTED BY GLIENT REPRESENTATIVE. DRWN: S.F.H. CHK'D: T.K,
g SCALE: AS SHOWN DATE: 01/23/00
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PROPOSED PMNEUMATIC FRACTURING/
PRODUCT RECOVERY TREATMENT ZONE
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DWG: 45800941 01/23/00

AFTER PNEUMATIC FRACTURING AND INSTALLATION OF PROPPANT AT
ERW-2 LOCATION, CONVERT TO A FRODUCT RECOVERY WELL BY PLACING
A 20" X 2 1/2 1.D. NOMINAL SCH. 40 PVC SCREEN (20 SLOT), WITH
16" PVC RISER IN OPEN BOREHOLE.

COMPLETE WELL AS SHOWN OM FIGURE.
HYDRATE BENTONITE CHIPS IN 3" LIFTS.

L FIGURE 17

CONSTRUCTION DETAILS FOR CONVERTING ERW—1_.
TO AN ENHANCED PRODUCT RECOVERY WELL |

ROOSEVELT ROADS U.S. NAVAL STATION —
TOW WAY FUEL FACILITY, CEIBA, PUERTO RICO

- B

DRWN: 3.F.H, CHK'D: T.K.
SCALE: AS SHOWN DATE: 01/23/00
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BLS
i FIGURE 18
CONSTRUCTION DETAILS FOR CONVERTING ERW-2
NOTES TO AN ENHANCED PRODUCT RECOVERY WELL
1) AFTER PNEUMATIC FRACTURING AND INSTALLATION OF PROPPANT AT ROOSEVELT ROADS U.S. NAVAL STATION —
gﬁ\gw& (L)%CAFT&NR.E_CONVERT TO A PRODUCT RECOVERY WELL AS TOW WAY FUEL FACILITY. CEIBA. PUERTO RICO

2) DRILL A 8"¢ BOREHOLE USING 4 1/2"® HOLLOW STEM AUGERS. eSS

3) INSTALL 4" PVC WELL AS SHOWN ON FIGURE.
4)  DEVELOP WELL USING SURGE BLOCK.

DRWN: S.FH. CHK'D: T.K.
SCALE: A3 SHOWN DATE: 01/23/00
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FIGURE 19

SCHEMATIC OF PRODUCT RECOVERY SYSTEM

ROOSEVELT ROADS U.S. NAVAL STATION —
TOW WAY FUEL FACILITY, CEIBA, PUERTC RICO
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L FIGURE 20

SITE PLAN SHOWING TEMPORARY FACILITIES

ROCSEVELT ROADS U.S. NAVAL STATION —
TOW WaAY FUEL FACILITY, CEIBA, PUERTO RICO
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DRWM: S.F.H. CHK'D: T.K.

SCALE: AS SHOWN DATE: 01/23/00
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ROCSEVELT ROADS U.S. NAVAL STATION —
TOW WAY FUEL FACILITY, CEIBA, PUERTO RICO
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Response to Comments Page 1
December 20, 1999

1.

Response to Comments Submitted by
Mark Kimes, Baker Environmental
Via E-mail, December 3, 1999

pg ES-2 line 4
What does 1bs mean?

Should read “bls” (below land surface).

pg 1-2 line 3 and 4

What characteristics are significantly different between the two pumps to warrant testing
these two pumps? (Jet pumps are used for deep well applications and pneumatic is used for
wells up to 30 feet deep or cavitation)

Two pumping systems for performance evaluation were previously identified: 1. Pneumatic
total fluids and, 2. Jet pumps. The characteristics of each of these systems plus a vacuum
pump (liquid ring type) system are presented below.

Jet Pump System

Jet pumps utilize water (Q1) and a venturi/ejector system contained in the well to remove
groundwater from water bearing formation (Q2). QI is supplied from an initial storage of
water to start the operation of the jet pumps system. Upon starting of the system, Q1+Q2 are
introduced to the system discharge tank for re-use for (1 and re-circulation into the jet
pump system. The excess water collected, Q2, in this case, will be directed to an on-site
treatment facility to process the collected groundwater and the free phase product.

A disadvantage to a jet pump system in this application is the re-circulation of contaminated
groundwater and free phase product for the supply to the jet pump system Q1. This may
cause emulsification of the free phase product causing problems with separation of this
product during the treatment of the contaminated groundwater.

An advantage of a jet pump system is the unit cost per jet pump is significantly less than a
deep well system with individual pumping units. Jet pumps systems consist of relatively
inexpensive pumping equipment for each recovery wells with one (I) common pumping
station to operate the jet pump system. Also, jet pump systems may be used in deep
applications for the collection of groundwater and free phase product.

Pneumatic Total Fluids Systems

A pneumatic pumping system utilizes compressed air for the driving force to remove
groundwater from recovery wells. Pneumatic pumping system must have a clean dry source
of compressed air to operate the individual pumping equipment in each recovery well.

y\92583; p pone}




Response to Comments Page 2
December 29, 1999

Disadvantages to a pneumatic pumping system is the cost for the installation a compressed
air source (typically an air compressor) and a compressed air delivery system to each
recovery point. Also, pneumatic pumps require frequent maintenance when there is a high
concentration of dissolved metals (iron, manganese) in the groundwater.

Advantages 1o a pneumatic pumping system is that is a reliable method of total fluids
collection in groundwater recovery systems. Most pneumatic pumps do not cause
emulsification of collected free phase product thus, not complicating the separation process
of free phase product and groundwater in treatment systems. Furthermore, similar to jet
pump systems, pneumatic collection systems may be used in deep applications for the
collection of groundwater and free phase product.

Vacuum Pump System

This system uses a central located vacuum pump system to remove floating product, water
and vapors from the well. The system is comprised of a suction pipe network. an air/water
separator vacuum pump, and a discharge pump. The vacuum pump is an oil-free liquid ring
pump capable of operating at a wide range of vacuum conditions (5 — 25" Hg). Fluid
removal is assisted by a drop tube, which extends into the well. Groundwater draw down
and removal is controlled by adjusting the vacuum and position of the drop tube in the well.

The primary advantage of the vacuum system is that a vacuum is applied to the well to
enhance the mobility of product toward the well. The system can also be operated to remove
vapors from the soil surrounding the well.

Disadvantages of the vacuum system are the relatively high capital cost for full-scale
implementation and potential emulsification of free phase product.

Due to site restrictions, time and monetary constraints, we are limited to evaluating two
types of pumping systems with respect to the pneumatic fracture technology. McLaren\Hart
recommends evaluating the Pneumatic total fluids pump system and a vacuum (liquid ring
pump) system. While the Jet pumps system may be selected for full-scale implementation at
the site, it's operational characteristics fall between the pneumatic total fluids pump and the
vacuum pump systems. The vacuum pump system offers a wider range of operating pressure
(vacuum) than the Jet pump system. The operational characteristics of the jet pumps system
can be duplicated operating by the high vacuum system at lower vacuum pressures. In
addition, the existing discriminating skimmer pump system will be further evaluated with the
proposed recovery trench.

3. pg1-2line 16
Recovery rates are extremely low, which means a "longer" pump test to get adequate results.
Why do a short duration pump test?

The short duration pump test was proposed as a mechanism to compare hydraulic
parameters with existing information and to compare this data before and after fracturing.

Gl N 583 lan\respom3
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They were originally intended to be used to obtain test plot-specific hydraulic parameters.
Data available indicates that hydraulic conductivity is low and, therefore, it was felt that a
short-duration test would stabilize quickly, thus allowing calculation of hydraulic
parameters. Based on the data collected after fracturing, these pumps would be utilized in
longer-term pumping/evaluation testing. (i.e. see Section 4.6.2 and 4.6.3 of the workplan for
details).

The suggestion of a longer baseline will be more conclusive in terms of product recovery. It
will, however, add to the cost of the pilot test. The proposed duration of the pump tesls is
intended to serve as a basis for the evaluation program. During the testing program the task
leader will make the field calls and decisions with regards to achieving the respective task
objectives. A more detailed baseline workplan is being developed which will provide
additional information on "longer" pump tests.

4. pg2-2 line 21

Have we measured permeability at this location? If not, we should do this prior to PF to geta
baseline.

The hydrogeologic information was reported from the Quarterly Summary Progress Report
Number 8, dated February 26, 1999. Hydraulic information collected from the pumping tests
(pre and post-fracture) will be used to calculate the hydraulic conductivity of the formation.

5. pg2-3 line 21

Why not do a total fluids recovery performance test before PF? This is much more cost
effective and should recover more product than existing single phase. You shouldn't have to
PF yet.

Total fluid recovery tests are planned as part of the pilot test. They will be performed before
and after pneumatic fracturing as a basis to evaluate the effectiveness of fracturing in
enhancing product recovery.

6. pg2-3line 24

Where are the engineering design calculations and assumptions used in the PF Model? 1
believe we should see these before proceeding forward to double check assumptions.

Refer to Section 3.4 of the Workplan for the basis of the PF Model Evaluation. Additionally,
an abstract and overview of the model is included as Attachment | to these Responses; they
will also be incorporated as an Appendix to the Workplan. The model is based upon a
mathematical description of the pneumatic fracturing process. Input data primarily consists
of soil type and depth. At this point, geotechnical analysis of site-specific soil samples is
being conducted to further refine the model.
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7.

10.

11.

pg 2-3 line 27

What data? What parameters? We have no information on the model or data ranges that go
into the model. No reference is made to the scientific validity of the model.

Site-specific engineering design data is not model specific. The design data referred to in
this objective include hydraulic data, effective radius of influences, drawdown, optimum
pumping rates, elc. ¥

pg 2-3 line 29

How long do we need to have system down to reach equilibrium?

McLaren/Hart recommends that potentiometric levels be monitored for 24 hrs. to establish a
baseline trend for the pilot test area.

pg 3-3 line 9

What is meant by piezometric surface? Is this the same as potentiometric? Or oil/ water
interface?

Piezometric surface and potentiometric are the same.

pg 3-5 line 6 thru 9

How long should these pressures and scfms be maintained? Do you plan to truly pressurize
the formation and hold it for a given time while adjusting flow rate or do you plan to "jet in"
the fractures with a blast of pressurized air?

The actual process of fracturing involves several steps. The first involves pressurizing an
isolated section of a borehole. Once the formation ruptures. high velocity gas is used to
propagate the fractures radially outward from the borehole. The final component of the
Jracturing process involves achieving a condition where the rate of injected gas is equal to
the rate of fracture "leak-off". At that point, fractures will not propagate any further and the
Jfracturing process stops.

Pressures and flows during the fracturing process will be maintained for approximately 10 to
30 seconds. The duration of the fracture cycle is a function of depth and the type of geologic
media and will be regulated and optimized by the fracture technician, based on experience
and by utilizing knowledge gained at the site. Included as Attachment 2 is a detailed
description of the Methodology of Pneumatic Fracturing.

pg 3-8 line 9

It is unclear why an inert media is not being used to hold the "fractures" open. After
sufficient pressure is applied to the formation, a fracture is created. Once the pressure is
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12.

13.

released, the formation will attempt to return to its pre-fracture state. You identify
"maintenance pressure” to keep the fractures open. How will you keep the fractures from
closing when pressure is released to place recovery equipment down hole?

The use of an inert media (proppant) is a proven technology in the petroleum industry for the
enhancement of product recovery from a formation. The primary difference between the
petroleum industry application and our application is the depth of treatment and the type of
Sfracture propagation fluid (i.e., liquid compared to gas in the PF applications). In the
petroleum industry the in situ stresses at the depth (ie., >1000 ft) of treatment are
significantly greater and fractures tend to close more readily because of the depth of the
overburden. In shallower applications, fracture closure is less dependent on the depth of
treatment and more dependent on the swelling capacity of the soils (i.e., expansive or non-
expansive clays) being mreated.

Based on our preliminary evaluation of the soils, it is our opinion that the soils would not
benefit significantly by the addition of an inert media to propagate the fractures. This
opinion is being confirmed by geotechnical analysis (i.e. Atterburg limits, mineralogical
testing) of soils collected from the site.

At the time of writing this response, the preliminary results of the geotechnical analysis show
evidence of expansive clays. The need for an inert media is being evaluated and a
recommendation to the Roosevelt Roads Technical Team will be made.

pg 3-11 line 6

Will the sump include a total fluid pump or product only? Why aren't you pilot testing
different recovery scenarios (i.¢. total fluid pump vs. skimmer pump)?

The recovery trench sump will be fitted with a discriminating skimmer type pump previously
used at the site. The proposed recovery trench is located along the utilitv corridor adjacent
to Forestall Drive. Based on free product measurements and geologic conditions, it is
concluded that product migration is confined to a narrow path near the utilities bounded by
the bedrock surface and dense soil beneath Forestall Drive. The trench will be constructed
to intercept the utility trenches and will extend from the Forestall Drive on the South to the
toe of the rock slope on the North. It is anticipated that free phase product intercepted by the
trench will flow readily into the sump and draw down of the water surfacewill not be
necessary to enhance product recovery at this location.

pg 3-11 line 21
Figure?
Should read “Figure 17"
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14. pg 3-14 line 14 thru 23

15.

16.

17.

18.

Since recovery of free product has been relatively low, has there been any consideration to
determine the volume of free product necessary to fill "new" recovery piping before it
reaches the recovery area?

Yes. The internal diameters of the various piping sections will be known and volume
determinations will be made as necessary. Other options for product accounting may
include: pumping into a container (i.e., 35-gallon drum in the vicinity of the well and then
transferring the fluid to the recovery system. The field project team will make the necessary
field decisions to account for various performance scenarios.

pg 4-1 after line 13

Again. short duration pump test may not be justified since the recovery rate is extremely
slow. Are there contingencies to deal with the anticipated low flow rate and subsequent slow
recovery?

Short duration pump tests were proposed to confirm existing hydraulic information and to
establish a basis for pre- and post-fracture performance evaluations.

pg 4-2 line 28

What is meant by no proppant needed? Previously you identify the need for a "maintenance
pressure” to keep apertures open.

The term "maintenance pressure" is used to refer to a specific component of the fracturing
process. As mentioned previously, a typical pneumatic fracturing event contains several
steps. Maintenance pressure refers to the period after the initial rupture of the formation,
when high flows of gas are used to maintain and migrate the fracture radially from the well.
This time period can be fairly short (i.e.. 10 to 30 seconds). Once the fracturing process is
complete, the aperture of the fracture is maintained by the self-propping nature of fractured
soil.

pg 4-3 line 28 thru 33

Does this mean RW-1 is 24 feet below mean sea level?

Lines 31 and 32 of page 4-3 should read “The difference in elevation between the two areas
is approximately 6 feet, with the RW-1 area approximately 6 feet higher than the PW-6 area.
PW-6 is approximately 16 feet”

pg 4-4 line 7 thru 13

If you have to maintain pressure after PF, then how much of the aperture will close when
pressure on the formation is released to install recovery pumps and piping?
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19,

21.

Pressure is not used to "maintain” the fracture after an actual fracturing event. Experience
at over 30 sites throughout the US and Canada has show that, after the fracture event (10 to
30 seconds), there is a slight reduction in fracture apertures, but they do not close. Extensive
research has shown that the self-propping aspect of the soil maintains a fracture aperture.

pg 4-7

Are you putting the formation under pressure, as measured at the well head or within packer,
or are you "jetting’ with high pressure through a nozzle?

See the answer to Question 11. A high pressure "jetting" nozzle is not used.

. pg 4-7 line 22 thru 31

What is the well screen tension rating? I am concemed about collapsing the screen with
unknown hydraulic force applied to drill stem. How do you prevent this from happening?
You also do not leave enough space to cement annulus near surface, however you show this
in your diagrams. Which is correct? If you plan to leave enough room to cement, then why
not overdrill the hole to fit drill stem and then backfill with sand then cement about PF zone?

This paragraph refers to the installation procedure for the Pneumatic Fracture/Product
Recovery Well (FW-1). See Figure 13 of the Workplan for well construction details and
installation notes.

The proposed well is of steel construction and will not collapse from installation or
operational procedures. Because of the need for flexibility in performance of the well, the
design allows for raising the screen and riser so that unfractured zones of the formation can
be fractured if required. The flexibility of moving the screen and riser negates the need for a
cement grout annulus.

pg 4-8 line 13

How short is short? How many hours do you plan to run the pump test with extremely low,
anticipated flow rates?

In the baseline testing program described in Section 4.3.2 of the Workplan, the program
recommend conducting a step test in each of the product recovery wells (existing and new),
in each test plot. Next a pump test would be conducted at each well for approximately 4
hours. The purpose of this program is to evaluate the change in hydraulic properties due to
the Pneumatic Fracturing enhancement program. (See Table 5 of the Workplan for a
summary of the pumping test procedures.)

A second component of the evaluation was to monitor product rates/recovery from the wells
using bailing techniques, before and after fracturing. This would then be complemented by
the pumping test total fluids evaluation. This program is designed to evaluate Preumatic
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22

23.

24,

25.

Fracturing before and after fracturing. See Table 4 of the Workplan for a summary of the
proposed product recovery evaluation.

Based upon additional comments, the baseline-testing program has been expanded to 30
days in order to test two types of pumps and to allow longer times to obtain product recovery
information.

. pg 4-9 line 29 thru 30

Do you plan to pressurize the formation, as measured at the wellhead or within packer, or are
you "jetting" in the fractures with a high pressure nozzle?

See the answer to question 11.

pg 4-18 line 14 thru 20

The outcome of the comparison between current product only system and a total fluids
system (post PF) will be obvious. How do you plan to differentiate recovery data to
determine effects from PF as opposed to PF combined with total fluid recovery?

The pilot test is designed such that the effects of Pneumatic Fracturing can be differentiated

from a total fluids recovery system. This will be achieved by conducting baseline testing of
hydraulic properties and product recovery rates in the test plots. After the formation is
Jfractured, these parameters will be re-evaluated. Any change in performance of the wells,
and hydraulic properties in the treatment area will be attributed to the Pneumatic Fracturing
enhancement program.

pg 4-18 line 28

What significant differences exist between these two pumps would warrant a test between
them?

A pilot test for these two types of pumping systems would be warranted to determine the level
of emulsification of free product that occurs during the recovery process. This test will
determine if product separation will be possible after free phase product is
collected/processed (possibly several times) through the jet pump system. Typically, with
diaphragm pumping systems typically utilized in pneumatic pumping systems, emulsification
of the free phase product is not a problem.

pg 5-2 line 22

How are you going to overcome the collapse of the apertures during retrofitting of pumps?

As described in the response to questions 10 and 11, there is no need to respond to a
"collapse of the apertures", because once a fracture is created in the geologic formation and
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a product recovery pumping system is implemented (i.e., <1 week), the movement of the fluid
through the fractures will cause development of the fractures. However, if the soils at the
site have a high percentage of expansive minerals, the longevity of the fractures can diminish
with time, and from a lack of fluid moving through them. The pilot test is designed to answer
these questions.

. Figure 7

Should the depths on the "Y-axis" be referenced as below mean sea level instead of below
ground surface?

Yes.
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Response to Comments and Recommendations
Submitted by Booz-Allen & Hamilton, Inc.
December 6, 1999

Section 3.9 Recovery Trench

1. Soils removed from trench excavation will be wet. The screening and loading area for this
soil should be contained to prevent any contaminated groundwater or product contained in
the soils from infiltrating into the ground or reaching surface water drainage areas.

Wet soils removed from the trench will be staged adjacent to Forestall Drive near the
trench. The soil stockpile will be constructed in accordance with the details provided in the
approved Work Plan (August 16, 1996) for construction of the existing product recovery
system. The stockpile will be lined and covered during off hours. Excess water from the
soil stockpile will be collected and treated in the temporary on-site treatment system

2. The Draft Work Plan does not specify what type of instrument is to be used to screen the
soils, what the instrument screening level will be, and how it will be determined and
correlated to a TPH value in soil. These items should be defined. It is anticipated that the
instrument used would be either a Flame Ionization Detector (FID) or Photo Ionization
Detector (PID). A concern is that portable instruments generally do not provide the
accuracy of laboratory analysis. Thus the readings obtained from these instruments may not
accurately reflect the true level of petroleum hydrocarbon content. Additionally. field PIDs
and FIDs are generally only capable of detecting volatile components. If the petroleum at
the site is less volatile in nature, such as diesel fuel, the instrument may not detect the
presence of petroleum hydrocarbons in soil. Therefore, use of these instruments for final
determination of clean versus contaminated soil may not be appropriate without some
method of correlating the instrument readings to laboratory measured values.

Either a Flame ionization Detector (FID) or Photo Ionization Detector (PID) will be used
along with visual observations to screen soils removed from the trench. This screening will
be used to determine if the soil is to be placed in the clean soil stockpile or the potentially
contaminated soil stockpile. Any observed PID or FID reading above background will be
reason to place the soil in the potentially contaminated stockpile. The trench will be
excavated in relatively horizontal lifts. Once contaminated soil is encountered in any portion
of the trench excavation. all soil removed from the trench from that point on will be
considered potentially contaminated. Upon completion of the trench, composite soil samples
of each stockpile will be collected and characterized for final disposition.

3. The Draft Work Plan indicates that soil removed from the trench area will be segregated
based on field screening and that soil contaminated with less than 100 ppm TPH will be
used as backfill. The Draft Work Plan indicates that only the soil stockpile with field
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screening results exceeding 100 ppm will be sampled and laboratory analyzed. It is
suggested that both soil piles (clean and dirty) be laboratory analyzed to verify sensitivity
and accuracy of the field screening instrument as well as the levels of petroleum
contamination and other constituents prior to disposal or use as backfill.

See previous response

4. The Draft Work Plan calls for the interceptor trench to be constructed under or adjacent to
utility conduits along the roadway. Hydraulic connection between the recovery trench and
the utility conduits should be avoided, and as much distance as possible placed between
them.

Alternatively, the downgradient side of the trench could be lined with an impermeable
barrier. If the recovery trench is hydraulically connected to the utility trench, the utility
trench could act as a conduit for further migration of the LNAPL. These measures will help
prevent the possible migration of LNAPL into and through the utility trench.

Selection of the recovery trench location was based on intercepting free product migrating
along the utility corridor. Migration of free product is likely aided by the more permeable
material comprising the utility trenches. Avoiding a hydraulic connection between the utility
trench and the recovery trench would defeat the purpose of the recovery trench installed at
this location.

Installation of an impermeable lining on the down gradient side of the trench will be
considered. However, the effectiveness of the barrier will be limited due to the configuration
of the recovery trench. Due to physical constraints the site, the trench will only be from 4 to
6 feet wide. Flow distances around the impermeable barrier would be relatively short thus
minimizing the effect of the barrier.

5. If the migration of dissolved phase hydrocarbons is a concern for the site, the recovery
trench should include active groundwater pumping for gradient control.

Migration of dissolved phase Hydrocarbons is not addressed with the Recovery Trench. In
addition, it is difficult to excavate the trench below the groundwater level, thus limiting the
amount of draw down available.

6. The Draft Work Plan calls for Level B utility location to be performed prior to excavation of
the recovery trench. This term should be defined.

A level B utility location survey will be used to determine the approximate horizontal
location of existing buried utilities. Plan review and nonintrusive field locating methods are
employed such as electromagnetic, conductivity, etc. The utility survey will be further
described in the Revised Work Plan
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Section 4.0 Pilot Test Program

1.

The Draft Work Plan states that the existing recovery system will be turned off prior to pilot
testing to allow the subsurface to equilibrate prior to the test. However, the amount of time
of equilibration and the rationale for it is not presented. Therefore, it is not possible to
evaluate whether adequate time has been allowed for the aquifer to equilibrate. Allowing
the aquifer to equilibrate before the test will ensure, to the extent possible, that aquifer
changes observed during the test are the result of pumping influences and not recharge
influences.

We agree with the comment. Based on a review of the hydrogeologic information available
and results from the pumping test conducted at recovery well PW-06, the specific yield of
the formation is very low. To evaluate the benefit of the Pneumatic Fracturing program,
several criteria will be used. They include changes in hydraulic properties, changes in
product recovery rates/bailing and short duration pump tests, long term pump/product
recovery evaluations. The difference in trends between pre- and post-testing evaluations
will be used as Pneumatic Fracturing enhancement performance criteria.

The use of a proppant is a widely accepted practice in the petroleum industry and has been
shown to improve the long-term stability of fractures and consequently the long-term
performance of the recovery systems in general. Given the number of different recovery
well configuration techniques that have been chosen for testing, it is unclear why it has been
decided not to test the construction of a recovery well with a proppant. Using a proppant
increases the costs for the technology and may not be warranted based on the geologic
conditions. However, without a well constructed with a proppant for comparison, the
assumption that use of a proppant is not necessary, or provides no benefit, is difficult to
prove. Since the Draft Work Plan proposes to convert two existing monitoring wells to
recovery wells with identical construction (PF/RW-1, PF/RW-2), perhaps one of these could
be fractured and proppant installed to evaluate this technique.

See answer to question #11 in previous section. McLaren/Hart agrees that it is difficult to
negate the benefits of a proppant without testing this option. In developing the program and
the various test scenarios to be evaluated (i.e., total fluid system, types of total fluid pumps,
Pneumatic Fracturing well types, etc.) and based on the geologic information available at
the time of workplan preparation, McLaren/Hart believes that enhancement of the formation
could be achieved, with or without the use of a proppant, if the formation is pneumatically
fractured. The longevity of the fracture system will be determined by the long term test
program since longevity is a function of the mineralogy of the soil type (i.e., expansive soils
"heal” quicker compared to granular soils) and the aggressiveness of the recovery system.

Section 4.3.1 references Table 2 as containing the construction details for the recovery and
monitoring wells. It appears that the reference should be changed to Table 3, which
contains the well construction details.

That is correct.

V92583 2vworkplan\reepons3




Response to Comments Page 13
December 29, 1999

4.

It is suggested that the well reference PF/RW-1 be changed (renamed) to avoid any future
confusion with the existing recovery well RW-1. Proposed well PF/RW-2 should be
similarly renamed for consistency.

PF/RW-1 and PF/RW-2 will be renamed to PF/RW-9 and PF/RW-10 respectively.

In general, the methodology for the pre-and post-fracture product recovery and short term
pump testing appears to be sufficient, but the procedures and duration of the tests are
unclear as presented in the text. Section 4.3.2 states that the pre-fracturing product recovery
evaluation will be performed for 5 days prior to the fracturing program. while Table 4
indicates the testing will take place over 7 to 14 days. This section also states that following
the short-term pilot test, a longer term pilot test will be performed until equilibrium
conditions are achieved. However, this test and the purpose for it is not described. It is
assumed that adequate time will be taken between tests to allow the aquifer to stabilize in
order to prevent recharge affects from one test impacting data collected during the next test.

Section 4.3.2 provides an outline of the proposed Baseline Test program. Tables 4 and 5 of
the Workplan are presented to support the proposed program.

As proposed in Table 4, the pre- and post-fracture product recovery evaluation includes
shutting down recovery wells RW-1 and PW-06 and monitoring product recovery rates from
strategic wells in both test plots to determine product removal and product recovery rates.
The objective will be to conduct this test for 7 to 14 days before and afier fracturing
depending on the performance of the system and the timelines of the pilot test program.

This test would also be complemented with the short duration pump test. The duration of
this test is summarized in Table 5. The primary objective of this program is to determine the

change in hydraulic properties before and after fracturing in the test plots. First, a step test
will be performed in each test well and the data used to design a 4-hour pump test. It is
anticipated that each well will require | day of testing. To complete each test plot,

including set-up time 5 days estimated are estimated.

Contingency plans should be made to contain any groundwater and/or product that may be
expelied from the monitoring wells during the test to prevent such spills from impacting any
receptors. Given the shallow depth to groundwater, it is conceivable that the fracture
injections could force water and product out of nearby wells if they are not very tightly
secured. This occurrence has been observed during similar PF tests at other locations.

McLaren/Hart agrees that 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. See Figures 10 and 15 of the Workplan for well
locations to be instrumented, and Table 3 lists the wells in each test plot and the materials
of construction/notes.
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McLaren/Hart will have the ability to attach hoses to the top of wells, such that discharge is
routed to a drum. For fracture boreholes, McLaren/Hart proposes to evacuate these
boreholes prior to fracture injections and/or to place sandbags on top of the boreholes, if
necessary. McLaren/Hart is experienced in this type of response and will be prepared with
a redundancy program as described above.

7. The pilot testing in Area PW-6 will occur very close to existing structures, so the impact of
the fracturing on these structures should be monitored. The Draft Work Plan does
specifically cite the risks to nearby structures and utilities when performing PF activities,
thus the fracturing closest to the structures will be directed away from them. However, the
Draft Work Plan does not specifically mention what precautions have been taken to ensure
protection of the nearby structures, or if any utilities have been identified in the pilot test
areas. It is recommended that full utility surveys be performed (if they have not been
performed already), and that adequate precautions are taken to ensure the stability of any
utilities identified. Additionally, any basements in the structures near PW-6 should be
monitored for the presence of organic vapors. During the fracturing it is possible that
organic vapors could be forced into these spaces given the close proximity of the structures.

McLaren/Hart agrees that care should always be exercised when working near structures.
To manage the fracture program in the vicinity of the fiberglass tank, McLaren/Hart will
use the experience gained (i.e., injection pressures, flows, directional and radial fracturing
techniques, and surface heave data) in the RW-1 pilot test plot and utilize it during the
Jfracture program in the PW-6 pilot test plot. See Section 4.4.3.3 of the Workplan.

As part of the McLaren/Hart Site Health and Safety Plan, a utility identification and
clearance program will be performed. Based on preliminary information by site personnel,
there are no utilities in the RW-1 pilot test area. In the PW-6 area, the utilities have been
identified and marked off in the field The locations of the proposed fracture wells were
based on this information, and wells have been sited to minimize potential impact to the
utility. The depth of fracturing, (i.e., > 13 feet) is also well below the depth of the utilities.

8. Well construction and completion details presented in the text are confusing. It is not clear
if any of the other open bore-hole PF borings are to be converted to monitoring wells, aside
from F-1 and F-11, or if will they remain open bore holes. Furthermore, it is not clear
whether these borings are to be completed with flush mount manholes, or if will they remain
after the test is completed. This issue should be clarified.

The Workplan is intended to be a working document for the pilot testing execution team and
sections are intentionally written to be read in association with the referenced Tables and
Figures. Please refer to Sections 4.3.1 for construction details for each test plot. With
regards to F-1 and F-11, they are being converted to product recovery wells. They will be
initially drilled in the same manner as the other pneumatic fracturing boreholes and
retrofitted as product recovery wells. The other pneumatic fracturing boreholes will remain
as open boreholes. Completion of these borings will be determined by the performance of
the pilot test.
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9.

10.

11.

It appears from the Draft Work Plan that one reason for testing alternate pumps is because
the well diameters of the fracture wells are too small to accommodate a standard size pump.
This is discussed in Section 4.6.2, but the discussion is unclear on this point. If this is the
case, it 1s suggested that a larger diameter borehole be used for the fracture wells to permit
installation of a standard size 4-inch well following the fracturing. Installing 4-inch wells
would permit the installation of standard size total fluids recovery pumps and eliminate the
need to find and test an alternate pump that will fit in the 3.5-inch wells, such as the Jet
Pumps. If larger diameter holes cannot be used, there are other pumps currently available
on the market specifically designed for total-fluids product recovery that will fit in the 3.5-
inch wells. Additionally, there are dual pump systems available for small diameter wells
that may offer more precise control of the volume of water removed and would eliminate
the need for an oil water separator.

Comment noted. Pneumatic fracturing for this pilot test is limited to a maximum borehole
diameter of 4 inches. Thus, retrofitting F-1 and F-11 is limited to casings that will fit within
a 4-inch diameter borehole. A 3.5-inch diameter was chosen because it will give a "snug"
fit between the borehole and casing.

The use of Jet Pumps for product recovery presents several concerns. Typically, the inlet of
these pumps remains submerged to prevent the introduction of air into the recovered water
stream. If these are to be used to recover product, the inlet of the pumps will likely be
exposed to air as the water level in the well is drawn down in the well. This may cause two
problems:

e It may cause excessive surging and turbulence due to the suctioning of air, which
may in turn cause product to become emuisified in the water stream, making it
difficult to separate

e It may cause the oxidation of dissolved minerals, such as iron and calcium if they are
present. which will promote biological and chemical precipitation fouling of the
piping and equipment.

The only way to prevent this suctioning of air is to keep the pump inlet venturi submerged.
One way to keep the venturi submerged and still recover product would be to add some type
of liquid level controls, and to modify the pump inlet to a J-tube configuration.

Comment noted. The baseline product recovery and post-product recovery tests are being
modified to include high vacuum removal instead of a jet pump.

It is unclear from the Draft Work Plan whether the water generated during the pilot test will
be treated before being discharged to the sanitary sewer system. It is also unclear whether
any samples of this water will be collected and analyzed for treatment design parameters. If
this water is to be discharged directly to the sewer system, it is assumed that all the
appropriate authorities will be notified and permission obtained to perform this action. It is
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recommended that periodic samples of the water be collected and analyzed for design
parameters to confirm the actual discharge concentration and mass loading.

Comment noted. The water generated from the product recovery operation will pass through
a treatment process before being discharged to a 2,500 gallon holding tank. The tank will be
sampled before discharge 1o the sanitary sewer system. Base authorities will be notified and
proper permits obtained before discharge.
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1.

Response to Comments Submitted by
John Tomik, CH,M Hill, Inc.
Via E-mail
December 8§, 1999

p. 4-4.
What instruments will be used to measure radial effects of PF wells?

The primary criteria for the measurement of ROI will be drawdown during pumping tests
(i.e., short- and long-duration testing).

p.4-4

How do you differentiate the radius of influence of a single PF well from the radius of
influence of the multiple PF wells installed in the same area?

Several wells will be instrumented during fracturing. McLaren/Hart recognizes that
pressures or flows at wells are gross indicators of direction preference for fractures during a
Jfracture program (i.e., directional or radial fractures). This information in addition to
drawdown data from wells during pump testing, will be used to interpolate between wells
and to make conclusions.

McLaren/Hart recommends that a treatment strategy be implemented to enhance and
optimize a treatment zone (i.e., use of directional and radial fractures) rather than focus on
specific fractures.

. p.46

Why are we removing well MTMW-4T? Can't this well be used as a monitoring well in the
pilot test?

MTMW-4 will be removed and replaced with a four-inch diameter recovery well. The reason
that a new product recovery well will be installed is that this well shows evidence of product
in the test area and it is located near existing wells (Mantec). Also, it is in an area where
evidence of product was confirmed during the recent preliminary soil-boring program.

Several of the wells around MTMW-4 will be instrumented and used as monitoring wells (see
Figure 10 and Table 3 of the Workplan). Converting this well also allows a new well to be
strategically located and fractured for enhancement of the proposed treatment area as shown
in Figure 10.

p- 4-8 Table 5

Why is the pre-fracturing test only run for 4 hours and the post-fracturing test is run for 90 —
120 days? If we are going to compare the before and after fracturing, shouidn't the tests be
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run for the same duration? How will you demonstrate that any increase in product recovery
rates are from the pneumatic fracturing and not the use of the jet pump or pneumatic pump?

The baseline-testing program is being expanded to address these issues. It will consist of a
30-dav period where two types of product recovery pumps will be evaluated. This will
provide adequate time to develop the pre-fracturing performance information that can be
used to evaluate post-fracturing product recovery performance.

5. p4-9

You stated on p 3-5 that all the free product zones are above the water saturation zone and
the fractures will be predominantly horizontal. If this is the case, how does the fracturing
increase the mobility of the free product?

The free product zones, as observed during the reconnaissance soil boring program and
zones identified in former boring logs (i.e.. Mantec logs for RW-1 area), show that the first
evidence of moisture or water saturation occurs below the product zone for borings
established to approximately 30 feet bgs. Refer to Appendix B of the workplan to review
boring logs. However, the potentiometric surface of the groundwater or product/water
interface is above the product and first water zones identified during the boring/drilling
program. Refer to Sections 3.2.1 and 3.2.2 and Figures 7 and 9.

By fracturing the proposed treatment zone 15 — 30 feet bgs (includes unconsolidated and a
few feet below first water/saturated zone), fractures from nearby fracture boreholes will
overlap and intersect the product zones at the various elevations within the treatment depth.
By increasing the effective permeability of the targeted treatment zone and applying a
hydraulic stress to the formation, by the pumping action of the total fluids/pumping system,
the mobility of the free product would be increased.

6. p.4-9

Why 1s directional fracturing conducted? Wouldn't you maximize product recovery with
radial fractures?

To optimize the fracture programs within a test plot, McLaren/Hart recommends a
combination of directional and radial fractures. Based upon experience, if the fracture
objective is to maximize fracture propagation in a specific direction, use of a special nozzle
which is designed to focus the energy in that direction will create a longer fracture network
which is predominant in that direction. The resultant fracture geometry is more elliptical
than radial. For enhancement of existing wells and to limit the impact to buildings and
utiliries. this option will be integral to the success of the program.

7. p.4-20

Should reference to Figure 18 be changed to Figure 16? What are the specifications of the
treatment system: size of O/W separator, size and type of air stripping/carbon treatment
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systems? It appears that a temporary discharge permit is required prior to conducting the
test. How will you demonstrate that the discharge requirements (flow and water quality) will
be met prior to the test? You indicate that treatment with air stripping and carbon will be
provided "if necessary”. How and when do you determine if this treatment is required?

Yes, Figure 18 should be changed to Figure 16.

Based on past testing performed at the site, the treatment system should be sized for a
minimum of 5 GPM due to the low yields from recovery wells. Therefore, based on this
minimum flow, all treatment equipment should be sized to treat this flow rate to discharge
permit limits. This would result in a 5 GPM O/W separator; two 35-gallon drums of carbon,
and a minimum of one 500-gallon storage/discharge tank.

The base sanitary treatment plant discharge permit provides up to 999 gallons per DAY
(GPD) of additional flow. It is assumed that a temporary discharge permit will not be
necessary to conduct this test due to the fact that the treated water from this test will be
discharged to a sanitary sewer in the area, and the total discharge from the treatment system
will be limited less than 999 GPD. A permit will be necessary should average discharge
rates exceed 999 CPD. Another option will be to transport excess treated water to an off-site
wastewater trearment facility or disposal facility.

Prior to commencing the test, mass balance calculations will be performed to determine if
the treatment equipment selected for this test will be sufficient to address the levels of
anticipated contamination in the groundwater. The level of contamination in groundwater
that will be assumed in these calculations will be based on previous groundwater sampling
as well as prior pump testing perfumed at the site.

Regarding whether carbon/air stripper will be provided "if necessary". This determination
will be based on the results of previous groundwater sampling as well as prior pump testing
performed at the site.

8. p.4-20

You state that based on experience, on-site air stripping or carbon will not be required. Need
to explain how this will be resolved.

Groundwater samples from two wells in the vicinity of the proposed test plots were obtained
and analyzed for a full scan wastewater parameter list.  Results indicted that the
groundwater would meet the base Sanitary Treatment Plant influent criteria without
pretreatment. We anticipate sufficient clarification and hydrocarbon separation will be
accomplished with the sizable (2,500 gallon tank) surge tank and oil/water separator to meet
treatment plant influent criteria. Carbon vessels will be provided in the treatment string as a
contingency.
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9. Will the increase in permeability cause product from PW-6 area to migrate towards the road
or off-site faster?

There is a possibility that this condition can occur. McLaren/Hart recognizes that the
product recovery system needs to be implemented within 5 days of the treatment program.
The location of the proposed recovery wells and the fracture direction program has been
conceptualized to minimize migration outside of the proposed treatment area.

10. What effects will nitrogen have on buried utilities and buildings?

Since nitrogen is an inert material, McLaren/Hart does not believe it will have any affect on
buildings or utilities in the proposed treatment area.
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ABSTRACT
DEVELOPMENT OF A COMPUTER MODEL AND EXPERT SYSTEM |
FOR PNEUMATIC FRACTURING OF GEOLOGIC FORMATIONS
by
Brian Michael Sielski

The objective of this study was the development of a new computer program called
PF-Model to analyze pneumatic fracturing of geologic formations. Pneumatic fracturing
is an in situ remediation process that involves injecting high pressure gas into soil or rock
matrices to enhance permeability, as well as to introduce liquid and solid amendments.
PF-Model has two principal components: (1) Site Screening, which heuristically
evaluates sites with regard to process applicability; and (2) System Design, which uses
the numerical solution of a coupled algorithm to generate preliminary design parameters.

Designed as an expert system, the Site Screening component is a high
performance computer program capable of simulating human expertise within a narrow
domain. The reasoning process is controlled by the inference engine, which uses
subjective probability theory (based on Bayes’ theorem) to handle uncertainty. The
expert system also contains an extensive knowledge base of geotechnical data related to
field performance of pneumatic fracturing. The hierarchical order of importance
established for the geotechnical properties was formation type, depth, consistency/relative
density, plasticity, fracture frequency, weathering, and depth of water table.

The expert system was validated by a panel of five experts who rated selected
sites on the applicability of the three main vanants of pneumatic fracturing. Overall,

PF-Model demonstrated better than an 80% agreement with the expert panel.
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The System Design component was programmed with structured algorithms to
accomplish two main functions: (1) to estimate fracture aperture and radius (Fracture
Prediction Mode); and (2) to calibrate post-fracture Young’s modulus and pneumatic
conductivity (Calibration Mode). The Fracture Prediction Mode uses numerical analysis
to converge on a solution by considering the three coupled physical processes that affect
fracture propagation: pressure distribution, leakoff, and deflection. The Calibration Mode
regresses modulus using a modified deflection equation, and then converges on the
conductivity in a method similar to the Fracture Prediction Mode.

The System Design component was validated and calibrated for each of the 14
different geologic formation types supported by the program. Validation was done by
comparing the results of PF-Model to the original mathematical model. For the
calibration process, default values for flow rate, density, Poisson’s ratio, modulus, and
pneumatic conductivity were established by regression until the model simulated, in
general, actual site behavior.

PF-Model was programmed in Visual Basic 5.0 and features a menu driven GUI.
Three extensive default libraries are provided: probabilistic knowledge base, flownet
shape factors, and geotechnical defaults. Users can conveniently access and modify the
default libraries to reflect evolving trends and knowledge.

Recommendations for future study are included in the work.




ABOUT PF-MODEL

PF-MODEL is computer program designed to analyze pneumatic fracturing of
geologic formations. Pneumatic fracturing is an in situ remediation process that involves
injecting high-pressure gas into soil or rock matrices to enhance permeability, as well as to
introduce liquid and solid amendments. PF-Model has two principal components: (1) Site
Screening, which heuristically evaluates sites with regard to process applicability; and (2)
System Design, which uses the numerical solution of a coupled algonithm to generate
preliminary design parameters.

PF-Model was programmed in Visual Basic 5.0 and features a menu driven GUI.
The program can also be command driven if desired. Three extensive default libraries are
provided: probabilistic knowledge base, flownet shape factors, and geotechnical defaults.
Users can conveniently access and modify the default libranies to reflect evolving trends
and knowledge.

Site Screening Component

Designed as an expert system, the Site Screening component is a high performance
computer program capable of simulating human expertise within a narrow domain. The
reasoning process is controlled by the inference engine, which uses subjective probability
theory (based on Bayes’ theorem) to handle uncertainty. The expert system also contains
an extensive knowledge base of geotechnical data related to field performance of
pneumatic fracturing.  The hierarchical order of importance established for the
geotechnical properties was formation type, depth, consistency/relative density, plasticity,
fracture frequency, weathering, and depth of water table.

The expert system was validated by a panel of five experts who rated selected sites
on the applicability of the three main variants of pneumatic fracturing. Overall, PF-Model
demonstrated better than an 80% agreement with the expert panel.

Site Screening Component

The System Design component was programmed with structured algorithms to
accomplish two main functions: (1) to estimate fracture aperture and radius (Fracture
Prediction Mode); and.(2) to calibrate post-fracture Young’s modulus and pneumatic
conductivity (Calibration Mode). The Fracture Prediction Mode uses numerical analysis
to converge on a solution by considering the three coupled physical processes that affect
fracture propagation: pressure distribution, leakoff, and deflection. The Calibration Mode
regresses modulus using a modified deflection equation, and then converges on the

conductivity in a method similar to the Fracture Prediction Mode.

The System Design component was validated and calibrated for each of the 14
different geologic formation types supported by the program. Validation was done by
comparing the results of PF-Model to the original mathematical model. For the calibration
process, default values for flow rate, density, Poisson’s ratio, modulus, and pneumatic
conductivity were established by regression until the model simulated, in general, actual
site behavior.




For More Information:

PF-model makes extensive use of research on the pneumatic fracturing process performed
at the Center for Environmental Engineering and Science (CEES) at New Jersey Institute
of Technology (NJIT). To obtain more information on PF-Model, contact Dr. John
Schuning at the Department of Civil and Environmental Engineering at 973-596-5849.
For documentation on model engines, deflection solvers, solution methods, and expert
system design, the following references are helpful:

Sielski, B., Development of a Computer Model and Expert System for Pneumatic
Fracturing of Geologic Formations, Ph.D. Dissertation, Department of Civil and
Environmental Engineering, New Jersey Institute of Technology, Newark, NJ, May 1999.

Puppala, S., Fracture Propagation and Particulate Transport in Pneumatically Fractured
Geologic Formations, Ph.D. Dissertation, Department of Civil and Environmental
Engineering, New Jersey Institute of Technology, Newark, NJ, August 1998,




Pneumatic Fracturing Process
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Pneumatic fracturing is an in situ enhancement technique

that can:

e Increase pneumatic/hydraulic conductivity

formation including:
- nutrients and buffers

- inocula

Shorten diffusive distances

Improve homogeneity

Allow better gradient control

Deliver liquid or granular supplements into the

- chemically reactive media
- conductive media

- proppants
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Overview




Outline

e Overview and Objectives

e Site Screening Componentm
» System Design Component
o Validation and Calibration

e Default Libraries

e PROGRAM DEMONSTRATION

PF-MODFL . Outline
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Why an Expert System?

e Pneumatic fracturing is a narrow domain

e Knowledge is known by only a few
individuals

» Real solutions tend to be approximate and
use “rules of thumb”

PF-MODEL Site Screening Component




Geotechnical Qualifiers

Formation Type Consistency
Clay Soft
Clayey Sand Medium
Clayey Silt Stiff
Silty Clay
Relative Density
Silt Loose
Silty Sand Medium dense
Sand Dense
Sand & Gravel
Gravel Plasticity
w < PL
Shale/Siltstone PL<w<LL
Sandstone w>LL
Limestone/Dolomite
Granite/Gneiss/Schist Fracture Frequency
Basalt Widely jointed
~ Medium jointed
Depth for Rocks Closely jointed
<4ft
4-81t Weathering
>.8 ft Slightly weathered
Moderately weathered
Depth for Soils Heavily weathered )
<6ft |
6-121t Water Table
>12 ft Fracturing is above
Fracturing is below
PF-MODEL Expert System Design




PF-MODEL Expert System
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Handling Uncertainty

A mathematical extension of Bayes’ Rule modified
for expert systems was used.

For multiple evidence and multiple hypotheses:

P(EE,...E,|H;)x p(H;)

PH;|EE,...E, )= —
> P(EE,..E|H,)xpH,)

Given conditional independence:

P(H|E,E,..E, )=

P(E;|H; )x p(E,|H; )x..xp(E,|H; )x p(H;)"
Z;cnsz(E_llHk) x p(E,|H, )x..xp(E,|H,)*x p(H, )

PF-MODEL Site Screening Component




Hierarchical Order of Geotechnical Properties

e Formation type
e Depth
- - o Plasticity (soils)

¢ Relative Density/Consistency (soils)

Fracture frequency (rocks)

Weathering (rocks)

Water table

PF-MODEL Site Screening Component




Site Design Component
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Three physical processes controlling fracture
propagation:

o Préssure loss due to fluid friction

e Leakoff into the surrounding formation

e Deflection of the overburden
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Coupling the Physical Processes

Mathematical coupling of these physical
processes determines aperture and radius of a
pneumatic fracture:

25 =h'-f(Qres’"ngas’rg'a.ﬁ"r’b-’pw)

Ny

Qleak = f(‘R,pr’Kh—gas’Kv_gas,Zg Nd ,t)

b= f(R,E,u,p,,st)

PF-MODEL System Design Component




System Design Algorithm

System Design Subroutine

-1 - Model Engine Subroutine

PDF
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 System Design Algorithm

PF-MODEL System Design Component




System Design Subroutine
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Model Eggine Subroutine
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System Validation and Calibration

Site Screening:
o Test criterion
o Test cases
e Panel of expert evaluators

¢ Demonstrated better than 80% agreement

System Design:
e Calibrated to existing sites

o Default values regressed for geotechnical
and system properties

" e Approximated actual site behavior

PF-MODEL Validation & Calibration




Calibration Mode
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Default Libraries

Knowledge base (Probabilistic default library):

o allows for updates as technology evolves
and increases

Geotechnical and system default library:

e allows input of proprietary information

Flownet default library:

» allows for future expansion of array

PF-MODEL Additional Features
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2.2 Methodology of Pneumatic Fracturing

Figure 2 shows the prototype pneumatic fracturing system. The first step in applying the
pneumatic fracturing technology, consists of drilling boreholes to predetermined depths in
a selected area. The location and depths of these boreholes is determined by the
hydrogeology of the site, as well as the distribution of the contaminant.

Next, a pneumatic device known as an "HQ injector" is inserted into the borehole to
a predetermined elevation. The nozzle can be positioned at any elevation within the hole
depending on the desired number of fractures, and degree of aeration required. The seals
of the HQ injector are inflated using nitrogen gas which isolates an approximate two foot

borehole section for the injection.
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Figure 2 Prototype Pneumatic Fracturing System.




The inflation pressure of the packers is important from a fracturing efficiency and
safety perspective. It has been found that during pressurization of the interval, there is a
tendency for the pressure to force the packers away from the interval. This movement is
counteracted both by the frictional forces that exist between the seals and the borehole, as
well as the attaching rod between the two seals.

A packer friction test is conducted prior to any fracture operation to determine the
proper inflation pressure of the packer for the particular formation. For most formations
the packer is inflated to at least twice the anticipated injection pressure.

The fracturing process involves the injection of high-pressured air or other gas
through the HQ injector and into the geologic formation for a specific time period. The
pressurized air required to initiate pneumatic fractures is controlled by a pressure manifold
system. This system consists of regulators, valves, pressure gauges and a compressed air
source.

The injection pressures and flow rates are selected so that they exceed material in-
situ stresses and the permeability of the formations. The fracture initiation pressures have
been found to be relatively modest and to range below 100 psi for the soils tested and
below 200 psi for rock formations tested. To date, fracturing has been conducted at
depths ranging from 3 to 21 ft.

The response of geologic formations to pneumatic fracturing and the potential
benefits which may be derived, depend on the nature of the deposit. In fine-grained soils,
which naturally have low permeability values, pneumatic injections create conductive
channels which increase the permeability and exposed surface area of the formation.
Application of pneumatic fracturing to fine-grained soils is shown conceptually in Figure
3.

For coarse-grained soils e.g. sand and gravel, whose natural permeability is already
high, the ability to create new fractures is limited. However, the process provides a

means for rapidly aerating the formation under aerobic and anaerobic conditions. As
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indicated in Figure 4, an injection of two minutes in duration can affect a radius of up to
18 feet from the borehole.

For sedimentary rocks, such as shale and sandstone, pneumatic fracturing can enhance
formation permeability by widening the apertures of existing discontinuities and/or
clearing soil fillings from primary joints. It may also create a minor amount of new
fractures. The application of pneumatic fracturing to sedimentary rock is depicted in
Figure 5.

Although the response of different geologic conditions to pneumatic fracturing will
vary, the net effect remains the same, i.e. acceleration of the rate at which pore gases and
liquids can move through the formation. This will result in reduction of in-situ
remediation times and also extension of current technologies to more difficult geologic

conditions.



CHAPTER 4

4.1 General Approach
This section describes an original approach to predict fracture initiation pressures for
pneumatic fracturing. Consideration has been given to hydraulic fracturing theory, with
appropriate modifications to account for the uniqueness of air as an injection fluid. The
first section will begin with a qualitative assessment of fracture measurements which is
used to describe the mechanism of pneumatic fracturing. Next, an analytical model for
predicting fracture initiation pressure will be presented, followed by a regressive analysis

to establish coefficients for the proposed model.

4.2 Pneumatic Fracturing Initiation

In the development of an analytical model for pneumatic fracturing, it is first necessary to
analyze pressure-time histories of the injection process. Useful background information
was obtained from previous work done in hydraulic fracturing, since it was observed that
pressure-time histories in pneumatic fracturing are similar. After reviewing the pressure-
time histories generated during numerous pneumatic fracturing injections, it was observed
that the fracturing event can be divided into several distinct stages:

» Breakdown of the formation.

« Fracture extension.

« Fracture maintenance.

« Fracture residual.

» Fracture reopening.
These stages are illustrated in Figure 17, and they apply to an idealized geologic
formation. It is noted that the shape of the pressure-time history curve depends on a

number of factors including in-situ stress fields and geologic characteristics of the medium.
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The following section describes each stage as it relates to the pneumatic fracturing
mechanism shown in Figure 17.

During the first stage known as "breakdown", the pressure rapidly builds up as air is
injected into the sealed portion of the borehole. This stage is indicated by curve segment
A-B. It is possible to develop these elevated pressures because the formation is not yet
fractured and still has a low permeability. This stage is relatively short and typically lasts 2
to 3 seconds.

Once the pressure exceeds the in-situ stress conditions and media strength prevailing
around the pressurized borehole, breakdown of the formation occurs. The pressure at this
instant is known as the breakdown pressure, P,, which is the minimum pressure that can
initiate fractures at a particular depth for a given geologic formation. At the depths and
for the soil types tested, pneumatic fracture initiation pressures were found to range
between 20 to 50 psi, and for the rock formations, they ranged from 100 to 160 psi. The
higher values for rock can be attributed to higher tensile strengths and densities in the
formations. |

Following breakdown, the pressure decreases rapidly in the borehole and eventually
stabilizes at a pressure "plateau” as injection continues. During this time period, air rushes
out of the pressurized interval and fractures propagate radially into the formation. This
accounts for the rapid decline in the borehole pressure as represented by the curve
segment B-C. Based on observations of ground surface heave during injection, fracture
extension is quite rapid and typically continues for 3 to 6 seconds only.

The pressure "plateau” C-D represents a period of fracture maintenance which is
nearly constant for the remainder of the injection period. This is designated as the initial
maintenance pressure, P_. This pressure indicates that an equilibrium state has been
attained for that particular injection flow rate. During this equilibrium state, crack
propagation ceases and the affected overburden area can be visualized as "floating" on a

cushion of air. During this period, the flow rate into the fractured formation exactly
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equals the leak-off into the formation from the fracture surfaces and tips. This contrasts
with the earlier stages of fracture formation, i.e. breakdown, and propagation, during
which the flow rate into the fractured formation is greater than that leakoff.

As the injection pressure is terminated, the maintenance pressure declines rapidly
 from Dto E. This decline is due to the natural tendency of the formation to return to its
original state and also the continuing leak-off of the air into the formation. This process
continues until a state is reached where no further closures take place. The residual
fractures are then supported by a combination of asperities and block shifting along the
fracture network. This phenomenon is known as "self-propping", and the pressure at
which this occurs is represented by the change in slope at E.

During the refracture of a formation, the trends of the pressure-time histories are
similar as indicated by curves F-J in Figure 17. There are however differences in the
magnitude of the pressures which are summarized as:

« The pressure , P, at which reopening occurs is less than the breakdown pressure,

B.

« The reopening pressure, P,, is greater than the maintenance pressure, P,

» Subsequent maintenance pressures, P_, decline progressively compared with

previous maintenance pressures.

The difference between P, and P, is attributed to the initial cohesion and/or tensile
strength that originally exists in a formation. During subsequent injections these initial
strengths have already been overcome, thereby resulting in lower reopening pressures P,
It is probable, however, that some residual cohesion and/or tensile strength may still have
to be overcome in subsequent refracture injections.

It is significant to note that a pressure spike was obtained during reinjection, to
reopen the fracture, designated as curve segment F-G-H. This spike was consistently
observed during all field tests, and indicates that when reopening a previously fractured

formation, it is not sufficient to just overcome the overburden stress, i.e. inject at the
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maintenance pressure, P, . It is believed that the spike is caused by one or more of the
following factors. First', even a fractured formation can exhibit a residual cohesion and/or
tensile strength. Possible sources of this residual value could be rehealing of the solid
fractured surface or surface tension effects due to moisture. A second factor which may
also contribute to the pressure spike is gas compressibility. During the first one to two
seconds of injection, the gas in the packed off interval becomes highly compressed.
During this period , the compressed gas is behaving elastically and is storing any work
done as strain energy. As the formation reopens, the strain energy is released and the
maintenance pressure is attained.
Another factor which may contribute to a pressure spike is formation inertia. Since
the pneumatic injection is very rapid, the mass of the overburden will initially resist
dilation of the existing fracture network. Upon reopening, the inertia is overcome and the
pressure then reduces to maintenance levels. Of notable interest in the data, is the
successive decrease in maintenance pressure with each injection. This is attributed to the
progressive weakening of the formation each time it is refractured and disturbed.
Progressive extension and cleaning (removal of loose deposits)of fractures may also
contribute to this phenomena. The observed reduction in surface heave during reinjection
compared with initial injections supports the above hypothesis.
The actual pressure-time histories for the geologic formations studied are given in
Appendix C) to Cyy. A review of these curves have led to the following general
conclusions:
o Fracture breakdown pressure, P,, is proportional to the overburden pressure
(formation depth and density).

o Fractures become fully established within the first 5 to 10 seconds of injection.
Continued injection after this period at the same flow rate, does not significantly
increase fracture growth, but may instead contribute to cleaning of the fractures.

* Less pressure is required to refracture the formation.




63

* Tensile or cohesive strengths of the geologic formation are most significant during

initial fractures.

 Maintenance pressures decrease slightly with each successive injection.

The general conclusions drawn from the pressure-time histories were useful in formulating

the model described later in this chapter.
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Date__
From: Public Works Department

To: Officer in Charge, Security Detachment
j!
Subj: REQUEST FOR GENERAL PURPOSE‘%ASS

i
1. It is requested that a General iPurpose Pass be issued to:

Last Name First Name M.I. Classification/Rate/Rank
(State if Supervisor)

Address

SSN Company Name (If applicable)

Contract Number:
Contract Title:

2. It is understood that this application is submitted to enable the bearer to be
admitted through the Naval Station gates without escort to conduct business
within the time limits stipulated on the pass.

3. It 1is also understood that passholders are required to turn in their General
Purpose Pass to the gate sentry or Pass and ID Office upon expiration. If the
pass is issued without a picture, the passholder must present a valid pictured ID
with the pass.

4. Pass Information:

Required period of access (i.e. 30 NOV91-03DEC91)
Required days of access (i.e. Mon-Wed) _
Required times of access (i.e. 0800-1600)__

Birth Date Height Weight
Color Hair Color Eyes Admit with vehicle Y

ENV ENG DIR/

Sponsor Signature Classification/Rate/Rank SSN
PUBLIC WORKS DEPARTMENT (B09) 865-4429
Command Work Phone

FIRST ENDORSEMENT

From: Officer in Charge, Security Detachment
To: General Purpose Pass Applicant

Subj: REQUEST FOR GENERAL PURPOSE PASS

1. Returned, Approved/Disapproved.
2. Security Record:

Category of pass Authorized Access Code Guest Authorized YES/NO
Good Conduct Certificate filed YES/NO Issued Date
Good Conduct Receipt on file YES/NO Pass Number

OIC, SECDEP or Designated Representacive



l Date:

Erom: PUBLIC WORKS DEPARTMENT, ENVIRONMENTAL ENGINEERING DIVISION
o Officer in Charge, Security Department

pubj: REQUEST FOR TEMPORARY BASE ACCESS

f

1. It is requested that a TEMPORARY BASE ACCESS be issued to the following
individual (s) :

Contract Title:
&urpose of Visit:
LAST NAME FIRST NAME MI SS# COMPANY's NAME

[
I

2. It is understood that this application is submitted to enable the bearer to
be admitted through the Naval Station gates without escort to conduct business
yith the time limits stipulated on this request.

Required period of access (i.e. 30NOV95-05DEC95)
Required days of access (i.e. Mon-Wed)
Required times of access (i.e. 0800-1600)

EED DIRECTOR GS-13

S. CASTILLO Rate/Rank : SSN
PWD 865-4429
Command Work Phone

FIRST ENDORSEMENT

From: Officer in Charge, Security Detachment
To: General Purpose Pass Applicant

'

Subj: REQUEST FOR TEMPORARY BASE ACCESS

i. Returned: Approved Disapproved

2. Issue Date:

OIC, SECDET or Designated Representative



APPENDIX C
SOIL BORING LOGS:
1 - McLaren/Hart

2 — Mantech Environmental
3-RW-1
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M BEE

| Site:
Tow Way Fuel Farm, Roosevelt Roads ‘

iLocation: i

Roosevelt Roads ., Puerto Rico !

iBoring ID:

MH-SB-1

Northing: 18.23204716

Client: {Boring Location: | Start - Finish Date:
U.S. Naval Station MH-SB-1 Easting: -55.61994268 i 9/17/99 -9/17/99
Drilling Contractor: iDriller: 1Logged By: i Boring Permit:
STC Robert Marrero Mojica Will Whitesell/Pittsburgh 3 N/A
Drilling Method: ;Drilling Equipment: Location Sketch
Hollow-stem auger ! BK-51
Total Depth (ft): |Ground Eleva%ion (ft): ‘Vertical Datum; |Horiz Coor Sys: ! @ MH -5 B -1

18.0

NA LatLong 1983

Sampling Method:

i Borehole Diameter (in):
2" Split spoon '

VNS4

9
% R -1

Memo:
PIW-6-i
2 —_
- |E| E ~| &
5 © - o™ [=%
= |9 s . . o -
5 2 g Soil Description S g Sample ID
018 8 3|8
6] & T
1 1.6372 | SILT. clayey, suff, light brown, tan; with &ill. Dry. S-1
4 \
1.25/2 | SILT, clavey, stitf reddish brown and light gray; with some silty sand. Dryv. 0 S-2
4 / 0.83/2 | SILT and GRAVEL, verv suff, gray red; with some pebbies and cobbies. °J& 4 1 S-3
- /\ P :{ cC
6 11 10t
7] | 0752 | SILT, very soft, light brownish tan: with some orange stained tresh and weathered gabbro. S
T/ Drv.
-/"1\ SILT. medium stiff brown: with light gray and orange severly weathered and fresh gabbro.
T
8 -
1/ 1.1772 S-3
{
SILT, clavey, very stiff. light brown; with some reddish orange silt, moist petroleum, heavy
10 “7 171 odor. Moist. S-6
14
SILT, very soft, light brown: with some gray highly weathered gabbro, heavy odor. Dry.
12 q? 0.38/0 S-7
7 SILT, very soft, light brown; with some grav highly weathered gabbro, heavv odor.
4 40670 S-8
i No recovery.
16 +—h 0/0 S-9
T o 5-10
187 End of boring at 18’ bgs.
~
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| Boring ID:
Tow Way Fuel Farm, Roosevelt Roads '

MH-SB-2

Client:

.Boring Location: Northing: 18.2338933

i Start - Finish Date:

BASIC O UPROBE LOG FLUELEARM GRS M WA LU W 18/v9

U.S. Naval Station ‘ MH-SB-2 Easting: -65.62022733 9/18/99 - 9/19/99
Drilling Contractor: | Drilier: iLogged By: }Boring Permit:
STC Robert Marrero Mojica ! Trevor King/Warren : N/A
Driliing Method: | Drilling Equipment: Location Sketch
Hollow-stem auger | BK-51
Total Depth (ft): Ground Elevation (ft): 'Vertical Datum: Horiz Coor Sys: 1)' @N H ’.f _B -;Z
30.3 NA LatvLong 1983 \Q'
Sampling Method: | Borehole Diameter (in):
2" Split spoon ' 6 e
Memo: J&N 3 w !
RW-{
8 £
a8 =
£ |E = > a
£ 15 X S| &
% 3 % Soil Description g % Sample ID
3 |5 g 3|5
5| ¢ T
/| 1.082 |SILT, sandy, very sott brown with fill. Dry. S-1
-1 L
4
2 4. /1 1292 | CLAY, sandy, very sttf, light brown and reddish with fresh gabbro cobbles and pebbles. / S-2
X Moist. /
A — — : 2
N/ 0.83/2 | CLAY, sandy, very stiff, light brown and reddish with some fresh gabriel or fill pebbles, / S-3
— /< cobbles. Moist. /
AN %
6 A 0.21/2 | CLAY, stiff reddish brown, with some granular sand and moderatly weathered pebble 7 S4
—->< gabbro. Moitst. /
8 : R— : : : : 7 .
_>< 1.33/2 | CLAY, stiff reddish brown with trace light gray coloring. Moist. / S-5
10 - — : . — : 7,
4/ 17972 CLAY, stiff reddish brown with trace light gray coloring. Moist. / S-6
] \ //
12 4 1.75/2 | CLAY, suff reddish brown with trace light gray coloring. Moist. //// S-7
] /< SILT, sandy, very stiff, light brown; with light gray and light tan fine to coarse weathered i
14 : T, gabbro. heavy odor. Slightiv moist. :
/| 1962 | SICT, sandy, very stiff. brown: with some highly weathered gabbro, granular pebbles with i [ 5-8
] 'reddish orange coloring. Slightlv moist. 7 7
16 i CLAY, sandy, suff, gray, with highly weathered gabbro and staining. Large pebbles, 7
R / 0.92/2 i 'gabbro or fill between 135 to 15.5". heavv odor. Moist. / S-9
A SILT, clavey, hard, greenish gray; with dark gray highly weathered gabbro and staining.
T Drv.
18 4| 0.13/1 | ROCK, siightly weathered gabbro; with some clayey silt, odor. Dry. S-10
4 1.9272 {ROCK, very stiff, dark gray, slightly weathered gabbro; with some sandy siit, possible S-11
20 —‘>< rstaining, odor. Drv.
7 ROCK. and debnes, tresh gabbro.
4\ / 22 CLAY, sandy, hard olive gray and dark gray; with trace highly weathered rock or gabbro, /// S-12
22 A odor. Moist. %/
S\ Z
<] 0.46/1 SILT, soft. light brown to tan; with highly weathered gabbro. Refusal: 23.5-24", slight odor. ‘ ' l | | S-13
24 -
24 >< 04211 CLAY, silty, very suff, olive gray and reddish orange; with fine grained highly weathered // S-14
——X 0.86/2 [gabbro. Refusal: 24.5-25". slight odor. Drv. et A
26 4N SILT, sandy, sufl. dark gray. with some whitc fine to medium stiftf debnies. Moist. b $-15
R \ 0.23/1 | SILT, sandy, sott, olive gray reddish brown, top 1" saturat=i Maoigr, : g.!
4%} 0.58/1 |SILT, sandy, soft, olive gray reddish brown, with semi moderate to highly weathered S-17
28 - gabbro. Wet.
b 1.332 | 3T, sandy, suff, reddish orange: with some weathered gabbro, dark gray, dark staining. S-18
], Fresh to slightly weathered gabbro towards to bottom, Wet and saturated sample. Wet.
30 —
B 0.25/0 /1 End of boring at 30.25' bgs. S-19
32
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MNA B e

\",

:Site:

Tow Way Fuel Farm, Roosevelt Roads

' Boring [D:

.Location:

Roosevelt Roads, Puerto Rico

MH-SB-3

Client:
U.S. Naval Station

iBoring Location:

Northing: 18.23215581

MH-SB-3 Easling:

|Stan - Finish Date:
-65.61992843 ! 9/20/99 - 9/21/99

Drilling Contractor:

STC

, Driller:

Robert Marrero Mojica

Logged By:

Will Whitesell Pittsburgh |

| Boring Permit:
N/A

Drilling Method:
Hollow-stem auger

‘Drlllmg Equipment:

BK-51

| Location Sketch

Total Depth (ft):
30.0

Ground Elevation (ft):
NA

‘Ventical Datum:

Horiz Coor Sys:
LatLong 1983

‘ @Mﬂ $B-3

Sampling Method:

ém« £
\

BASIC GEWPROBE LOG FUELFARM GPJ MW, R 501 10 18/99

! Borehole Diameter (in):
2" Split spoon :
Memo:
Pi-5
<@ —_
o —_
= |E = b g‘
S o a
= 2 by . . o -
: |8 ¢ Soil Description 2| e Sample ID
o |2 =] = -
3|8 § 318
g < T
4 0.72 CLAY, sandy, verv stiff, dark gray; with rock fill. Slightly most. o S-1
/ 7
T 1.4/2 | CLAY, sandy, very soft, vellowish red; with some grayish pebbles and coarse sand, highly [~ S-2
—-\< weathered, heavy odor. Moist. /
3 - 1.25/2 | SILT, sandy, soft, light brown; with trace clay, heavy odor. Moist. l [ | S-3
__\< CLAY, sandy, very stiff, greenish and olive gray; with some moderate to highly weathered //
6 5 ~gabbro, slight odor. Drv. B
] 172 CLAY, sandy, very stiff, greenish and olive gray; with Lighly weathered large pebble / S
7] gabbro. Slightly moist. /
8 /2
i 1.4/2 CLAY, sandy, very stitf, greenish and olive gray, dark gray to blackish staining; with N S-5
-—>< highly weathered large pebble gabbro, heavy odor. \
10 4 1.3/2 | SILT, sandy, stiff, dark gray; with reddish and black trace clay, staining, some highly 8-12 S-6
— /< weathered gabbro. Moist.
12 N 1.372 SILT, sandy, suff, dark gray, with reddish and black trace clay, dark staining, some fresh to 10-19 S-7
— /< moderatiy weathered gabbro with trace sandy silt. Dry.
14 4 1.25/2 | SILT, sandy, stff, dark gray; with reddish and black trace clay, dark statning, some fresh to 25443 S-8
~ / moderatly weathered gabbro with trace sandy silt. Dry.
16 N\ 1.7/2 CLAY, silty, very stiff. dark grav, with mostly highly weathered gabbro \ rock, trace (il 37-50 S-9
— /< reddish color, dark staining. Moist. §4497
B 4
18 4 0.5/1 1 SILT, clayey, suff, dark brown to dark olive gray; with trace ot some moderatly weathered || 3040 S-10
—+— ‘gabbro. i
20 ] \< 0.8/1 GRAVEL, very dense, gray-rust-brown; some medium to coarse sand, little silty clay. + @] 3040 5-11
- 1.5/2 | Slightly moist. /e 50-100 S-12
- GRAVEL, sandy, very dense, rust brown, gray mottling and some siity clay. '- Y
2 A 1.772 0-6": GRAVEL, sandy, very dense, rust brown, gray mottling and some silty clay. 6-8"; 250 S-13
— SAND, medium to coarse, red-gray-white. 8-20": GRAVEL, sandy dark gray , red, littie
24 ] silty clay. Slightly moist.
. 1.7/2  } 0-3": SAND, medium to coarse, medium dense, light gray (rock, some gravel). 3-6": SILT, S-14
~\< clayey, very stiff, light grav-rust-brown, trace gravel. Slightly moist. 35
2 e - - - -
;36 - 1.8/2 | C-7": SILT, clayey, vary suff, lignt gray brown. 7-22": Silt, clayey, hard rust brown, light 28 S-15
-:>< gray.
28 4 1.3/2 | 0-6": Sand, gravely, very dense, light grayv-rust brown; some clayey siit. 6-16": SAND, silty. ¢ ™~ | 20-70 S-16
__>< very dense, rust brown/light gray; trace gravel, trace clay. Slightly moist. o G 1540
30 i End of boring at 30" bgs. :
324
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Page 1 of 1

. iSite:

n

CLa_r n Tow Way Fuel Farm. Roosevelt Roads
A a,=— - Location:
INC. Roosevelt Roads . Puerto Rico

{Boning ID:

MH-SB-4

:Boring Location: Northing: 18.23209721 1Start - Finish Date:

Client:
U.S. Naval Station MH-SB« Easting: -65.61990645 I 9/21/99 - 9/22/99
Drilling Contractor: | Driller: jLogged By: |Boring Permit:
STC Luciano Rodniguez Velez  [T. King/Warren & W. Whitesell/Pittsburg! N/A
Drilling Method: iDrilling Equipment: | Location Sketch
Hollow-stem auger ! BK-51 l
Totai Depth (ft): Ground Eievation (ft): Verticai Datum: I'Horiz Coor Sys: ® PN - 6
213 NA ‘ Lat'Long 1983 ,
Sampiing Method: : Borehole Diameter (in): 20
2" Split spoon : ,
Memo: @%®
PR-5
MH-SB-4
2 _—
Q ——
— g = > g
=3 =2 . - gl =
z |8 ¢ - Soil Description gl e Sample ID
a5 g 31 38
g < 9
14 172 GRAVEL. sandy, medium to very dense light gray and rust-brown highly weathered, some £ 7 N S-1
! clayey silt. Dry. o107
L ro O
3 -9
T ) 142 GRAVEL, sandy, very dense light gray highly weathered (saprolitic), little clavey silt. Dry. U%} S-2
\/ R
B /(" )o 0
. \ O g
1A L2 SAND. gravelly, very dense light gray (saprolitic), trace fine sand. Dry. s P T2 S-3
- “~< o (3
A >
6 o
4/ 1.25/2 | SAND, gravelly, verv dense light gray, brown; trace fine sand. Dry. o ™ 120-50 S
Ty - 0
4/ y D
3 =
14 Le2 3 Q| 8-10 S-5
!
¢ o
10 1 Dﬂ
4, 142 SAND. gravellv, very dense fight gray, brown: trace fine sand, trace clayey silt. Dry. o ™~ S-6
. \(‘/ o Q
4/ D
12 +— . °
_\\/ 1.4/2 , O S-7
I SAND, gravelly, very dense reddish-gray (saprolitic); trace clayey silt. Drv. o ™~
™
Q
14 _»y/ 1.3.2 SAND, gravelly, very dense light gray (saprolitic); trace clavey silt, refusal at 15.5". Dry. b ™~ [5.5-10 S-8
=7 ° D
16 Auger advanced to 16'. No recoverv.
_ﬁ, 1.3/2 SAND, gravelly, very dense reddish-grav (saprolitic). trace clavev siit. Moist. o S-9
_ \l,/ SAND, dark brown fine to medium grained, moist to wet with product from 16.3-17". Drv
I with odor from 17-18'. 2 feet of diesel in auger (16-18").
T
18 1l 0741 f?I;DMg;avcHy, very dense rust-brown and gray highly weathered (saprolitic). Refusal at S-10
- 18.8" Moisz. - -
I Auger to 19.5", difticult dritling. No recovery. Auger to 20"
20 ~7 0.8/1 SAND, gravelly, very dense rust-brown and gray highly weathered (saprolitic). Refusal at S-11
N 20.9". wet.
T 0.1 1"SAND. Difficulty drilling; retusal at 21.5". Auger cuntings like slop with diesel. S-12
57 | End of boring at 21.5' bgs.
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Page 1 of 1

MA WHECE

1Site:
Tow Way Fuel Farm, Rooseveit Roads 1

Location: :
' !

Rooseveit Roads, Puerto Rico i

{Boring ID:

MH-SB-5

Client:

U.S. Naval Station

Northing: 18.233309585
Easting: -65.62034561

jBoring Location:

MH-SB-5

| Start - Finish Date:
9/22/99 - 9/22/99

Drilling Contractor:

Driller:
Robert Marrero Mojica

|Logged By:

STC Trevor King/Warren

!Boring Permit:
! N/A

Drifling Method:

i Drilling Equipment:

Hollow-stem auger BK-51

| Location Sketch

QAMH-SB -4

Total Depth (ft): | Ground Elevation (ft): Vertical Datum: ;Horiz Coor Sys:
29.0 i NA ‘ i LatLong 1983 D&’
Sampling Method: i Borehole Diameter (in): ® R W - /
2" Split spoon Lur
Memo:
®uUaw 3
@ —_
al o~
o |IEl E > g_
= 5 = 2 =
Z 18 ¢ Soil Description | o Sample ID
o 2 2 .= w
o |8 8 J1 a
1] o =
o [0S
4] 0872 |[0-3" SILT, clavey, medium sufl. dark brown: trace fine sand and gravel, grass roots. 3-8" S-1
- ¢ SAND, medium to coarse grained. sott to medium hard, brown and gray. 8-10": same as
51 A 0-3".. Moist.
“ 4] 1.082 | CLAY, silty, stff rust-brown. mottiing grav: trace gravel and fine sand. Moist. 7 S-2
— g
A )
_\\< 1.08/2 | CLAY. silty, stiff rust-brown mottling gray; trace fine sand. Moist. / S-3
61 //
4, /1 11722 | CLAY, silty. 0-9": very stiff to hard, rust-brown mottling gray, trace tine sand. 9-14": hard, 0 S—
— ;{ rust-brown, mottling of gray and black color. some fine to coarse sand. /
. / 072 No recovery. Augered soil same as between 6-8".. 0 S-5
10 1 1.7572 10-3": CLAY. silty, verv stiff, rust-brown mottling gray. 3-2" : GRAVEL, sandy, medium g 0 S-6
ok dense to dense; trace clayey silt.. Slightly moist. //
‘) K K
12 471 09222 | GRAVEL. fine and sand. dense. light and dark gray, rust brown. trace coarse gravel, trace >y A 0 S-7
N clayey silt. Slightly moist. 0
1 A0
4 1.58/2 | SILT, clavey, hard. rust-brown and gray; some fine to coarse sand. 13-18": fine to coarse 20-50 S-8
{ sand - dry.
47\
16 4} 1.17/2 | SAND, fine to coarse grained, very stifl to hard, dark gray and rust brown; some clavey silt. 10-30 S-9
) trace gravel. Slightly moist.
/( gravel. Slightly mot
47
18 4 1.33/2 | SAND.fine to coarse. verv dense. rust-brown and gray; trace gravel, trace clavey silt. 100-200 S-10
-/( Slightly motst.
20 4=
20 4./ 1.42/72 | 0-8", 14-17": SAND.fine to coarse. very dense, rust-brown and gray, trace gravel. trace 90-110 S-11
— /'\ clayey siit. 8-14": same but less clay and sand. Dry.
e R
- = SAND, fine to coarse, very dense. rust-brown and gray; trace gravel, trace clayey silt. 100-12 S-12
5 0/.1 Refusal at 22", auger to 23". Moist. S-13
r_ o1 4 S-14
i e N S-15
B 0] S-16
Tg\_%'__i $-17
26 £\ 071 : _ - S-18
3 [\—07 /] 0-14": SAND., very dense, rust-brown and dark gray mottlings: some gravel and fine sand, v S-19
-1+ | 18372 |lintle to some clayey silt. 14-22": SAND. clayey, hard, light gray, white, rust-brown mottled, F/
28 4 trace coarse sand (saprolitic appearance). Slightly moist. %
=% 1x] _0.67/1 | CLAY, mottied. hard. light gray. white, rust-brown; some fine to coarse sand, trace gravel. FZZA 3-]0 S-20
— | at28'7". /
j ot RS bgs: / S-21
30 4
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Page 1 of 1

Site:
Tow Way Fuel Farm, Roosevelt Roads

;Boring ID:

-[.ocation:

i MH-SB-6

MNA BFEE

Roosevelt Roads, Puerto Rico

Client: 1 Boring Location: Northing: 18.23328684 | Start - Finish Date:
U.S. Naval Station MH-SB-6 Easting: -65.62029761 9.22/99 - 9/22/99
Drilling Contractor: ' Driller: iLogged By: | Boring Permit:
STC Robert Marrero Mojica Trevor King/Warren ! N/A
Drilling Method: | Drilling Equipment: Location Sketch
Hollow-stem auger I BK-51
Total Depth (f): |Ground Elevation (ft): iVertical Datum: Horiz Coor Sys: @ MH-S B - 6
29.0 i NA Lat/Long 1983 18.57
Sampling Method: : Borehole Diameter (in):
2" Split spoon “ Ll't'l RiJ -1
Memo:
Uh -3
3 E
o —_—
5-:. £ 5 > a
© o Q
= @ e . o Lo g
3 |8 32 Soil Description 2|2 Sample ID
o |2 =
o |8 3 =1 a
5| o
N Auger advanced to 10’ below ground surtace (b.g.s.). Moist.
2
4 —
6 —
8 .
10 - - - S-1
Ny LI CLAY, silty. 0-9": hard rust- brownsgray, trace sand. 9-20": dense, light and dark gray; 120 S-2
— /\ with some rust-brown fine gravel and sand. Moist. 210
12 \ 1.6/2 | CLAY, sandy, hard olive grayv-rust-brown and white mottling(saprolitic appearance), trace 130 S-3
/ gravel. Moist.
/5
4 - - - - —
! 4/ 1.6/2 | CLAY, sandy, very suff to hard olive gray/rust-brown and white mottling(saprolitic 200 S
— appearance), trace gravel. 9-14": fine to coarse sand, trace gravel. Dry. 60
16 &/l 1.75/2 | CLAY. sandy, hard olive grav.rust-brown and white mottling(saprolitic appearance), trace 120 S-3
—) gravel. Motst.
4 30
18 1 1772 CLAY, sandy, hard olive gray/rust-brown and white mottling(saprolitic appearance), friable 120 S-6
— and crumbling; trace gravel. Slightly moist.
20 4 1.472 CLAY, sandy, hard olive grayv/rust-brown and white mottiing(saprolitic appearance), friable 160 S-7
-—X and crumbling; trace gravel. 10-12": dry sand and gravel. Moist.
- A
22
- 4/ 1.772 SAND, 0-9": very dense, rust-brown and gray, gravelly fine to coarse grained: little clay. 100 S-8
- /\ 9-20": very dense, rust-brown with some gray white mottling clayev sand. trace gravel.
y Wet.
-
24 \/ 1.472 SAND, very light gray brown, tine to medium grained. trace coarse sand. 5-7": gray sand S-9
—¥ and gravel. 7-17": sandy clay, very stiff to hard olive gray/rust brown and white mottling
26 SIAN (saprolitiv appcarance), trace giaver. Wet and saturatea towards the bottoin. Wet.
+./ 132 SAND, 0-6": clayey, very dense rust-brown and white mottling (saprolitic appearance). :-:% S-10
=% 6-18": fine to medium grained, very dense, rust-brown with white/gray crystals, trace V/
28 -’\_ gravel, trace clay. RZ
R Auger to 29'. S-11
N End of boring at 29’ bgs.
304
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MA PHECh

|Site: i Boring ID:

; Tow Way Fuel Farm. Roosevelt Roads :
iLocation: ! MH'SB'7

Roosevelt Roads . Puerto Rico :

!Boring Location: Northing: 18.23329614 | Start - Finish Date:

Client:
U.S. Naval Station MH-SB-7 Easting: -65.62023884 i 9:/24/99 - 9/24/99
Drilling Contractor: iDriller: 1Logged By: Boring Permit:
STC Robert Marrero Mojica Trevor King'Warren N/A
Drilling Method: IDrilling Equipment: Location Sketch
- i BK-3
Hollow-stem auger 51 ® /V7MU—4

Total Depth (ft):
134

Ground Eievation (ft):
NA

Sampling Method:

2" Split spoon

iVertical Datum: ;Horiz Coor Sys:
i | LavLong 1983 %

Memo:

gBorehole Diameter (in)éS d% ®M/{ -CR -7
MH-SB-&

Depth (ft)
Geoprobe Sample
Recovery (ft)

Soil Description Sample ID

Lithology
PID/FID (ppm)

GLUPROLE LOG FUELEARM GPJ MH_WAR GOT 1 1999

1.08/72

|
——
e T

12

CLAY, stity, soft to medium sttl. olive grav and brown; trace fine to medium sand. Moist.

S-1

DM

N

N

Moist.

CLAY. sity, sott to medium sttl. olive gray and light brown: trace fine to medium sand.

5

NN

0-5": CLAY, siltv, sott rust-brown gray; trace fine to medium sand. 5-19" SAND and
gravel, light gray; little silty clayv. Moist.

S-3

AN

N
N

1.5872

14

0-7": CLAY, silty, verv stiff rust-brown gray; trace fine to medium sand. 7-16": SAND and
gravel, very dense light gray; trace siltv clay. 16-19": SAND and gravel. verv dense
rust-brown; trace silty clav. Slightly moist.

End of boring at 13.42' bgs.

NN RN
NS AN

S4

AN

N
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BALIL GLUPROUE LOG FLUEE ARM G R Ve it LT 1w i)

Page 1 of 1

AN B

., 'Site:

@

Tow Way Fuel Farm, Roosevelt Roads
Location: i
Roosevelt Roads . Puerto Rico 3

:Boring ID:

MH-SB-8

Client:

U.S. Naval Station

iBoring Location:

MH-SB-8 Easting:

Northing: 18.23333816
-65.62023577

I Start - Finish Date:
‘ 9/24/99 - 9/24/99

Drilling Contractor: Driller: |Logged By: jBoring Permit:
STC Robert Marrero Mojica ‘ Trevor King/Warren ‘ N/A
Drilling Method: iDrilling Equipment: | Location Sketch
Hollow-stem auger ‘ BK-51 >
Total Depth (ft): |Ground Eievation (ft): {Horiz Coor Sys: @N T -2

26.0

‘Vertical Datum:

NA “ Lat’Long 1983

Sampling Method:

i Borehole Diameter (in):
2" Split spoon ;

/7,
®NY-SB-&

Memo: | 8’
MTM -4
2 —
=8 ~| &
S8 = 2| &
= Z . L o
2 2 g Soil Description 2l e Sampie ID
o {8 8 1 3
6| & a
i NA CLAY. silty, soft to medium sutl. yellowish orange; trace fine to medium sand. Moist. % S-1
24y
1 /
In
7 "’ \ /
a4 %
7
i NA CLAY, silty, soft to medium suff. vellowish orange; trace fine to medium sand. Moist. V S-2
o /
- \‘
Ay /
Al 7
_/ \ /
10 — R _ A
4] 1.8372 10-3": CLAY, silty, stiff rust-brown: trace sand. 3-13": CLAY, sandy, hard rust-brown, gray % S-3
4 and white crystals (saprolitic appearance); trace gravel. 13-22": GRAVEL and sand, dense T
BE rust-brown gray and white crystais (saprolitic appearance): little stlty cl. Slightly moist. gc//%
12 - _ ]
- 1.5/2 SAND, clavey, dense to very dense rust-brown (saprolitic appearance), gray and white 7 S
Jy crystals; little gravel. Moist. ///
7\
w1 Z
4/ 1.33/2 | SAND, fine to medium grained, medium dense to dense, vellowish orange, light gray; trace S-5
. \;( gravel, little clay (saprolitic and crumbling). Moist.
4/ ‘\
16 4 1.5/2 | 0-9": CLAY. silty, hard rust-brown light gray and white crvstals; trace sand. 9-18": SAND, /// S-6
] / fine to coarse, very dense, light gray; trace gravel, trace clavey silt (smell of diesel in 7
REAN cuttings). Wet. //
18 4. 1.33/2 | SAND. fine to coarse, very dense, light and olive gray and white crystals, trace gravel S-7
- (smell of diesel, core not well defined). Slightly moist.
4/
20 2/ 1.67/2 | SAND, fine to medium grained, very dense, light gray and brown; trace coarse sand. trace S-8
- ‘( clayey siit. Moist.
4%
22
=4 ; 1.75/2 | SAND, fine to medium grained, verv dense, light gray and brown; trace ~~2rse sand, trace S-9
' clayey st (6-10": crumbled), several horicente! breziic.
A
4
b
24 14 1.42/2 ] 0-9": SAND,very dense rust-brown. 9-17": SAND, and gravel. very dense light brown; trace Jo ™ S-10
¢ clay. Dry. Q
A Q
- ‘\ )
26 | End of boring at 26" bgs.
28
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Page 1 of |
C aren & |Site: i Boring ID:
L : Tow Way Fuel Farm, Rooseveit Roads
A‘\\ M{al%t_’"_ 1Location: DP'3 lA
INC. Roosevelt Roads , Puerto Rico
Ciient: |Boring Location: Northing: i Start - Finish Date:
U.S. Naval Station ‘ DP-31A Easting: | 9/15/99 - 9/15/99
Drilling Contractor: iDriller: :Logged By: | Boring Permit:
STC % Robert Marrero Mojica IT. King/Warren & W. Whitesell/Pittsburg| N/A
Drilling Method: ‘\Drilling Equipment: Location Sketch
Hollow-stem auger : SIMCO 2400 SK-1
Total Depth (ft): Ground Elevation (ft): {Vertical Datum: Horiz Coor Sys:
18.0 NA | LatLong 1983
Sampling Method: | Borehole Diameter (in),
2" Split spoon | g
Memo:
2 B
(=1 —
= £ = > =%
m =) =Y
= | > . y k=) ~
Z 18 2 Soil Description 2| e Sample ID
o |2 =
o8 3 21 3
o o
/ 0.33/2 | FILL, verv soft, clay and conglomerate fill. Very moist. % S-1
2 - -
1.17/2 | CLAY, very stiff. brown: with some fine gravel fill. V% S-2
>{ 0.79/2 | CLAY, very suff. brown; with some fine gravel fill. % S-3
Bk 7
] 1.08/2 | FILL, blueish-gray, coarse sand; trace clay. Moist. % S-4
\ 2
N /< GABBRO, fresh dark gray jointed. 8.0": refusal. Jointing due to pneumatic system ( not
1 geological).
8 1 1.58/2 | GABBRO, highlv weathered reddish brown and gray olive. Dry. NS S-3
.‘X
10 X 1.572 GABBRO, weathered blue gray; some coarse sand and red staining. Moist. % S-6
"
12 | 1.75/2 | GABBRO, (coarse sand) highiy weathered brown and gray; red staining. trace clay. Moist. K S-7
—K
4 , 272 GABBRO, (fine gravel) highlv weathered light gray, strong organic odor. Dry. S-8
1 (
/ 1
A >
1.91/2 | CLAY, silty. stiff. tan white orange; some fine sand. less weathered towards the bottom, 7 $-9
~ .\< slight odor. Moist. /
End of boring at 18 bgs.

g:\staff\issinha\fuelfarm.gpj




L8-24-88 TUE 08:07 FAT 7033783386 MANTECH ENVIRONMENTAL CO @oo4
D
MANTECH ENVIRONMENTAL - >
14299 SullySeld Circle, Suite 100 LOG OF BORING AW-1
Crastilly, Virginia 20151 (Page lof )
Ngval Station Rocsevelt Roacs Znlling Metod - Hollow 3t Sugs Sndc Warr Lovel (A fem by
Tow Way Fusi Fom Drille :Sell Tect StekUp 10
Caba. PR MaaTeck Rep. : Orol Callaghen Well Izner Dieter :2 ek
Project 3 8207.0C0 Samaple Type : Split Spoag, Grab Well Constrestioa :DVC SovenBinner
Fsle Dismoss :§ inches Well Depta 136 Fax
i
|
| w | Well: AW.]
Depta % Deots S1{ Blev. 7.7 Feet Above Mexa Sex Levwal
o DESCRIPTION 215 = |23 —
Fowt o Foes ¥ |2
-] Q w |A
0 Brown silty ciay V . 0 .
2 A 2 A .
49 4 : -
64 % § 41
] 7 {7
10 j %f 104 TR steet Riser
| ] q1-
124 124 Jl
4 J i
14 144 11l
i / b Lo L
6 — 4 16 1
Doose groy clay with gravel and cobbies, Petolaum odcr, I— Bentorits
i =]
2 4 —
{ Deoee xown clay with angular codbles s06 boulders, sligs } 18
7 retadean oder, Dry b
20 j 20 A

LA LN Allostidan - Lo

060419

26

Deowz red-brown clay sligin petrolacm ocor, Dry

Rock-angular cobbies 2nd boulders, WET WITH

i
\\‘k&w\\a

0
!
I Sand
— Stest Sersen
%

TPETROLELM PRODUCT
28  Browm cixy with gravel, Wet cx 25 4
4 . / d
30 Brown sikty gravel, Wzt X 30 -
1 n‘-_ c. =
32 u'n;.o' Py
‘Yoo 4
7 GWras) -
34 « -:‘:. 34 -
e o I
'-.-0.1 "I
367 36




08-24789 TUE 08:08 FAX 7033783336

YANTECH ENVIRONMENTAL CO

MANTECH ENVIROWMENTAL -
14290 SullySeld Circle, Suite 100 LOG OF BORING AW-2
Cheatilly, Virginia 20151 (Page 1 of 1)
Naval Stxtion Roesevelt Ronds Dritiag Metsod : Hollow Stéra Auger Stiic Water Leval 124 Fera bgs
. Tow Way Fuel Farm Driller : Soil Tech Stck Up )
Caaba, FR MacTeck Rep. : Cassl Callagazs Vrall Ianer Diamater : 2 ches
Peoject 7 £207.000 Semple Tree : Split Spoax, Crav Well Canaructise : Stee] SeesoRise
Zole Jamewr : 8 Inches Well Depta 13
[ !
1
|
!
R i T Welll: AW-2
Tepts S | oos | 5| Elev: 67 Fost Above Mom Sea Love
ia DESCRIPTION AEIN L9
Lot ] fez [.2
2|0S i
0 ! - - - 0 ——
Cursings trown silty clay, then light brown - red day 7 .‘ RN
14 i 1 .
24 % 2-] NN
N / 34 ~ '.J
] = % o |
1
s 54 Sl
1 / ] 11 "= CGrout.
5 / 6 ~ '.‘|
71 & 71| |l
8 4 A s+ L Smel Riser
IR..dhm:iLydny,DQ' / - ]
9 T a 5 I
9 / | .. ..‘
10 ~\Brown a0d grey mowled diay, Dry A< 104 NN
Dexes brow a i offe
i el Dry cE 1 - L 13
1z / 12-} ¢ /—chnniu:S 1
lmm:umebblaDry 4 | V] 4 =
B3 / B |
) 4.
4 Cﬂ/ 14j S I
15 - % 15 4 1}
16 £ 164 -
Groy siity cisy with cobbics. paralcum oder, Dry BN
17 - y 171 Ku
13‘: CH 18 4 '.:.:
19~ 19 -3
20 = 204 e th
\Dmeg-y..'.ywia; coboles WET WITH PETROLEUM "‘% Ryt
21 9\PRODCCT jca/ 211 Rhs I
- :Dm:cm'd.z.:vwnhenhalahry - __9/‘ - 4 E + L Send Pack
! Ang 1 bbies of snbbe P 1 d Wet GWhee '...—.:
. nd ~ 3 - Su i
K] + Red Clay, Dry CH - T3t~ Stecf Scrcen
2 24 A 244 K 25D
3 Sty ciry with eobbl=y, petrolemm suinsd, Wat 7 RSn i
i =1 2 gRuiH
< -1
% 5 % 26 4 ' :.
3 y, .
x 74 27 LT
£ al i
b 28 3 234 R
“ 7 B
2 / T -
> ¥ .
2] 304 30 S -t
s " l.
= S T (258




08-24/89 TUE 08:08 FAX 70337833986

YANTECH ENVIRONMENTAL CO

@Goos

MANTECH ENVIRONMENTAL

14290 Sullyfield Circle, Suite 100

'

LOG OF BORING MTMW-1

LAN iz S LARAL g oty | b

06 T 4g2

Chagtilly, Virginia 20151 (Fuge 1 05])
Naval Slaticn Rocsovoelt Roads | Drllzg Mataod : Hollew Stren Auaer Statie Watar Loved :39Fectbm
Tow Way Fiel Farm | Drler : 8ol Tech S Up 10
Cziba, PR | ManTech Rep. . Carol Calhaghan Well Inner Diameter .2 wckes
Projea # 8207.000 ' Sarpis Type : 83k Spoon, Grb Weil Canstructios 1 PVC Serezn/Riser
' Hole Dramaemer 1§ [nches Well Dees 140
| I
’ |
!
= Welll: MTMW.1
Depit S oo |, G| Elevi B6 Fest Above Mean Sea Level
@ DESCRIPTION glR| = < > e —
L 3 = <
i ZIB| ™14 |8
0 4+~ c
| Srov 7y ks, Doy | 1 [ !
! FIN
i 4
SRRk
i 7 : S
41 a1 e
i e
é b 6 - : .'| ..i
1 ] NN
5 4 P ‘; 4
i 7 ' NN .
10 4 10 f ] TPVCR.u:r
) S 31
12 4 12 4 ! ‘-i .'1
4 J ‘ A o
7 CH 14 ! a4
i - 3 | |/ Benamite Seal
16 16 4 ! /] /{
1 Al 7
| 1 T
13 A 18 | Be o
) ] ! TH
7 w4 S
- - Zl-:!::j
221 22 Z:Hﬁ:}
74 4 24 < 3-
) 1 CH
i
- . . ,'_"
23 4 23 4 T
) L §md Pack
30 *WET WITH FETROLEUM PRODUCT. - jl':t"i a=
1 Brown sty clay, Wk a1 36 St bes. 1 <Hn
- S
324 32 :{ %;
. ) q jl::'.j1
349 34~ "'P}:.':‘
i 1 e
36 4 36 A -1
381 38 - %
4 . >
40 4-- p X




~—11702/9¢ JUE 12:27 FAX 7033783308 . YANTECE ENVIRONYENTAL CO g 00

MANTECH ENVIRONMENTAL .
14290 Saltyfisld Circle, Suite 100 ' LOG OF BORING MTMW-2
Chmtifty, Viegiia 20151 gz Lot )

Neval Statin Roosevalt Rouds Belliteg Miutiod  Mcllow yum Adger Basts Water Lovel ‘Tt o

Tow Way Fual Faom. Prille = 8all Ty Mk Up H
Cuibe, JR. i MuTedh Rep, : Corot Callaghan Wl ke Dimcwler < 2inches
Praject #8207.000 Buxgle Type = Suilt Sptian. Gk Wl Cambrastion T W, e

Enle Tiaaiep 3k WellDepts 27

[ 3
B

i Bl Bons 20 et A e e L
]

-
u
et

0

| ] wn:ymugmmm | i ;

g L . LB o’ .

.3\ o 0‘1 -'

45 4 :1 ..

= - o} ‘ o :
#

§+
).
10: 19:
12
14+

14 — Bemoute et

N AN P IR T A
% N fe®et,

& 16 - 16 1 1 b
1. , 1k
z 1’ 18 4 st
;-; ) cx y H
- | %1 S
b I o a i;{i
' z1 o :.' :.'1
) g 3%
oy '
¥ u 24+ qi%
L »
3 ] 4 oH
ﬁJ 26 4 :‘_ ;:;
» ] N ::;::E—MM
I3 2 284 o\ Hal— FVC Soreen
& = -’ of

30

sz]

i

=
NN NN NN NN NN RN OO RN e

vt
e e
Rt o 3

R=04% TO3ITEL396 11=02-99 17:"3RdU ‘oAnd wan
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o4 014993

08-24-99 TUE 0%:08 FAY 7033783398 MANTECH ENVIRONMENTAL CO Qoor
Iz
MANTECH ENVIRONMENTAL - -
14290 Sullyfield Circle, Switz 100 LOG OF BORING MTMW-5
Ctamilty, Virginia 20121 Pagel cf1)
Naval Station Roesevsht Roads Sellicg Mathod : Zollow Stem Avger Szmio Waer Lavel 22 feri b
Tow Way Fuel Fazm Orler : Sall Tz Stk Up iy
Ceiba, PR MaT=zkIa : Cxrol Callaghsn Wal kxer Diamsi .2 ob
Project # 3207.000 Saxple Type : Spiit Spoen, Grab Wel Coesruenen :PVC SavenRiser
Hele Diareter :§ mebes ‘Neil Depth . 35Fent
; !
ol 2| wdll:MTMW3
Depx 2| b g | 3| Bews?S FesAbove Mean Sea Leve
T DESCRTFTION RlZ| » z |z
Feet . B Fer { E | E
i 2T = =
¢
Sty ehay 0
1 . / 11 .{
24 / 24 "
34 ! % 4 R
{
44 i / 44 N
¢ 4 lem / 5 1 Gret
§ ; / 1 r
. 1 6
[} g / 74 ) *
/ | F—PVC Risx
8 1 } / 84 .
9 4 ! 9 o
10 24 104 i
) Dmxdbmwnwoli\tﬂtydaymmco&:l::.m ! // 7
i ; 11
12 - - % 124 ; L— Bezdicnite Scat
13 4 i / 13 4 -
14 _ A 1 .
15 \De=3e r2d 20d gev motled cixy, Drv T 18 4
Gravel snd cobbleg, Dry -'-:-‘
11 Gwhe] 197
17 4 l’":.vj 17 4
18 — ] 184
Dense goyvish pabbro saproibne, stong peroizum oder, dry Lo'e
19 awras| - :
30 ) bl 209 4
Dezz pernleum s2aned rown siity clay with cobbies, dry Pd
319 (4 / 21 4
= - 22
Denss petroleum stuned prey siity ciny with cobbies, Dry
23 4 CHE B
4 ——_4 23 4 . e
¥ Thesm peToleurn stained grey silty clay with cobbies, WET :"ﬁ_’ : Saod Pack
25 \WITH PETROLEUM PEDDUCT N - 25 - ‘F=Sorem
25 {\Sty sand with cobbies, Dry > 25 :
o7 d Re+d brown siity clay with sobblex -4 -
zx-SﬂwmdehbiaWﬁuBOFn‘. CE% ng -L‘ ]
29 o / 29 4 % ]
30 / 30 g
Sifry cixy y ]
5 31- "
321 32 S
CH ; p
33 4 % 33 -! -
344 34 s
35 l /“ - 1 i 5
s 35 ¢ b




082489 TUE 08:08 FAX 7033783386

L \Piojoc RN e intew-d bue

06 O1- | 99%

MANTECH ENYIRONMENTAL CO 2008
MANTECH ENVIRONMENTAL
14290 Sullyfield Circle, Suite 100 LOG OF BORING MTMW-4
Chartilly, Virgimia 20151 (Page 1 of 1)
Naval Station Roosevelt Roads DriLing Method : Eclloes Suen Auger Sate Waer Level =
Tew Way Fuel Parm Driller : Sall Tech guck Tp ]
Ceiba, PR ManTehi Ren : Cxrol Callaghan Well Ione Diamzta 12 ok
Project # $207.000 Ssempie Type + SpiK Spoon. S3b Wall Cozsniction. .PYC BsaRis
Hole Diaxeer :8in Weil Depth . 36Fcet
= Welll: MTMW4
Dot 2| oo 2 3| Blov: 7.1 Fect Above Moan Seo Lovel
5 DESCRIPTION AEIRREAE —
Toxt & Fet | § |2
Sjc 2 |B
0 Brown nity cay | ¢ 1
14 / 14 .. -
2 4 / ] -
31 / 3 .c :
44 CH % 44 RIS
54 / 5 - 2
&4 / H 'J ‘1 '. = GO
74 / bl -f ._ '.
g - /) g4 *] == 3VC Riser
o i Derse orown and grey mattied day, dry cay, N
\Grawel dry 7 S S1E
10° Redclay, ay - / 16 4 1
- / . 114 11
12 - / 13 4 sle
Groy clsy, suung petroleum odax. dry CH / A
13 - SRR I g-am Soul
]
14 3 Grey clav some agguiar gravel ctrong patroleam oder, ey [ai by 14 4 ! 4 o
15 { Grom sty cisy with angulur gabbro gravel, pervieun CH /| 16 - =
16 pdcely Z 15 4
—~ 6
Angniar gabbro gravel, dry g
17 Gwras 4 74
1s we e 13 d
Apgula- cadire gravel WET WITH PETROLEUM -
19 1 PRODUCT PD 10 4 :
2 : — -
Silty clsy with gravel, airong peroienm odex, dry 5
211 cH 21 .
2 Vs 2 o -]
Gaboro graved, wer X -]
25 A Sed B 5
24 Gwloy! 344 x{-
pe o .
b ol 2 3 S Feak
25 - 234 26 [ Sereen
Olive ity clay, wet S d
27 ? 27 B
28 / 28 R u sy
3% 1 / 29 4 s
30 4 / 30 4 Kl
314 ca / 31 4 A%
2N =3
33 4 7 33 4 ety
34 1 / 34 4 ]
3¢ 4 35 4 ]
36 4 kY
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BORING / WELL LOG

PROJECT: Free Product Recovery
PROJECT NO.: 945808

' ALIENT/OWNER: U.S. Navy

30RING LOCATION: Upper Tow-Way Fuel Facility
DRILLING CO.: Soil Tech

DRILLER: Jorge Diaz

DRILLING METHOD: 8 1/4" HSA

DRILL RIG: Mobile B-80

BORING NO.: RW-1

DATE DRILLED: ;10/17/9%6
TOC ELEVATION:

GS ELEVATION:

DTW AT COMPLETION: 10'9"
DTW AFTER 24 HOURS:
LOGGED BY: D. Drozd

_ - PID RZADINGS,
LA WELL 1} soiL symaors,
oo peralL | SAMPLERS,

= S AND TEST DATA

Uscs DESCRIPTION

~t

w

SAMPLE | STANDARD PENZTRATION TZ

. CURVE
No. |Rec.| DIPTH N

cl SILT and CLAY, little gravel, brown,
moist, fill

0 — e

CLAY, some silt, some gravsl,
gray-graen, sirong odor, maoist,
compactad

b Ardl

"7

wr
LY
ey
S g S et

.

L

ch CLAY, light brown, strong odor,
moist, compactad

v
43

——

RN
)

R

|

o MK

cl CLAY, some silt, littile gravel, angular
1o subangular, light brown, slight
odor, compacted

gc GRAVEL, liztle clay, light brown,
medium odor, moist, uncompaciasd

wt

Ay

rock| ROCK, subangular, gray-green, nard,

little clay, madium brown, wet,

medium odor

.200.0
c! CLAY, lmla sand, medium to coarse

grained, irace gravel, wet, sirong

odor, compacted

[eo)-

|
l
|
| |
|
||
||

P

E: Borenole was redrilled to a depth of 35 feer because well originally collapsed
erd to cllow room for irsicliction of the well if the borerole collapsed.

CHECKED 8Y:

inis information pertains only to this boring and should not be interpreted as being indicitive of the site.




BORING / WELL LOG BORING NO.: RW.7

PRQJECT: Free Product Recovery
PROJECT NO.: 945808

CLIENT/OWNER: U.S. Navy DATE DRILLED: 10/18/96
BORING LOCATION: Forrestal Road TOC ELEVATION:
DRILLING CO.: Soil Tech GS ELEVATION: .
DRILLER; Jorge Diaz DTW AT COMPLETION: 11'3"
DRILLING METHOD: 8 1/4" HSA DTW AFTER 24 HOURS:
DRILL RIG: Moblie B-90 LOGGED BY; D. Droad
PID READINGS, SAMPLE {STANDARD PENETRATION TEST
FDeRT | | SO STMBULS, g DESCRIPTION CURVE -
] M SRR ASPHALT | R
T 8 .90 Beoong T : N
T ' GP.- ) GRAVEL, some silt, trace sand, ;
+ T By GM | brown, dry, uncompacted, fil
S . |
T = R Treck| ROCK, grev-green, hard, subangutar |
T to angular, little siit, brown, dry, 3 N
+ . / medium odor, uncomgacted ;
+ 1
s j
; |
—+10 | ;
-
- ¥ | i
1 dazat s ‘ P
4 rock! ROCK, grey-green, hard, slight to v
+ medium odor, dry, uncompacted ;
—-15 |
1 AAB- ;
/ ¢l | CLAY, trace graval, trace sand, light |
T to medium brown, mediumn odor, !
—+20 wst, compacted :
Il <
$ / |
‘“'\"“25 259
1 Bottom of Boring
4 f\
~+-30 |
+ l
1 J
NOTE: Borehole was drilled 1o a depth of approximately 25 feet 10 allow room Jor : CHECKED 8Y:

installation of well if borehole collapsed.

This Information perteins only to this boring and should not be interpreted ac being indicitive of the i’site.

ICHOR Services, Inc. shest § of 1




BORING / WELL LOG Bohmc NO.: RW-8

PROJECT: Free Product Recovery i
PRCJECT NO.: 945809

CLIENT/OWNER: LS. Navy DATE DRILLED: 10/21/96
BORING LOCATION: Forrestal Road TOC ELEVATION:
DRILLING CO.: Soil Tech G35 ELEVATION:
DRILLER: Jorge Diaz DTW AT COMPLETION:
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APPENDIX D
HEALTH AND SAFETY PLAN ADDENDUM

This addendum to the Health and Safety Plan (HASP) contained in Section 5.0 of the approved Work
Plan', provides supplemental information related to the proposed pneumatic fracturing (PF) activities at
the project site in Naval Station Roosevelt Roads. The following sections of the HASP are affected:

Section 5.1.5 Site History and Description

The scope of the Task Order has been expanded to include pilot studies .to.evaluate enhancement of
product recovery using pneumatic fracturing techniques. 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. In addition, short- and long-term pump performance tests will be conducted to evaluate
various product removal pump systems.

Section 5.2.2 Site Health and Safety Officer
Mr. Mark Body, McLaren/Hart’s Project Superintendent, will be the acting SHSO. He possesses
remedial action experience and a working knowledge of the commonwealth and federal occupational
safety and health regulations. Mr. Boyd served as the SHSO on three other POL RAC projects at MCAS
Cherry Point, North Carolina in the past two years. He has completed the required 40-hour health and
safety training in accordance with 29 CFR 1910.120 and the 8-hour supervisory training. In addition,
Mr. Boyd and one additional McLaren\Hart employee will be trained in standard first aid and CPR. The
SHSO will be on site during major on site activities.
Section 5.5 Work Activities
Work activities also include:

¢ Pneumatic Fracturing Pilot Tests

Section 5.7 Potential Safety Hazards

Section 5.7.11 is added to the HASP to cover potential physical hazards associated with pneumatic
fracturing.

Section 5.7.11 Pneumatic Fracturing
Non-chemical hazards associated with pneumatic fracturing include:

1. Slip/trip/fall associated with any operations at the site or within the general area. For
precaution, steel toe boots will be worn at all times.

2. Heat stress associated with any activities on-site. Operations will strictly adhere to
McLaren/Hart health & safety policy (HS-28) for heat stress. Water will be provided.

! McLaren/Hart Environmental Engineering, Inc. (Formerly PDG Environmental Services, Inc.), Work
Plan, Free Product Recovery System for the Tow Way Fuel Facility, Naval Station Roosevelt Roads, Ceiba,
Puerto Rico, Department of the Navy, Atlantic Division, Contract No. N62470-D-93-3033 POL RAC Task
Order # 9, Prepared for J. A. Jones Environmental Services, Charlotte, NC, August 16, 1996.
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On-site utilities: Utility clearance will be performed in accordance with
McLaren/Hart’s Utility Clearance policy (HS-34). This includes a utility mark out in
the pilot test areas prior to the implementation of site work. Confirmation of utility
mark outs will be performed by a review of facility drawings and site clearance by the
U.S. Naval site management team.

Noise: A noise hazard is likely when working close to drill rigs and bleed off of
compressed air hose. Hearing protection will be supplied for all personnel on-site
during activities.

Machinery: Drill rig, support trucks, compressed nitrogen trailers
High Pressure: '

1) Pilot test activities require the use of high gas pressures for the pneumatic
injections. During the test program, the compressed nitrogen will be regulated to
<700 psi. Precautions to be taken during the testing program include: no
unauthorized personnel in the test area; check the integrity of the hoses and fittings
prior to injections; and stand clear of pressure hoses and the well cluster network
during injections.



Vr P Y S W AP b P
MATERIAL SAFETY DATA SHEET

1. Chemical Praduct and Company ldentification

BOC Gases, BOC Gases

Division of Division of

The BOC Group, Inc. BOC Canada Limited

575 Mountain Avenue 5975 Falbourne Street, Unit 2

Murray Hill, NJ 07974 Mississauga, Ontario LSR 3W6

TELEPHONE NUMBER: (908) 464-8100 TELEPHONE NUMBER: (505) 301-1700

24-HOUR EMERGENCY TELEPHONE NUMBER: 24-HOUR EMERGENCY TELEPHONE NUMBER:
CHEMTREC (800) 424-9300 (905} 501-0802

EMERGENCY RESPONSE PLANNO: 20101

PRODUCT NAME: NITROGEN

CHEMICAL NAME: Nitrogen

COMMON NAMES/SYNONYMS: Nitrogen, compressed; Nitrogen gas
TDG (Canada) CLASSIFICATION: 2.2

WHMIS CLASSIFICATION: A

PREPARED BY: Loss Control (908)464-8100/(905)501-1700
PREFPARATION DAYE: 0/1/95
REVIEW DATES: 6/7/96

2. Composition, Information on Ingredients

ANGREDIENT:":

% MOLUME:

Nitrogen 99.945 to Simple Asphyxiant Simpie Asphyxiant Not Availebie
FOAMULA: N, 99.959
CAS: 7727-37-9

ATECS #: QWS700C00
! As stted in 29 CFR 1910, Subpart Z (revised July 1, 1993)
2 As stuted in the ACGIHH 1994-95 Threshold Limit Values for Chemical Substances and Physical Apents

3. Hazards ldentlification

MSDS: G-7
Revised: 6/7/96 Page 1 of 6



[PRODUCT-NAME-NITROGEN

SKIN:
Remove contaminated clothing and flush affected areas with lukewarm water. If irritction peraists, scck medical
attention.

INGESTION:

Ingestion is ualikely os product as o gas at toom tempcerature.

INHALATION:

PROMPT MEDICAL ATTENTION IS MANDATORY IN ALL CASES OF OVEREXPOSURE. RESCUE
PERSONNEL SHOULD BE EQUIPPED WITH SELF-CONTAINED BREATHING APPARATUS. Victims
should be assisted 10 an uncontaminated area and inhale fresh air. Quick removal from the contamipated arsa is
moct itnportant. Unconscious pessons sheuld be moved to an uncontaminated arcs, and if breathing has stopped,
administer artificial resuscitation and supplemental oxygen. Further treatment should be symptomatic and
supportive.

5. Fire Fighting Measures

Conditions of Flatmmability: Norflammable

Flash pont: Method: Autoignitiop
None Not Applicable Temperature: None
LEL(%): None | UEL(%): None

Hazardous combustion products: None
Sensitivity to mechanical shock: None
| Sensitivity to static discharge: None

FIRE AND EXPLOSION HAZARDS:
None. Noaflammabie,

EXTINGUISHING MEDIA:
None required. Uss as appropriate for surrounding matcrials.

6. Accidental Release Measures

Evacuate all personne] from affected area. Use appropriate protective equipment. If leak is in comtainer or

coatainer valve, contact the appropriate emergency telephone number listed in Section 1 or call your closest
BOC location.

7. Handling and Storage

Electrical classification:
Non-hazardous.

This gas mixture is noncorrosive and may be used with all common structural materials.

Usc only in well-ventilated areas. Valve protection caps must retnain in place uniess container is secured with
valve protection outlet piped (o use point. Do not drag, slide or roll cylinders. Use 2 suitable hand truck for
cylinder movement. Use a pressurc reducing regulator when connecting cylinder to lower pressure (<3000 psig)
piping or systzms. Do not heat cylinder by any means to increase the discharge rate of product from the
cylinder. Use a check valve or trap in the discharge line to prevent hazardous back flow into the cylinder.

MSDS: G.7
Revised: 6/7/96 Page3of 6



| PRODUCT NAMESNITROGEN

9. Physical and Chemical Properties

PARAMETER VALUE UNITS

Physical state (gas, liquid, solid) : Gas

Vapor pressure : Not Available

Vapor density (Air = 1) 1 097

Evaporation point : Not Available

Boiling point 2 -320.4 °F
: -195.8 °C

Freezing point 1 3459 °F
1 -209.9 °C

pH : Not Applicable

Specific gravily : Nol Available

Qil/water partition cocfficient : Not Available

Salubility (F20) : Very slightly saluble

Odor threshold : Not Applicable

Odaor and appearance 1 Colorless. ndoriess gas

10. Stability and Reactivity

STABILITY:

Stable

INCOMPATIBLE MATERIALS:
None

HAZARDOUS POLYMERIZATION:
Does not occur.

11. Toxicological Information

Oxygen deficiency during pregnaacy has produced developmental abnormalities in humans and experimental
anmimals.

No data given in the Registry of Toxic Effects of Chemical Substances (RTECS) or Sax. Dange:ous Properties
of Industrial Materials, 7th ed.

12. Ecological Information

No data given.

13. Disposal Considerations

Do not atlempt to dispose of residual waste or unused quantities. Return in the shipping container PROPERLY
LABELED, WITH ANY VALVE OUTLET PLUGS OR CAPS SECURED AND VALVE PROTECTION CAP
IN PLACE to BOC Gases or authorized distributor for proper disposal.

MSDS: G-7
Revised: 6/7/96 Page5of 6



	Phase 2 Work Plan - Pilot Test to Evaluate Enhancement of Product Recovery
	Table of Contents
	Executive Summary
	Introduction
	Background and Project Objectives
	Pre-Pilot Test Preparation Activities
	Pilot Test Program
	Performance Evaluation Criteria
	Recovery Trench
	Project Organization
	Project Schedule
	Appendix A
	Appendix B
	Appendix C
	Appendix D



