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Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

EXECUTIVE SUMMARY

Tetra Tech NUS (TtNUS) has prepared this Sampling and Analysis Plan (SAP) for a pilot study for in situ
bioremediation of the groundwater at Site 5 (the former Fire Training Area) at the Naval Air Station Joint
Reserve Base (NAS JRB) Willow Grove, Pennsylvania. The principal contaminants associated with Site
5 soil and groundwater are volatile organic compounds (VOCs) historically disposed or spilled near the
site’s former drum storage area. The groundwater and soil analytical data obtained in the vicinity of the
former burn ring indicate that the competent base of the tank prevented the release of the volatile liquids into
the surrounding soils. Drums of liquids to be burned were temporarily stored approximately 150 feet west of
the former burn ring. The groundwater and soil analytical data obtained in the vicinity of the former drum
storage area indicate that volatile liquids were released into the soils and created the source area for the
groundwater plume that is the subject of this pilot study.

The draft Feasibility Study (FS) for Site 5 - Fire Training Area Groundwater Operable Unit 2 (OU 2)
(TINUS, October 2004) included a remedial alternative of in situ enhanced biological anaerobic reductive
dehalogenation treatment (e.g., bioremediation) and natural attenuation to promote the in situ remediation
of the VOCs in groundwater. This SAP contains the technical scope of work and associated sampling
plan to perform a (1) pre-remediation site characterization and (2) a pilot test (including treatability
testing).

The intent of the pre-remediation characterization is to understand the source location and architecture to
effectively understand and subsequently design the optimal remediation system. The purpose of the pilot
test is to design, evaluate the performance and ultimately prove the applicability of a biostimulation or
bioaugmentation strategy. The information derived from both aspects of this project will be used to aid in
the design and installation of a full-scale biostimulation/bioaugmentation remedy. A field pilot study is
imperative because the extraction and/or injection system parameters are unique to site. The data
collected for both of these aspects of the project include collection of subsurface soil samples, collection
of groundwater levels, and collection of groundwater samples (e.g., contaminant chemistry and
geochemistry) to determine site characteristics and pilot study performance.

This SAP outlines the organization, project management and objectives, planned activities,
measurement/data acquisition, assessment/oversight, and data review procedures associated with pilot
study activities. This SAP specifies requirements for fieldwork related to field operations, the collection of
soil samples, measurement of groundwater levels, the collection of samples from monitoring wells at Site
5, and field and laboratory analyses of soil and groundwater. This SAP includes 37 worksheets required
by the Uniform Federal Policy for QAPPs (UFP-QAPP) guidance as the main body of the document.
Relevant appendices (A through G) are included behind the worksheets. Tables and Figures that are not
included in the 37 worksheets are provided in the back of the document. A complete list of Worksheets,
appendices, tables, and figures is included in the following Table of Contents.
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Acronyms
°C Degrees Centigrade
%R Percent Recovery
ACT-POC Activity Point of Contact
ALSI Analytical Laboratory Services, Inc.
ARS Air Reserve Station
CCC Calibration Check Compound
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 1980
CLEAN Comprehensive Long-term Environmental Action Navy
CLP Contract Laboratory Program
CcOoC Chain of Custody
CSM Conceptual Site Model
CT Threshold Cycle
DCA 1,1-Dichloroethane
DCE Dichloroethene
Dhb Dehalobactor
Dhc Dehalococcoides
DNAPL Dense Non-aqueous Phase Liquid
DO Dissolved Oxygen
DoD QSM Department of Defense Quality Systems Manual
DON Department of the Navy
DPT Direct Push Technology
DAl Data Quality Indicator
DVM Data Validation Manager
EICP Extracted lon Current Profile
FOL Field Operations Leader
FS Feasibility Study
FTMR Field Task Modification Request
GC/FID/ITCD  Gas Chromatograph/Flame lonization Detector/Thermal Conductivity Detector
GC/MS Gas Chromatograph/Mass Spectrometer
GFAA Graphite Furnace Atomic Absorption
GIS Geographical Information System
gpm gallons per minute
HiPO, Phosphoric Acid
HASP Health and Safety Plan
HCI Hydrochloric Acid
HDPE High Density Polyethylene
HNO; Nitric Acid
HSM Health and Safety Manager
IC lon Chromatograph
ICP Inductively Coupled Plasma
ICP-AES Inductively Couple Plasma-Atomic Emission Spectroscopy
ICV Initial Calibration Verification
IDL Instrument Detection Limit
IDW Investigation-Derived Waste
IS Internal Standard
L Liter
LCS Laboratory Control Sample
MBT Molecular Biological Tools
MCL Maximum Contaminant Level
MDL Method Detection Limit
Ml Microbial Insights
mL Milliliter
MNA Monitored Natural Attenuation
MPC Measurement performance criteria
MSD Matrix Spike Duplicate
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MS Matrix Spike
MSDS Material Safety Data Sheet
NA Not Applicable
Nas;PO, Trisodium phosphate
NaOH Sodium Hydroxide
NAS JRB Naval Air Station Joint Reserve Base
NAVFAC Naval Facilities Engineering Command
NELAP National Environmental Laboratory Accreditation Program
NFESC Naval Facilities Engineering Service Center
NR Not Recorded
O&M Operations and Maintenance
ORP Oxidation Reduction Potential
OSHA Occupational Safety and Health Administration
Oou Operating Unit
PADEP Pennsylvania Department of Environmental Protection
PCR Polymerase Chain Reaction
PDF Portable Document Format
P.G. Professional Geologist
PID Photoionization Detector
PM Project Manager
PQL Project Quantitation Limit
PQOs Project Quality Objectives
PVC Polyvinyl chloride
PWC-DET Public Works Center Detachment
QA Quality Assurance
QAM Quality Assurance Manager
QC Quality Control
QL Quantitation Limit
RBC Risk Based Concentration
RI Remedial Investigation
RF Response Factor
RL Reporting Limit
ROICC Resident Officer in Charge of Construction
RPD Relative Percent Difference
RPM Remedial Project Manager
RSD Relative Standard Deviation
SAP Sampling and Analysis Plan
SDG Sample Delivery Group
SOP Standard Operating Procedure
SPCC System Performance Check Compound
SQL Simple Query Language
SSO Site Safety Officer
TBD To Be Determined
TCA 1,1,1-Trichloroethane
TCE Trichloroethene
TCL Target Compound List
TOC Total Organic Carbon
TtNUS Tetra Tech NUS, Inc.
UFP-QAPP Uniform Federal Policy for Quality Assurance Project Plans
USCS Unified Soil Classification System
USEPA United States Environmental Protection Agency
USGS United States Geological Survey
U.S. Navy United States Navy
VOC Volatile Organic Compound
WP Work Plan
WS Worksheet
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SAP Worksheet #2 -- SAP Identifying Information
(UEP-QAPP Manual Section 2.2.4)

Site Name/Number: Site 5

Operable Unit: NA

Contractor Name: Tetra Tech NUS, Inc.
Contract Number: N62467-04-D-0055
Contract Title: CLEAN

Work Assignment Number: CTO 411

1. This SAP was prepared in accordance with the requirements of the Uniform Federal Policy for Quality
Assurance Plans (UFP-QAPP) (U.S. EPA 2005) and EPA Guidance for Quality Assurance Project Plans,
EPA QA/G-5, QAMS (U.S. EPA 2002).

2. Identify regulatory program: CERCLA

3. This SAP is a project-specific SAP.

4. List dates of scoping sessions that were held:

Scoping Session Date
Project Planning and Field Sampling Preparation (TtNUS) 7/16/2007
Project Planning and Field Sampling Preparation (TtINUS) 7/24/2007
UFP-SAP Preparation (Navy and TtNUS) 10/25/2007

5. List dates and titles of any SAP documents written for previous site work that are relevant to the
current investigation.

Title Date
NA

6. List organizational partners (stakeholders) and connection with lead organization:

BRAC PMO (lead), EPA (regulatory oversight), PADEP (regulatory oversight), NAVFAC (property owner),
Tetra Tech NUS (pilot study contractor)

7. Lead organization (see WS 7 for detailed list of data users)

BRAC PMO

8. If any required SAP elements or required information are not applicable to the project or are provided
elsewhere, then note the omitted SAP elements and provide an explanation for their exclusion below:

NA
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0
Revision Date: September 2008

SAP Worksheet

#2 -- SAP Identifying Information

(UFP-QAPP Manual Section 2.2.4)

UFP-QAPP Required Information Crosswalk to Related

Worksheet # Information

A. Project Management

Documentation

1 Title and Approval Page Not applicable, worksheet used

2 Table of Contents Not applicable, worksheet used
SAP Identifying Information

3 Distribution List Not applicable, worksheet used

4 Project Personnel Sign-Off Sheet Not applicable, worksheet used

Project Organization

5 Project Organizational Chart Not applicable, worksheet used

6 Communication Pathways Not applicable, worksheet used

7 Personnel Responsibilities and Qualifications Not applicable, worksheet used
Table

8 Special Personnel Training Requirements Table | Not applicable, worksheet used

Project Planning/ Problem Definition

9 Project Planning Session Documentation Not applicable, worksheet used
(including Data Needs tables)
Project Scoping Session Participants Sheet
10 Problem Definition, Site History, and Not applicable, worksheet used
Background.
Site Maps (historical and present)
11 Site-Specific Project Quality Objectives Not applicable, worksheet used
12 Measurement Performance Criteria Table Not applicable, worksheet used
13 Sources of Secondary Data and Information Not applicable, worksheet used
Secondary Data Criteria and Limitations Table
14 Summary of Project Tasks Not applicable, worksheet used
15 Reference Limits and Evaluation Table Not applicable, worksheet used
16 Project Schedule/Timeline Table Not applicable, worksheet used

B. Measurement Data Acquisition

Sampling Tasks

17

Sampling Design and Rationale

Not applicable, worksheet used

18 Sampling Locations and Methods/ SOP Not applicable, worksheet used
Requirements Table
Sample Location Map(s)
19 Analytical Methods/SOP Requirements Table Not applicable, worksheet used
20 Field Quality Control Sample Summary Table Not applicable, worksheet used
21 Project Sampling SOP References Table Not applicable, worksheet used
Sampling SOPs
22 Field Equipment Calibration, Maintenance, Not applicable, worksheet used

Testing, and Inspection Table

Analytical Tasks

23

Analytical SOPs
Analytical SOP References Table

Not applicable, worksheet used

24

Analytical Instrument Calibration Table

Not applicable, worksheet used

25

Analytical Instrument and Equipment
Maintenance, Testing, and Inspection Table

Not applicable, worksheet used

Sample Collectio

n

26

Sample Handling System, Documentation
Collection, Tracking, Archiving and Disposal
Sample Handling Flow Diagram

Not applicable, worksheet used
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0
Revision Date: September 2008

SAP Worksheet

#2 -- SAP Identifying Information

(UFP-QAPP Manual Section 2.2.4)

27

Sample Custody Requirements,
Procedures/SOPs Sample Container
Identification

Example Chain-of-Custody Form and Seal

Not applicable, worksheet used

Quality Control S

amples

28

QC Samples Table
Screening/Confirmatory Analysis Decision Tree

Not applicable, worksheet used

Data Management Tasks

29

Project Documents and Records Table

Not applicable, worksheet used

30

Analytical Services Table
Analytical and Data Management SOPs

Not applicable, worksheet used

C. Assessment

Oversight

31

Planned Project Assessments Table
Audit Checklists

Not applicable, worksheet used

32 Assessment Findings and Corrective Action Not applicable, worksheet used
Responses Table

33 QA Management Reports Table Not applicable, worksheet used
D. Data Review

34 Verification (Step I) Process Table Not applicable, worksheet used
35 Validation (Steps lla and IIb) Process Table Not applicable, worksheet used
36 Validation (Steps lla and IIb) Summary Table Not applicable, worksheet used
37 Usability Assessment Not applicable, worksheet used
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #3 -- Distribution List
(UFP-QAPP Manual Section 2.3.1)

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0
Revision Date: September 2008

Telephone . . Document Control
NameT qf SAP Title/Role Organization Number E-mail Address or Mailing Number
Recipients . Address .
(Optional) (Optional)
. Remedial Project Manager . . . .

Curtis Frye (RPM) NAVFAC Mid-Atlantic 215-897-4914 curtis.frye@navy.mil NA

Bob Lewandowski BRAC Environmental NAVFAC Mid-Atlantic | 215-897-4908 | robert.flewandowski@navy.mil | NA
Coordinator

Dave Barclift Technical Staff NAVFAC Mid-Atlantic 215-897-4913 david.barclift@navy.mil NA

Sherri Eng NAVFAC Chemist NAVFAC Mid-Atlantic 410-305-2746 sherri.eng@navy.mil NA
Environmental Director Activity . .

Harold Dusen Point of Contact (ACT-POC) NAS JRB Willow Grove 215-443-6937 harold.dusen@navy.mil NA

Lt. Commander Public Works Center

’ Detachment (PWC-DET) PWC-DET 215-443-2229 suzanne.montgomery@navy.mil NA

Suzanne Montgomery .
Coordinator

Lisa Cunningham EPA RPM EPA Region 3 215-814-3363 cunningham.lisa@epamail.gov NA

Charles Clark PADEP Project Manager PADEP 484-250-5731 chaclark@state.pa.us NA

Kevin Kilmartin, P.G. Project Manager (PM) TINUS 610-382-1173 kevin.kilmartin@tetratech.com NA
R iation Technical

Keith Henn, P.G. emediation Technica TNUS 412-921-8146 | keith.henn@tetratech.com NA
Specialist

Tom Johnston CLEAN Quality Assurance TINUS 412-921-8615 tom.johnston@tetratech.com NA
Manager (QAM)

Vince Shickora Field Operations Leader TINUS 610-491-9688 Vince.Shickora@tetratech.com NA
(FOL)/Site Safety Officer(SSO) ' '

Megan Ritchie Project Chemist TINUS 610-491-9688 megan.ritchie@tetratech.com NA

Jeff Jaworski Drilling Subcontractor Talon Drilling 609-538-0580 Talondr1@verizon.net NA

Susan Baer Lab Project Manager Analytical Laboratory 717-944-5541 sbrunk@analyticallab.com NA

Services, Inc. (ALSI)
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0

Revision Date: September 2008

N ¢ SAP Telephone E-mail Add Maili Document Control
ame o Title/Role Organization Number -mal ress or Mailing Number
Recipients . Address .

(Optional) (Optional)
Rachel Whitby Lab Project Manager Microseeps 412-826-2389 RWhitby@microseeps.com NA
Cheryl Davis Lab Project Manager Microbial Insights 865-573-8188 cdavis@microbe.com NA

NA — Not Applicable
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Site Lacation:

SAP Workstwet #4 — Project Personnel Sign-Off Sheet
(VER-QAPP Manual Saalion 22.2)

Thie: Wm&u&mim?h&%

Pevision Date: Saptembar S0C8

w . SAP Section Date SAP Head
Naone OrgantzationTieMole | {optional) Signaluraienall receipt Roviewsd
Curtis Frye NAVFAC RPM znsewad | (o< T~ ALL BT 08
ob Lowandonkd | BT UG ondnaior | 2158574008 W AL 8/o~3
Dave Barct NAVFAC Tochrical Safl | 2158974913 Tece. g Sl ey | Fn2ag
Kevin Kimartin TWUS PM 6109821173 AA-L- g/o0%
™G T
Keith Heno Remedcisfon Tacholcal | 41218146 | Oa File
Specielst N
Vinos Shickora TS FOLSSO 810-491-9068 | | 5/08
Tom Jahnslon TINUS QAM 412219616 | BN e
Joe Ssmehuck w’&"“(gv‘{”m 412:921-8510
Megan Rilchie TINUS Project Chemist 610-382-1157 o ‘ A
Joft Jaworskl Driting Subcontracior 609-520-0860 ~ REP WS i Hlog
Marin Kirach Geophysioal Subweniracior | 6105243408 [/ I2 . (., /- ReP_WSiq | s/0%
Pamaia John 1DW Subconkractor 610-006-0740 ' [~ fw-~ RFP WS 1Y 3/08
Dennis Skar Suveyor - | 2152807008 W RFE wb H Tlo%
Susan Baer ALSILab Project Manager | 117-044-5541 . L-ON - [€ RFP,;',;‘,% 15730 | /el
Rache) Whitoy Manaoar” LDl 412002008 \(&(Lﬂ' ) (/JM[Z,Q s, e3-80 | 9/0"
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Project-Spacific Sir . Title: SAP for Site § Bioremediatic:: Pllot Study

Site Name/Project Name: NAS JRB Willow Grove Site 5 g Revision Number: 0
Sit: L:::nagon: Willow G?ove, Pennsylvania rove Sie Revision Date: September 2008
Telephone
Number gAP :::gon Date SAP Read
Name Organization/Title/Role (optional) Signature/email receipt ov o
- \ i
. Microbial Insights Lab Project // . RFEETLTE TR /
Cheryl Davis Manager B65-573-8188 %&/ /4. Myzd) 20,21,23- 36 o} 7
ALSI ~ Analytical Laboratory Services, Inc. FOL -~ Field Operations Leader PM - Project Manager  QAM — Quality Assurance Manager
SS0 ~ Site Safety Oftficer TBD - To Be Determined
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5

Site Location: Willow Grove, Pennsylvania

SAP Worksheet #5 -- Project Organizational Chart

(UFP-QAPP Manual Section 2.4.1)

NAVFAC BRAC PMO Northeast

NAVY

Curtis Frye

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0
Revision Date: September 2008

USEPA

Remedial Project Manager (RPM)

NAS JRB Willow Grove

Howard Dusen - ACT POC

Lisa Cunningham
Region 3 RPM

PADEP

Lt. Com Suzanne Montgomery - PWC-DET Coordinator

TtNUS
Health and Safety / Sr. CIH

Tom Sheehan

TtNUS
Program Manager

TtNUS
CLEAN QAM

Project H&S Officers

Matt Soltis
Jim Laffey/Clyde Snyder

John Trepanowski

Tom Johnston

TtNUS
Support Staff
Data Validation Manager
Joe Samchuck

Chemists
Env. Engineers

TtNUS
Project Manager

Kevin Kilmartin

TtNUS
Project Chemist

TtNUS
Remediation Technical Specialist
Field Operations Leader/Site Safety Officer
Site QA Advisor

Megan Ritchie

Geologists

Keith Henn
FOL - Vincent Shickora
Megan Ritchie

Laboratories
Analytical Laboratory

L/DOCUMENTS/NAVY/00910/21416

IDW Driller ~ Surveyor Geophysical
EnviroAir Talon Sklar Earth Data

Analytical Laboratory Services, Inc.
Microseeps

Microbial Insights
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5

Site Location: Willow Grove, Pennsylvania

SAP Worksheet #6 -- Communication Pathways

(UFP-QAPP Manual Section 2.4.2)

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0
Revision Date: September 2008

Communication Drivers

Responsible Affiliation

Name

Phone Number
and/or e-mail

Procedure

Field Task Modification Requests

Immediately gets approval from TtNUS
PM

Issues in the field that result in
changes in scope of field work

TtNUS Remediation Technical
Specialist

Keith Henn, P.G.

412-921-8146

(FTMR) TINUS FOL Vince Shickora 610-491-9688
Document via FTMR form
Immediately informs TtNUS PM
QAPP Amendments Navy RPM . Cutis .Frye 215-897-4914 TINUS documents vi.a FTMR form
Navy Chemist Sherri Eng 410-305-2746 Amendment is submitted to Navy
Chemist for review and signature.
Changes in Schedule TtNUS PM Kevin Kilmartin | 610-382-1173 | Informs Navy via schedule impact
letter as soon as impact is realized
TtNUS PM Kevin Kilmartin 610-382-1173 FOL immediately informs PM; PM

immediately informs RPM; RPM
issues scope change if warranted;
Scope change to be implemented
before work is executed.

Analytical data quality issues

Microbial Insights

TtNUS Project Chemist

Cheryl Davis

Megan Ritchie

865-573-8188

610-382-1527

TINUS FOL Vince Shickora 610-491-9688
Recommendations to stop work and TINUS PM Kevin Kilmartin 610-382-1173 Responsible Party immediately
initiate work upon corrective action TINUS QAM Tom Johnston 412-921-8615 informs subcontractors, the Navy, and
TINUS HSM Matt Soltis 412-921-8912 Project Team
Navy RPM Curtis Frye 215-897-4914
ALSI Scott Brunk 717-944-5541 Immediately notify TINUS Project
Microseeps Rachel Whitby 412-826-2389 Chemist

Notify Data Validation Staff and TtNUS
PM if necessary

ALSI — Analytical Laboratory Services, Inc.
PM — Project Manager
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FOL — Field Operations Leader

FTMR - Field Task Modification Request

QAM — Quality Assurance Manager RPM — Remedial Project Manager

HSM — Health and Safety Manager
TBD — To Be Determined
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #7 -- Personnel Responsibilities and Qualifications Table
(UFP-QAPP Manual Section 2.4.3)

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0
Revision Date: September 2008

. Organizational I Education and/or Experience
Name litie/role Affiliation Responsibilities Qualifications (Optional)
Curt Frye Navy RPM NAVFAC Oversees project, financial, and
schedule, of the project.
Sherri Eng Navy QAO NAVFAC Reviews project SAP. Ensures quality
aspects of the Navy and UFP-QAPP
guidance.

Kevin Kilmartin PM TINUS Oversees project, financial, schedule, M.S. Geology, 13 years of project
and technical day to day management | management experience and 27 years
of the project. of geological experience

Keith Henn Remediation Technical TINUS Development of the pilot study work B. S. Geology, M.S. Hydrogeology,
Specialist plan, implements the plan, conducts more than 14 years of environmental
senior evaluation of the data, and is experience and author of over 35
the lead technical author of the technical presentations and papers
completion report documenting innovative investigation
and in situ remediation applications.
Vincent Shickora FOL, SSO TINUS Supervises, coordinates, and performs
field sampling activities

Tom Johnston QAM TINUS Reviews QAPP and data PhD Chemistry, 30 years
quality determination. Ensures quality | environmental experience as technical
aspects of the TINUS NAVFAC Atlantic | and quality specialist.

CLEAN program.

Joe Samchuck DVM TtNUS Quality assurance of data validation B.S. Chemistry, MBA, M.S. Finance,
deliverables. Prepares lab scope, 23 years environmental experience
coordinates with lab, and data quality
review.

Megan Ritchie Project Chemist TINUS Coordinates analyses with lab B.S. Biology/Environmental Studies,
chemists, ensures the scope is 10 years environmental experience
followed, QA data packages,
communicates with TtINUS staff.
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0
Revision Date: September 2008

. Organizational I Education and/or Experience
Name Title/Role Affiliation Responsibilities Qualifications (Optional)
Matt Soltis Health and Safety TINUS Oversees CLEAN Program Health and | B.S. Industrial Safety Sciences, 24
Manager (HSM) Safety Program years of environmental experience
Jeff Jaworski Driller Talon Drilling Drills boreholes for well construction NA
under supervision of the TINUS FOL.
May also conduct Geoprobe borings.
L Geophysical Earth Data Conducts geophysical borehole NA
Martin Kirsch : .
Subcontractor logging of all newly-drilled boreholes.
Enviro Air Analyzes and disposes of investigative | NA
Pamela John IDW Subcontractor derived waste from the pilot study
operations.
Dennis W. Determines horizontal coordinates and | NA
Dennis Sklar Surveyor Sklar, Inc. vertical elevations for sampling
locations and well locations.
ALSI Ensures laboratory analyzes and NA
Susan Baer Lab Project Manager produces deliverables according to
contract with TtNUS.
Microseeps Ensures laboratory analyzes and NA
Rachel Whitby Lab Project Manager produces deliverables according to
contract with TINUS.
Microbial Ensures laboratory analyzes and NA
Cheryl Davis Lab Project Manager Insights produces deliverables according to
contract with TINUS.

CLEAN — Comprehensive Long-term Environmental Action Navy
FOL — Field Operations Leader

HSM — Health and Safety Manager

PM — Project Manager

QAM — Quality Assurance Manager

SSO - Site Safety Officer

TBD — To Be Determined
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #8 -- Special Personnel Training Requirements Table
(UFP-QAPP Manual Section 2.4.4)

The following table is used to identify and describe any specialized/non-routine project specific training requirements or certifications needed by
personnel in order to successfully complete the project or task. OPNAV 5090.1 instructions are not considered specialized training; the OPNAV
training requirements represent routine, minimum requirements that are mandatory for all Department of Navy (DON) projects.

No specialized training is required for this project. Each site worker will be required to have completed a 40-hour course (and 8-hour refresher, if
applicable) in Health and Safety Training as described under Occupational Safety and Health Administration (OSHA) 29 CFR 1910.120(b)(4).
Additional information about Health and Safety Training can be found in the site-specific Health and Safety Plan (HASP).

Analytical Laboratory Services, Inc (ALSI) has successfully completed the laboratory evaluation process required as part of the Naval Facilities
Engineering Service Center (NFESC) Quality Assurance Program and described in the Department of Defense Quality Systems Manual (DoD QSM)
(January 2006) and is additionally certified by the National Environmental Laboratory Accreditation Program (NELAP), which is the recognized
certifying authority for the state of Pennsylvania. ALSI’s last Navy audit was conducted on November 28 through 30, 2007. The Navy determined that
ALSI’'s Corrective Action Plan (CAP) was acceptable, and ALSI is presently in the process of submitting the documentation supporting the CAP. The
Navy has extended ALSI’s certification through February of 2008, until the new certification is issued. The Navy certification letter is included in
Appendix B.

The selected laboratories for the indicator parameters, Microseeps and Microbial Insights, do not have Navy certification. The methods performed by
these laboratories are not audited because there are not approved EPA methods for these analyses. The methods for these analyses are either
laboratory-specific or proprietary methods, and are not widely available from other laboratory sources. Microbial Insights PCR method is a proprietary
method that was reviewed by Navy personnel Cliff Casey in 2005. Although, this was not an official Navy audit, Microbial Insights responded to Tetra
Tech that the Navy did not express any concerns with the performance of the method. Microseeps did not indicate that they have similarly been
subject to an unofficial Navy audit, but Tetra Tech has used this laboratory for similar projects and has not encountered problems. In addition, the
analyses to be provided by Microbial Insights and Microseeps will essentially provide screening-level information (the viability of the bacterial
community). The ultimate-decision making parameters (the concentrations of the various chemical compounds) will be performed by ALSI, which is
Navy-certified.
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #9 -- Project Scoping Session Participants Sheet
(UEP-QAPP Manual Section 2.5.1) *Data needs tables were not used for these scoping sessions.

Project Name: NAS JRB Willow Site Name: NAS JRB Willow Grove
Grove Site 5
Projected Date(s) of Sampling: Site Location: Willow Grove, Pennsylvania

11/12/2007 through 12/1/2009

Project Manager: Kevin Kilmartin

Date of Session: July 16, 2007
Scoping Session Purpose: Project Planning and Field Sampling Preparation

Name Title Affiliation Phone # E-mail Address Project Role
Kevin Kilmartin | PM TINUS 610-382-1173 kevin.kilmartin@tetratech.com | Management
Keith Henn Remediation TINUS 412-921-8156 | keith.henn@tetratech.com Task
Technical Specialist Management
Megan Ritchie | Project Chemist TINUS 610-382-1527 | megan.ritchie@tetratech.com Chemist

Comments/Decisions: Discussed project activities. Distribute assignments to team members.

Action Items: Kevin and Keith write work plans for Site 5 Bioremediation Pilot Study. Megan will begin
preliminary QAPP writing. Team will begin thinking about project quality objectives (PQOs) which will be
discussed at next session.

Consensus Decisions: Projected internal draft deliverable will go out August 15, 2007.

Date of Session: July 24, 2007
Scoping Session Purpose: Project Planning and Field Sampling Preparation

Name Title Affiliation Phone # E-mail Address Project Role

Kevin Kilmartin | PM TINUS 610-382-1173 | kevin.kilmartin@tetratech.com | Management

Keith Henn Remediation TINUS 412-921-8156 | keith.henn@tetratech.com Task Management
Technical Specialist

Megan Ritchie | Project Chemist TINUS 610-382-1527 | Megan.Ritchie@tetratech.com | Chemist

Comments/Decisions: No tables will be repeated to eliminate errors. QAPP will refer to Tables in Work
Plan.

Action Items: Complete assigned portions of Work Plan/QAPP.

Date of Session: October 25, 2007
Scoping Session Purpose: Discuss Comments for Internal Draft

Name Title Affiliation | Phone# E-mail Address Project Role
Curt Frye RPM Navy 215-897-4914 | curtis.frye@navy.mil Navy PM
Bob _ BRAC Navy 215-897-4908 | robert.f.lewandowski@navy.mil Management
Lewandowski | £nyironmental

Coordinator
Dave Barclift Technical Staff Navy 215-897-4913 | david.barclift@navy.mil SAP Reviewer
Kevin Kilmartin | PM TINUS 610-382-1173 kevin.kilmartin@tetratech.com Management
Russ Turner PM TINUS 610-382-1534 | russ.turner@tetratech.com Management
Don Whalen Geologist TINUS 610-382-1536 | don.whalen@tetratech.com Geologist
Megan Ritchie | Project Chemist TINUS 610-382-1527 | megan.ritchie@tetratech.com Chemist

Consensus Decisions: TtNUS will rename QAPP to SAP and reorganize according to UFP-SAP
template. Incorporate former WP into SAP.
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #10 -- Problem Definition
(UFP-QAPP Manual Section 2.5.2)

10.1 INTRODUCTION AND PURPOSE

TINUS has prepared this SAP for a pilot study for in situ bioremediation of the groundwater at Site 5 (the
former Fire Training Area) at the Naval Air Station Joint Reserve Base (NAS JRB) Willow Grove,
Pennsylvania. This work will be performed under Contract Task Order No. 411 under Contract N62467-
04-D-0055, Comprehensive Long-Term Environmental Action — Navy (CLEAN).

The principal contaminants associated with Site 5 soil and groundwater are VOCs historically disposed or
spilled near the site’s former drum storage area. For decision making purposes under Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), the Site 5 soil has been
designated Operable Unit 4 (OU 4) and the Site 5 groundwater has been designated OU 2. The pertinent
analytical results of the remedial investigation work conducted to date for these media are included in the
Remedial Investigation Report for Site 5 — Fire Training Area (TtNUS, February 2002), the Site 5 RI
Addendum 2, Soil Investigation for Volatile Organic Compound, Soil to Groundwater Impact, Site 5 - Fire
Training Area (TtNUS, March 2006), and the Site 5 Remedial Investigation Addendum - Fire Training
Area Groundwater (OU 2) (TtNUS, September 2006).

The Navy completed a draft FS for Site 5 - Fire Training Area Groundwater (OU 2) (TtNUS, October
2004) that is currently being finalized. The FS included a remedial alternative of in situ enhanced
biological anaerobic reductive dehalogenation treatment (e.g., bioremediation) and natural attenuation to
promote the in situ remediation of the VOCs in groundwater. This SAP contains the technical scope of
work to perform a bioremediation pilot test to evaluate the potential efficacy of this remedial alternative.

Prior to the implementation of this pilot test additional data collection is necessary to further develop the
conceptual site model (CSM) to adequately design the pilot study, and ultimately determine the
effectiveness of in situ bioremediation. Thus, this SAP also contains the scope of work to perform a pre-
treatability investigation (which will be referred to as the Phase | investigation) that will include additional
soil sampling and chemical analysis, the installation of monitoring wells with groundwater sampling and
analyses, and aquifer testing. The soil investigation of the source area is planned to evaluate the nature
and volume of residual source in the unconsolidated soil (versus the underlying bedrock), which will
determine if these soils are a continuing source of VOCs to the groundwater plume. If a significant
continuing source is encountered it may be removed prior to groundwater treatment implementation.
Additional monitoring wells and groundwater analyses will determine the current groundwater quality
(VOCs, natural attenuation parameters, and endemic bacteria population) in the pilot test area. Aquifer
testing is planned to better understand the site-specific hydraulic parameters of the fractured bedrock.
The pilot test design and actual implementation (which will be referred to as the Phase Il investigation)
are expected to be modified based upon this additional data collection and subsequent evaluation.

10.2 SCOPE AND OBJECTIVE

The objective of the pilot study is to evaluate the applicability of the in situ bioremediation strategy, and to
provide the data to aid in the design, installation, and operational parameters for a full-scale recirculation
system at the site. The scope of work includes the following basic elements:

e The objective of the pre-treatability soil investigation is to evaluate the lateral and vertical extent
of VOC contamination of the soils at the source area. The scope of work for this task includes the
drilling of soil borings and the sampling and analysis of the subsurface soils for VOCs.
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #10 -- Problem Definition
(UFP-QAPP Manual Section 2.5.2)

e New monitoring wells will be installed to (1) better understand the nature of the groundwater
contamination, and (2) provide the groundwater analytical data needed to evaluate
bioremediation efficacy within the source area.

¢ A short-term aquifer pumping test will be performed to determine the hydraulic properties of the
aquifer.

¢ Injection and extraction wells will be installed for use in the proposed pilot study bioremediation
groundwater recirculation system.

e Biostimulants and (potentially) microbial innoculum will be injected into the aquifer via the
groundwater recirculation system to stimulate anaerobic reductive dechlorination (i.e., biological
destruction) of the VOCs.

e Periodic well sampling and analysis will be performed to monitor and record conditions within the
aquifer, determine the optimal quantity and frequency of injected material, and to measure the
performance of the bioremediation processes during the testing period.

e Periodic and routine operations and maintenance (O&M) activities (including the injection of
additional nutrient, biological, or other amendments as needed) will be performed.

10.3 SITE BACKGROUND

NAS JRB Willow Grove, Pennsylvania is located in Horsham Township, Montgomery County in
southeastern Pennsylvania, approximately 20 miles north of the city of Philadelphia (Figure 1-1). The
Navy Base occupies approximately 1,000 acres of approximately 1,200 acres the Department of Defense
(DoD) maintains at the Air Station. The Willow Grove Air Reserve Station (ARS) of the Air Force
occupies approximately 200 acres of land in the northeastern section of the Air Station and shares
common facilities with the NAS JRB. The Air Station is comprised of flat to slightly rolling terrain and is
generally bounded by State Route 611 to the east, State Route 463 to the southwest, and Keith Valley
Road to the north.

The primary mission of NAS JRB Willow Grove is to provide support for operations involving aviation
activities and to train Navy reservists. NAS JRB Willow Grove supports DoD tenants such as the Marine
Reserves, Pennsylvania Air National Guard, the Air Force Reserve, and the Army Reserve. The Base
provides facilities, services, materials, and training in direct support of all assigned units. These units
include anti-submarine warfare squadrons, a helicopter squadron, a fleet logistic support squadron, and
other Navy and Marine units.

NAS JRB Willow Grove was targeted for closure by the Base Realignment and Closure (BRAC 2005)
Commission in recommendations that became law on November 9, 2005. The Base is slated to close by
the year 2011.

The former fire training area (Site 5) is located in the south-central portion of NAS JRB, approximately mid
way between runway 10/28 and State Route 463, and covers an irregularly shaped area of approximately
1.25 acres. Fire training operations included storage and burning of flammable liquid wastes generated
by the air station in the period from 1942 through 1975, when burning exercises ceased. As a result of
the historical storage and burning operations, soil and groundwater have been impacted.

10.4  SITE DESCRIPTION AND SETTING

The burning area at Site 5 was located in the south-central portion of the site (Figure 1-2). The burn ring
(which has been removed) consisted of a cylindrical steel tank that was cut, placed on its side, and partially
buried to form an open steel ring at the surface with a competent steel bottom at the Base. The
groundwater and soil analytical data obtained in the vicinity of the burn ring indicate that the competent base

L/DOCUMENTS/NAVY/00910/21416 Page 21 of 113
CTO 411



Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #10 -- Problem Definition
(UFP-QAPP Manual Section 2.5.2)

of the tank prevented the release of the volatile liquids into the surrounding soils. Drums of liquids to be
burned were temporarily stored approximately 150 feet west of the burn ring. The groundwater and soil
analytical data obtained in the vicinity of the former drum storage area indicate that volatile liquids were
released into the soils and created the source area for the groundwater plume that is the subject of this pilot
study.

Site 5 is primarily covered by grasses, with some woody and brushy vegetation present within the southern
portion of the area. The ground surface slopes toward the south at a grade of approximately two percent.
The ground surface in the vicinity of the former drum storage area is partially covered by a paved asphalt
access road that extends northward to the taxiway.

A total of 33 monitoring wells have been installed at Site 5 during the multiple phases of the RI
investigation to delineate the directions of groundwater flow and the nature and horizontal and vertical
extent of groundwater contamination. In addition, two monitoring wells installed at Site 3 (located
hydraulically downgradient from Site 5) are incorporated into the Site 5 investigation because they are
useful for defining the approximate downgradient extent of the groundwater plume. The monitoring well
locations are illustrated in Figure 1-3, and their construction details are listed in Table 1-1.

10.4.1 Hydrology

The former fire training area is situated atop a southwest-northeast-trending ridge that is the highest
topographic feature within the region. This ridge serves as a divide for the regional surface water bodies
(watershed divide); surface water to the north of the divide flows toward the Little Neshaminy Creek, and
surface water to the south of the divide flows toward the Pennypack Creek.

The ground surface in the vicinity of the former Fire Training Area slopes toward the south at a grade of
approximately two percent. Runoff during normal precipitation events is minimized by the relatively gentle
slope and the abundant vegetation, which serves to decrease runoff velocity and increase infiltration.

Based on the local topography, any runoff from the site area may be expected to flow off Base through a
small intermittent drainage ditch that crosses the Base boundary approximately 2,000 feet south of the Fire
Training Area. This drainage way, which also carries runoff from the Antenna Field Landfill, flows into
Pennypack Creek approximately 3,000 feet from the Base property line.

Two small ponds are located within 100 feet south of the site in the down slope direction. The two small
ponds do not always contain water and tend to dry out.

10.4.2 Geology

Soil borings drilled throughout the site encountered a variably thick overburden layer underlain by
weathered bedrock of silistone and sandstone. The overburden generally consists of silty clay to clayey silt,
with minor amounts of silty sand. The thickness of the overburden (or the depth to the top of the weathered
bedrock) ranges from about 7 to 19 feet.

The bedrock consists of the middle arkose member of the Triassic-age Stockton Formation, which locally is
about 5,000 feet thick. The bedrock underlying the site to the current total depth of investigation (261 feet)
is characterized by a generally coarse-grained lithology that consists of alternating sequences of siltstone
and sandstone. Thin but laterally persistent beds of finer-grained mudstone are located within the lower
portions of the monitored section.

The correlation of geophysical logs from Site 5 boreholes indicates that the bedrock strikes at North 76°
East and dips at 7° Northwest, which is consistent with the attitude predicted by the regional geology.

L/DOCUMENTS/NAVY/00910/21416 Page 22 of 113
CTO 411



Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #10 -- Problem Definition
(UFP-QAPP Manual Section 2.5.2)

10.4.3 Hydrogeology

Investigations conducted to date have consistently indicated that the soils beneath the former drum storage
area occur entirely within the vadose zone, and that the water table at this location is encountered within the
shallow, weathered bedrock at subsurface depths of about 20 to 25 feet. Although significant amounts of
groundwater may be held in storage within the primary porosity of the fine- to medium-grained sandstones,
groundwater migration throughout the site is dominantly through the secondary porosity created by fractures
and joints and along bedding-plane partings.

The nature of the local groundwater flow is relatively complex. The site is underlain by a local groundwater
divide within the shallow groundwater zone (near the water table), and a deeper, regional groundwater
divide. The orientations and locations of the two groundwater divides do not coincide, resulting in
multidirectional groundwater flow that varies with depth. The shallow groundwater divide is oriented east-
west and generally coincides with the location and orientation of the Base runway, which is the highest local
topographic feature. The regional groundwater divide is oriented southwest-northeast and closely coincides
with the regional surface water divide for the Little Neshaminy Creek and Pennypack Creek watersheds.

The horizontal hydraulic gradients throughout the site are very low. For the shallow zone, the horizontal
hydraulic gradient ranges from about 0.01 ft/ft to 0.001 ft/ft (depending on topographic location), and for the
intermediate zone, the horizontal hydraulic gradient is about 0.001 ft/ft. Consistent with its position on a
regional groundwater divide, the overall vertical hydraulic gradient at Site 5 is oriented downward, although
borehole flow logs indicate that for any particular borehole, the vertical flow may be upward, downward, or
both.

The groundwater flow beneath Site 5 is illustrated by groundwater elevation contour maps drawn for the
shallow (Figure 1-4) and intermediate (Figure 1-5) groundwater zones. Site 5 is located south of the local
shallow water divide, so groundwater at the water table and in the shallow groundwater zone (which is most
directly influenced by surface topography) flows in a generally southward direction. Site 5 is also located
just west of the regional groundwater divide, so groundwater in the deeper groundwater zones flows in a
generally northwestward direction, consistent with the regional groundwater flow interpretation.

Groundwater flow within the Stockton Formation is markedly anisotropic, with the main direction of
anisotropy oriented parallel to the strike of the bedrock. In anisotropic aquifers, the general groundwater
flow direction is typically in a direction (or angle) between the direction of steepest hydraulic gradient and the
dominant direction of anisotropy. This relationship is confirmed at Site 5 by the orientation of the VOC
plumes (see Section 10.5.2), where the VOCs function as “tracers” indicating the site-specific, actual
groundwater flow direction.

105 NATURE AND EXTENT OF CONTAMINATION
10.5.1 Soil

The full nature and extent of all chemical parameters (including the VOCs) in the Site 5 soils are
documented and discussed in the Remedial Investigation (RI) report (TtNUS, February 2002). Additional
confirmation sampling for VOCs and an investigation of the soil-to-groundwater migration potential of the
VOCs is documented in a subsequent investigation (TtNUS, March 2006). The results of these
investigations indicate that although the VOC concentrations in soil do not create unacceptable risks,
some Site 5 soils exceed the EPA and Pennsylvania Department of Environmental Protection (PADEP)
generic screening levels for the soil-to-groundwater migration pathway. In addition, the United States
Geological Survey (USGS) drilled and sampled a shallow bedrock core near monitoring well 05MWO01S
and determined that residual VOC contamination exists in the shallow bedrock matrix beneath the drum
staging area (USGS 2002).
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The maximum concentrations of select VOCs in Site 5 soil borings are illustrated in Figure 1-6. VOCs are
generally absent or occur in low concentrations throughout most of the site with the exception of the
former drum storage area, where elevated concentrations of multiple VOCs have been detected. Most of
the higher concentrations are detected in the uppermost 10 feet of soil, but concentrations of some VOCs
exceeding the generic soil-to-groundwater screening levels have been detected as deep as the
soil/bedrock interface (TtNUS, March 2006).

10.5.2 Groundwater

The full nature and extent of all chemical parameters (including the VOCs) in the Site 5 groundwater are
documented and discussed in the RI report (TtNUS, February 2002). Additional groundwater
investigation (including the resampling of existing wells and the installation and sampling of new wells) is
documented and discussed in the Site 5 Rl Addendum 5 (TtNUS, September 2006). The results of these
investigations indicate that VOCs are the primary compounds impacting the Site 5 groundwater, and that
the groundwater must be remediated because multiple VOCs occur at concentrations that create
unacceptable risk.

Current Conditions

The current extent of the groundwater plume using the most recent data (Summer 2005) is illustrated in
Figure 1-7 (shallow groundwater) and Figure 1-8 (intermediate groundwater). The VOC concentrations
from this sampling round are summarized in Table 1-2, and the concentrations exceeding Federal
Maximum Contaminant Levels (MCLs) are illustrated in Figure 1-9. The 3-dimensional extent of the
plume is illustrated by a pair of hydrogeologic cross-sections in Figure 1-10 and Figure 1-11. Note that
these two cross-sections should not be directly compared because they were constructed using two
different sets of analytical data obtained several years apart, but the geometries of the plume can be used
to illustrate how both the nature and extent of the plume vary with both the distance and direction from the
source area.

The highest VOC concentrations at the water table are detected at the drum storage area (source area)
near monitoring well cluster 05MWO01. The migration pathway of the dissolved-phase plume emanating
from the source area is consistent with the groundwater flow directions. Within the shallower depths of
the aquifer, the plume flows in a generally southward direction, as it also migrates downward within the
aquifer. As a result, the highest VOC concentrations within the intermediate depths of the aquifer (about
100 to 150 feet) are detected near monitoring well clusters 05MW09 and 05MW10. By this depth,
however, the plume is also influenced by the regional groundwater divide and the resultant shift in the
groundwater flow direction to the west to northwest. Therefore, the direction of plume migration within the
intermediate depth of the aquifer also shifts toward the west-northwest, or parallel to the direction of
groundwater flow.

Monitoring well cluster 03MWO08 (a shallow well and a deep well) was installed as an upgradient
monitoring well cluster for Site 3 (the 9" Street Landfill). However, the hydraulic head data obtained from
these wells also indicates that the cluster is located nearly directly downgradient from Site 5. At
03MWO08, no VOCs were detected in the shallow well, and a total VOC concentration of 14.8 ug/L (with
no individual detections above their MCL) was detected in the deep well. The VOC concentrations and
their vertical position within the aquifer are consistent with the conclusion that although 03MWO0S8 is a Site
3 well cluster, it is also located in an appropriate position to identify and monitor the downgradient edge of
the Site 5 groundwater plume, and to determine whether the Site 5 plume is expanding, extracting, or is
at steady state. Although this well cluster does not have an extensive sampling history, the historical data
from other Site 5 well clusters (see next subsection) suggest that the plume is decreasing in magnitude
(absolute VOC concentrations), if not yet in areal extent..
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Monitoring wells at locations 05MW14 and 05MW15 were installed along bedrock strike from the source
area to investigate if the strike of the bedrock was a preferred avenue for groundwater and plume
migration. The lower concentrations of VOCs at these locations relative to 05MW04 and 05MW13
indicate that under ambient conditions, the strike of the bedrock is not exerting a major structural control
on the migration of the plume.

Monitoring well cluster 05MW12 was installed directly down dip from the source area at the drum staging
area. The shallow well at 05MW12 was screened across the same stratigraphic interval that is monitored
by 05MWO01S (which is located at the source area and is the site’s most highly impacted well) to
investigate if the dip of the bedrock was a preferred avenue for contaminant migration, particularly if non-
aqueous (DNAPL) solvent phase ever existed. The low concentration of total VOCs at 05MW12S
indicates that the dip of the bedrock is not exerting a major structural control on the migration of the
plume.

As illustrated in the hydrogeologic cross-sections, the “bottom” of the plume has not been defined in the
sense of detecting unimpacted groundwater below the plume. However, the vertical center, or core of the
plume has been well defined by the delineation of much lower VOC concentrations in the deeper
groundwater that is below the zone of the most highly-impacted groundwater.

Historical Trends

The analytical results from historical sampling rounds are documented and discussed in the RI report
(TINUS, February 2002) and the Site 5 Rl Addendum 5 (TtNUS, September 2006). Four full sampling
rounds of Site 5 monitoring wells have been conducted since the onset of remedial investigation activities
(1991, 1997, 2000, and 2005), although some wells have also been sampled at other times for various
reasons.

The historical groundwater concentrations for the most highly impacted wells (05MWO01S, 05MWO01SI,
05MW9SI, and 05MW10SI) are illustrated in Appendix C. As discussed, these wells monitor the plume’s
highest VOC concentrations at the source area and immediately downgradient of the source area. The
identification of trends is difficult due to the limited sampling frequency. In addition, the limited data
prevent the analysis or identification of seasonal variability, so it is possible that the trends exhibited by
the existing data are not representative of the true historical trends in VOC concentrations. Overall, the
graphs generally indicate an overall decline in the primary VOCs such as trichloroethene (TCE) and
1,1,1-trichloroethane (TCA), and relatively constant concentrations of the compounds that are generated
through the reductive dehalogenation of these compounds (daughter products, e.g., cis-1,2-
dichloroethene [DCE] and 1,1-dichloroethane [DCA]), as illustrated in the generalized degradation
pathways on Figure 1-10. In many cases, a decrease in the parent compounds with respect to a
proportional increase in the daughter products is primary evidence of biological degradation under natural
attenuation. For example, the concentrations of compounds found in nearly every well listed in Appendix
C illustrates a decrease in 1,1,1-TCA concentration with respect to an increase in 1,1-DCA concentration
over time. In fewer cases (e.g., 05MWO01S, 05MW10SI) a decrease in TCE concentration is accompanied
by an increase in the concentration of cis-1,2-DCE. This apparent lack of TCE degradation may be
caused by the fact that the presence of 1,1,1-TCA has been shown to inhibit TCE degradation,
particularly at the high historical concentrations of 1,1,1-TCA detected near the source area (05MWO01S).

The degree of natural biological degradation currently occurring within the Site 5 VOC plume has been
investigated during previous sampling events by determining and measuring the parameters that
represent secondary lines of evidence of biological degradation. These results are summarized and
discussed in the Site 5 Rl Addendum 5 (TtNUS, September 2006), and the data summary table from that
report (which includes the complete list of natural attenuation parameters collected for this site) is
included as Table 1-2. The very low to non-detected concentrations of ethene, ethane, and methane
(plus the absence of vinyl chloride in the historical VOC sampling rounds) indicate that the current

reductive dehalogenation process within the plume either is not complete or is occurring at a very low
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rate. The highest concentrations of ethane and ethene have been detected at 05MWO01S, which is also
the well with the highest VOC concentrations. Low aerobic to moderately reducing conditions are also
present in the more highly contaminated wells, as supported by generally low dissolved oxygen (DO)
concentrations (>0.5 mg/L of DO), depleted sulfate concentration with respect to background, and
excessive carbon dioxide and alkalinity with respect to background. Despite these less than favorable
conditions (including low total organic carbon [TOC], low ph, and likely mixed redox conditions), the data
suggest that low to moderate reductive dechlorination is occurring in the highly contaminated locations,
and that much less biological degradation is occurring in areas of low TOC.

As will be discussed in Worksheet 14, additional parameters and microbial populations will be collected
during the Phase | investigation that will add additional insight to this analysis, but these data have not
been collected in the past sampling rounds and are not yet available. It is anticipated that the limited
TOC and acidic pH conditions of the groundwater are the likely factors that are limiting the biological
activity at Site 5. Both of these conditions can be addressed and adjusted during the pilot study to create
more favorable conditions for biological degradation.

10.6  PILOT STUDY RATIONALE

This section describes the rationale used to ensure the data from the pilot study is beneficial. In this pilot
study, sodium lactate, sodium carbonate, and/or sodium bicarbonate will be injected into the subsurface
to create favorable conditions to stimulate bioremediation of the contaminant plume. A microbial
innoculum, including but not limited to Dehalococcoides (Dhc) and Dehalobactor (Dhb), may be injected
to augment the microbial population if it is determined to be required and appropriate.

As noted in Section 10.1, additional data collection is required to further refine the site CSM prior to the
implementation of the pilot test. The additional soil and groundwater chemical analysis and the aquifer

testing will be used to refine the pilot test design and implementation. For example, if the results of the
aquifer testing indicate that the currently proposed rationale and methodology for the introduction of
materials into the aquifer is invalid, then an alternative delivery method may need to be evaluated.

10.7 RECIRCULATION SYSTEM LAYOUT

A recirculation system was selected for Site 5 because it enables the natural flow rate of groundwater to
be increased, enhances the distribution of amendments (by way of increased groundwater velocity and
radius of influence), and increases the overall rate of bioremediation. It is a cost effective method in
areas such as Site 5, where the hydraulic gradients and groundwater flow rates are low. The pilot system
site plan and study area are illustrated in Figure 4-1, which includes the locations of existing wells,
proposed injection wells, proposed extraction wells, and proposed new monitoring wells. It must be
emphasized that some of the proposed locations illustrated in the site plan may be modified to
accommodate existing field conditions or be adjusted as a result of the Phase | (pre-treatability study)
investigation.

Changes to the well locations will be executed through the communication pathway defined in SAP
Worksheet 6, under the Communication Driver “Issues in the field that result in changes in the scope of
work.” The TtNUS PM will immediately notify the Navy RPM of the need to change a well location. The
Navy RPM will evaluate the change and decide whether the new location is a field task modification, or if
a scope change is warranted. If warranted, the scope change will be implemented before the work is
executed. The Navy RPM will also evaluate whether the significance of the change warrants consultation
with EPA and PADEP prior to the execution of the change, or if subsequent notification is sufficient.
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10.7.1 Injection / Extraction Wells

The recirculation system will include two injection wells to be installed immediately upgradient of the
source area and two extraction wells to be installed downgradient of the source area. The extracted
groundwater will be transferred via underground pipe to a temporary trailer-mounted feed system and
reintroduced into the aquifer through the injection wells.

10.7.2 Recirculation Pumping Rate and Groundwater Zone of Capture

The groundwater pumping rate and the estimated zone of capture of the recirculation system will be
determined after the results of the Phase | aquifer test are analyzed. However, based upon the currently
available monitoring well purging and sampling data, it is estimated that a cumulative pumping rate of
between 2 to 5 gallons per minute (gpm) may be possible. The analysis of the aquifer test will also
include an estimation of the number of pore volumes that will be “flushed” at least once during the pilot
study.

10.8 RECIRCULATION SYSTEM COMPONENTS

The injection products sodium lactate, sodium bicarbonate, sodium carbonate, and the microbial
innoculum, will not exceed any of the drinking water standards listed in Pennsylvania. These products
will be recirculated with the site groundwater, which will be of the same water quality as the current
groundwater. The Material Safety Data Sheets (MSDS) for sodium lactate, sodium bicarbonate, sodium
carbonate and a general microbial innoculum are included in the Appendix D.

10.8.1 Chemical Amendments

The amount of chemical amendments to be injected will be determined by the additional site data
collected during the initial sampling events, including the characterization data and the geochemical
baseline conditions. As illustrated in Figure 4-2, sodium lactate and sodium carbonate/bicarbonate will be
proportionally added to the extracted groundwater, and this solution will be continuously injected into the
pilot study area via the recirculation system. The anticipated proportions of these materials are
summarized in the chemical makeup table included as Appendix E.

Sodium Lactate: The sodium lactate will be added to the recirculation system incrementally because the
amount to ultimately be required is uncertain. The volume of sodium lactate to be added will be based on
the Oxidation-Reduction Potential (ORP) within the pilot study area and/or the presence or absence of
TCE daughter products. During the initial injection, a continuous-feed pump will introduce sodium lactate
at a feed concentration of approximately 1 pound per gallon into the groundwater injection lines. As the
subsurface conditions are monitored and the collected data are interpreted, periodic decisions will be
made regarding the volume (if any) of additional sodium lactate to be added to the system.

Sodium Carbonate/Bicarbonate: The need for sodium carbonate and/or bicarbonate is based on the
very low pH of the site groundwater, as described in Historical Trends. The sodium carbonate or
bicarbonate will also be added to the recirculation system incrementally, and will be determined by the
groundwater pH that is measured within the pilot study. During the initial injection, a continuous-feed
pump will introduce sodium carbonate into the groundwater injection line at a feed concentration of
approximately 0.5 pound per gallon. As the initial subsurface conditions are monitored and the collected
data are interpreted, a decision will be made regarding the volume (if any) of additional sodium carbonate
to be added to the pilot study groundwater. Also, a decision will be made whether to continue with
sodium carbonate or to switch to sodium bicarbonate. If sodium bicarbonate is chosen, the same dosage
rate and concentration given for sodium carbonate will be used for sodium bicarbonate.
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10.8.2 Microbial Innoculum

A microbial innoculum containing, but not limited to Dhc and Dhb organisms may be injected via the
recirculation injection well. To determine if Dhc and Dhb will be injected, reducing conditions will be
monitored primarily by the DO concentration and ORP potential at the injection and monitoring wells. If
TCE and 1,1,1-TCA daughter products are not detected after the ORP at the site has dropped to a level
at or below -150 for several weeks, a microbial innoculum will be injected via the recirculation injection
well. The indigenous bacterial population will be determined during Sampling Event 1 (see Worksheet
18), which will be conducted prior to the addition of any chemical amendments to the aquifer.

10.9 PILOT SCALE SAMPLING

Groundwater samples will be acquired throughout the course of the pilot study to determine the
effectiveness of the treatment technology. A preliminary schedule for these events is illustrated on Figure
4-3. Groundwater samples and water level measurements will be taken from selected existing wells, the
proposed new monitoring wells, and the injection and extraction wells. Field parameters (pH, DO, etc.)
will be obtained during each sampling round, and will also be periodically measured on an irregular or as-
needed basis throughout the scheduled operation of the recirculation system. The planned sampling
rounds are as follows:

The initial round of groundwater samples for the Phase Il investigation (which is identified as Round 2 on
Figure 4-3, as Round 1 will be conducted during the Phase | investigation) will be taken prior to the
startup of the groundwater recirculation system to provide a baseline for the later sampling rounds.

The sampling schedule presented in this report assumes that the sampling rounds will be scheduled
relative to elapsed times from system startup, in order to acquire sufficient data to evaluate this
technology within the total time allotted for the performance of the project. Technically, it is preferable to
time the sampling rounds to coincide with the completion of pore volume flushes of the aquifer. The
estimated time interval of a pore volume flush is currently unknown; this time interval will be estimated
based on the results of the aquifer pumping test to be conducted during the Phase | field work. If the
estimated flush interval allows for the completion of four flush volumes within the schedule that the Navy
has allotted for the performance of this pilot test, then the sampling schedule will be modified to coincide
with the completion of these flushes. Otherwise, the arbitrary time intervals, or possibly a hybrid of the
two approaches, will be used for the sampling schedule. The actual sampling schedule (based on the
results of the aquifer test) will be discussed in the Phase | Letter Report / Work Plan Addendum.

Round 3 samples will be taken approximately 4 weeks after the amendments are added to the
groundwater recirculation to determine if the pilot study area has achieved reducing conditions.

Round 4 samples will be taken approximately 12 weeks after the amendment addition to determine if any
initial reductions in natural attention parameters or TCE and 1,1,1-TCA concentrations are occurring. If
the TCE and 1,1,1-TCA daughter product concentrations or the Dhc/Dhb titers do not increase after this
third round, then the microbial innoculum (bioaugmentation) will be injected. If these parameters do
increase to reasonable concentrations, then it is possible that the innoculum may not be injected.

Round 5 and Round 6 samples will be taken approximately 6 weeks and 20 weeks after the amendment
addition and Dhc/Dhb inoculation to determine if the TCE and 1,1,1-TCA daughter products are being
created or their concentrations are increasing, and also to determine if the injected bacteria are
multiplying. Following an analysis of the results from the sixth round (to be conducted approximately 8
months after the startup of the recirculation system) the decision to either shut down or continue the test
will be made. If it is determined that the continued operation of the system is necessary, then additional
(currently unscoped) sampling round(s) may be conducted to ultimately support the decision to turn off
the system.
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The technical decision for shutting down the recirculation system will be based on the evaluation and
integration of multiple hydrogeologic and geochemical parameters, chiefly the bioremediation indicators
discussed in detail in Section 10.10.4 of Worksheet 10. TtNUS will monitor and evaluate these indicators
throughout the test to evaluate the progress of the test and to determine when the efficacy of the remedial
alternative has been demonstrated. Throughout this period, TtNUS will have frequent informal and
unscheduled discussions with the Navy. When the time for recommended shutdown is reached, the
communication pathways defined in SAP Worksheet 6 will be followed. The TtNUS PM will immediately
notify the Navy RPM of TtNUS’ recommendation to cease the recirculation, but the recirculation will
continue until the Navy RPM notifies the TINUS PM that the Navy concurs, and directs TINUS to cease
the recirculation. At this time, the TINUS PM will notify the TINUS FOL to cease the recirculation and to
begin the post-shutdown monitoring tasks as soon as logistically possible. The Navy RPM will notify the
EPA RPM that the recirculation system has been shut down.

The seventh and eighth sampling rounds will be conducted approximately 12 and 24 weeks after the
recirculation system is shut down in order to evaluate the continued effectiveness of the treatment
technology and to detect possible rebound in groundwater VOC concentrations.

Collected groundwater samples will be analyzed for chlorinated VOCs and field parameters including
temperature, pH, specific conductivity, ORP, dissolved carbon dioxide, alkalinity, DO, iron, hydrogen
sulfide, and water levels. Some samples will also be analyzed for dissolved gases, dissolved iron and
manganese, sodium, sulfide, sulfate, nitrate, nitrite, chloride, phosphate, lactic, pyruvic, acetic, propionic,
butyric, and TOC. Select samples will be analyzed for polymerase chain reaction (PCR) and functional
genes to monitor the presence and abundance of Dhc or Dhb. All samples collected during each round
will not be sampled for all parameters. The sampling strategy and plan is outlined in detail in Worksheet
18.

The degree of pore volume displacement and product travel within the pilot study area will also be
investigated and verified during the pilot study. The groundwater specific conductivity that is measured in
the field will be used to verify the product travel due to recirculation. The pore volume displacement,
which is related to the groundwater velocity, will be measured by monitoring the elapsed time between
the injection of sodium bicarbonate and the detection of sodium bicarbonate influences in the
downgradient monitoring wells.

10.10 ENHANCED IN SITU ANAEROBIC REDUCTIVE DECHLORINATION

This section provides a brief summary of the enhanced in situ anaerobic reductive dechlorination
(bioremediation) process for chlorinated VOCs. It also describes how the introduction of additional
electron donors, along with the appropriate bacteria, can stimulate or accelerate the reductive
dechlorination process.

10.10.1 DECHLORINATION of CHLORINATED VOCs

Reductive dechlorination is one of several processes by which chlorinated VOCs are transformed to
environmentally innocuous compounds. It is widely recognized that in the presence of hydrogen, TCE
can be reduced to DCE. While various DCE isomers (e.g., 1,1-DCE, cis-1,2-DCE, and trans-1,2-DCE)
can be produced, it is well documented that cis-1,2-DCE is the most common degradation product of
TCE. DCE can then be reduced to vinyl chloride (VC), which, in turn, can be reduced to ethene and
potentially ethane, or via mineralization to carbon dioxide, water, and chloride ions. Similarly, TCA can be
degraded to 1,1-DCE or 1,1-DCA and then to VC and chloroethane, respectively, and ultimately to
ethane. Each of these processes are graphically illustrated in Figure 1-10.
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10.10.2 BIODEGRADATION of CHLORINATED VOCs

In the presence of the appropriate bacteria, a suitable electron donor (e.g., hydrogen), and favorable
geochemical conditions, microbial dechlorination can occur in the subsurface. This rigorously studied
microbial process occurs under anaerobic (oxygen-deficient) conditions where organic carbon ferments
and produces hydrogen. Several environmental requirements must be achieved for the successful
implementation of this process.

One of the requirements for in situ reductive dechlorination is the presence of the appropriate bacteria.
Without the appropriate bacteria, complete in situ reductive dechlorination will not occur. It is widely
recognized that the reduction of TCE may stall at DCE because of a lack of the specific bacteria strain
Dhc. Dhc bacteria and various strains are thought to be the only bacteria to successfully complete
reductive dechlorination of chlorinated solvents. In response to the problem of DCE stall (where the
dechlorination process slows down or ends with the production of DCE), many studies have concluded
that the DCE stall can be avoided by the injection of a Dhc bacteria innoculum into the bioremediation
area. Other studies have suggested that Dhc and other microbial communities are inhibited in the
presence of 1,1,1-TCA and other communities (including Dhb) that effectively reduce 1,1,1-TCA.

The dechlorination process also may stall at VC because VC typically degrades more readily under
aerobic conditions, and requires special conditions to degrade in an anerobic environment. VC can be
efficiently and rapidly destroyed under anaerobic conditions if sufficient donor and target bacteria are

present. Recent industry experience indicates that not only Dhc, but importantly, the Dhc reductive
dehalogenases genese RDase (tceA) and VC RDase (vcrA and bvcA) should be present for complete
destruction to occur. The chance for VC stall will be minimized with the bioaugmentation or injection of
specific RDase VC RDase (vcrA and bvcA) into the subsurface. This reductase has been shown to be
largely responsible for efficient anaerobic VC reduction.

Another requirement for in situ reductive dechlorination is the presence of a suitable electron donor. This
electron donor can come from natural organic carbon or anthropogenic carbon sources such as
hydrocarbon contaminants (e.g., benzene, toluene, ethylbenzene, and xylene, or BTEX). Specifically at
Site 5, there is some evidence that the BTEX compounds present in the vadose and saturated zones may
be one of the biostimulants fostering the degradation process to date. Lactate (a soluble electron donor)
is a common substrate that may be added to an aquifer to increase the availability of electron donors.
Lactate dissolves in water and is typically used quickly by indigenous microorganisms, primarily bacteria,
which metabolize the lactic acid and produce hydrogen. An advantage to using soluble electron donors is
that delivery and distribution is more easily achieved in a heterogeneous environment such as that
existing at Site 5. Also, injection of soluble donors from a given or fixed point can arguably cover a larger
area than would be treated with slow-release electron donors. The primary disadvantage of soluble
electron donors is that they are generally consumed within 1 to 4 months, depending on a number of
factors.

The last requirement for in situ reductive dechlorination is favorable anaerobic geochemical conditions.
One of the most important geochemical parameters affecting the terminal electron acceptors that
compete for the electron donor (described in greater detail in Section 3.4) is pH. The microorganisms
that degrade the injected carbon substrates and produce the hydrogen essential for reductive
dechlorination grow and reproduce most efficiently within a pH range of 6 to 8. If the natural pH of a site
is low (as it is at Site 5), then a sodium carbonate/bicarbonate addition can increase the pH of an aquifer
to within the preferred range. These materials can also add a buffering capacity to the aquifer to resist
future pH change, which can be very useful because the typical carbon substrates are organic acids
(such as lactic acid) and the microbial processes further reduce the pH.
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10.10.3 AMENDMENT DELIVERY

Delivery of the amendments to the subsurface is paramount in the success of the implementation. There
are generally three types of injection considered for source and plume treatment, including: (1) direct
injection, (2) groundwater recirculation and (3) alternative methods (e.g. fracturing, reactive barriers, etc.).
For Site 5, only direct injection and groundwater recirculation are considered applicable.

Direct injection utilizes intrusive tooling (e.g., direct push technology or wells) to directly inject the
amendments into the ground. This approach is a one-time injection event, and if multiple injections are
necessary then multiple mobilizations are required.

Groundwater recirculation is an alternate application that increases the natural flow rate of groundwater,
enhances the distribution of amendments, and increases the overall rate of bioremediation. Groundwater
recirculation can be cost effective in areas where the hydraulic gradient and groundwater flow rate are
low, as they are at Site 5. Typically an extraction well is located downgradient of the contaminated
groundwater plume segment to be treated, and an injection well is located upgradient of the treatment
area. Groundwater is extracted from the extraction well and injected into the injection well to enhance
groundwater flow. Depending on the rates of injection and extraction, the flow of the groundwater within
the area of concern can be greatly increased, which allows the rate-limiting process of contaminant mass
transport to occur more quickly.

Groundwater recirculation is also thought to more thoroughly capture groundwater within an area of
contamination than would be achieved by relying solely on natural groundwater flow. An approximate
“area of capture” can be determined by using modeling techniques, contaminated subsurface geological
conditions, and the injection and extraction rates.

10.10.4 BIOREMEDIATION INDICATORS

Biodegradation processes can be measured through several lines of evidence. Because biodegradation
processes in natural attenuation are the same as the processes in enhanced bioremediation, similar
measures of performance can be used to demonstrate whether enhanced bioremediation is effectively
reducing contamination.

The first line of evidence that the bioremediation is effective is a trend of decreasing contaminant mass
and/or concentration. More specifically, demonstrating a decrease in the concentration of the parent
compounds [for example, TCE] coupled with the generation or increase in concentration of daughter or
breakdown products (cis-1,2-DCE, VC, ethene, etc.) is useful. It is important to note that because
dechlorination occurs sequentially, dechlorination of a parent compound may result in a temporary
increase, then decrease, in the concentrations of the various daughter products.

A secondary line of evidence that the bioremediation is effective includes the use of geochemistry data to
indirectly illustrate that biodegradation is occurring. Natural attenuation (i.e., geochemical) parameters
are generally used to evaluate the suitability of geochemical conditions for biodegradation and to
determine if bioremediation is occurring. The complex relationship among many of these parameters is
described in the following sections.

Dissolved Oxygen: DO acts as a primary substrate or co-substrate during the initial stages of
metabolism. For chlorinated hydrocarbon degradation, anaerobic pathways are more efficient. If DO
concentrations are greater than 0.5 to 1.0 mg/L, anaerobic bacteria cannot exist and reductive
dechlorination will not occur.

Nitrate/Nitrite: After DO has been depleted through aerobic respiration, anaerobes will utilize nitrate
(NO3) as an electron acceptor to anaerobically degrade hydrocarbons (denitrification). This process
reduces nitrate to nitrite (NO,) and generates carbon dioxide.
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Dissolved Manganese: After DO and nitrate have been depleted, anaerobic microbes will utilize
manganese (Mn4+) as an electron acceptor to anaerobically degrade hydrocarbons, generating
manganese (Mn®") and carbon dioxide.

Ferric Iron/Ferrous Iron: After DO, nitrate, and manganese reduction, anaerobic microbes will utilize
ferric iron (Fe3+) as an electron acceptor (iron reduction), generating ferrous iron (Fe2+) and carbon
dioxide. Ferric iron is not typically analyzed, thus, the presence or increase in concentration of ferrous
iron and carbon dioxide are indicators of iron reduction.

Sulfate/Sulfide: After dissolved oxygen, nitrate, manganese, and ferric iron have been utilized,
anaerobic microbes will utilize sulfate (SO42') as an electron acceptor, resulting in sulfide and carbon
dioxide increases. Sulfate reduction, along with methanogenesis, is one of the most important reduction
pathways indicating conditions that are favorable for biodegradation of chlorinated hydrocarbons. Sulfide
can be present in many forms, the three primary forms being the sulfide ion (S*) or dissolved hydrogen
sulfide as either H,S or HS'.

Phosphate: Similar in mechanism to sulfate reduction (but to a lesser degree), phosphate (PO43')
reduction is an anaerobic biodegradation process whereby bacteria can use phosphate as an electron
acceptor. Phosphate, along with nitrogen, are also regarded as nutrients for biodegradation.

Dissolved Carbon Dioxide: Methanogenesis occurs after oxygen, nitrate, manganese, ferric iron, and
sulfate have been utilized. It is one of the most important reduction pathways responsible for chlorinated
VOC degradation. During methanogenesis, bacteria utilize carbon dioxide as an electron acceptor,
generating methane as a byproduct. Carbon dioxide is produced by every terminal electron acceptor
process.

Dissolved Methane: Because methane is not a chemical component of solvents, its presence at
concentrations greater than background provides strong evidence of methanogenic fermentation (and
carbon dioxide utilization). The measurement of background concentrations of methane are important
because some natural sources of methane exist.

Dissolved Hydrogen: Hydrogen is produced as a result of fermentation of organic carbon. Hydrogen is
then utilized by respiratory microbes such as nitrate reducers, iron reducers, sulfate reducers, and
methane producers. Each microbe utilizes hydrogen more or less efficiently, leading to either a buildup or
a decrease of hydrogen concentration. The hydrogen concentration therefore can provide an indication
of the reduction process that is most prevalent in the subsurface at any one location.

Dissolved Ethene/Ethane: As discussed earlier, ethene and possibly ethane signify the final
degradation step of chlorinated ethenes. Concentrations of ethene greater than 0.01 mg/L and ethane
greater than 0.1 mg/L provide strong evidence of such degradation.

Chloride: Chloride concentrations are used to evaluate biodegradation because chloride is released into
groundwater during dechlorination of chlorinated VOCs. Therefore, an increase in chloride concentration
in the downgradient direction is direct evidence of dechlorination.

Oxidation-Reduction Potential: The oxidation-reduction potential (ORP) of groundwater is a measure
of the relative tendency of the groundwater solution to accept or donate electrons and the amount of
energy released during electron transfer. The ORP [in millivolts; (mV)] can provide evidence of the type
of biodegradation processes that are active in a particular plume or area within a plume. The range of
ORP values representing optimum conditions for reductive dechlorination are typically within the range of
-100 to -350 mV. ORP should be used only as a qualitative indicator of the overall oxidation/reduction
state.

Total Alkalinity: A result of both aerobic and anaerobic biodegradation is production of the hydrogen
ion (H+). When the hydrogen ion is produced, alkalinity will be reduced. In low alkalinity aquifers, the pH
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may drop to levels outside the range of microbial activity. Thus, to have optimum conditions for microbial
growth, it is essential to have a properly buffered aquifer.

pH: pH concentration is an indicator of the amount of free hydrogen ion available in a solution. Optimum
conditions for microbial growth are within the pH range of 6 to 8.

Temperature: Temperature affects the metabolic activity of bacteria, as well as the solubility of
geochemical species. Microbes are generally more active and efficient in warmer water. Biochemical
processes are accelerated at temperatures greater than approximately 20 degrees Celsius.

A tertiary line of evidence, but argued by many as a primary line of evidence, is nucleic acid-based
molecular biological tools (MBTs) used to understand the presence and the quantity of the microbiological
population. For sites such as Site 5, where enhanced anaerobic bioremediation has been proposed,
MBT analysis should be conducted as a part of a pre-design remedial investigation and during
bioremediation to assess the site and evaluate the potential need for bioaugmentation. Dhc titers less
than 10%L — 10%/L, or the requirement for faster remediation time frames, indicate bioaugmentation may
be needed.

10.11 THE PROBLEM TO BE ADDRESSED BY THE PROJECT

This SAP contains the technical scope of work and associated sampling plan to perform a (1) pre-
remediation site characterization and (2) a pilot test (including treatability testing) . The intent of the pre-
remediation characterization is to understand the source location and architecture to effectively
understand and subsequently design the optimal remediation system. The purpose of the pilot test is to

design, evaluate the performance and ultimately prove the applicability of a biostimulation or
bioaugmentation strategy. The information derived from both aspects of this project will be used to aid in
the design and installation of a full-scale biostimulation/bioaugmentation remedy. A field pilot study is
imperative because the extraction and/or injection system parameters are unique to site. The data
collected for both of these aspects of the project include collection of subsurface soil samples, collection
of groundwater levels, and collection of groundwater samples (e.g., contaminant chemistry and
geochemistry) to determine site characteristics and pilot study performance.

The environmental questions being asked:

. What are the VOC concentrations in the soil? The sampling and analysis of these soils will
determine the extent to which they are continuing to source the groundwater plume.
. What are the current groundwater conditions relevant to the existence and propagation of

the contaminant-reducing bacteria? The current groundwater conditions will be analyzed to determine
if the required bacteria occur naturally at the site, if the existing groundwater conditions (such as pH and
oxygen content) can be adjusted to increase the bacteria population, or if the groundwater must be
augmented through the addition of commercially-obtained bacteria colonies.

. Will the biostimulation or bioaugmentation of the groundwater remediate the aquifer by
reducing the concentration of dissolved VOCs? Periodic sampling of key wells will be performed to
monitor the changes in VOC concentration and associated groundwater chemistry over time throughout
the performance test to determine if the VOC concentrations decline during the active portion of the test,
and if they remain at these reduced levels when the active (groundwater circulation) portion of the test is
completed.

Collection and evaluation of groundwater levels and groundwater samples (e.g., contaminant chemistry
and geochemistry) will represent a baseline and over the course of the pilot study will be utilized to
determine concentration trends as they relate in time and space to answer these questions. These data
will ultimately be used as metrics of success for the pilot study and subsequently the full scale
remediation.
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SAP Worksheet #10 -- Problem Definition
(UFP-QAPP Manual Section 2.5.2)

Observations from any site reconnaissance reports:
NA

A synopsis of secondary data or information from site reports:
Historical data from the RI will be used to establish trends.

The possible classes of contaminants and the affected matrices:
VOCs in soil and groundwater.

The rationale for inclusion of chemical and non-chemical analyses:

All possible analytical fractions are included to cover items that may have been released to the
groundwater. Also includes environmental indicators to determine how pilot test is functioning. Full list of
field analyses is included in Worksheets 18 and 19.

Information concerning various environmental indicators: Biological indicators are explained above
in Section 10.10.4. These indicators will be monitored during the before, during, and after the pilot study.

Project decision conditions (If..., then...@ statements):

If soil concentrations are encountered that significantly contribute to VOC groundwater contamination,
then the Navy will evaluate potential actions. Results of the Phase | soil investigation will be discussed
at the quarterly NAS JRB status meetings attended by the Navy, EPA, and PADEP. In addition, informal
and currently unscheduled teleconference calls will be held as needed.

If current conditions are suitable for bacteria to biodegrade the VOC contamination, then biostimulation
will occur. If current conditions are not suitable, chemical amendments will be added to the aquifer to
make the conditions more favorable for bacterial biodegradation, as discussed in Section 10.8.1. If
current conditions indicate that bacteria are too few for VOC degradation, then biostimulation and
bioaugmentation will be performed, as discussed in Section 10.8.2.

If the bioremediation pilot test causes VOC concentrations to decrease, then a full-scale bioremediation at
Site 5 will be implemented. If the bioremediation pilot test does not cause VOC concentrations to
decrease at Site 5, then further investigation and alternatives will be considered.

At the present time, concentrations exceed the Federal Maximum Contaminant Levels (MCLs), therefore,
a (1) pre-remediation site characterization and (2) a pilot test will be implemented. If concentrations are
decreased as part of the pilot study and there is a full scale remediation then long-term monitoring will be
implemented. The endpoint of the monitoring is the end of the 6-month post-circulation period to look for
anticipated rebounds in contaminant concentrations. The endpoint of the circulation period (and
associated monitoring) will be either the end of 12 months of circulation, or some earlier termination point
if the efficacy of the alternative is proven, based on the evaluation of multiple bioremediation indicators.
The decision process and communication pathways for ending the circulation period are discussed in
Section 10.9 of Worksheet 10. The bioremediation indicators are discussed in Section 10.10.4 of
Worksheet 10.
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SAP Worksheet #11 -- Project Quality Objectives/Systematic Planning Process Statements
(UEP-QAPP Manual Section 2.6.1)

Who will use the data?
Navy and Tetra Tech NUS (TtNUS). The regulatory agencies will evaluate the Navy's implementation
plan, performance results and subsequent recommendations.

What will the data be used for?

Groundwater data will be used to determine the efficacy of bioremediation as the long-term remedial
action for this site. Soil data will be used to determine whether residual VOC contamination in the soil is
continuing to source the groundwater plume, and to evaluate if remediation of this soil would contribute to
the remediation of the groundwater.

What types of data are needed (matrix, target analytes, analytical groups, field screening, on-site
analytical or off-site laboratory techniques, sampling techniques)?

Fixed-based lab data and field tests will to be used to characterize soil and groundwater contamination.
Soil and groundwater analyzed for Target Compound List (TCL) VOCs. Groundwater will also be
analyzed for geochemistry and MBTs including:

Dissolved Gases — ethane, ethene, methane, and acetylene

Dissolved Iron

Dissolved Manganese

Total Sodium

Sulfide

Anions — sulfate, sulfide, nitrate, nitrite, chloride, and phosphate

TOC

Metabolic Acids — lactic, pyruvic, acetic, propionic, and butyric

Polymerase Chain Reaction (PCR) — TCE reductase, BAV1 VC reductase, and VC reductase

Field Test Parameters include:

DO

Dissolved Carbon Dioxide
Alkalinity

Ferrous Iron

Hydrogen Sulfide

Matrix: Soil/Groundwater

How “good” do the data need to be in order to support the environmental decision?

The VOC analytical data will undergo the full level of validation for 100 percent of the data because VOCs
are the contaminants of concern. VOC data will be used to evaluate historical trends. All other fixed-
base laboratory parameters will receive a cursory evaluation to make sure usable data is obtained.
These other parameters are indicators to evaluate the characteristics and efficacy of the pilot test system
and full validation is not necessary. The laboratories must hold a current NELAP accreditation in
Pennsylvania and comply with the requirements of NFESC in analytical results reporting and QA/QC.

In addition to fix-based laboratory analytical work, there will be several parameters that will be measured
in the field using a direct-reading meter and test kits including temperature, pH, specific conductance,
ORP, ferrous iron, hydrogen sulfide, DO, dissolved carbon dioxide, and alkalinity. Specifics for field
analyses are included in Worksheet 18 and 19.
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SAP Worksheet #11 -- Project Quality Objectives/Systematic Planning Process Statements
(UEP-QAPP Manual Section 2.6.1)

How much data are needed (number of samples for each analytical group, matrix, and
concentration)?

Sail

One round of 12 baseline source area soil locations will be bored and 24 samples will be collected. The
twelve locations were chosen using the analytical results of previous soil borings and using the results of
historical aerial photo analysis that delineated the extent of the drum staging area. The analytical results

of the previous soil borings are illustrated in Figure 1-6, and these same results and the proposed
locations for the new soil borings are illustrated in Figure 2-1.

Groundwater
The complete sampling and analysis plan is presented in Worksheet 18.

One round of pre-design groundwater samples will be collected from nine existing wells for multiple
parameters. The specific parameters are listed in Worksheet 18.

Seven rounds of groundwater samples will be collected on a quarterly basis.
Round 1 will be baseline sampling prior to the pilot study.
Rounds 1, 3, 5, and 7 will be of the complete 20 wells.

Rounds 2, 4, and 6 will be of a 10-well subset of the 20 total wells. The 10 wells chosen for sampling
may not be the same wells each round. The wells will be chosen to fill the particular data requirements
needed at that time, based on the cumulative results of the project's sampling program up to that point.
For example, if a well exhibits little or no response to the bioremediation, it may be removed from the
sampling program or have its sampling frequency reduced, while a well that exhibits rapid response to the
bioremediation may be sampled every round. Prior to Rounds 2, 4, and 6, the TINUS PM will present a
list of 10 recommended wells to the Navy PM for review and approval.

Rounds 6 and 7 will be post-study sampling.
Concentrations are expected to be low to medium.

There are no project action levels for soils and groundwater samples at the site. The MCLs were chosen
for required groundwater reporting limits from the laboratory only. For this pilot study, the objective is to
determine if the treatment alternative is effective by looking for decreasing concentrations trends and
other indicators (changes in chemistry). Absolute action levels are not driving the pilot study, such as
requiring concentrations to be reduced to levels below MCLs. However, reporting limits for VOCs from
the laboratory will meet MCLs so the data can be used for the full-scale alternative.

Where, when, and how should the data be collected/generated?

Solid and aqueous data will be generated at a fixed-base laboratory upon receipt of the soil and
groundwater samples generated in the field at Site 5. Soil samples will be collected from direct-push soil
borings. Groundwater samples will be collected using the low-flow sampling procedure. Some
groundwater data will be generated in the field using direct-reading meter and test kits (see Worksheets
18 and 19).

Data deliverables will be submitted by the laboratory as a hardcopy and in Portable Document Format
(PDF). Laboratory reports will be fully validatable and contain raw data, summary forms for all sample
and laboratory method blank data, and summary forms containing all method specific quality control
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SAP Worksheet #11 -- Project Quality Objectives/Systematic Planning Process Statements
(UFP-QAPP Manual Section 2.6.1)

(results, recoveries, relative percent differences, relative standard deviations, and percent differences).
The deliverables will be received by the TtNUS Sample Management Coordinator. The Sample
Management Coordinator will upload the data into the project database and distribute the data packages
to the data validators. The data validation report will be delivered to the project manager and the finalized
data will be maintained on a Simple Query Language (SQL) server. Hardcopies will be filed in the project
file according to CLEAN contractual obligations.

MNA — Monitored Natural Attenuation

NELAP — National Environmental Laboratory Accreditation Program
NFESC - Navy Facilities Engineering Service Center

QA/QC — Quality Assurance/Quality Control

TCL — Target Compound List

TtNUS — Tetra Tech NUS, Inc.

VOC — Volatile Organic Compound
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SAP Worksheet #12 -- Measurement Performance Criteria Table note matrix in table entry
(UFP-QAPP Manual Section 2.6.2)

12.1 Soil Measurement Performance Criteria Table — Field QC Samples

QC Sample
Assesses Error
for Sampling (S),
Analytical Data Quality Indicators Analytical (A) or
QC Sample Group®! Frequency (DQIs) Measurement Performance Criteria both (S&A)

One per Sample

Matrix spike/matrix spike ; Accuracy / Bias / See table in Worksheet 28 for specific
duplicate (MS/MSD) TCLVOC | Delivery Group (SDG) | p ¢ icion %R limits, 30% RPD A
or every 20 samples
Values > 5X QL: within + 50%
Field Duplicates TCL VOC One every 10 samples | Precision Values < 5X QL: absolute difference S&A
must be <2XQL
Cogler Temperature TCL VOC Each cooler Accuracy / . Between 2 and 6 °C S
Indicator Representativeness

If information varies within an analytical group, separate by individual analyte.

No field or equipment blanks will be necessary for soil sampling because disposable or dedicated equipment will be used.
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SAP Worksheet #12 -- Measurement Performance Criteria Table note matrix in table entry
(UEP-QAPP Manual Section 2.6.2)

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0

Revision Date: September 2008

12.2 Groundwater Measurement Performance Criteria Table — Field QC Samples

QC Sample
Assesses Error
for Sampling (S),
Analytical Data Quality Indicators Analytical (A) or
QC Sample Group® Frequency (DQIs) Measurement Performance Criteria both (S&A)
One per cooler of VOC No target analytes > QL; with the
Trip Blank TCL VOC samples shipped to Bias / Contamination exception of common field/laboratory S&A
laboratory contaminants
MS/MSD TCL VOC g?gﬁi&%@;%?gﬂ;\f% éccqrgcy/ Bias / Statistically derived %R limits, 30% A
recision RPD
samples
Values > 5X QL: within + 30%
Field Duplicates TCL VOC One every 10 samples Precision Values < 5X QL: absolute difference S&A
must be <QL
One per source of rinsate No target analytes > QL; with the
Field Blank TCL VOC water Bias / Contamination exception of common field/laboratory S
contaminants
No target analytes > QL; with the
Equipment Blank TCL VOC One every 20 samples Bias / Contamination exception of common field/laboratory S
contaminants
Copler Temperature TCL VOC Each cooler Accuracy / . Between 2 and 6 °C. S
Indicator Representativeness

If information varies within an analytical group, separate by individual analyte.

No field QC samples will be collected for the other groundwater parameters.

%R — Percent Recovery MS — Matrix Spike MSD — Matrix Spike Duplicate QL — Quantitation Limit

SDG — Sample Delivery Group

°C — Degrees Centigrade
RPD — Relative Percent Difference
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Project-Specific SAP
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SAP Worksheet #13 -- Secondary Data Criteria and Limitations Table
(UFEP-QAPP Manual Section 2.7)

Secondary Data

Data Source

(originating organization,
report title and date)

Data Generator(s)

(originating organization, data
types, data generation /
collection dates)

How Data Will Be
Used

Limitations on Data Use

RI Analytical Data

Remedial Investigation
Report for Site 5 — Fire
Training Area

TtNUS, February 2002

Data will used to
establish trend with
current groundwater
conditions

None, the data were fully
validated.

Soil Sampling
Analytical Data

Soil Investigation for Volatile
Organic Compound, Soil to
Groundwater Impact, Site 5
— Fire Training Area

TtNUS, March 2006

Data will used to
determine source
area.

None, the data were fully
validated.

Rl Addendum
Analytical Data

Remedial Investigation
Addendum for Site 5 — Fire
Training Area Groundwater
(OU 2)

TtINUS, September 2006

Data will used to
establish trend with
current groundwater
conditions

None, the data were fully
validated.

OU - Operating Unit

Rl — Remedial Investigation
TtNUS — Tetra Tech NUS, Inc.
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SAP Worksheet #14 -- Summary of Project Tasks
(UFP-QAPP Manual Section 2.8.1)

PRE-TREATABILITY STUDY FIELD INVESTIGATION (PHASE | INVESTIGATION)
141 SOIL

Soil sampling and analysis will be conducted to determine the lateral and vertical extent of VOCs in the subsurface soils at the former drum storage area. The
results of the previous soil investigations indicate that the location of the highest VOC concentrations in the soils coincides with the location of the highest VOC
concentrations in the groundwater, suggesting that these impacted soils may continue to serve as a residual source of the groundwater plume. The existing data,
however, are too widely spaced to fully evaluate their impact on the underlying groundwater, to confidently define the extent of the source area, or to calculate the
volume of soil potentially requiring remediation. The analytical data obtained through this current investigation will be used to refine the extent of impacted soils, to
determine whether remediation of these soils is required, and if so, to evaluate the potential remedial options and alternatives.

The soil boring investigation is a dynamic program designed to delineate the total extent of impacted soils. As discussed in Worksheet 11, the planned boring
locations are based on the known present site conditions (the analytical results of previous borings) and historical site conditions (the historical aerial photo
analysis that delineated the extent of the drum staging area). These boring locations, however, may be adjusted in the field or additional borings may be added, if
the borehole conditions observed during the drilling program indicate that additional data are needed to define the extent of contamination. For example, if the
field screening results for a boring located at the lateral extent of the planned program indicate that VOCs are present at that location, then an additional boring will
be located and drilled at a distance of approximately 20 feet beyond that boring. This process will be repeated until the field screening process indicates that a
region of uncontaminated soil has been reached.

As discussed in the following sections, continuous soil cores will be obtained from the ground surface to the top of bedrock (14.1.1). The entire core will be
screened for VOCs with a photoionization detector (PID). The results of a previous soil boring program (TtNUS, March 2006, see Worksheet 13) indicated that the
PID was a reliable indicator for the presence of VOCs, and there was good agreement between the relative levels of the PID readings and the concentrations of
the VOCs in the soils. In addition, the sampling strategy (14.1.2) calls for the submittal of two samples from every boring, including those borings where no
elevated PID readings are detected.”

14.1.1 Soil Boring Drilling

Soil samples will be acquired from 12 soil borings drilled at the former drum staging area. The locations and the most significant analytical results from previous
soil borings as well as proposed borings are illustrated on Figure 2-1.

The boring locations will be staked in the field by TtNUS prior to the mobilization of the drilling subcontractor. The locations will be cleared for subsurface utilities
by the drilling subcontractor through the PA One-Call program. In addition, NAS JRB personnel will clear the area for site-specific utility locations not available to
the One-Call program.

The soil borings will be drilled using a direct-push technology (DPT, or “Geoprobe”) drilling rig. With a DPT rig, a probe assembly that is fitted with a 4-foot or 5-
foot acetate sleeve is hydraulically advanced (or “pushed”) into the subsurface to obtain soil cores. The probe assembly is withdrawn, the acetate liner is cut open,
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and the core is described and sampled. The sampling assembly (with a new acetate sleeve) is then reinserted into the open borehole to obtain a core from the
next, deeper 4-foot or 5-foot interval of soil. If collapsing borehole conditions exist due to uncohesive soils, a discrete-interval (closed piston) sampler can be used
to prevent the subsequent resampling of shallow soils. However, the TtNUS experience at this site during previous investigations indicates that the fine-grained,
cohesive soils create a borehole that remains open when the sampling apparatus is removed. Therefore, the need for a discrete-interval sampler is not
anticipated.

Each soil boring will be drilled to the depth of DPT refusal, which is expected to occur at the top of bedrock, and at a maximum depth of about 20 feet. Upon
retrieval, the acetate liner for each cored interval will be cut open, the lithology of the cored interval will be described by the site geologist, the cored interval will be
vertically screened for evidence of contamination with a Photoionization detector (PID), and any qualitative visual signs of potential contamination (such as soil
staining) will be noted. Engineered controls will be employed, where possible, to minimize the effects of the wind on the PID readings (for example, the readings
may be taken on the lee side of a field vehicle, or the wind will be screened by the sampling trowel.

The soil samples will be classified through the Unified Soil Classification System (USCS). The lithology, PID measurements, and all other pertinent observations
will be recorded on the borehole log.

14.1.2 Soil Sampling and Analysis

An estimated total of 24 primary subsurface soil samples (excluding quality assurance/quality control [QA/QC] samples) will be submitted for VOC analysis. The
sampling program is summarized in Worksheets 18 and 19, including the bottle ware, preservative, and holding time requirements.

The selection criteria for choosing the samples for analysis will include the soil’s relative degree of contamination (as determined by the highest PID readings),
visible staining, noticeable odors, and the vertical position of the soil sample relative to the top of bedrock. The decision pathway and guidelines for sample
selection are summarized in Table 2-1.

The VOC soil samples will be obtained with EnCore™ sampling equipment. Field preservation of the samples will not be performed. To ensure that no loss of
VOCs occurs through volatilization in the shallower core intervals (while the deeper intervals are being drilled), samples from each core will be taken immediately
after the PID screening from the interval exhibiting the highest elevated readings. This sampling strategy may result in the sampling of intervals that are not
ultimately submitted to the laboratory for analysis, because the highest PID readings within a boring or the samples with the highest field screening responses will
not be known until the entire boring is drilled. The samples not submitted for laboratory analysis will either be returned to the boring, spread on the adjacent
ground surface, or be disposed as investigation-derived waste (IDW). At the conclusion of a boring, soils that do not generate a PID response will be returned to
the boring, or spread on the adjacent ground surface if the boring becomes filled. Soils that generate a PID response will be drummed for later disposal as IDW.

14.2 GROUNDWATER
The groundwater investigation will be performed in two separate phases or mobilizations. Phase | (the Pre — Treatability Study field investigation) will include

installation of 5 monitoring wells at pre-selected locations, sampling of newly installed and certain existing wells for chemical and biological parameters, and
performance of an aquifer pumping test. Phase Il work (Pilot Test) will include installation of two additional monitoring wells, two injection wells, and two extraction
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wells at locations to be determined based on the results of the Phase | work. A baseline sampling and analysis for chemical and biological parameters of all wells
to be included in the pilot test will be performed immediately prior to the start of the pilot test.

During the Phase | investigation, field tests will be conducted to determine the amount of sodium bicarbonate or sodium carbonate that will be required to produce
a sustainable pH (ranging between 6.2 to 8.0) to foster effective dechlorination. During the Phase | field activities, subsurface soil and rock samples will be
collected during the installation of the monitoring wells to be used to conduct field buffering tests. The subsurface samples will be placed in sealed containers with
the buffering solution and mixed or stirred. The materials will be allowed to come to equilibrium during the overnight period, and the pH will be measured (either by
colored indicator or by field measurement) the next morning. The type and amount of solution and the resultant pH will be recorded, and the procedure will be
repeated until results in the acceptable range of pH are attained.

14.2.1 Monitoring Well Installation

The existing monitoring well network spans the entire extent of the groundwater plume from its source area to its distal limit. The monitoring well density in the
immediate vicinity of the source area, however, is not sufficient to adequately monitor the progress of the bioremediation pilot program, which is anticipated to be
most active within about 50 feet of this area. Currently, the closest downgradient wells are at the 05MWOQ9 cluster, which is located approximately 100 feet south
of the 05MWO01 cluster. The locations of the new monitoring wells to be installed are illustrated on Figure 2-2. The rationale for each location (relative to the site
conceptual model) and the drilling, borehole evaluation, and well construction plans are discussed in the following paragraphs.

Well Locations

Monitoring well 05MW16S will be located upgradient of the source area and in the immediate vicinity of the planned injection wells. If the results of the soail
investigation (which will be conducted prior to the well installation activities) suggest that the planned well location is still within the source area, then the location of
the well will be moved further to the north.

Monitoring wells 05MW17S / 05MW171 and 05MW18S / 05MW18I will be located downgradient of the source area and downgradient of the planned extraction
wells. These wells will be located between the source area and the currently impacted 05MWO09 and 05MW10 well clusters. These wells will be used to monitor
the quality of the groundwater immediately downgradient of the bioremediation circulation system.

Monitoring wells 05MW19S / 05MW19I are tentatively located west of the source area, and will detect or monitor any influences caused by the regional
groundwater divide. This cluster will not be installed until the second phase of well installations (along with the injection and extraction wells), and its location may
be revised based on the results of the aquifer pumping test.

Borehole Drilling

The monitoring well boreholes will be drilled by the air percussion drilling method. At each location, a 6-inch 1.D. steel casing will be grouted to a depth of
approximately 5 feet into bedrock. A 6-inch diameter borehole will be drilled out of the casing to the total depth of the borehole. For the shallow wells, the
borehole will be drilled to a depth of 70 feet. For the intermediate wells, the borehole will be drilled to a depth of 150 feet.
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Borehole Evaluation

The initial borehole evaluation will be done by the TtNUS rig geologist, who will construct a boring log for each borehole. The geologist will describe the lithology
of the rock cuttings at a maximum interval of every 5 feet, or at shorter intervals to be determined by the occurrence of significant lithologic changes. The geologist
will also note the depths that fractures are encountered, the fracture’s approximate yield, and the cumulative borehole yield with depth. In addition, the geologist
will monitor the borehole for organic vapors with a PID, and will record the PID readings on the boring log.

The boreholes will be geophysically logged by a TtNUS geophysical subcontractor. The boreholes will be logged a minimum of 2 days after their drilling
completion to allow the borehole parameters to return to ambient conditions. The borehole logs to be generated include the following:

Caliper

Natural gamma

Single point resistance

Fluid temperature

Fluid conductivity

Fluid velocity by heat pulse flow meter

Upon the completion of the geophysical logging program, the field copies of the boring logs and the geophysical logs will be transmitted (either by telefax or
electronically in pdf format) to the Navy, EPA, and PADEP for review and to choose the borehole retrofitting plan. For each borehole, the potential zones to be
screened will be identified, and the zone that ultimately best meets the project needs at that location will be chosen. A teleconference will be held within one week
of the data’s distribution to discuss the results and to formulate the retrofitting plan.

Well Construction

Each borehole will be retrofitted with a screened monitoring well that is constructed to monitor the groundwater from a specific vertical interval. The interval to be
monitored in each borehole will generally be based upon the approximate depths that hydrogeologic and chemical data are needed to fill the data gaps at that
location, and will specifically be based upon the evaluation criteria discussed above, including the boring logs, the geophysical logs, and the subsequent technical
discussions.

The monitoring wells will be constructed with 2-inch-diameter, flush-joint and threaded polyvinyl chloride (PVC) well casing and 2-inch-diameter, Schedule 40,
0.020-inch slotted well screen that is fitted with a bottom cap. The space between the bottom of the borehole and the bottom of the screen (if any) will be sealed
with bentonite to a depth of 5 feet below the bottom of the screen, and with No. 2 quartz sand from that depth to the bottom of the screen. The annular space
between the well screen and the borehole will be packed with No. 2 quartz sand to a height of at least 3 feet above the top of the screen, and a bentonite seal with
a minimum thickness of 3 feet will be emplaced above the sand pack. The remainder of the annular space from the bentonite seal to the ground surface will be
grouted with a 5% bentonite/cement grout.
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The monitoring wells will be developed with a submersible pump. The groundwater temperature, pH, conductivity, and turbidity will be monitored during
development. The amount of water developed from the wells will be dependent on their yield and the time needed for the monitored parameters to stabilize. The
wells will be developed until the parameters from three consecutive samples (taken a minimum of 5 minutes apart) fall within 10 percent of one another, or for a
maximum of 2 hours, whichever comes first. If the well has not fully developed after 2 hours but has made significant progress, then development may continue
for a maximum of 1 additional hour. If the well has shown little or no development after 2 hours, then no additional development will be attempted until the Navy
and the regulatory agencies discuss alternate development strategies.

14.2.2 Investigation-Derived Waste (IDW)

The drilling-generated groundwater will be captured and disposed into the NAS JRB Willow Grove sanitary sewer manhole that is located at Site 5, southwest of
the Marines Corps Building. While drilling, the borehole discharge will be diverted into a lined roll-off box. As the solids (drill cuttings) settle out, the overlying
drilling water will be pumped from the top of the box and discharged to the sewer.

Well development water and purge water generated by well sampling will contain minimal solids, and will be captured and disposed offsite by the IDW
subcontractor.

The drill cuttings will be sampled by a TtNUS IDW subcontractor for waste disposal characterization, and subsequently disposed by the subcontractor in a
regulatory-approved facility.

14.2.3 Agquifer Pumping Test

The aquifer test will be used to determine the hydraulic conductivity of the aquifer. This parameter will be used to calculate the groundwater velocity, which is
needed to determine the distance between the injection and extraction wells, or the length of the recirculation zone. This test will also aid in the system design by
determining the probable pumping rates of the extraction wells. The well to be pumped for the aquifer test and the wells to be monitored are not chosen at this
time, but will be determined on the results of the Phase | monitoring well installations. Aquifer test procedures are discussed in TINUS SOP GH-2.3 (Appendix A
of the SAP).

The test will be performed as a constant-rate test, using a pumping rate determined by the observations made during the Phase | field work. The test is anticipated to
run for approximately 12 hours, but may be extended if required by conditions including, but not limited to, the failure to obtain steady-state aquifer conditions within
the test area. The progress of the test will be closely monitored to assure that project objectives are achieved. If the desired results are not obtained by the end of the
initial 12-hour period, the test will be extended for another 12-hour segment, at the end of which time the test will either be completed (if the desired results have been
obtained), or extended for another 12-hour period. This procedure will be repeated, as necessary, until the test has been performed for up to a period of 48 hours.

Every effort will be made to schedule the test during a time period when no significant precipitation is anticipated. In the event of significant precipitation, the test may
be shut down if field conditions indicate that continuing the test would lead to the acquisition of low quality or useless data. In either case, the TtNUS project manager
will contact the Navy for approval prior to either extending the test beyond its planned duration or shutting down the test prior to its full duration.
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The hydraulic head (drawdown) will be measured in a number of monitoring wells (to be identified after the Phase | field work) during the duration of each aquifer test
by electronic pressure transducers (data loggers) or by a manual, water-level recording instrument.

Background or trend data will be collected for a period of one week preceding the test. Barometric pressure and precipitation readings will also be recorded during the
period that the trend data are collected.

Water level measurements will be obtained from the pumping and observation wells immediately upon starting the pumping test. The wells with data loggers will
record the measurements on the log-cycle recording option. The wells requiring manual water level readings will be measured at a lower frequency of 10-minute
intervals for the first 3 hours of the test, and then at 30 minute intervals for the remainder of the test. If any manual measurements indicate that any particular well
requires more frequent readings (such as unstable or fluctuating water levels), then it may be monitored at a more frequent interval, at the discretion of the field
hydrogeologist.

Drawdown data from the pumping well and the observation wells will be plotted in the field on semi-log paper throughout the duration of the test. The field data plots
will be used to evaluate drawdown trends, look for boundary conditions, project head-rises for the latter stages of the test, and to determine whether steady-state
drawdown conditions have been attained. Field personnel will be in frequent communication with senior technical personnel to provide updates of the test progress.

Barometric pressure and precipitation will be recorded at 1-hour intervals throughout the test, or more frequently if a weather front approaches the area during the test
period. These data are measured by the Base, and will be available for use in this test. Should the availability of this information change, these parameters will be
measured in the field by Tetra Tech during the performance of the test.

Flow rates will be controlled through the use of a variable-speed submersible pump or the installation of a ball valve in the discharge line. Flow rates measurements
will be obtained throughout the test with a totalizing flow meter installed in the discharge line, and field-verified through the use of a calibrated bucket and a stopwatch.
The target flow rate will be maintained within a variance of 5 percent throughout the duration of the test. During the startup phase, the pumping rate will be constantly
monitored until the flow is stabilized at the target rate. Following stabilization, flow measurements will be recorded at least every 10 minutes for the first 100 minutes of
the test, at least every 20 minutes for the next 100 minutes, and at least hourly for the duration of the test. In each instance, the instantaneous flow rate and the
cumulative gallons pumped will be recorded. All pumped groundwater will be discharged directly into the Base sewer system.

At the conclusion of the active pumping portion of the aquifer test, the pump will be shut off and recovery measurements will be obtained until the aquifer has
recovered to within 90% of the original water levels or for a maximum period of 2 hours from the pumping well and the observation wells where significant rises in head
were observed. The frequency of readings will be the same as those for the start of the test (at log-cycle frequencies).

The aquifer test data will be analyzed through both manual and automated (commercial software) methods. The drawdown data will be plotted on both semilog
and log-log graph paper and analyzed using appropriate data analysis methods. Both time-drawdown and distance-drawdown methods will be considered, with
the final selection of the analytical methods made based on a review of the data plots and the hydrogeologic conditions observed during the test. In addition to the
manual calculations, a commercially-available software package will be used to interpret the drawdown data. The AquiferTest software package distributed by
Waterloo Hydrogeologic, Inc., will be the primary software source, although other software packages may also be considered or used.
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TINUS will recommend to the Navy which wells should be monitored during the aquifer test based on the wells’ geographic location, the known hydraulic
properties (yield, specific capacity) of the existing wells, and the observed hydraulic properties of the wells to be installed during the Phase | field work. The results
of this aquifer test will be incorporated with all Phase | data to be included in the Letter Addendum Work Plan for Phase Il field work (see Worksheet 16) to be
submitted to the Navy, EPA, and PADEP.

PILOT STUDY FIELD INVESTIGATION AND OPERATIONS (PHASE Il INVESTIGATION)
14.3  INSTALLATION OF INJECTION, EXTRACTION, AND MONITORING WELLS

The Phase Il field work will begin with the installation of two additional monitoring wells and the installation of the groundwater recirculation system, which will
consist of two injection wells and two extraction wells.

The two additional monitoring wells (well cluster 05MW19) will be installed in the identical manner prescribed in the Phase | monitoring wells. The tentative
location for the new wells is illustrated in Figure 2-2, but as discussed, their actual location will be determined by the results and data requirements identified by the
Phase | investigation.

The injection wells and extraction wells will be drilled to an estimated subsurface depth of 75 feet and 125 feet, respectively. The projected depths of the wells will
be adjusted by the results of the Phase | investigation, and the actual final depths of the wells will be determined by both the field observations made during the
drilling, and the post-drilling analysis (geophysical logging), of the respective boreholes. The tentative locations of the injection wells (05IW01 and 05IW02) and
the extraction wells (05EW01 and 05EWO02) are illustrated in Figure 4-1.

Borehole Drilling for Injection and Extraction Wells

The injection and extraction well boreholes will be drilled by the air percussion drilling method. At each location, an 8-inch I.D. steel casing will be grouted to a
depth of approximately 5 feet into bedrock. An 8-inch diameter borehole will be drilled out of the casing to the total depth of the borehole. For the injection wells,
the projected borehole depth is up to 75 feet. For the extraction wells, the projected borehole may be as deep as 125 feet. These projected depths may be
adjusted after the results of the Phase | field work are interpreted and reviewed.

Borehole Evaluation

Consistent with the planned approach for the monitoring wells, the initial borehole evaluation will be done by the TtNUS rig geologist, who will construct a boring
log for each borehole. The geologist will describe the lithology of the rock cuttings at a maximum interval of every 5 feet, or at shorter intervals to be determined by
the occurrence of significant lithologic changes. The geologist will also note the depths that fractures are encountered, the fracture’s approximate yield, and the
cumulative borehole yield with depth. In addition, the geologist will monitor the borehole for organic vapors with a PID, and will record the PID readings on the
boring log.
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The injection and extraction wells are projected to be completed as open-bedrock wells. However, the boreholes will still be logged in order to maximize the
technical information (including the depths and distributions of water entry and exit zones) obtained at each location. In addition, should the results of the Phase |
field work or this geophysical logging indicate that particular zones should be cased-off or excluded from the recirculation system, these results will be used to
develop the borehole retrofitting plans. The need to retrofit the injection or extraction wells is not likely but a decision will be made upon the collection of the field
observations and geophysical data. The planned construction techniques and materials for the extraction and injection wells are illustrated in Figures 5-1 and 5-2,
respectively. These figures include well casing and screen, in the event that retrofitting of the boreholes is required.

The boreholes will be geophysically logged by a TtNUS geophysical subcontractor. The boreholes will be logged a minimum of 2 days after their drilling
completion to allow the borehole parameters to return to ambient conditions. The borehole logs to be generated include the following:

Caliper

Natural gamma

Single point resistance

Fluid temperature

Fluid conductivity

Fluid velocity by heat pulse flow meter

14.4 GROUNDWATER RECIRCULATION SYSTEM

To establish the recirculation system, groundwater will be pumped from the extraction wells, through a mixing system installed in a trailer-mounted unit, and
returned to the subsurface via the injection wells. Sodium lactate and sodium carbonate or bicarbonate solutions will be proportionally injected into the
groundwater piping and mixed by a static mixer. The dosages of sodium lactate and sodium carbonate or bicarbonate injected into the subsurface may be
incrementally increased as data are analyzed during the pilot study. Metering pumps will initially inject sodium lactate and sodium carbonate or bicarbonate into
the groundwater injection line at rates to be defined by the results of the Phase | investigation.

Both the sodium lactate and sodium carbonate injection rates may be adjusted depending on the ORP and pH values measured within the pilot study area. Also, a
decision will be made whether to continue with sodium carbonate or to switch to sodium bicarbonate. The injection well will be monitored routinely for biofouling by
observing the water level at the injection well. If a higher than normal water level is observed, the chemical feed rates may be reduced and/or the injection well will
be flushed. Figure 4-4 shows a schematic of the treatment system.
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14.4.1 System Construction

The anticipated process equipment to be used for this pilot test is summarized in Appendix F. Groundwater will be extracted from the extraction wells by a
Grundfos SQ (or equivalent) pump. The flow rate will be controlled with a manually adjusted globe or diaphragm valve. A paddle wheel flow meter or Rota meter
will be used to measure the flow rate and adjust the control valve. Sodium lactate solution will be prepared in a 50-gallon tank and injected into the groundwater
piping at a location upstream of a static mixer. Similarly, the sodium carbonate or bicarbonate solution will be prepared in a 150-gallon tank and injected into the
groundwater piping at a location upstream of a static mixer. The chemicals and groundwater will be thoroughly blended using an inline static mixer. This mixing
approach is used to minimize the introduction of oxygen to the groundwater. After mixing, the groundwater will be piped and delivered to the injection wells.

A 5-micron filter will be used during the initial operation of the recirculation system to capture any particles flushed from the extraction well that were not removed
during the development of the well. The filter will be removed during normal operation.

The sodium lactate solution tank will likely provide more than 7 days of storage. The sodium carbonate or bicarbonate tank will provide more than 4 days of
storage.

Pressure gauges will be provided to monitor pressure drop through the system.

14.4.2 System Startup and Operation

The milestone operating and sampling events for the pilot study are summarized in Figure 4-3. The details of these activities are described below. A copy of an
example daily log sheet of operational activities is provided in Appendix G. The actual log sheet will be developed after the specific system components are
determined.

Equipment and System Inspection

After all of the equipment has been installed, the mechanical equipment (pumps and mixers) will be tested briefly to ensure operation.

The extraction well pumps will be tested by performing the following steps. Open the valve at the injection well, close the valves at the chemical injection points,
close the control valves, and open the shut-off valve at the control valves. Activate the pump and slowly open the control valves while observing the flow meter.
Gradually open the control valves until the predetermine pumping rate from the aquifer is reached while noting the number of turns on the control valves. Check
the system for leaks. Then shut off the pump, and close the control valves.

The chemical feed pumps will be tested by performing the following steps. Disconnect the discharge hose and direct the discharge back into the appropriate feed
tank. Operate the pumps long enough to confirm operation.
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Startup Operation

The systems operation details cannot be fully planned until the pumping rates are determined. However, the following actions generally describe the procedures
to be performed. The recirculation system will be operated initially with no chemical addition until the aquifer within the pilot study attains steady-state water level
conditions. The steady-state conditions will be determined by routinely measuring the water levels until they have stabilized. After the water levels have stabilized
and steady-state conditions are achieved, the sodium carbonate chemical feed pump will be activated. The groundwater recirculation system will then be operated
with sodium carbonate injections for several weeks (an estimated 2 weeks) to bring the pH of the area groundwater into a range suitable for microorganism growth.
The levels in the chemical feed tanks will be monitored and recorded to confirm the feed rate. The water levels will be monitored daily in all Site 5 wells.

Chemical Addition Operation

After the groundwater pH levels have been brought to within a suitable range (6.0 — 8.0) within the injection well area, the sodium lactate chemical feed pump will
be activated. Also, a decision will be made at this time whether to continue with sodium carbonate, or to switch to sodium bicarbonate. This decision will be based
on the pH of the pilot study area and the amount of sodium bicarbonate that was needed to adjust the pH. Care must and will be taken to minimize aeration of the
water when the tanks are filled with water and mixed with the chemicals. The agitation rate will be kept as low as possible and the tanks will be covered to
minimize the amount of oxygen in the makeup water. The levels of the chemical feed tank will be noted and recorded daily.

The groundwater recirculation system will be operated with sodium lactate and sodium carbonate or bicarbonate injections for several weeks to maintain the pH of
the pilot study area within a range suitable for microorganism growth, to create anaerobic conditions, and to monitor for TCE and 1,1,1-TCA daughter products.
During the chemical addition operation, the levels in the chemical feed tanks will be monitored and recorded to confirm the feed rate. Water levels will be
monitored in all wells.

Long-Term Operation

After the chemical addition is started, the pilot system will be visited 2 to 3 times a week, or at another frequency identified as appropriate for this specific system.
Each time the site is visited, the following tasks will be performed and noted on a daily sheet which is included in Appendix G.

Approximately three months after the start of the chemical addition, the biological innoculum (Dhc and/or Dhb) will be added if identified as appropriate. Dhc
and/or Dhb will be added if either no or only very low concentrations of TCE and 1,1,1-TCA daughter products are detected. If the addition of Dhc and/or Dhb is
not required, then the operating instructions to be followed for the remainder of the pilot study will be the same as that previously described for the chemical
addition operations.

If Dhc and/or Dhb innoculum is used, it will be added while under minimal exposure to oxygen. The innoculum is provided in special sealed containers. The
container has a fitting for compressed inert gas (nitrogen or argon) and a vent valve to release gas from the container. A hose from the inert gas regulator is
attached to the container and inert gas is purged through the innoculum in the container at 3 psig for 3 to 5 minutes. The injection wells will also be purged with
the inert gas. After the container has been degassed, the innoculum can be injected.
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After Dhc and/or Dhb is added, the recirculation system will continue to be visited 2 to 3 times a week, or on an as needed basis that is based on the continuing
acquisition and interpretation of the groundwater data and on the pilot system performance. To minimize the potential of injection well clogging, the sodium lactate
feed will be stopped for 4 to 6 hours on one day each week to flush the immediate vicinity of the injection well. Household bleach may be added to each well to
reduce clogging if necessary.

The recirculation system will be operated for approximately 8 months. Chemical feed rates and the frequency and duration of chemical feeds may be modified
over the course of the study based on the observations of monitoring well water levels and the results of the periodic groundwater analyses.

14.4.3 Shutdown and Restart

The pilot system is primarily a manually operated system, but is provided with some automation. To prevent the potential spilling of contaminated groundwater
onto the ground surface, the system automatically shuts down if the water level in either injection well becomes too high. The chemical feed pumps will also shut
down automatically if the extraction well pump overload protection device trips, which will prevent the overfeeding the chemicals.

Care must be taken following any shutdown because the individual pump switches may be "on", but power has been interrupted further up the line. When the
power is restored or the system controls reset, the pumps may begin operating.

145 SAMPLE COLLECTION DOCUMENTATION, HANDLING, TRACKING, AND CUSTODY PROCEDURES

The following sections outline the procedures that will be used to document project activities and sample collection, handling, tracking, and custody procedures
during performance monitoring tasks. Detailed and accurate documentation is necessary in order to ensure data integrity, authenticity, and defensibility.

Sample Collection Documentation

Samples will be collected following procedures outlined in Appendix A. The equipment used to collect the sample will be noted in the logbook, along with date and
time of sampling, sampler’s name, sample description, depth at which the sample was collected, and the volume and number of containers collected. QC sample
information will be appropriately recorded. Measurements made will be recorded. All instruments used to make measurements will be identified, along with the
date of calibration.
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Standard log sheets will be used to record data and will include:

Daily Activity Log

Equipment Calibration Log

Boring Log Sheet

Groundwater Level Measurement Sheet
Low Flow Purge Data Sheet
Groundwater Sample Log sheet

Soil Sample Log Sheet

QC Sampling Log

Well Inspection Log

COC record

Log sheets will include entries in every blank, with appropriate use of the abbreviations NA (not applicable) and NR (not recorded). All “NR” entries should be
accompanied by and explanation. All entries will be recorded in waterproof ink and signed and dated by the person making the entry. No erasures will be made.
If an incorrect entry is made, the information will be crossed out with a single strike mark, the correct entry recorded, and the change initialed and dated by the
person making the correction.

14.6  DATA MANAGEMENT TASKS

This section describes how project information will be managed, organized, and maintained for efficient use by project personnel. The information management
process is outlined from data generation to ultimate storage.

14.6.1 Project Documentation and Records

A summary of project documentation and records to be generated and stored in the project files is provided in Worksheet 29.

14.6.2 Data Package Deliverables

Certain field measurements (i.e., photo-ionization detection, etc.) are made primarily for health and safety monitoring. Additional field measurements may include

readings such as pH, temperature, and specific conductance to monitor ambient conditions prior to sample collection. These data will be recorded on the
appropriate log sheets.
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For the Site 5 pilot study sampling events, the fixed-base laboratories will provide Contract Laboratory Program (CLP) equivalent data packages for TCL
volatiles analyses. The laboratory will provide abbreviated packages for the additional environmental indicators and MNA parameters. Additionally
electronic deliverables, formatted according to the requirements stated in the laboratory subcontracts, will be provided by the laboratories for all analytical
data. Worksheet No. 30 summarizes the analytical requirements.

14.6.3 Data Reporting Formats

Field data will be recorded on log sheets or in the project logbook. The laboratory will provide CLP equivalent data reporting forms 1 through 15 for the required
metals and organic analyses presented in the previous paragraph.

14.6.4 Data Handling and Management

The data-handling procedures to be followed by the laboratories will meet the requirements in the laboratory subcontracts. All analytical and field data will be
maintained in the project files. The project files will contain hard copies of the COC forms, sample log forms, sample location maps, and documentation of QA of
data manipulation.

14.6.5 Data Tracking and Control

A “cradle-to-grave” sample tracking system will be used from the beginning to the end of the sampling event. Before field mobilization, the FOL will
coordinate/initiate the sample tracking process. Sample jar labels will be hand-written in the field.

The labels will be reviewed for adherence to SAP requirements as well as for accuracy. The PM will coordinate with the analytical laboratories to ensure that they
are aware of the number and type of samples and analyses.

When field sampling is underway, the FOL forwards the chain of custody (COC) forms to the PM or designee and the laboratories for each day that samples are
collected. The PM or designee will confirm that the COC forms provide the information required by the SAP.

This will allow for early detection of errors made in the field so that adjustments can be made while the field team is mobilized. After successful completion of all
requested analyses, the laboratories will submit an electronic deliverable for every sample delivery group (SDG). When all electronic deliverables have
been received from the laboratories, the PM or designee will ensure that the laboratories performed all the requested analyses. Ideally, discrepancies can be
noted early enough so that all samples can be analyzed within the prescribed holding times.

Sample Information

Data from field measurements will be recorded using the appropriate log sheets.
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Reduction of field data entails the summarization and presentation of these data in tabular form. The reduction of laboratory data entails the manipulation of raw
data instrument output into reportable results. Field data (e.g., photo-ionization detection) will be verified on a daily basis by the FOL. Laboratory data will be
verified by the group supervisor and then by the laboratory's QC/Documentation Department.

For field data, the FOL will coordinate with the geographical information system (GIS) lead to ensure that all survey technical specifications are consistent with the
underlying coordinate system in the GIS.

Electronic data arriving from the laboratories will pass through to the data validation manager (DVM) for database compilation and validation. The DVM will
compile all the formatted laboratory electronic deliverables into a working project database. Data that are to be validated will be printed as data packages, which
include the samples as part of each SDG and the appropriate analytical fraction. The data packages will be distributed to the appropriate data validators. The
data validators will enter all data qualifiers and qualifier codes into the database and print out a hard copy and return it to the DVM. The DVM will check the data
qualifiers and qualifier codes in the project database and print the final validated data for incorporation into the data validation letter. When all samples and
analyses have been accounted for and validated, the PM will ensure that the analytical data are incorporated into the project database.

Project Data Compilation

The analytical laboratories will generate a PDF file of the analytical data packages, as well as electronic database deliverables. The electronic database will be
checked against the PDF file provided by the laboratories and updated as required, based on data qualifier flags applied during the data validation process. The
data generated during the implementation of the QAPP will be incorporated into the NAS JRB Willow Grove database and GIS. All data, such as units of measure
and chemical nomenclature, will be manipulated to maintain consistency with the project database.

Geographical Information System

Data management systems consist of a relational database and GIS that are being used to manage environmental information pertaining to NAS JRB Willow
Grove. The relational database stores chemical, geological, hydrogeologic, and other environmental data collected during environmental investigations. The GIS
is built from the relational database and contains subsets of the larger data pool. Using the GIS, environmental data can be posted on base mapping to provide a
graphical representation of the information.

Upon compilation of sample, chemical, biological, and positional data, the data will be compiled and incorporated into the NAS JRB Willow Grove GIS. The GIS
system can be used to generate various maps for NAS JRB Willow Grove data including site location maps, sample location maps, and contaminant tag maps, as
needed. The GIS software that is used will be documented in performance monitoring reports.
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14.7 DATA REVIEW

The internal data verification requirements for this project include the maintenance and periodic review of field documentation (i.e., site logbooks, instrument
calibration logs, chain of custody forms (COC), field summary reports, and field modification records) and laboratory analytical data packages. After receipt of
analytical laboratory results, TtNUS will perform data validation according to the requirements outlined in the Region 3 Modifications to the National Functional
Guidelines for Organic Review (September 1994) and method-specific requirements to ensure that the analytical results meet the project quality objectives.

After the data are validated, a list of nonconformities will be generated. Nonconformities require data qualifiers, which are used to alert the data user to inaccurate
or imprecise data. For situations in which several quality control criteria are out of specification with regard to the limits specified in the DoD QSM (January, 2006),
the data validator may make professional judgments and/or comments on the validity of the overall data package. In situations where the validity of an entire data
package is in question, it may be necessary for the sample(s) to be reanalyzed. The reviewer will then prepare a technical memorandum presenting changes in
the data, if necessary, and the rationale for making such changes.

The net result is a data package that has been carefully reviewed for its adherence to prescribed requirements and is suitable for its intended use. Data validation
therefore plays a major role in determining the confidence with which key technical evaluations may be made.

Data validation reports for all parameters will be generated according to the procedures described in Standard Operating Procedure (SOP) DV-02. The final data
validation report will include a technical memorandum, qualified analytical results, results reported by the laboratory, and documentation to support data
qualification. All data will be flagged by an appropriate qualifying symbol.

The data and field records will also be reviewed by project personnel to ensure that the samples represent the intended sampling conditions and populations.
Data qualified during validation will be reviewed to assess the impact of the qualifiers on the attainment of project objectives.
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SAP Worksheet #15 -- Reference Limits and Evaluation Table
(UFP-QAPP Manual Section 2.8.1)

SOIL LABORATORY LIMITS

Laboratory Method Laboratory
Detection Limit Quantitation Limit
(MDL) (QL)

ORGANIC COMPOUNDS CAS (ug/kg) (ug/kg)
VOLATILES

1,1,1-Trichloroethane 71-55-6 0.3 2
1,1,2,2-Tetrachloroethane 79-34-5 0.3 2
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 0.5 2
1,1,2-Trichloroethane 79-00-5 0.6 2
1,1-Dichloroethane 75-34-3 0.3 2
1,1-Dichloroethene 75-35-4 0.5 2
1,2,3-Trichlorobenzene 87-61-6 0.3 5
1,2,4-Trichlorobenzene 120-82-1 0.4 5
1,2-Dibromo-3-chloropropane 96-12-8 1 4
1,2-Dibromoethane 106-93-4 0.4 2
1,2-Dichlorobenzene 95-50-1 0.4 2
1,2-Dichloroethane 107-06-2 0.3 2
1,2-Dichloropropane 78-87-5 0.4 2
1,3-Dichlorobenzene 541-73-1 0.3 2
1,4-Dichlorobenzene 106-46-7 0.3 2
2-Butanone 78-93-3 6.1 20
2-Hexanone 591-78-6 1.8 10
4-Methyl-2-pentanone 108-10-1 21 10
Acetone 67-64-1 5.2 20
Benzene 71-43-2 0.4 2
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #15 -- Reference Limits and Evaluation Table
(UFP-QAPP Manual Section 2.8.1)

SOIL LABORATORY LIMITS

Laboratory MDL Laboratory QL

ORGANIC COMPOUNDS CAS (ug/kg) (ug/kg)
VOLATILES

Bromochloromethane 74-97-5 0.5 2
Bromodichloromethane 75-27-4 0.4 2
Bromoform 75-25-2 0.6 2
Bromomethane 74-83-9 1.2 4
Carbon disulfide 75-15-0 0.7 4
Carbon tetrachloride 56-23-5 0.3 2
Chlorobenzene 108-90-7 0.3 2
Chloroethane 75-00-3 0.4 2
Chloroform 67-66-3 0.5 2
Chloromethane 74-87-3 0.3 2
cis-1,2-Dichloroethene 156-59-2 0.4 2
cis-1,3-Dichloropropene 10061-01-5 0.3 2
Cyclohexane 108-94-1 0.3 2
Dibromochloromethane 124-48-1 0.3 2
Dichlorodifluoromethane 75-71-8 0.3 2
Ethylbenzene 100-41-4 0.2 2
Isopropylbenzene 98-82-8 0.2 2
m,p-Xylene 179601-23-1 0.5 4
Methyl acetate 79-20-9 0.7 4
Methyl tert-butyl ether 1634-04-4 0.5 2
Methylcyclohexane 108-87-2 0.4 2
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #15 -- Reference Limits and Evaluation Table
(UFP-QAPP Manual Section 2.8.1)

SOIL LABORATORY LIMITS

Laboratory MDL Laboratory QL

ORGANIC COMPOUNDS CAS (ug/kg) (ug/kg)
VOLATILES

Methylene chloride 75-09-2 1.3 5
0-Xylene 95-47-6 0.3 2
Styrene 100-42-5 0.3 2
Tetrachloroethene 127-18-4 0.2 2
Toluene 108-88-3 0.6 2
trans-1,2-Dichloroethene 156-60-5 04 2
trans-1,3-Dichloropropene 10061-02-6 0.3 2
Trichloroethene 79-01-6 0.3 2
Trichlorofluoromethane 75-69-4 0.3 2

Vinyl chloride 75-01-4 0.4 2
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #15 -- Reference Limits and Evaluation Table

(UFP-QAPP Manual Section 2.8.1)

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0
Revision Date: September 2008

GROUNDWATER REFERENCE LIMITS AND LABORATORY LIMITS

Project Action Level
Federal MCLs" Laboratory MDL Laboratory QL

ORGANIC COMPOUNDS (SW-846 8260B) CAS (ug/L) (ng/L) (ng/L)
VOLATILES
1,1,1-Trichloroethane 71-55-6 200 0.2 1
1,1,2,2-Tetrachloroethane 79-34-5 na 0.3 1
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 na 0.4 2
1,1,2-Trichloroethane 79-00-5 5 04 1
1,1-Dichloroethane 75-34-3 na 0.3 1
1,1-Dichloroethene 75-35-4 7 0.3 1
1,2,3-Trichlorobenzene 87-61-6 na 0.6 2
1,2,4-Trichlorobenzene 120-82-1 70 0.3 2
1,2-Dibromo-3-chloropropane 96-12-8 na 2 7
1,2-Dibromoethane 106-93-4 na 0.3 1
1,2-Dichlorobenzene 95-50-1 600 0.2 1
1,2-Dichloroethane 107-06-2 5 0.2 1
1,2-Dichloropropane 78-87-5 na 0.3 1
1,3-Dichlorobenzene 541-73-1 na 0.2 1
1,4-Dichlorobenzene 106-46-7 75 0.3 1
2-Butanone 78-93-3 na 3 10
2-Hexanone 591-78-6 na 2 10
4-Methyl-2-pentanone 108-10-1 na 2 10
Acetone 67-64-1 na 3 10
Benzene 71-43-2 5 0.2 1
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0
Revision Date: September 2008

SAP Worksheet #15 -- Reference Limits and Evaluation Table

(UFP-QAPP Manual Section 2.8.1)

GROUNDWATER REFERENCE LIMITS AND LABORATORY LIMITS

Project Action Level
Federal MCLs" Laboratory MDL Laboratory QL

ORGANIC COMPOUNDS (SW-846 8260B) CAS (ug/L) (ng/L) (ng/L)
VOLATILES

Bromochloromethane 74-97-5 na 04 2
Bromodichloromethane 75-27-4 na 0.3 1
Bromoform 75-25-2 na 0.4 2
Bromomethane 74-83-9 na 0.6 2
Carbon disulfide 75-15-0 na 0.3 1
Carbon tetrachloride 56-23-5 5 0.4 1
Chlorobenzene 108-90-7 100 0.3 1
Chloroethane 75-00-3 na 0.3 1
Chloroform 67-66-3 na 0.2 1
Chloromethane 74-87-3 na 0.3 1
cis-1,2-Dichloroethene 156-59-2 70 0.3 1
cis-1,3-Dichloropropene 10061-01-5 na 0.3 1
Cyclohexane 108-94-1 na 0.3 1
Dibromochloromethane 124-48-1 na 0.3 1
Dichlorodifluoromethane 75-71-8 na 0.2 1
Ethylbenzene 100-41-4 700 0.3 1
Isopropylbenzene 98-82-8 na 0.3 1
m,p-Xylene 179601-23-1 10 0.4 2
Methyl acetate 79-20-9 na 0.8 3
Methyl tert-butyl ether 1634-04-4 na 0.2 1
Methylcyclohexane 108-87-2 na 0.3 1
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #15 -- Reference Limits and Evaluation Table
(UFP-QAPP Manual Section 2.8.1)

GROUNDWATER REFERENCE LIMITS AND LABORATORY LIMITS

Project Action Level
Federal MCLs" Laboratory MDL Laboratory QL

ORGANIC COMPOUNDS (SW-846 8260B) CAS (ug/L) (ng/L) (ng/L)
VOLATILES
Methylene chloride 75-09-2 na 0.3 1
0-Xylene 95-47-6 10 0.3 1
Styrene 100-42-5 100 0.2 1
Tetrachloroethene 127-18-4 5 04 1
Toluene 108-88-3 1000 0.2 1
trans-1,2-Dichloroethene 156-60-5 100 0.2 1
trans-1,3-Dichloropropene 10061-02-6 na 0.2 1
Trichloroethene 79-01-6 5 0.3 1
Trichlorofluoromethane 75-69-4 na 0.3 1
Vinyl chloride 75-01-4 2 0.6 2

Project Action Level Laboratory MDL Laboratory QL
INORGANIC ANALYTES (SW-846 6010B) CAS (ug/L) (ug/L) (ug/L)
Iron (dissolved) 7439-89-6 na 17 70
Manganese (dissolved) 7439-96-5 na 0.3 6
Sodium (Total) 7440-23-5 na 30 560
OTHER ANALYTES CAS Project Action Level Laboratory MDL Laboratory QL
Total Organic Carbon (EPA 415.1) (mg/L) - na 0.25 5
Sulfide (EPA 376.1) (mg/L) 18496-25-8 na 0.3 1
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #15 -- Reference Limits and Evaluation Table
(UFP-QAPP Manual Section 2.8.1)

GROUNDWATER REFERENCE LIMITS AND LABORATORY LIMITS

OTHER ANALYTES CAS Project Action Level Laboratory MDL Laboratory QL
Anions (EPA 300.0) (mg/L)

Chloride 16887-00-6 na 0.1 1
Nitrate 14797-55-8 na 0.01 0.1
Nitrite 14797-65-0 na 0.01 0.1
Sulfate 14808-79-8 na 0.1 1
Sulfide 18496-25-8 na 0.003 0.02
Orthophosphate na

Metabolic Acids (Laboratory SOP) (mg/L)

Lactic 50-21-5 na 0.067 0.1
Pyruvic 127-17-3 na 0.067 0.07
Acetic 64-19-7 na 0.041 0.07
Propionic 79-09-4 na 0.052 0.07
Butyric 107-92-6 na 0.059 0.07
Dissolved Gases (RSK SOPs 147/175) (ug/L)

Methane 74-82-8 na 0.0171 0.1
Ethane 74-84-0 na 0.0035 0.025
Ethene 74-85-1 na 0.0046 0.025
Acetylene 74-86-2 na 0.073 0.5
PCR/Enzymes (Laboratory SOP) (gene copies)

TCE reductase na 500 1000
BAV1 VC reductase - na 500 1000
VC reductase na 500 1000

! National Primary Drinking Water Maximum Contaminant Levels (MCLs), June 2003. http://www.epa.gov/safewater/contaminants/index.htmi
NA — Not applicable
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #16 -- Project Schedule / Timeline Table (optional format)

(UEP-QAPP Manual Section 2.8.2)

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0

Revision Date: September 2008

Dates (MM/DD/YY)

Groundwater Sampling

Activities Organization Deliverable Deliverable
9 Anticipated Date(s) | Anticipated Date of Due Date
of Initiation Completion
Project Plans TINUS 7/21/07 8/08 Final SAP 8/08
Soil sampling TINUS April 2008 April 2008
Letter Addendum
- . Work Plan and
EVENT 1 - Preliminary Groundwater Sampling TINUS May 2008 July 2008 possible SAP 9/08
amendment
EVENT 2 (Baseli
(Baseline) TINUS October 2008 October 2008
Groundwater Sampling
EVENT 3 (1 mo. afte.r start) TtNUS November 2008 November 2008
Groundwater Sampling
EVENT 4 (3 mo. after start, | lum Baseli
(3mo. a (?rs art, Innoculum Baseline) TtNUS January 2008 January 2008
Groundwater Sampling
EVENT 5 (4.5 mo. after start, 6 weeks after
innoculum injection) TtNUS March 2009 March 2009
Groundwater Sampling
EVENT 6 (6 mo. after start, 12 weeks after
innoculum injection ) TtNUS April 2009 April 2009
Groundwater Sampling
EVENT 7 (Post study, 9 mo. after start, 24 weeks
after innoculum injection) TINUS July 2009 July 2009
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

Dates (MM/DD/YY)

Activities Organization . - Deliverable Deliverable
Anticipated Date(s) | Anticipated Date of Due Date

of Initiation Completion

Internal Draft Report 3/1/10
EVENT 8 (Post study, 12 mo. after start, 40
weeks after innoculum injection) TINUS October 2009 October 2009

Groundwater Samplin Draft Report 4/22/10
Ping Final Report 6/30/10
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #17 -- Sampling Design and Rationale
(UFP-QAPP Manual Section 3.1.1)

171  SAMPLING PROCEDURES

This section details the field sampling procedures to be used for the collection of pilot study groundwater samples. TtNUS SOPs can be found in Appendix A of
the SAP.

17.1.1 Groundwater Sampling

The groundwater sampling and analysis program is presented in Worksheet 18, which includes the wells to be sampled and the parameters to be analyzed for
each sampling round. The existing site wells to be sampled were chosen because of their proximity to the source area and the recirculation system. The new
monitoring wells will be located in the immediate proximity of the source area and recirculation system, where the effects of the bioremediation are expected to be
most pronounced. The rationale for each new monitoring well location is explained in detail in Worksheet 14, Section 14.2.1. The groundwater sampling schedule
is illustrated in Figure 4-3 and Worksheet 16, and follows the approximate schedule described below. The continuing evaluation of the system’s performance may
result in the adjustment of this schedule.

Round 1 Phase | (Pre-Treatability Study Investigation

Round 2 Baseline - Immediately prior to groundwater recirculation and substrate injection

Round 3 4 weeks after the startup of groundwater recirculation and substrate injection

Round 4 12 weeks after the startup of groundwater recirculation and substrate injection (innoculum baseline round)

Round 5 6 weeks after innoculum injection (approximately 4.5 months after startup of recirculation and substrate injection)

Round 6 32 weeks after innoculum injection (approximately 8 months after startup of recirculation and substrate injection). SYSTEM SHUTDOWN
DECISION ROUND

Round 7 44 weeks after innoculum injection (approximately 11.0 months after startup of recirculation and substrate injection. POST SHUTDOWN
MONITORING

Round 8 56 weeks after innoculum injection (approximately 13.0 months after startup of recirculation and substrate injection) POST SHUTDOWN
MONITORING

Groundwater samples will be obtained by the low-flow purging and sampling method following EPA Region 3 guidelines (Bulletin QAD023 - June 16, 1999). The
new monitoring wells will be sampled a minimum of 2 weeks after their development. The microbial samples will be obtained through the laboratories specifically
prescribed sampling technique included as Appendix B.

Low-flow sampling in wells with more than one water bearing fracture present in the open or screened interval will adhere to a purging and sampling method using
a low flow submersible type pump to purge at least one well volume prior to sampling the well with the pump set a the lowest setting.

In instances where the monitoring well open interval has only one discreet water-bearing zone, low-flow purging and sampling using EPA Directive QAD023-June
16, 1999 will be performed, with the following additional tasks:
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #17 -- Sampling Design and Rationale
(UFP-QAPP Manual Section 3.1.1)

o TtNUS will determine the appropriate location of the pump within the vertical interval of the well screen based on the review of the drilling logs and
geophysical logs. The pump will be positioned at the same depth as the most significant (highest yielding) fracture within the screen interval.

e A groundwater sampling form (log) will be completed to record the stabilization parameters, the volume purged, etc.

e The technical team will determine the appropriate location of the pump within the vertical interval of the well intake based on the drilling and
geophysical logs and packer testing results.

A complete round of synoptic water levels will be collected from the existing and newly installed wells prior to purging and sampling. Groundwater samples will be
field analyzed using test methods for parameters summarized in Worksheet 18 and 19. After the data are collected and analyzed, it will be interpreted to evaluate
groundwater recirculation and substrate injection effectiveness.

17.1.2 PCR Sample Collection

Samples will be collected for PCR analysis according to directions provided by Microbial Insights, Inc. The PCR sample is collected by pumping water from the
sampling pump discharge through a filter provided by the laboratory. One to two liters of water will be pumped through the filter and the volume that is pumped
through the filter will be measured and recorded. The instructions and sample COC form are included in Appendix B.

17.1.3 Soil Sample Collection

Twenty-four soil samples will be collected at 12 locations using direct-push techniques during the Phase 1 (Pre-Treatability Study) Investigation. The locations of
the soil borings are illustrated in Figures 1-6 and 2-1. The soil boring locations were chosen using the analytical results of previous soil borings and using the
results of historical aerial photo analysis that delineated the extent of the source area (see Worksheet 11). The soil samples will be collected for volatile analysis
using Encore samplers. The sampling procedures are discussed in detail in Worksheet 14. The decision matrix for selecting which samples are to be submitted to
the laboratory (based on the PID response to the soil and the vertical position of the sample within the boring) is included as Figure 4-4. The TtNUS SOPs for soil
sample collection are included in Appendix A.

17.1.4 QA/QC Samples

To assure that data obtained during the investigation are accurate, various quality assurance/quality control (QA/QC) requirements have been established for
fieldwork, laboratory analysis of the collected samples, and validation of the analytical results obtained from the laboratory.

Field QC samples expected to be collected during the investigation are field duplicates, laboratory matrix spikes and matrix spike duplicates, (MS/MSD), trip
blanks, and rinsate blanks. Worksheet 20 summarizes the frequency and type of field QA/QC samples to be collected for this sampling program. These
requirements do not apply to the field parameters, natural attenuation parameters, and PCR analyses.

Data validation procedures are discussed in Worksheets 34 through 36. Full data validation will be performed on volatile organic compound samples only.
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0

Site Location: Willow Grove, Pennsylvania Revision Date: September 2008
SAP Worksheet #18 -- Sampling Locations and Methods/SOP Requirements Table
(UEP-QAPP Manual Section 3.1.1)
Fixed Base Laboratory Process Test Field Test
2 § & = < S 8\) o
Ll EIEE] |5 &8 |ele| | 252 |g]%|e|E
Location Sample Designation Sampling 8 8 %é’ E 8 gu‘” O 2 5 E IS 3“(5)';-;00- 6 S| g @
sop 15 glfel e 21258 e 2|5 gl E(a s8] 2 ¢8|
3| 2|22 2|3 |87 |s|&|8&|¢ 3|22 2 clz|zl¢g
Flels8 3 12 |Elz|=z]8 S[°5| 3 21183
0 | N = ) O S| » [a) < = >
8| = | 0 gl 8 <£( T
Event 1 - Pre Treatability Study Sample Round
05SB60 05SB60-XXXX® SA25 | -
05SBB0-XXXX and .
05SB61 05SB61-XXXX SA-13 | -
05SB61-XXXX *
05SB62 05SB62-XXXX *
05SB62-XXXX °
05SB63 05SB63-XXXX °
05SB63-XXXX °
05SB64 05SB64-XXXX *
05SB64-XXXX+Duplicate *
05SB65 05SB65-XXXX °
05SB65-XXXX °
05SB66 05SB66-XXXX °
05SB66-XXXX *
05SB67 05SB67-XXXX °
05SB67-XXXX °
05SB68 05SB68-XXXX °
05SB68-XXXX °
05SB69 05SB69-XXXX °
05SB69-XXXX+Duplicate °
05SB70 05SB70-XXXX °
05SB70-XXXX *
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0

Site Location: Willow Grove, Pennsylvania Revision Date: September 2008
Fixed Base Laboratory Process Test Field Test
a % = Q ‘_E % g ]
[%)] ] ~ = N} —~
0| S |55 T 3 8| 8|5 2~ §| S| 8T
sampling | © | § [28| & | o |88 S|l 8| 3|2 °zl59 & 20121 8|3
Location Sample Designation SOP o0 |g2Et|zTlc2o | < || 48|G r |E5|Sa O ol 8| | = n
> o =9 e = |85 O = Le] — (7] =4 S 3lsc|l B a S © E qc_,
— g AE 2 loel F | o c | g Q ao|s ol € © >| = | o
O = -g al © n o < o © © IS »nSIxXgl 5 n = c o
Fl 3 |=8 3 2 glxl=[g2 3|° 3| @ 21 =] 9| s
0 |c ) = o | O S| @ ) < | = >
=) g = o &) o <£E T
05SB71 05SB71-XXXX °
05SB71-XXXX+Duplicate °
05MWO01S 05MW01S-GW-02 SA-1.1 i A R N I L A R I I e I o I R
05MWO01SI 05MW01SI-GW-02 ° * ° * * * * * * * * * * * * * *
05MW16S 05MW16S-GW-01 ° * * * * * * * * * * * * * * * *
05MW17S 05MW17S-GW-01 ° ° ° ° ° ° ° ° ° * ° ° ° * ° * °
05MW171 05MW171-GW-01 * ° ° ° ° ° ° ° ° ° ° * ° ° ° ° °
05MW18S 05MW18S-GW-01 * * ° * * * * * * * * ° * * ° * *
05MW18lI 05MW18I-GW-01 * * ° * * * * * * * * ° * * ° * *
05MW19S 05MW19S-GW-01 ° * * * * * * * * * * * * * * * *
05MW19|_GW_01 + L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MW19I Duplicate*
Event 2 - Baseline Samples
OSMW01 S 05MW01S_GW_02 SA_1 _1 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MWO01SI 05MW01SI-GW-02 * * * * * * * * * * * * * * * * * * *
05MWO01I 05MWO011-GW-02 * ° ° ° ° ° * ° °
05MW10I 05MW10I-GW-02 * ° * * * *
05MW16S 05MW16S-GW-02 ° * ° * * * * * * * * * * * * * * *
OSMW1 7S 05MW17S_GW_02 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
OSMW17I 05MW17|_GW_02 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MW18S 05MW18S-GW-02 * * * * * * * * *
05MW1 8' OSMW18|_GW_02 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MW19S-GW-02 + . . . . . . . . . .
05MW19S Duplicate*
05MW19I 05MW191-GW-02 ° ° ° ° ° ° ° ° ° °
05I1W01 05IW01-GW-02 * * * * * * * * * * * *
05I1W01 05IW01-GW-02 * * * * * * * * * ° * *
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0
Revision Date: September 2008

Fixed Base Laboratory Process Test Field Test
E s |2 3| ¢ S 2
ol 8|55 S 2 218 |g|e 2§ 2 S|8| 2=
: N Sampling | © | & |29 ° | o |&8 R B A = 22539 & Sl 2| 3
Location Sample Designation OO0 |lgzlt|lclc2lo | < | o8| @ =s|8al © o | 5, | £
SOP S | o o = |8 S| O o 5| T |9 8lg - | © o © ) c
12128 533 F s Bl *|ese gl 35|zl 8
Ol3|25/5|Y |8< Sla|S|5 » 558 S al T | <o
8lc | p T | O = o173 & alT| =3
c n Q ol @» @© >
a|e = | o gl B <£( I
05EWO01 05EW01-GW-02 * * * * * * * * * *
05EW01-GW-02 + . . . . . . . . . .
05EWO01 Duplicate*
System Check (Twice a week for length of Study at the discretion of the tech lead and field technician)
05MW01S 05MWO01S-YYYYMMDD SA-1.1 N A B i I R
05MWO01SI 05MWO01SI-YYYYMMDD * * * * * * * °
05MWO1I 05MWO011-YYYYMMDD
05MW10lI 05MW10I-YYYYMMDD
05MW16S 05MW16S-YYYYMMDD * * * * * * * *
05MW17S 05MW17S-YYYYMMDD
05MW171 05MW171-YYYYMMDD
05MW18S 05MW18S-YYYYMMDD
05MW18lI 05MW18I-YYYYMMDD
05MW19S 05MW19S-YYYYMMDD
05MW19I 05MW19I-YYYYMMDD
05IW01 05IW01-YYYYMMDD * * * * * * * *
05IW01 05IW01-YYYYMMDD ° * * * * * * *
05EWO01 05EW01-YYYYMMDD * * * * * * * *
05EWO01 05EW01-YYYYMMDD * * * * * * * *
Event 3 - 4 weeks after chem feed start (1 month after Pilot study start)
05MW01S 05MW01S-GW-03 SA-1.1 i A A A L L A A B i I R R B
05MWO01SI 05MWO01SI-GW-03 * * * * * * * * * * * * * * * * * *
05MWO01I 05MWO01I-GW-03
05MwW10I 05MW10I-GW-03
05MW16S 05MW16S_GW_03 L] L] L] L] L] . L] . . L] L] L] L] L] . . . L]
05MW17S 05MW17S_GW_03 L] L] L] L] L] . L] . L] L] L] L] L] L] L] . . . .
05MW17| 05MW17|_GW_03 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0
Revision Date: September 2008

Fixed Base Laboratory Process Test Field Test
[} = ©
2 ] D I ] (@) [}
() — ~ ~ +— (] ~ —
o | 8155 T |8 218|35|¢ 2~ 5 Slg|l2|E
sampling | © | § [28| & | o |88 S|l 8| 3|2 °zl59 & 21223
Location Sample Designation o|lO0lgs>lElTlgcelo | < | | Y| @ =s|8al © S| Ll =1@
SOP S g5 = |8 & 3) = I |o Q|x - @) o k4 o c
AR AR AR A A RN R
o222 2|0|ck% 2| 85| E aElxE 2 22| <c| 8
Fl 2188 B 2 S |l x| 2| O (o S| 3 ol £l 6|5
3 |e %) = | O = O[T 3| & Q| & | = >
oo = | a gl B <£( I
05MW18S 05MW18S-GW-03 SA-1.1
OSMW18| 05MW18|_GW_03 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MW19S 05MW19S-GW-03
05MW19I 05MW19I-GW-03
05IWo01 05IW01-GW-03 ° * * ° * ° * * ° ° *
05IW01 05IW01-GW-03 ° * * ° * ° * * ° ° *
05EW01 05EW01-GW-03 * * * * ° * * * * *
05EW01-GW-03 + . . . . . . . . . .
05EW01 Duplicate*®
Event 4 - 12 weeks after chem feed start / Innoculum Baseline (3 months after Pilot study start)
OSMW01 S 05MW01 S_GW_04 SA_1 _1 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MWO01SI 05MW01SI-GW-04 * * * * * * * * * * * * * * * * * * *
05MWO1I 05MWO01I-GW-04 * * * * * * * * *
05MW10I 05MW101-GW-04
OSMW168 05MW168_GW_04 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
OSMW1 7S 05MW17S_GW_04 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MW17| 05MW17|_GW_O4 L] L] L] L] L] . L] . L] . L] L] L] L] L] L] L] L] . L]
05MW18S 05MW18S-GW-04 ° ° * * * * * ° * *
05MW18| OSMW18|_GW_O4 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MW19S 05MW19S-GW-04 ° ° * * * ° * * * *
05MW19I 05MW19I-GW-04 * * * * * ° * * * *
05|W01_GW_O4 + . . . . . . . . . . . .
05IWO01 Duplicate®
05IWo01 05IW01-GW-04 ° * * ° * ° * ° * ° ° *
05EW01 05EW01-GW-04 ° * ° * ° * ° * ° * *
05EW01 05EW01-GW-04 ° ° ° ° ° ° ° ° ° ° °
Event 5 - 6 weeks after Innoculum injection (4.5 months after Pilot study start)
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study

Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008
Fixed Base Laboratory Process Test Field Test
b = =
2 ] D I ] (@) [}
() — ~ ~ +— (] ~ —
ol 8|55 3 3| 8|3 |¢ 2~ 5 2 gl %|2|E
sampling | © | § [28| & | o |88 2lslal2 °zl59 & 20121 8|3
Location Sample Designation o0 |g2Et|zTlc2o | < || 48|G Egleal © ol 8| | = n
SOP >1gl=2g e | E85/0|L|o|5|8|t|858s| B2 || 8|6
21 2159 5 aleslF | ol 5| & & o T[T o > ol 2| =] o
(@) = eR| 5 O g o © © IS 0 S| % 5l S 17} = c o
Fl 2 |s8 B 2 s x| 2|2 sl58| o 8|58
» | %) = | O = O[T 3| & Q| & | = >
oo = | a gl B <£( I
05MW01 S 05MW01 S_GW_OS SA_1 _1 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MWO01SI 05MWO01SI-GW-05 * * * * * * * * * * * * * * * * * * *
05MWO01I 05MWO011-GW-05
05MW10I 05MW101-GW-05
05MW1 68 OSMW1GS_GW_05 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MW1 7S 05MW17S_GW_05 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
OSMW1 7| 05MW17|_GW_05 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MW18S 05MW18S-GW-05
05MW1 8' OSMW18|_GW_05 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MW19S 05MW19S-GW-05
05MW19I 05MW191-GW-05
05|WO1_GW_05 -+ . . . . . ° . . . . . o
05IW01 Duplicate*
05IWo01 05IW01-GW-05 * * * * * * * * * * * *
05EWO01 05EW01-GW-05 ° * ° * ° * ° * ° ° *
05EW01-GW-05 + . . B . . . . . . . .
05EWO01 Duplicate®
Event 6 - 12 weeks after Innoculum injection (6.0 months after Pilot study start)
05MW01 S 05MW01 S_GW_OG SA_1 _1 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MWO01SI 05MW01SI-GW-06 ° ° * ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° °
05MWO01I 05MWO011-GW-06
05MW10I 05MW101-GW-06
05MW1 68 OSMW1GS_GW_06 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MW1 7S 05MW17S_GW_06 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
OSMW1 7| 05MW17|_GW_06 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MW18S 05MW18S-GW-06
05MW1 8| 05MW18|_GW_O6 L] L] L] L] L] . L] . L] L] L] L] L] L] L] . . . .
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0

Site Location: Willow Grove, Pennsylvania Revision Date: September 2008
Fixed Base Laboratory Process Test Field Test
[} — ©
2 ] D I ] (@) [}
() — ~ ~ +— (] ~ —
o| $155 E| |8 21 8|3 2~ 5l S|18|7|s
sampling | © | § [28| & | o |88 S|l 8| 3|2 °zl59 & 21223
Location Sample Designation o0 |g2Et|zTlc2o | < || 48|G Egleal © ol 8| | = %
Sop > olsol g | EI85/0 2o |=]|o|5|85sc Tlalz| | 2|56
= 215 8| 5 alecl F|© c | & = 2 T|8 of 3 ol 2| =] o
(@) = eR| 5 O g o © © IS 0 S| % 5l S 17} = c o
Fl 2 |s8 B 2 s x| 2|2 sl58| o 8|58
2lc | & = | O = S =1 I a|s|=]2
oo = | a gl B <£( I
05MW19S 05MW19S-GW-06 SA-1.1
05MW19I 05MW191-GW-06
05IW01 05IW01-GW-06 * ° * * * ° * * * * *
05IW01 05IW01-GW-06 * * * * * * * * * * *
05EWO01 05EW01-GW-06 ° * ° * ° * * ° ° *
05EW01-GW-06 + . . . . . . . . . .
05EWO01 Duplicate*
Event 7 - 24 weeks after Innoculum injection (9.0 months after Pilot study start)
05MW01S 05MW01S-GW-07 SA-1.1 sl N sl ]
05MWO01SI 05MWO01SI-GW-07 ° ° * ° ° ° ° ° ° ° ° ° ° ° ° ° ° °
05MWO01I 05MWO011-GW-07 ° ° ° * ° ° ° ° *
05MW10I 05MW101-GW-07 * ° ° ° ° °
05MW16S 05MW16S-GW-07 * ° * ° ° ° ° ° ° ° ° ° ° * ° ° ° °
05MW1 7S OSMW17S_GW_07 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
OSMW17I 05MW17|_GW_07 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MW18S 05MW18S-GW-07 ° ° ° ° ° ° ° * ° °
05MW1 8| 05MW18|_GW_O7 L] L] L] L] . L] . L] L] L] L] L] L] L] L] L] . L] .
05MW19S-GW-07 + . . . . . . . . . .
05MW19S Duplicate®
05MW19I 05MW191-GW-07 ° ° * * * ° * * * *
05IW01 05IW01-GW-07 ° ° ° * ° ° ° * ° ° ° °
05I1W01 05IW01-GW-07 * ° ° ° ° ° ° * ° * ° °
05EW01 05EW01-GW-07 * ° ° ° ° ° * ° ° ° °
OSEWO’]-GW-O? + . ° . ° ° . . ° . . °
05EWO01 Duplicate*®
Event 8 - 40 weeks after Innoculum injection (12.0 months after Pilot study start)
05MW01 S OSMW01S_GW_08 SA_1 .1 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
05MWO01SI 05MWO01SI-GW-08 ° * ° * * * * * * * ° * ° * ° ° * ° *
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0

Site Location: Willow Grove, Pennsylvania Revision Date: September 2008
Fixed Base Laboratory Process Test Field Test
b = =
g |9 e | g ic] Iy ) o
() —~~ ~ -~ — Q ~ —
2| 852 T 2 s 8|35|¢ 2~ 5l 2 S| R| 2|2
Sampling | © | & |28 2 | o |88 ol 513|232 o 3|S 5| X Cle| 3|3
Location Sample Designation SOP |98zt |zlclo| <ol || L[EBEC| o[B8 |l E]|?
> | ol e | E|8E5 0| 2| - o o838 | a = e @
= g AE S logl F | © = i) = ao|ls ol ¢ ° > = | o
O| 2|83 =|9v|og 2| ©| TS| E RS R wn | =] | o
Fl 3|88 3B 2 S|l || o o|5 8l o 2|52
» | %) = | O = O[T 3| & Q| & | = >
oo = | a gl B <££ T
05MWO(1I 05MWO01I-GW-08 SA-1.1 . L3 IR R N D
05MW10I 05MW10I-GW-08 ° . . . . .
05MW16S 05MW16S-GW-08 ° * ° ° ° y . . . . . . . . . . . .
05MW17S 05MW17S-GW-08 ° * ° * * * * * * * ° * * ° * * * *
05MW171 05MW171-GW-08 ° * ° ° ° . . . . . . . . . . . . .
05MW18S 05MW18S-GW-08 ° . . . . . . . .
05MW18lI 05MW18I-GW-08 ° ° ° ° y y . . . . . . . . . . . .
05MW19S-GW-08 + . . . . . . . . .
05MW19S Duplicate*®
05MW19I 05MW19I-GW-08 ° . . . . . . . .
05I1W01 05IW01-GW-08 ° ‘ * * ‘ * * * * * * *
05I1W01 05IW01-GW-08 ° * . . . . . . . . .
05EWO01 05EW01-GW-08 ° ° . . . . . . . . .
05EW01-GW-08 + . . . . . . . . . . .
05EW01 Duplicate*®

1 Dissolved gases include ethane, ethene, methane, and acetylene.
2 Miscellaneous anions include sulfate, sulfide, nitrate, nitrite, chloride, phosphate.

3 Metabolic Acids include lactic, pyruvic, acetic, propionic, and butyric.
4 Functional genes include TCE reductase, BAV1 VC reductase, and VC reductase.
5 Soil sample depths will be determined in the field. Sample designation will include top and bottom depths. For example, a 0-1 foot depth will be recorded as 0001.

PCR = Polymerase chain reaction.
VOC = Volatile organic compounds.

*Field QC samples will be collected for VOC analysis only as follows: Field duplicates are collected every 10 environmental samples. Trip blanks will be shipped in each
cooler containing VOC samples. Matrix spikes (MS) and matrix spike duplicates (MSD) will be determined in the field. MS/MSD samples will be collected at a rate of 1
per 20 environmental samples. Rinsate blanks will be collected at a rate of 1 per 20 environmental samples per sampling equipment.
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5

Site Location: Willow Grove, Pennsylvania

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0

Revision Date: September 2008

IDW SAMPLING
Sampling Location / ID . : . Number of Sampling SOP
Number Matrix Depth Analytical Group Samples* Reference

Hazardous Waste Characterization including

IDW-S0O-01 Soil NA the suite of TCLP parameters and 1
characteristics identified in 40 CFR Part 261.
Hazardous Waste Characterization including

IDW-GW-01 Groundwater NA the suite of TCLP parameters and 1
characteristics identified in 40 CFR Part 261.

* The hazardous waste characterization analyses will be handled by the IDW subcontractor. The number and matrices of IDW samples will be determined by

the IDW subcontractor.
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Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0
Revision Date: September 2008

Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #19 -- Analytical SOP Requirements Table
(UFP-QAPP Manual Section 3.1.1)

Analytical and Containers Preservation Maximum Holding
Matrix Analytical Group Preparation Method / (number, size, and Salmple2 R(?quwements Time
SOP Reference! tybe) ' volume (chemical, temperature, (preparation /
(units) light protected) analysis)
SW-846 5035/8260B 3 _ 5 gram Encore 48 hours to
Soil TCL VOC ALSI SOP-02-5035 sam ?ers 15 grams Cool to 4°C preparation; 14
ALSI SOP-02-8260B P days to analysis
3 —40 mL glass o
Groundwater | TCL VOC SW-846 82608 vials with Teflon 120 mL C|<_)|o<l ?— 4 ChW'tg HCl to 14 days to analysis
septum pH < 2; no headspace
Total Sodium SW-846 6010B 1 - 500 mL HDPE 500 mlL Cool to 4°C with HNO;to | 180 days to
bottle pH=<2 analysis
Dissolved SW-846 6010B 1-500 mL HDPE 500 mL Cool to 4°C with HNO; to 180 days to
Manganese and lron bottle pH=<2 analysis
1-100 mL
EPA 4151 Cool to 4°C, H,SO, or .
TOC Microseeps SOP — WC21 Egtlgllgropylene 100 mL HsPO, to pH<2 28 days to analysis
EPA 376.1 1-.5L o
Sulfide ALSI SOP-04-S Polypropylene 500 mL C|<_:|2|9t_oz4 Cwith NaOH o | 7 4,06 to analysis
bottle p ; Zn acetate
Anions: EPA 300.0 1-1L Nitrate/Nitrite: 48
Nitrate, nitrite, sulfate, | ALSI SOP-04-ANION2 Polypropylene 1L Cool to 4°C 23”{;: t: tacl)n:rI]yasllssis
and chloride bottle y y
for others
Anions: SM 4500-PE 1—250 mL 48 hours to
: ALSI SOP-04-OP Polypropylene 100 mL Cool to 4°C .
orthophosphate bottle analysis
Methane, Ethane, RSK SOPs 147/175 o
Ethene, and Microseeps SOP - ZI;SiOVirz:_Sclear 80 mL tC(,‘)oo|I_|t>og4 C with NasPOs | 44 days to analysis
Acetylene AM20GAX 9 P
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #19 -- Analytical SOP Requirements Table
(UFP-QAPP Manual Section 3.1.1)

_ . Preservation Maximum Holding
Analytical and Containers Sample, Requirements Time®
Matrix Analytical Group Preparation Metpod / (number, size, volume (chemical, temperature, | (preparation /
SOP Reference i ' '
and type) (units) light protected) analysis)
Metabolic Acids: o i
Lactic, Pyruvic, Microseeps SOP - 2 — 40 mL amber Cool 10 4 C with . :
Groundwater Acetic, Propionic AM23G glass vials 80 mL Benzalkonium chloride 14 days to analysis
Butyric (BAK)
PCR/Enzymes: TCE ) .
Reductase, BAV1 VC | Microbial Insights SOP - | cacoratonyfiers ) - Cool to 4°C s AT
Reductase. and VC gPCR (preferred)—1 per ool to collection; 24- ;
Reductase’ sample hours to analysis

'Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet #23).
2 Provide the minimum sample volume or mass requirement if it differs from the container volume.
% Maximum holding time is calculated from the time the sample is collected to the time the sample is prepared/extracted.

°C — Degrees Centigrade HCI — Hydrochloric Acid HDPE — High Density Polyethylene HNO; — Nitric Acid H3PO, — Phosphoric Acid
L — Liter mL — Milliliter NazPQO, — Trisodium phosphate NaOH — Sodium Hydroxide
PCR — Polymerase Chain Reaction
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #19 -- Analytical SOP Requirements Table
(UFP-QAPP Manual Section 3.1.1)

Groundwater Field Analyses(” Biological Activity Indicators Field Analytical SOP Requirements Table

Parameter Method/ Reference Sample Volume, Container, & Preservation

Ferrous lron HACH IR-18C Follow test kit instructions. Analyze immediately at well head. Filter if turbid.

Hydrogen Sulfide HACH HS-C Follow test kit instructions. Do not aerate or agitate. Avoid agitation and
analyze immediately at well head.

Temperature Direct-reading meter 100 to 250 ml in glass or plastic container. Analyze at well head.

DO CHEMetrics Follow test kit instructions. Analyze at well head.

— K-7501, K-7512 vacuum vials

pH Direct-reading meter 100 to 250 ml in glass or plastic container. Analyze at well head.

Specific Conductivity Direct-reading meter 100 to 250 ml in glass or plastic container. Analyze at well head.

ORP Direct-reading meter 10 to 250 ml in glass container filling from the bottom. Do not aerate or
agitate. Analyze at well head with flow-through cell.

Alkalinity CHEMetrics ampoules kits Follow test kit instructions.

' Table adapted from overview of the Technical Guidelines for Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater (U.S. EPA, 1998).
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0

Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #20 -- Field Quality Control Sample Summary Table
(UFP-QAPP Manual Section 3.1.1)

No. of . : No. of No. of Total No. of
Matrix Analytical Group Sampling 'B?J ?ifclztilg No.of Noélof Eeld Equip. VOA Trip glo. Ofl PT | samples to
Locations? P MS/MSDs anks Blanks Blanks amples Lab
Soil TCL VOC 24 2 2 NA NA NA 0 28
Groundwater | TCL VOC 150 15 8 1 8 35 0 217
Metals 49 0 0 0 0 NA 0 49
TOC 49 0 0 0 0 NA 0 49
Sulfide 49 0 0 0 0 NA 0 49
Anions 49 0 0 0 0 NA 0 49
Dissolved Gases 49 0 0 0 0 NA 0 49
Metabolic Acids 49 0 0 0 0 NA 0 49
PCR/Enzymes 16 0 0 0 0 NA 0 16

' Although the MS/MSD is not typically considered a field QC it is included here because location determination is often established in the field.
2 |f samples will be collected at different depths at the same location, count each discrete sampling depth as a separate sampling location or
station.

®The number of Batch or Project-specific proficiency testing (PT) samples are optional but highly recommended.

No field QC Samples will be collected for the field analyses.

MS —Matrix Spike

PCR — Polymerase Chain Reaction

PT — Proficiency Testing

SOP - Standard Operating Procedure

TCL VOC - Target Analyte List Volatile Organic Compound
TOC - Total Organic Carbon
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #21 -- Project Sampling SOP References Table
(UFP-QAPP Manual Section 3.1.2)

Title:

SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0

Revision Date: September 2008

L Modified for
Reference . . Or|g.|nat.|ng _ Project
Number Title, Revision Date and / or Number* (;fgan:?atlcérgif Equipment Type Work? Comments
ampling (YIN)
Direct Push Technology
SA-2.5 (Geoprobe®/Hydropunch™) TINUS Sampling Procedures, Methods N
09/2003 Rev. 3
Soil Sampling .
SA-1.3 04/2008 Rev. 9 TINUS Sampling Procedures, Methods N
Groundwater Sample Acquisition and
SA-1.1 Onsite Water Quality Testing TINUS Sampling Procedures, Methods N
04/2008 Rev. 7
Natural Attenuation Parameter Collection .
SA-1.6 09/2003 Rev. 1 TINUS Sampling Procedures, Methods N
Sample Nomenclature See Sample
CT-04 TINUS NA Y Designations in
09/2003 Rev. 1
Worksheet 18
) Non-radiological Sample Handling Sample Bottle ware, Packaging Material,
SA-6.1 02/2004 Rev. 3 TINUS Shipping Materials N
) Field Documentation Field Logbook, Field Sample Forms,
SA-6.3 09/2003 Rev. 2 TINUS Boring Logs N
N : . Decontamination Equipment (scrub
SA-71 Decontamination of Field Equipment TINUS brushes, phosphate free detergent, de- N
04/2008 Rev. 5 o
ionized water)
NA Photo-lonization Detector Manufa_cturer Calibration and operation N
Instructions

*The TtNUS SOPs are currently being reviewed and updated. The procedures included in this SAP have not changed significantly nor are they expected
affect the quality of the data being collected.

NA — Not Applicable

TtNUS — Tetra Tech NUS
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study

Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #22 -- Field Equipment Calibration, Maintenance, Testing, and Inspection Table
(UFP-QAPP Manual Section 3.1.2.4)

. . T o Corrective Resp. SOP
Field Equipment Activity Frequency Acceptance Criteria Action Person Reference? Comments
Calibrate with gas in
Photo-lonization accordance with Manufacturer’s
manufacturer Daily X Replace FOL NA
Detector e e Guidance
specifications; Visual
Inspection
. Calibrate in accordance
Multi-parameter with manufacturer Manufacturer’s
Water Quality e Daily : Replace FOL SA-1.1
specifications; Visual Guidance
Meter !
Inspection
. . . Equipment Inspection )
Bladder Pump Visual Inspection Daily Sheet Criteria Replace FOL SA-1.1
Redi Flo™ Equipment Inspection
Submersible Visual Inspection Daily sﬂ P Criter P Replace FOL SA-1.1
Pump eet Criteria

! Activities may include: calibration, verification, testing, maintenance.
2 Specify the appropriate reference letter or number from the Project Sampling SOP References table (Worksheet #21).

FOL - Field Operations Leader
SOP - Standard Operating Procedure
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #23 -- Analytical SOP References Table

(UFP-QAPP Manual Section 3.2.1)

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0

Revision Date: September 2008

Definitive or Matrix and Modified for
' isi izati Project
Lab SOP Number Title, Revision Date, and / or Screening Analytical Instrument Organization J 5l
Number Performing Analysis Work?
Data Group
(Y/N)
Volatile Organics by GC/MS: Analytical Laboratory
ALSI SOP-02-8260B | Capillary Column Technique Rev. 9, Definitive Organic/GC/MS GC/MS Services, Inc. of N
8/17/06 Middletown, PA
Closed System Purge and Trap and Analytical Laboratory
ALSI| SOP-02-5035 Extraction for Volatile Organics in Soil | Definitive Organic/GC/MS NA Services, Inc. of N
and Waste Samples Middletown, PA
ALS| SOP-09-3015 . Definitive Inorganic/Metals | NA/ Digestion Services, Inc. of N
Total Metals Analysis by ICP or Middletown. PA
GFAA Spectroscopy rev 7 2/20/06 ’
Analysis of Total Metals by Analytical Laboratory
ALSI SOP-03-6010B | Inductively Coupled Plasma Using Definitive Inorganic/Metals | ICP-AES Services, Inc. of N
the TJA Trace ICP rev 12, 2/13/07 Middletown, PA
The Determination of Sulfide in Water Analytical Laboratory
ALSI| SOP-04-S and Wastewater Definitive Wet Chemistry NA Services, Inc. of N
Rev 4 11/22/06 Middletown, PA
N . . Analytical Laboratory
ﬁh?'oﬁgp'o“' E)itgmg‘rig‘t’g ‘r’; '?\"rga”'c Anions by | hefinitive Wet Chemistry | IC Services, Inc. of N
graphy Middletown, PA
Analytical Laboratory
ALSI SOP-04-OP Orthophosphate Definitive Wet Chemistry Spectrophotometer | Services, Inc. of N
Middletown, PA
. ) SOP for the Analyses of Low Level Microseeps, Inc.
Microseeps SOP Volatile Fatty Acids by lon Definitive Semivolatiles Dionex IC DX-500 N

AM23G

Chromatography, March 3, 2005

of Pittsburgh, PA
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #23 -- Analytical SOP References Table

(UFP-QAPP Manual Section 3.2.1)

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0

Revision Date: September 2008

Definitive or Matrix and Modified for
Title, Revision Date, and / or . . Organization Project
Lab SOP Number Number Screening Analytical Instrument Performing Analysis Work?™
Data Group
(Y/N)
; SOP for the Determination of Organic - Mi |
Microseeps SOP — : __ . Thermo Scientific Icroseeps, Inc.
WC21 g&;t;on in Water Samples, March 1, Definitive Wet Chemistry HiPerTOC of Pittsburgh, PA N
. _ SOP for the AnalySiS of Microsee S, Inc.
Microseeps SOP Biodegradation Indicator Gases, Definitive Risk GC/FID/TCD oseep N
AM20GAX of Pittsburgh, PA
September 15, 2006
Microbial Insights 2 — Microbial Insights, Inc.
SOP - qPCR-2006 PCR/Enzymes Definitive gqPCR ABI 7300 of Rockford, TN N

1 If yes, then specify the modification that has been made. Note that any analytical SOP modification made relative to project specific needs must be

reviewed and approved by the Navy QAO.
2 *The gPCR-2006 SOP from Microbial Insights is not available to Tetra Tech NUS due to proprietary rights. Quality Assurance information about the

method was provided by Microbial Insights and is summarized in Tables 23, 24, and 28.

GC/FID/TCD - Gas Chromatograph/Flame lonization Detector/Thermal Conductivity Detector

GC/MS - Gas Chromatograph/Mass Spectrometer
GFAA - Graphite Furnace Atomic Absorption

IC — lon Chromatograph

ICP-AES - Inductively Couple Plasma-Atomic Emission Spectroscopy

NA — Not Applicable

SOP - Standard Operating Procedure

TBD - To Be Determined
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #24 -- Analytical Instrument Calibration Table

(UFP-QAPP Manual Section 3.2.2)

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0

Revision Date: September 2008

fails

equipment
maintenance.
Check calibration
standards.

Calibration Frequency of . Corrective Action Pers_on 1
Instrument . . Acceptance Criteria Responsible for | SOP Reference
Procedure Calibration (CA) CAZ
GC/MS Minimum five Instrument receipt, Relative Standard Deviation Recalibrate and/or | Analyst/ ALSI SOP-02-
point calibration instrument change (RSD) for each Calibration perform necessary | Supervisor 8260B
for all analytes (new trap, column, Check Compound (CCC) < equipment
etc.), when 30%, minimum mean response maintenance.
continuing calibration | factor (RF) for each System Check calibration
does not meet Performance Check Compound | standards.
criteria (SPCC) as noted in 7.3.5.4 of Reanalyze affected
method 8260B or 8270C. If data.
RSD for an analyte is > 15%
apply linear (r2 > 0.99) or
quadratic method for
quantitation
ICP-AES 4-5 point At the beginning of 4-5 point calibration plus blank Recalibrate and/or | Analyst/ ALSI SOP-03-
calibration plus each day or if quality | per manufacturer's guidelines; perform necessary | Supervisor 6010B
blank per control is out of analytes run at their calibration equipment
manufacturer's criteria. levels must fall within 90-110% maintenance.
guidelines of True Values Check calibration
standards
lon Chromatograph | 2 6-point 1/month or as Correlation coefficient 20.995, Recalibrate and/or | Analyst/ ALSI SOP-04-
(IC) for Anions calibrations needed passing second source perform necessary | Supervisor ANION2
equipment
maintenance.
Check calibration
standards
Spectrophotometer | 7-point curve Every 3 months or Correlation coefficient 20.995 Recalibrate and/or | Analyst/ ALSI SOP-04-OP
when quality control perform necessary | Supervisor
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #24 -- Analytical Instrument Calibration Table

(UFP-QAPP Manual Section 3.2.2)

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0

Revision Date: September 2008

required, or when
continuing calibration
fails criterion

Instrument Calibration Frequency of Acceptance Criteria Corrective Action | Person SOP Reference’
Procedure Calibration (CA) Reszponsible for
CA
Dionex IC DX-500 7-point Initial When major revision | Correlation coefficient = 0.995; Re-prepare and Analyst/ Microseeps SOP
for Volatile Fatty Calibration to the method is Initial Calibration Verification reanalyze Supervisor - AM23G
Acids (VFA) performed, (ICV) within 90-110% standards.
maintenance is
required, or when
continuing calibration
fails criterion
Dionex IC DX-500 Continuing Per 20 samples Mid-point standard recovery Re-prepare and Analyst/ Microseeps SOP
for VFA Calibration within 70-130% reanalyze Supervisor - AM23G
standards, if still
outside criterion,
recalibrate.
Thermo Scientific 5-point curve When major revision | Correlation coefficient = 0.995; Re-prepare and Analyst/ Microseeps SOP
HiPerTOC Initial Calibration to the method is ICV within 90-110% reanalyze Supervisor - 9060
performed, standards.
maintenance is
required, or when
continuing calibration
fails criterion
Thermo Scientific Continuing Per 15 samples Mid-point standard recovery Re-prepare and Analyst/ Microseeps SOP
HiPerTOC Calibration within 90-110% reanalyze Supervisor —WC21
standards, if still
outside criterion,
recalibrate.
GC for Dissolved Minimum of 5- When major revision | Correlation coefficient = 0.995; Re-prepare and Analyst/ Microseeps SOP
Gases point Initial to the method is ICV within 80-120% reanalyze Supervisor - AM20GAX
Calibration per performed, standards.
detector maintenance is
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #24 -- Analytical Instrument Calibration Table

(UFP-QAPP Manual Section 3.2.2)

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0

Revision Date: September 2008

Verification (CCV)

Secondary — every
plate (assay)

Replicate within 1 Threshold
Cycle (CT)

Secondary: CT value within 2
units of same point on standard
curve

Non conformance
report—call service
engineer with ABI

Instrument Calibration Frequency of Acceptance Criteria Corrective Action | Person SOP Reference’
Procedure Calibration (CA) Responsible for
CA’®
GC for Dissolved Continuing Per 20 samples Mid-point standard recovery Re-prepare and Analyst/ Microseeps SOP
Gases Calibration within 80-120% reanalyze Supervisor - AM20GAX
standards, if still
outside criterion,
recalibrate.
ABI 7300 (qPCR) Initial Assay Once per assay Standard curve R2 >0.95 Rerun and/or Analyst/ Microbial Insights
Calibration optimize assay Supervisor SOP - 7300ABI
(standard curve)
ABI 7300 (qPCR) Continuing Primary — Primary: Standard curve R2 Rerun assay / Laboratory Microbial Insights
Calibration Semi-annual >0.95 check reagents. Manager SOP - 7300ABI

! Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet #23).

2Name or title of responsible person may be used.

L/DOCUMENTS/NAVY/00910/21416

Page 85 of 113
CTO 411




Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

Title: SAP for Site 5 Bioremediation Pilot Study

SAP Worksheet #25 -- Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table
(UEP-QAPP Manual Section 3.2.3)

Revision Number: 0

Revision Date: September 2008

pump tubing as
needed.

Maintenance
Logbook 03-
0102.

Instrument / Maintenance Testing Inspection Frequency Acceptance Criteria Corrective Responsi?le SOP L
Equipment Activity Activity Activity Action Person Reference
GC/MS Check Volatile Initial Initial Cal: Instrument | Initial Cal: RSD for Recalibrate Analyst/ ALSI SOP-02-
pressure and Organic Calibration, receipt, instrument each CCC < 30%, min. | and/or perform Supervisor 8260B
gas supply Compound Continuing change (new trap, mean RF for each necessary
daily. Bake out | Analysis Calibration column, etc.), when SPCC as noted in equipment
trap and CCC do not meet 7.3.5.4 of method maintenance.
column, criteria 8260B. If RSD for an Check
manual tune, if analyte is > 15% apply calibration
Bromofluorobe Cont. Cal: At linear or quadratic standards.
nzene (BFB) beginning of each 12 | Method for quantitation Reanalyze
not in criteria, hour shift immediately | Cont. Cal: %D for each | affected data.
change septa after BFB tune. CCC < 20%, min. RF for | Record
as needed, cut each SPCC as noted in | maintenance
column as 7.3.5.4 of method activities in
needed, 8260B. MS05-02
change trap as Maintenance
needed. Log 02-0160.
ICP-AES Clean torch Metals ICV, CCV Init. Cal: At the Init. Cal: 4-5 point Recalibrate Analyst/ ALSI SOP-03-
assembly and Analysis beginning of each day | calibration plus blank and/or perform Supervisor 6010B
spray chamber or if QC is out of with 20.995 correction necessary
when criteria. coefficient equipment
discolored or ICV: Immediately maintenance.
when after instrument ICV and CCV: 90-110% | Check
degradation in calibration of true value for ICP calibration
data quality is CCV: After every 10 standards.
observed. samples and at end of Reanalyze
Clean analytical sequence affected metals.
nebulizer, Record
check argon, maintenance
and replace activities in
peristaltic Thermo Trace
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

Title: SAP for Site 5 Bioremediation Pilot Study

SAP Worksheet #25 -- Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table
(UFP-QAPP Manual Section 3.2.3)

Revision Number: 0

Revision Date: September 2008

Instrument /
Equipment

Maintenance
Activity

Testing
Activity

Inspection
Activity

Frequency

Acceptance Criteria

Corrective
Action

Responsible
Person’

SOP
Reference’

lon Chromatograph

See
“Maintenance”
in Appendix B

Anion
Analysis

CCv

After end of analytical
sequence

90-110% of true value

Re-run CCV,
Re-prep CCV,
Re-calibrate,
perform
necessary
equipment
maintenance

Analyst/
Supervisor

ALS| SOP-04-
ANION2

Spectrophotometer

7-point curve

Orthophosph
ate analysis

ccv

After every 10
samples and after
end of analytical
sequence

CCV: 90-110% of true
value

Recalibrate
and/or perform
necessary
equipment
maintenance.
Check
calibration
standards.
Reanalyze
affected
samples.
Record
maintenance
activities.

Analyst/
Supervisor

ALSI SOP-04-
OoP

Dionex IC DX-500

Check column
performance,
check detector
response

Calibration
procedures in
Worksheet 24

Check for
leaks, all
tubing for wear
and
discoloration,
gas cylinder,
pump pistons

Leak check daily;
tubing check weekly,
gas cylinder daily,
pump pistons
quarterly

Calibration criterion in
Worksheet 24

Repair and
replace as
needed

Analyst/
Supervisor

Microseeps
SOP - AM23G
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

Title: SAP for Site 5 Bioremediation Pilot Study

SAP Worksheet #25 -- Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table
(UFP-QAPP Manual Section 3.2.3)

Revision Number: 0

Revision Date: September 2008

contamination
check

Instrument / Maintenance Testing Inspection Frequency Acceptance Criteria Corrective Responsible SOP
Equipment Activity Activity Activity Action Person’ Reference’
Thermo Scientific Check valves Calibration Check gas Daily Calibration criterion in Maintenance Analyst/ Microseeps
HiPerTOC and clean as procedures in | cylinder, check Worksheet 24 and replacement | Supervisor SOP - WC21
necessary, Worksheet 24 | waste activities as
clean reactor, container needed
check tubing
for leaks,
prepare
reagents
GC/FID/TCD for Clean Flame Calibration Check septa, Daily Calibration criterion in Replace septa, Analyst/ Microseeps
Dissolved Gases lonization procedures in | gas cylinder, Worksheet 24 gas cylinder, Supervisor SOP -
Detector (FID) | Worksheet 24 | and injector and injector AM20GAX
as needed, body body as needed
replace
Thermal Recalibrate as
Conductivity needed.
Detector (TCD)
filaments as
needed, bake
out columns
daily and
replace as
needed
ABI 7300 (PCR) Dye calibration | Dye ABI Semi-annual Curve within specified Re-calibrate ABI Service MISOP-
calibration range (see ABI 7300 dyes Engineer 7300ABI
plates manual)
Contamination Analyst/ Monthly .
Check Water control Supervisor No contaminant curves Clean wells Analyst/
plate P following SOP S .
upervisor
and repeat

! Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet #23).

?Name or title of responsible person may be used.
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #26 -- Sample Handling System
(UFP-QAPP Manual Appendix A)

SAMPLE COLLECTION, PACKAGING, AND SHIPMENT

Sample Collection (Personnel/Organization): TBD/TtNUS

Sample Packaging (Personnel/Organization): TBD/TtNUS

Coordination of Shipment (Personnel/Organization): TBD/TtNUS

Type of Shipment/Carrier: Overnight courier service (Federal Express)

SAMPLE RECEIPT AND ANALYSIS

Sample Receipt (Personnel/Organization): Sample custodians / ALSI / Microseeps / Microbial Insights

Sample Custody and Storage (Personnel/Organization): Sample custodians / ALSI/Microseeps / Microbial Insights

Sample Preparation (Personnel/Organization): Preparation Laboratory Staff / ALSI / Microseeps / Microbial Insights

Sample Determinative Analysis (Personnel/Organization): GC/MS, ICP, GC/FID, Spectrophotometer, PCR / ALSI / Microseeps / Microbial Insights

SAMPLE ARCHIVING

Field Sample Storage (No. of days from sample collection): 30 days from submittal of final laboratory report for ALSI and Microbial Insights, for Microseeps — 30
days from sample receipt

Sample Extract/Digestate Storage (No. of days from extraction/digestion): 30 days from submittal of final laboratory report for ALSI and Microbial Insights, for
Microseeps — 30 days from sample receipt

Biological Sample Storage (No. of days from sample collection): Not Applicable

SAMPLE DISPOSAL

Personnel/Organization: Sample custodians/ALSI/Microseeps/Microbial Insights

Number of Days from Analysis: 30 days from submittal of final laboratory report for ALSI and Microbial Insights, for Microseeps — 30 days from sample receipt

ALSI — Analytical Laboratory Services, Inc. GC/MS — Gas Chromatograph/Mass Spectrometer GC/FID — Gas Chromatograph/Flame lonization Detector
ICP — Inductively Couple Plasma PCR — Polymerase Chain Reaction TBD - To Be Determined

TtNUS — Tetra Tech NUS, Inc.
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #27 — Sample Custody Requirements Table
(UFP-QAPP Manual Section 3.3.3)

Field Sample Custody Procedures (sample collection, packaging, shipment, and delivery to laboratory):

Following sample collection into the appropriate bottle ware, all samples will be immediately placed on ice in a cooler. The glass sample
containers will be enclosed in bubble-wrap in order to protect the bottle ware during shipment. The cooler will be secured using duct or clear
packaging tape along with a signed custody seal. Sample coolers will be delivered to a local courier location for priority overnight delivery to the
selected laboratory for analysis. Samples will be preserved as appropriate based on the analytical method. Laboratories will provide pre-
preserved sample containers for sample collection. Samples will be maintained at 4 degrees centigrade (°C) until delivery to the laboratories.
Proper custody procedures will be followed throughout all phases of sample collection and handling. COC protocols will be used throughout
sample handling to establish the evidentiary integrity of sample containers. These protocols will be used to demonstrate that the samples were
handled and transferred in a manner that would eliminate possible tampering. Samples for the laboratory will be packaged and shipped in
accordance with TINUS SOP SA-6.1.

Laboratory Sample Custody Procedures (receipt of samples, archiving, disposal):

ALSI-19-Rec/Han (Standard Operating Procedure for Sample Receipt/Sample Handling)

ALSI-19-Disp (Standard Operating Procedure for Disposal of Samples, Extracts, Digestates, and Leachates)

Microseeps-SOP-S2 (Standard Operating Procedure for Sample Receiving)

Microseeps-ADM-14 (Standard Operating Procedure for Waste Disposal)

Sample Identification Procedures:

Sample nomenclature will be conducted in general accordance with the procedures outlined in TINUS SOP CT-04 (Sample Nomenclature).
Sample nomenclature put forth for this field event has been selected based on historical usage. The sample nomenclature for each tracking
number includes the site being investigated, sample media identifier, and sample location number. The standard sample matrix and type codes
used for this field event are as follows: Duplicate samples will be submitted to the laboratory as blind duplicates. Therefore duplicate codes will
be reflective of the standard sample matrix code followed by a “DUP” tag and sequentially listed. Due to the blind nature of the duplicate
samples, no sample depth or date will be listed with the duplicated sample. An example of a duplicate sample would be “05DUP001”. The
QA/QC type codes used for this field event are as follows: TB for Trip Blanks, FB for field blanks, and RB for rinsate blanks. Field QC blanks will
be labeled sequentially followed by the date (i.e., TB20070430, FB20070501). Samples to be used for matrix spikes and matrix spike duplicates
will be labeled MS/MSD on the bottle label and noted on the COC, as required in the laboratory QA Plan; however, “MS/MSD” will not be part of
the unique sample identifier in order to maintain consistency with the project database. Additional information regarding protocol for sample
labeling is contained in TINUS SOP SA-6.3 and LAB SOP.

Chain-of-custody Procedures:

After recovery, each samples will be maintained in the sampler’s custody until formally transferred to another party (e.g., Federal Express). For
all samples recovered, custody records will document the date and time of sample collection, the sampler’s name, and the names of all others
who subsequently held custody of the sample. Specifications for chemical analyses will also be documented on the custody record. Attached
SOP SA-6.3 (Field Documentation) provides further details on the COC procedure. COC requirements are also documented with instructions
contained in each shipment for the laboratory. (ALSI-19-COC [Standard Operating Procedure for Chain of Custody Entry], Microseeps-SOP-S2)
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5

Site Location: Willow Grove, Pennsylvania

SAP Worksheet #28 -- Laboratory QC Samples Table

(UFP-QAPP Manual Section 3.4)

QC Samples Table

Matrix Soil

Analytical Group TCL VOC

Analytical Method/ SW-846 8260B/ ALSI
SOP Reference SOP-02-8260B

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0
Revision Date: September 2008

QC Sample: Frequency/Number

Method/SOP QC
Acceptance Limits

Corrective Action

Person(s)
Responsible for
Corrective Action

Data Quality
Indicator (DQI)

Measurement
Performance Criteria

One every 12 hours

Method Blank : .
prior to sample analysis

No target compounds > %,
QL except common lab
contaminants which
should be <RL

Re-clean, retest, re-extract,
reanalyze, and/or qualify
data.

Analyst, Laboratory
Supervisor and Data
Validator

Bias /
Contamination

No target compounds > 2 QL
except common lab
contaminants which should be
<RL.

4-Bromofluorobenzene

Sample (LCS) less

table in Appendix B.

narrate.

(3) If the LCS recoveries are
high but the sample results
are <QL narrate otherwise re-
prep and reanalyze.

Validator

Accuracy / Bias

51-128% (1) Re-prep and reanalyze for
X ) - . Analyst, Laboratory
Dibromofluoromethane confirmation of matrix ; . o
Surrogates 3 per sample o . Supervisor and Data | Accuracy / Bias 70-130%
62-123% interference when X
: Validator
Toluene-d8 appropriate.
59-131%
(1) Evaluate and reanalyze if
possible
(2) If an MS/MSD was
performed in the same 12 Analyst, Laboratory
Laboratory Control | One per batch of 20 or | See attached QC limit hour clock and acceptable Supervisor and Data Precision / 70-130%

Internal Standards

(S) 3 per sample

Retention time + 30
seconds; EICP area within
-50% to +100% of last
calibration verification (12
hours) for each IS.

Inspect mass spectrometer or
GC for malfunctions;
mandatory reanalysis of
samples analyzed while
system was malfunctioning.

Analyst, Laboratory
Supervisor and Data
Validator

Precision /
Accuracy / Bias

Retention time + 30 seconds;
EICP area within -50% to
+100% of last calibration
verification (12 hours) for each
IS.

Matrix spike / Matrix
spike duplicate
(MS/MSD)

One per SDG or every
20 samples

See attached QC limit
table in Appendix B.
MS/MSD limits are the
same as LCS limits.

RPD < 30%

(1) CA will not be taken for
samples when recoveries are
outside limits and surrogate
and LCS criteria are met.

(2) If both the LCS and
MS/MSD are unacceptable
re-prep the samples and QC.

Analyst, Laboratory
Supervisor and Data
Validator

Precision /
Accuracy / Bias

70-130%

RPD < 30%
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5

Site Location: Willow Grove, Pennsylvania

SAP Worksheet #28 -- Laboratory QC Samples Table
(UEP-QAPP Manual Section 3.4)

Matrix

Groundwater

Analytical Group

TCL VOC

Analytical Method/
SOP Reference

SW-846 8260B/ ALSI
SOP-02-8260B

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0
Revision Date: September 2008

Method/SOP QC

Person(s)

Data Quality

Measurement

laboratory

field/laboratory
contaminants

laboratory.

Contamination

QC Sample: Frequency/Number Acceptance Limits Corrective Action Respon5|ble f_or Indicator (DOI) Performance Criteria
Corrective Action
No target analytes >
One per cooler of VOC | QL; with the exception No corrective action b Bias / No target analytes > QL; with
Trip Blank samples shipped to of common Y Data Validator the exception of common

field/laboratory contaminants.

Method Blank

One every 12 hours
prior to sample analysis

No target compounds >
Y QL except common
lab contaminants which
should be < RL

Re-clean, retest, re-extract,
reanalyze, and/or qualify data.

Analyst, Laboratory
Supervisor and Data
Validator

Bias /
Contamination

No target compounds > %2 QL
except common lab
contaminants which should be
<RL.

4-Bromofluorobenzene

of last calibration
verification (12 hours)
for each IS.

samples analyzed while
system was malfunctioning.

Validator

Accuracy / Bias

78-116%
Dibromofluoromethane (1) R"e-prt_ap and reanalyze for Analyst., Laboratory _
Surrogates 3 per sample 79-114% confirmation of matrix Supervisor and Data | Accuracy / Bias 70-130%
Toluene(-JdS interference when appropriate. | Validator
76-127%
(1) Evaluate and reanalyze if
possible
(2) If an MS/MSD was
- performed in the same 12 hour | Analyst, Laboratory .
LCS I(:gse per batch of 20 or ,Zi?eaitr:a':hegncjﬁ :;m't clock and acceptable narrate. | Supervisor and Data i::iﬂrs;?:n ; Bias 70-130%
PP ) (3) If the LCS recoveries are Validator y
high but the sample results are
<QL narrate otherwise re-prep
and reanalyze.
5&%23?5{8@ -;rse% Inspect mass spectrometer or Retention time + 30 seconds;
within -56‘7 to +100% GC for malfunctions; Analyst, Laboratory Precision / EICP area within -50% to
IS 3 per sample N ° | mandatory reanalysis of Supervisor and Data +100% of last calibration

verification (12 hours) for each
IS.
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #28 -- Laboratory QC Samples Table
(UEP-QAPP Manual Section 3.4)

Matrix

Groundwater

Analytical Group

TCL VOC

Analytical Method/
SOP Reference

SW-846 8260B/ ALSI
SOP-02-8260B

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0
Revision Date: September 2008

QC Sample:

Frequency/Number

Method/SOP QC
Acceptance Limits

Corrective Action

Person(s)
Responsible for
Corrective Action

Data Quality
Indicator (DQI)

Measurement
Performance Criteria

MS/MSD

One per SDG or every
20 samples

See attached QC limit
table in Appendix B.
MS/MSD limits are the
same as LCS limits.

RPD < 30%

(1) CA will not be taken for
samples when recoveries are
outside limits and surrogate
and LCS criteria are met.

(2) If both the LCS and
MS/MSD are unacceptable re-
prep the samples and QC.

Analyst, Laboratory
Supervisor and Data
Validator

Precision /
Accuracy / Bias

70-130%

RPD < 30%
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #28 -- Laboratory QC Samples Table
(UEP-QAPP Manual Section 3.4)

Matrix Groundwater
Analytical Group Metals (dissolved iron
and manganese, and
total sodium)
Analytical Method/ SW-846 6010B/ ALSI
SOP Reference SOP-03-6010B

Person(s)
Corrective Action Responsible for
Corrective Action

Method/SOP QC
Acceptance Limits

Data Quality Measurement

QC Sample: Frequency/Number Indicator (DQI) | Performance Criteria

1) Investigate source of
contamination.

Re-digest and reanalyze
Less than 1/2 PQL all associated samples if | Laboratory Supervisor
sample concentration >
QL and <10x the blank
concentration.

Recovery within £20% | 1) Investigate source of
of true value, unless problem.

Bias /
Contamination

One per digestion batch

Method Blank of 20 or fewer samples

Less than %2 PQL

Recovery within £20% of

One per digestion batch Accuracy / Bias / true value, unless vendor-

LCS of 20 or fewer samples ven_do.r suppllled or 2) Re-digestand . Laboratory Supervisor Contamination supplied or statistical limits
statistical limits have |reanalyze all associated .
. have been established.
been established. samples.

One per digestion batch [ RPD <20% for Analyst, Laboratory RPD <20% for duplicate

Duplicate Sample of 20 or fewer samples |duplicate spikes. Flag results. Supervisor Precision spikes
. . Recovery +25% of Recovery +25% of true
MS One per digestion batch true value, if sample < | Flag results. Analyst', Laboratory Accuracy / Bias value, if sample < 4x spike
of 20 or fewer samples . Supervisor
4x spike added. added.

If original sample
result is at least 50x Flag result or dilute and
ICP Serial Dilution One per digestion batch | IDL, 5X dilution must |reanalyzed sample to

If original sample result is

Analyst, Laboratory at least 50x IDL, 5-fold

Accuracy / Bias

e o . Supervisor dilution must agree within
0,
?hger%?iglrggllnrei;ﬂt& of |eliminate interference. £10% of the original resut.
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #28 -- Laboratory QC Samples Table
(UEP-QAPP Manual Section 3.4)

Matrix Groundwater
Analytical Group TOC
Analytical Method/ EPA 415.1/

SOP Reference Microseeps SOP —
WC21
Method/SOP
Person(s) .
QC Sample: Frequency/Number QC Corrective Action Responsible for Da_lta Quality Measuremen_t .
Acceptance . , Indicator (DQI) Performance Criteria
Limits Corrective Action

(1) Investigate source of
< concentration of | contamination. Analyst, Laboratory
lowest standard (2) Prepare and analyze | Supervisor

new method blank

Method Blank One per prep batch Bias Contamination | No analyte detected >PQL

One per 20 client

70-130 %R Recalibrate and/or Analyst, Laboratory . 70-130 %R
LCS samples ; Accuracy / Bias
reanalyze other samples. | Supervisor
. RPD <20 for If MS is out and other QC
MSD One per 10 client samples >5X the | is in, note matrix Analyst_, Laboratory Precision RPD <20 for samples >5X the
samples . : . Supervisor PQL
PQL interference in narrative.
One per 10 client If MS is out and other QC Analvst. Laborato
MS samples 70-130% R is in, note matrix S ysh ry Accuracy / Bias 70-130% R
. i . upervisor
interference in narrative.
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #28 -- Laboratory QC Samples Table
(UEP-QAPP Manual Section 3.4)

Matrix Groundwater
Analytical Group Sulfide
Analytical Method/ EPA 376.1/ALSI SOP-
SOP Reference 04-S
Method/SOP Person(s)
QC Sample: Frequency/Number QC Corrective Action Responsible for D"’.‘ta Quality Measuremen.t .
Acceptance . . Indicator (DQI) Performance Criteria
T Corrective Action
Limits
One per 10 client Reanalyze all detectable Analvst. Laborato
Method Blank samples, beginning <RL of 1 ug/L samples. If volume not S yst, ry Bias/Contamination | < RL of 1 ug/L
; upervisor
and end of run. available, narrate.
Do not analyze samples
One per 10 client until LCS recovery is Analvst. Laborato
LCS samples, beginning 90-110 %R acceptable. If end LCS is S yst, ry Accuracy / Bias 90-110 %R
upervisor
and end of run. unacceptable, reanalyze
samples.
Laboratory Duplicate One per 10 client RPD <20% Report in narrative. Analyst', Laboratory Precision RPD <20%
samples Supervisor
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #28 -- Laboratory QC Samples Table
(UEP-QAPP Manual Section 3.4)

Matrix Groundwater
Analytical Group Anions (sulfate, sulfide,

nitrate, nitrite, and

chloride)
Analytical Method/ || EPA 300.0/ ALSI SOP-
SOP Reference 04-ANION2

MethSOCI:/SOP . . Perso_n(s) Data Quality Measurement
QC Sample: Frequency/Number Acceptance Corrective Action Responsible for Indicator (DOI) Performance Criteria
=pt Corrective Action
Limits
(1) Identify and correct

One per 10 client problem. Analvst. Laborato

Method Blank samples, beginning <1/2RL (2) Reanalyze blank and S yst, ry Bias Contamination | No analyte detected >1/2 RL
. upervisor
and end of run. detectable samples since
unacceptable blank.

Second Source One per 20 cI_|en.t 90-110 %R (1) Reanalyze once, if Analyst, Laboratory . 90-110 %R

samples, beginning of unacceptable, reanalyze ; Accuracy / Bias
Standard ) Supervisor

run. all associated samples.
MS One per 10 client 80-120 %R If all o.ther QC in, report in Analyst_, Laboratory Accuracy / Bias 80-120 %R

samples narrative. Supervisor
MSD One per 20 client RPD < 20% Report in narrative Analyst_, Laboratory Accu_re}cy / Bias / RPD < 20%

samples Supervisor Precision

. Reanalyze, if volume not

Laboratory Duplicate One per 10 client RPD < 10% available, report in Analyst_, Laboratory Precision RPD < 10%

samples narrative Supervisor
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #28 -- Laboratory QC Samples Table
(UEP-QAPP Manual Section 3.4)

Matrix Groundwater
Analytical Group Orthophosphate
Analytical Method/ SM 4500-PE/ ALSI
SOP Reference SOP-04-OP
Method/SOP Person(s)
QC Sample: Frequency/Number QC Corrective Action Responsible for De_lta Quality Measuremen.t .
Acceptance . . Indicator (DQI) Performance Criteria
S Corrective Action
Limits
. (1) Investigate source of | Analyst, Laboratory
Method Blank Sanrﬁ FI):; 1tE)eC|iI§:itn < 0.02 mg/L or contamination. Supervisor Bias Contamination No analyte detected > 0.02
pies, beginhing 1/10 RL (2) Reanalyze blank and mg/L or 1/10 RL
and end of run. .
associated samples.
(1) If all other QC in, Analyst, Laboratory
One per 10 client reanalyze spike once. Supervisor
MS P 90-110 %R (2) If reanalysis fails or is Accuracy / Bias 90-110 %R
samples . .
not possible, report in
narrative.
(1) If all other QC in,
. reanalyze MSD once. .
MSD One per 10 client RPD < 10% (2) If reanalysis fails or is | Analyst, Laboratory | Accuracy /Bias | pppy < 4oy,
samples . . Supervisor Precision
not possible, report in
narrative.
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0

Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #28 -- Laboratory QC Samples Table
(UEP-QAPP Manual Section 3.4)

Matrix Groundwater
Analytical Group Dissolved Gases
(ethene, ethane,
methane, acetylene)
Analytical Method/ || RSK 14/175/
SOP Reference Microseeps SOP -
AM20GAX
Method/SOP
QC . . Persqn(s) Data Quality Measurement
QC Sample: Frequency/Number Acceptance Corrective Action Responsible for Indicator (DOI) Performance Criteria
°pt Corrective Action
Limits
(1) Investigate source of
contamination. Analyst, Laboratory . L
Method Blank One per prep batch <PQL (2) Re-prepare and Supervisor Bias Contamination | No analyte detected > PQL
analyze blank.
(1) Re-prepare and
analyze.
- 0, i
LCS One per prep batch 75-125 %R (2) If new LCS fails, Analyst., Laboratory Accuracy / Bias 75.125 %R
Investigate problem. Supervisor
(3) Recalibrate and run
LCS and samples.
LCS Duplicate One per prep batch RPD < 20% Note in narrative. gnalyst_, Laboratory Precision RPD < 20%
upervisor
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #28 -- Laboratory QC Samples Table
(UEP-QAPP Manual Section 3.4)

Matrix Groundwater
Analytical Group Metabolic Acids (lactic,
pyruvic, acetic,
propionic, butyric)
Analytical Method/ | Microseeps SOP -
SOP Reference AM23G
MethSOCI:/SOP Person(s) Data Qualit Measurement
QC Sample: Frequency/Number Acceptance Corrective Action Responsible for indicator (D(%/I) Performance Criteria
=pt Corrective Action
Limits
No analyte
Method Blank One per prep batch detecteq > lowest | (1) Prepare and analyze Analyst', Laboratory Bias Contamination No analyte detected > lowest
analyte in lowest | new blank. Supervisor analyte in lowest standard
standard
(1) Prepare and analyze
One per 20 client new lTCS.‘ .
LCS samol 70-130 %R (2) If it fails again, re- Analyst_, Laboratory A / Bi 70-130 %R
ples ccuracy / Bias
prepare and analyze Supervisor
associated samples.
(3) Report in narrative.
One per analytical L
MS batch 70-130 %R If all other QC is in, report | Analyst, Laboratory | Acoiracy /Bias  |70-130 %R
in narrative. Supervisor
MSD t?;{ihper analytical RPD < 30 % !f all othgr QC is in, report Analyst_, Laboratory Accu_re_lcy / Bias RPD < 30 %
in narrative. Supervisor Precision
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0
Revision Date: September 2008

SAP Worksheet #28 -- Laboratory QC Samples Table
(UEP-QAPP Manual Section 3.4)

Matrix Groundwater
Analytical Group PCR/Enzymes
Analytical Method/ Microbial Insights SOP
SOP Reference — gPCR-2006
Person(s) .
QC Sample: Frequency/Number Method/SOP QC Corrective Action Responsible for Data Quality Measurement

Acceptance Limits Indicator (DQI) Performance Criteria

Corrective Action

Values for positive
samples are set above

Values for positive samples

Assay Negative 1 per analytical assay Rerun assay; may have to | Analyst; Laboratory Bias / are set above any

Control (Blank) plate any fluorescence for the |re-optimize assay Supervisor Contamination fluorescence for the negative
negative control control
. . Rerun assay or re-extract . .
DNA gxtractlon 1 per analytical batch CT < Assay Negative samples if problem Analyst', Laboratory Bias / I CT < Assay Negative Control
negative control Control Supervisor Contamination

persists

CT value within 2 units of

1 per analytical assay Rerun assay / check Analyst; Laboratory Bias / CT value within 2 units of

Positive Control

plate

same point on standard
curve

reagents

Supervisor

Contamination

same point on standard curve

Laboratory Duplicate

All field samples

CT value within 2 units of
other duplicate

Rerun assay; if still not
within 2 CT units, flag J

Analyst; Laboratory

Precision

CT value within 2 units of other

Supervisor duplicate

(estimate)

%R — Percent Recovery

CT - Threshold Cycle

EICP — Extracted lon Current Profile
GC - Gas Chromatograph

ICP — Inductively Coupled Plasma
IDL — Instrument Detection Limit

IS — Internal Standard

LCS — Laboratory Control Sample
QC - Quality Control

QL — Quantitation Limit

IS — Internal Standard

LCS - Laboratory Control Sample
mg/L — Milligrams per Liter

MS — Matrix Spike

MSD - Matrix Spike Duplicate
PCR — Polymerase Chain Reaction
PQL — Practical Quantitation Limit
RL — Reporting Limit

RPD - Relative Percent Difference
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #29 -- Project Documents and Records Table
(UEP-QAPP Manual Section 3.5.1)

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0

Revision Date: September 2008

Document

Where Maintained

Field Documents

Field Logbook

Field Sample Forms

COC Records

Air bills

Sampling Instrument Calibration Logs
Sampling Notes

Drilling Logs

Photographs

Field Task Modification Forms
This SAP

Health and Safety Plan

Field documents will be maintained in the project file located in
the TtNUS King of Prussia office.

Laboratory Documents

Sample receipt, custody, and tracking record
Standards traceability logs

Equipment calibration logs

Sample preparation logs

Analysis Run logs

Equipment maintenance, testing, and inspection logs
Corrective action forms

Reported field sample results

Reported results for standards, QC checks, and QC samples
Sample storage and disposal records

Telephone logs

Extraction/clean-up records

Raw data

Data Completeness checklist

Laboratory documents will be included in the hardcopy and PDF
deliverables from the laboratory. Laboratory data deliverables
will be maintained in the TtINUS King of Prussia project file and in
long-term data package storage at a third-party professional
document storage firm.

Electronic data results will be maintained in a database on a
password protected SQL server.

Assessment Findings

Field Sampling Audit Checklist (if conducted)

Analytical Audit Checklist (if conducted)

Data Validation Memoranda (includes tabulated data summary forms)

All assessment documents will be maintained in the TINUS King
of Prussia project file.

Reports
Interim Pilot Study Report

Pilot Study Report

All reports for the Site 5 Bioremediation Pilot Study will be stored
in hardcopy in the TtNUS King of Prussia project file and
electronically in the server library.
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

Title: SAP for Site 5 Bioremediation Pilot Study
Revision Number: 0
Revision Date: September 2008

SAP Worksheet #30 -- Analytical Services Table

(UFP-QAPP Manual Section 3.5.2.3)

Laboratory/ Backup )
. . Sample Organization Laboratory/Organization
Matrix Ar(lgalytlcal Concentration Location/ID | Analytical SOP Data Package (Name and Address, (Name and Address,
roup Level Turnaround Time
Numbers Contact Person and Contact Person and
Telephone Number) Telephone Number
See Worksheet Requested: 21 Scott Brunk
Sall TCL VOC Low 18 ALSI days Analytical Laboratory
' Actual: 21 days Services, Inc. (ALSI)
See Worksheet Requested: 21 34 Dogwood Lane
Groundwater TCL VOC Low 18 ALSI days Middletown, PA 17057
] Actual: 21 days Phone: (717) 944-5541
See Worksheet Requested: 21 ext. 3150 TBD
Groundwater Metals Low 18 ALSI days Fax: (717) 944-8972
: Actual: 21 days
See Worksheet Requested: 21 Alternate contact:
Groundwater | Sulfide Low 1:9 orkshee ALSI days Christopher Pugliano
' Actual: 21 days g711570) 944-5541 ext.
Requested: 21
Groundwater Anions Low 1886 e Worksheet ALSI days
' Actual: 21 days
Requested: 21 Rachel Whitby
Groundwater TOC Low 1886 e Worksheet Microseeps |days Microseeps, Inc.
) Actual: 21 days 220 William Pitt Way
; Requested: 21 Pittsburgh, PA 15238
Groundwater glasssglsved Low 188e e Worksheet Microseeps |days Phone: (412)826-2389 TBD
' Actual: 21 days Fax: (412) 826-5251
Groundwater Metabolic Low See Worksheet Microseeps (Ij?:;suested. 21 AIternate contact:
Acids 18. Debbie Hallo
Actual: 21 days
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0

Revision Date: September 2008

Actual: 21 days

Fax: (865) 573-8133

Alternate contact: Greg
Davis
gdavis@microbe.com

Laboratory/ Backup )
. . Sample Organization Laboratory/Organization
Matrix Analytical Concentration Location/ID | Analytical SOP Data Package (Name and Address, (Name and Address,
Group Level Turnaround Time
Numbers Contact Person and Contact Person and
Telephone Number) Telephone Number
Cheryl Davis
Microbial Insights
2340 Stock Creek Blvd.
Rockford, TN 37853
. . Requested: 21 Phone: (865) 573-8188
Groundwater PCR/Enzymes Low 1886 e Worksheet l\l/lr:(s;:gr?;zl days ext. 104 TBD

A backup laboratory is not expected for this project. If circumstances arise where the contracted laboratories cannot perform the analysis, other laboratories
will be procured at that time.
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #31 -- Planned Project Assessments Table

(UEP-QAPP Manual Section 4.1.1)

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0

Revision Date: September 2008

Person(s)
Person(s) Responsible for Person(s)
Responsible for Person(s) Responsible Identifying and Responsible for
A ¢ Internal | Organization Performing for Responding to Implementing Monitoring
ss_(la_ssrenen Frequency or Performing Assessment Assessment Findings | Corrective Actions | Effectiveness of CA
yp External | Assessment (title and (title and organizational (CA) (title and
organizational affiliation) (title and organizational
affiliation) organizational affiliation)
affiliation)
Field Sampiing | (P’ Internal | TINUS TBD TINUS PM TINUS Auditorand | 15 gaM
Systems Audit year TINUS QAM
Laboratory Every 18 Laboratory QA Laboratory QA
Systems Audit | months External NFESC TBD Laboratory QA Manager Manager Manager
1 per TtNUS Auditor and
Health and contract Internal | TINUS TBD TINUS PM TINUS Health and | 10VUS Health and
Safety Safety Manager
year Safety Manager

NFESC - Navy Facilities Engineering Service Center
PM — Project Manager

QA — Quality Assurance

TBD — To Be Determined

TtNUS — Tetra Tech NUS
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #32 -- Assessment Findings and Corrective Action Responses
(UFP-QAPP Manual Section 4.1.2)

Individual(s) Nature of Individual(s)
Nature of Notified of . Corrective Receiving _
Assessment Deficiencies Findings Timeframe of Action Corrective Action Timeframe for
Type Documentation (name, title, Notification Response Response Response
organization) Documentation (name, title,
organization)
Field Sampling Audit checklist and TINUS PM, Dependent on Written memo TINUS QAM, TtNUS | Within 48 hours
System Audit written audit finding | TtNUS FOL, and | findings, if major, a Auditor, TINUS of notification
summary TtNUS Program stop work maybe Program Manager
Manager issued immediately,

however, if minor,
within 1 week of

audit
Laboratory Written audit report | Laboratory QA Not specified by Letter NFESC Specified by
Systems Audit Manager NFESC NFESC
Health and Audit checklist and TINUS PM, Dependent on Written memo TtNUS Health and Within 48 hours
Safety Audit written audit finding | TtNUS FOL, and | findings, if major, a Safety Manager, of notification
summary TtNUS Program stop work maybe TtNUS Auditor,
Manager issued immediately, TtNUS Program
however, if minor, Manager
within 1 week of
audit
NFESC - Navy Facilities Engineering Service Center
QA - Quality Assurance
TtNUS — Tetra Tech NUS
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove Site 5
Site Location: Willow Grove, Pennsylvania

SAP Worksheet #33 -- QA Management Reports Table
(UFP_QAPP Manual Section 4.2)

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0
Revision Date: September 2008

Type of Report

Frequency

(daily, weekly monthly,
quarterly, annually, etc.)

Projected Delivery
Date(s)

Person(s) Responsible

for Report Preparation

(title and organizational
affiliation)

Report Recipient(s)
(title and organizational
affiliation)

Data validation report

Per SDG

Within two weeks after
receiving the data from the
laboratory

TtINUS DVM or designated
data validators

TINUS PM, project file

Major analysis problem

When persistent analysis

TtNUS PM, QAM, Program

identification (Internal problems are detected Immediately TINUS QAM Manager, project file
Memorandum)

Project monthly progress Mopthly for duration of the Monthly TINUS PM Navy, project file
report project

Field progress reports Daily, oral, during the Everyday that field TINUS FOL TINUS PM

course of sampling

sampling is occurring

Laboratory QA report

When significant plan
deviations results from
unanticipated
circumstances

Immediately

Subcontracted laboratories
will contact the TtINUS
QAM or project chemist.
The project chemist and
TtNUS PM will discuss a
solution. If necessary, the
Navy RPM will be included
in the decision process.

TINUS PM, QAM, project
chemist, project file

FOL - Field Operations Leader
PM — Project Manager
QA — Quality Assurance

QAM - Quality Assurance Manager

SDG — Sample Delivery Group
TtNUS — Tetra Tech NUS
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #34 -- Verification (Step |) Process Table
(UFP-QAPP Manual Section 5.2.1)

L _ Internal / Responsible for Verification
Verification Input Description L
External (name, organization)
Sample Tables Proposed samples verified to have been collected. Internal TtNUS FOL or designee

(Worksheet 18)

COC records will be reviewed internally by the Project
Manager or designee and compared against sample table
(Worksheet 18) listing the proposed samples to verify that all
planned samples have been collected.

Chain of custody Internal TtNUS PM or designee

Sample locations have been verified to be correct and in
Sample Coordinates accordance with the SAP (overlay maps proposed locations Internal TINUS FOL, PM, or designee
against actual locations).

Verify that all sample results are included in the Electronic
Data Deliverable from the laboratory. Verify the samples
against the Chain-of-Custody. Upload the data into the SQL
database for the data validators.

Laboratory Project Manager and
Internal TtINUS Sample Management
Coordinator

Electronic Data

The analytical data will be verified for completeness by the Scott Brunk, ALSI
laboratory performing the work. The laboratory shall complete
an appropriate form documenting the organization and ) . i i
complete contents of each data package. Cheryl Davis, Microbial Insights

Analytical Data Package External Rachel Whitby, Microseeps

Verify that the data package contains all the elements
Data Package required by CLP format and the scope of work, this occurs as Internal TtNUS Data Validator
part of the data validation process.

Log sheets completed as samples are collected in the field
Sample Log Sheets are verified for completeness and are maintained at the Internal TtNUS PM or designee
project office.

FOL - Field Operations Leader
PM — Project Manager

SAP — Sampling and Analysis Plan
TtNUS — Tetra Tech NUS

L/DOCUMENTS/NAVY/00910/21416 Page 108 of 113
CTO 411



Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #35 — Validation (Steps lla and llb) Process Table
(UFP-QAPP Manual Section 5.2.2) (Figure 37 UFP-QAPP Manual) (Table 9 UFP-QAPP Manual)

Step lla/llb* | Validation Input Description Responsible for Validation
(name, organization)
lla Field SOPs Ensure that the sampling SOPs were followed. TINUS FOL
Scott Brunk, ALSI
lla Analytical SOPs Ensure that all laboratory analytical SOPs were followed. Rachel Whitby, Microseeps

Cheryl Davis, Microbial Insights

Validator will verify that elements of the data package that are
required for validation are present and if not, the lab will be

lla Data package contacted and the missing information will be requested. Validation TtNUS Data Validator
will be performed as per Worksheet 36.
Field logs/sample | Verify that the sampling plan was implemented and carried out as
lla : . L TINUS PM
coordinates written and any deviations are documented.
: Verify all data have been transferred correctly and completely to the | TtNUS PM, Data Validator, or
lla Electronic Data : )
final SQL database. designee
SAP Worksheet
lla/ lib 12, Field Verify that deviations have been documented and MPCs have been | TtNUS FOL, PM, Data Validator
SOPs/Field Logs, | achieved for field QC samples. or designee
COCs
S'SA‘ F;_;/\{)c;:l;ﬂeet Verify that deviations have been documented and MPCs have been
lla/llb SdPs Data ry achieved for laboratory data including environmental sample results | TtNUS Data Validator
Packa,ge and laboratory QC.

! Ila=compliance with methods, procedures, and contracts [see Table 10, page 117, UFP-QAPP manual, V.1, March 2005.]
IIb=comparison with measurement performance criteria in the SAP [see Table 11, page 118, UFP-QAPP manual, V.1, March 2005]

FOL - Field Operations Leader

MPC — Measurement Performance Criteria
PM — Project Manager

SAP — Sampling and Analysis Plan

SOP - Standard Operating Procedure
SQL - Structured Query Language

TtNUS — Tetra Tech NUS
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove Site 5

Site Location: Willow Grove, Pennsylvania

SAP Worksheet #36 —Analytical Data Validation (Steps lla and llb) Summary Table
(UFP-QAPP Manual Section 5.2.2.1)

Title: SAP for Site 5 Bioremediation Pilot Study

Revision Number: 0

Revision Date: September 2008

Data Validator
Step lla/llb Matrix Analytical Validation Criteria (title and
Group organizational
affiliation)
llaandllb | Soi Volatiles TtNUS SOP-DVO02 and SAP Worksheets 12 and 28. \T/tahl'ig;(gata
Illa and llb Groundwater | Volatiles TtNUS SOP-DV02 and SAP Worksheets 12 and 28. ;I'/tal\lli(LjJaSt(?rata

*Only VOC data will undergo Step lIb validation for the Site 5 Bioremediation Pilot Study. The indicator parameters and field test kit parameters will undergo
Verification Step | and Validation Step lla unless analysis errors are identified. A full laboratory data package will be provided for the indicator parameters in
the event that a Step IIb validation will be performed.
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #37 -- Usability Assessment
(UFP-QAPP Manual Section 5.2.3)

A data usability assessment will be conducted by the planning team, including the TtINUS PM, project chemist, and technical staff. If significant data usability
limitations are encountered the planning team will be expanded to include the Navy RPM and Navy technical staff.

The data validation procedure (Worksheets 35 and 36) will be used to help determine which data are usable. Qualifiers will be applied to each value based on the
results of the data validation. Rejected values (qualified with “R”) and blank qualified values (“B”) will be eliminated from further consideration. Estimated and
biased values (J [estimated], K [biased high], and L [biased low]) will be used as the reported value. The quantitation limits from the data will be evaluated for
sensitivity to the project action levels. Limitations on the use of the data due to lack of project-required sensitivity will be discussed. In addition, the data will be
reviewed to evaluate if samples were collected from the intended locations and are representative of site conditions.

After data validation and an overall review of data quality indicators, the data will be reconciled with measurement performance criteria (MPCs) to determine
whether sufficient data of acceptable quality are available for decision making. A series of checks will be performed to estimate several of the data set
characteristics. Simple summary statistics for target analytes may be presented, such as the maximum concentration, minimum concentration, number of samples
exhibiting no detectable analyte, the number of samples exhibiting detectable analytes, and the proportion of samples with detectable and undetectable analytes.
Rejected values and significant deviations form planning documents, if any, will be identified so the planning team can assess their impacts to the attainment of
project objectives. Project assumptions will also be evaluated to determine their validity. If assumptions are shown to be invalid the team will assess the impact of
the invalid assumption and take actions necessary to mitigate the impact. In extreme cases, a revision of DQOs may be necessary.

The quantitative bias and precision data quality indicators will be reviewed to determine whether any significant bias or significant imprecision exist in the data. A
significant bias is a bias greater than +/- 30 percent (corresponding to consistent analyte recoveries of 70 to 130 percent in LCSs, MSs, or surrogate compound
concentrations). Laboratory precision and field precision (based on RPD values from duplicate samples) will be compared to ensure that laboratory precision is
not significantly worse (i.e., exhibits greater RPD values) than field precision. At the discretion of the project manager correlations may also be assessed among
various parameters as a cross-check to ensure that results appear to be reasonable. Although bias and precision indicators can be assessed quantitatively,
evaluations will involve professional judgment which will consider site conditions, the normal analytical performance for the analytes in question, and other factors
that affect the precision and agreements among analyte concentrations. The intent will be to identify any deviations or anomalies that adversely affect the ability to
attain project objectives and to document how these characteristics were handled by the team to complete the project.

RPD and Percent Recovery values will be computed as follows:
m 1- Amount n .
RPD - jAmaunt -&urq:h -ﬁmq:h 4 ¥ 100
0.5 (Amoumt inSample 1+ Amount in Sampls 7)
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008

SAP Worksheet #37 -- Usability Assessment
(UFP-QAPP Manual Section 5.2.3)

The %R for a spiked sample will be calculated by using the following formula:

Amauni n Spikar Sampla - Asmousl in Sampla .
*R- Knovn Amoumt Added £ 100%

The %R calculation for LCSs and surrogate spikes will be as follows:

___Experimeni sl Concent rel lon o
»R mmumcmmm"m °

Potential data outliers will also be investigated to determine whether they represent unanticipated site conditions or they are true outliers. No statistical outlier will
be removed from a data set unless a physical reason can be assigned to the datum to demonstrate that it is not representative of the intended population.

The comparability among data sets will be evaluated to ensure it is satisfactory. For example, if comparability problems are anticipated because of poor analyte
precision or bias this will be noted so that subsequent data generators or project planners can take these potential data deficiencies into account. Comparability
and representativeness assessments will be based on professional judgment with consideration of the quantitative quality indicators such as precision, accuracy,
and completeness of data sets.

Data Limitations and Actions from Usability Assessment
After all data evaluations are completed, any limitations on the use of data will be known to the planning team and the limitations will be considered during decision

making. If necessary, investigation objectives may be revised in anticipation of additional data collection in order to meet project quality objectives for the site.
The data usability assessments for each stage of the bioremediation pilot study will be summarized in the final report for that phase.
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Project-Specific SAP Title: SAP for Site 5 Bioremediation Pilot Study
Site Name/Project Name: NAS JRB Willow Grove Site 5 Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: September 2008
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TABLE 1-1
WELL CONSTRUCTION DETAILS
SITE 5 - FIRE TRAINING AREA
NAS JRB WILLOW GROVE, PENNSYLVANIA

Previous Well Depth Screen Interval
Designation (feet bgs) (feet bgs)
05MWO01S 32 12-32
05MWO01SI 84.5 74.5-84.5
05MWO1I 135 125-135
05MW02S 30 10-30
05MWO03S 31 11-31
05MWO03I 128 118 - 128
05MW04S 30 10-30
05MWO04I 84.5 74.5-84.5
05MWO05S 40 20-40
05MWO05I 209.5 189.5 - 209.5
05MWO06S 37.5 17.5-37.5
05MWO06I 84 74 -84
05MWO07S 26 6-26
05MWO7I 84 74 -84
05MW08S 36 26 - 36
05MWO08SI 65 55-65
05MWO08I 99 89-99
05MW09S 32 27 -32
05MWO09SI 74 59-74
05MWO009I 106 96 - 106
05MW10S 32 22-32
05MW10SI 94 79-94
05MW10I 126 116 - 126
05MW11S 25 20-25
05MW11I 50 40 - 50
05MW11D 149 139 - 149
05MW12S 70 50-70
05MW12I 113.5 103.5-113.5
05MW13I 142 127 - 142
05MW14S 66 36 - 66
05MW141 150 130 - 150
05MW15S 45 30-45
05MW15I 150 140 - 150
*03MW8S 68 38-68
*03MW8D 173 163-173
TOC = Top of casing bgs = Below ground surface

* = Wells installed as part of the Site 3 RI, but also applicable to Site 5.



Table 1-2
Page 1 of 8

DATA SUMMARY OF ANALYTICAL RESULTS
PACKER TEST SAMPLES
NAS JRB WILLOW GROVE SITE 5 - FORMER FIRE TRAINING AREA

Sample ID: 05MW12S 05SMW128 a5MW14l 05MW14) OSMW-DUPO1 O5MW141] | O5MW15I] | O5MWI1BIDL OSMW1sI OSMW15I-DL| | 05MW15!

Sampls Daste: 711105 071108 071305 07112/05 07/12/05 07TH3IN5 0711405 071 4/05 711505 Q7N 505 071905

Dup Of: 05MW-DUPO1 05MW14i

Depth (feet): 0-48 48-70 0-65 75-90 75-90 120-150 0-50 0-50 120-130 120-130 130-150

VOLATILES uglL A
1,1,1-Trichloroethane ug::; ugéLa ug;!; UW1I8- o m il S

1.1,2,2-Tetrachiorosthane

1,1,2-Trichloroethane 0.42 0.43 0.3

1,1,2-Trichlorotrifluoroethane

cjcic
cl~|c
ci<|<
cl|~ic

1.1-Dichlioroethane 0.46 6.7 16 16 9.2 0.34

—lcic|c

1,1-Dichioroethene 12 28 27 17 0.77

1,2,4-Trichiorobenzene

1,2-Dibromo-3-chioropropane

1,2-Dibromoethane

1,2-Dichlorobenzene

1,2-Dichiorosthane

1,2-Dichloroethene (cis) 1.2 27 26 1.6

1,2-Dichioroethene (trans)

1,2-Dichioropropane

1,3-Dichlorobenzene

1,4-Dichlorobenzene

1,4-Dioxane

2-Butanone

2-Haxanone

4-Methyl-2-pertanone

Acetone

Benzene

Bromodichloromethane

Bromoform

Bromomethane

Carbon Disulfide

Carbon Tetrachloride

Chiorobenzene

Chloroethane

Chioroform

Chioromethane

cis-1,3-Dichioropropene 0.42

Cyclohexane

Dibromochloromethane

Dichiorodifiuoromethans

Ethwlbenzene

isopropylbenzene

M+D-
[M+p-xylenes 0.34

Methyl Acetate

Maethyi Cyclohexane 0.6

Methyi Tert-butyi Ether

Methylene Chioride 0.63 0.72 0.52 0.61 0.66 26

O-xylene

Styrene

Tetrachloroethene

~IC|Ci|c|Cicicl|Cicicici~|C|ci|CclciciclciCc|Ccicic|c|ciCclC|C|C|C|iC}  |CjQiQiCiC
‘—CC‘GCCCCCCCCCCCCCCCCCCCCCCCCCCCCC cjcjcicic
GCCECCCCCCCCCCCCCCCCCCCCCCCCCCCCC Lvoud { v { g { e T nd
lcicic|cicicicicicic)|ciclcicic|clc|cic|clc|clc|lc|icicicic|c|ciClc| IClCiC|C|C

0.38 0.36 0.72 0.72 0.58

Toluene 4.1 0.86

28

<

trans-1,3-Dichloropropene

Trichloroethene 4.8 77 03 0.62

Trichloroflucromethane

CCCCLLCCECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC‘-CCCC
cjclcjc|mjclc|ciciciciCclc|ciC|CiCc|ciciCc|C|c|ciciCciciCic|c|Clclc|ciciCiClCiC|CiCiCiCiCiCiciCiC|ClC|C
CCCCUCCCECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCLCI'ﬂCCCﬁaC‘--C‘—CCC(._.C(.:L'.CCCC(:CCCCCCCCCL‘.C(‘.’CCCCt:CC"—-‘-CCCg
ciclcic|olc|cic|cic|c|c|cic|cic|cicicicic|cl|ciciclc|c|cicicic|c|c|ciclclciciciciciciCiClcjc|c|cjC|C

clc [ =g
clc <
cic <

Viny! Chioride

cic|jcjc|c CCC&-CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

A [=d [ i L ong CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

jus [ v [

Xvlene (Total)



Table 1-2

Page 2 of 8

DATA SUMMARY OF ANALYTICAL RESULTS
MONITORING WELL SAMPLES
NAS JRB WILLOW GROVE SITE § - FORMER FIRE TRAINING AREA

Sample ID: 05-MWO1-i 05-MW01-S 05-MW01-S-D 05-MWO01-Si 05-MW02-S 05-MW03-1 05-MW03-I-D 05-MW03-S 05-MW04-i 05-MW04-5 05-MW05-1
Sample Date: 08/17/05 06/18/05 0&/18/05 08/18/05 08H17/05 0816/05 081605 08/16/05 08/16/05 08/16/05 08/10/05
Dup Of: 05-MW01-S 05-MW03-1
SEMIVOLATILES ugh ugh uglh ug/t ugh gl uglL ugh ug/L ugh. ught
1,4-Dioxane 211U 13 12 21U 2.1U 21U 21U 211U 211UL 21|U 21U
VOLATILES ug ugh ughL ugh. ughL ug/l. ugh. uglL ug/lL ugh. ug/L
1,1,1-Trichiorosthane 0.45J 930 960 15 0.16]U 13 1.3 0.16{U 25 0.16[U 0.16{U
1,1,2-Trichloroethane 0.11{U 23 22 0.66]J 011U 0.111U 0.11]U 0.11}1U 0.71J o1 0.11{U
1.1-Dichloroethane 0.85{J 480 500 26 071U 6.7 57 0.17|U 24 0.17{U 01710
1,1-Dichloroethene 0.411J 180 190 12 0.19|U 1.8 1.8 0.19|U 16 0.191U 2.4
1,2-Dichlorobenzene 0.08{U 1.7 1.8 0.08{U 0.08|U 0.08{U 0.08{U 0.08{U 0.08/U 0.08{U 0.08{U
1,2-Dichloroethane 0.13ju 4.1 41 3.8 0.13{U 0.13|U 0.13{U 0.13|U 0.41J) 0.13|U 0.13{U
1,2-Dichloroethene (cis) 0.09[{U 270 270 5.6 0.611J 14 14 0.08|U 5.7 0.09{U 0.09{U
1,2-Dichloroethene (trans) 01U 0.89}J 0.93[J 01ju 0.1]U (X1 01]u 0110 01U 01U 0.1jU
1,4-Dichlorobenzene 012]u 76 8.2 0.12[u 0.12[u 0.12]u 0.12[U 0.12]U 012U 012U 0.12]u
Acetone 1.6]UR 1.6]UR 16|UR 1.6]U 1.6]U 1.6[U 16]U 1.6[U 1.6|UR 1.6]0 1.6V
Benzene 0.15]U 85 8.8 0.15{U 0.15]U 0.15[U 0.15/U 0.15{U 015U 0.15|U 0.15]U
Chiorosthane 0.46[0 0.63[J 0.62|J 0.46|U 0.46[0 0.46[U 0.46[U 0.46{U 0.46]U 0.46]U 0.46[U
Chioroform 0.16{U 0.33]J 0.33[J 0.16{U 0.16{U 0.16{u 0.16[U 0.16{U 0.16{U 0.16]U 0.16{U
M+p-xylenes 0.24]U 0.24[u 0.24[U 0.24[U 0.24]U 0.24[U 0.2a]U 0.24]U 0.24{U 0.24]U 0.241UJ
Methyl Cyclohexane 0.14{U 2.3 2 0.14{U 0.14{U 0.14{U 0.14{U 0.14{U 0.14|U 0.14{U 0.14|U
Methylene Chioride 0.78{J 1.218 11i{B 0.4210 0.42{U 0.42{U 0.42/U 0.42{U 0.42jU 042U 0.421U
Tetrachioroethene 0.12{UJ 50{J 491J 25 1.7 1.2 1.1 0.12iU 15 0.12|U 0.12{U
Toluene 011U 0.11[u 011U 0.11]u 011U 011U 011U 011jU 011U 011U 0.11JU
Trichloroethene 0.36{J 470 490 10 0.12[0 14 14 0.12{0 14 0.12[U 1]d
Xylene (Total) 0.37]U 0.37|1U 03710 0.371U 0.37{U 0.37{U 0.37{V 0.37)\U 0.37{U 0.371U 0.37{U
MISCELLANEOUS
Chiorids (mg/L) NA NA NA NA NA NA NA NA NA NA NA
Nitrate (mg/L) NA NA NA NA NA NA NA NA NA NA NA
Sulfate (mg/L) NA NA NA NA NA NA NA NA NA NA NA
Oxidation Reduction Potential (mV) NA NA NA NA NA NA NA NA NA NA NA
Total Organic Carbon (mgL) NA NA NA NA NA NA NA NA NA NA NA
Ethane (ugl) NA NA NA NA NA NA NA NA NA NA NA
Ethene (ug/L) NA NA NA NA NA NA NA| NA NA NA NA
Methane (ug/L) NA NA NA NA NA NA NA NA NA NA NA
Dissolved Oxygen (mg/L) 3.83) 0.99 NA 5.12 914 8.92 NA 9.35 411 3.32 NA

H 7.22 5.98 NA 4.83) 42 452 NA 5.37 6.14 417 6.25
Specific Conductivity (mS/cm) 0.305 0.218 NA 0.196 0.127 0.165 NA 0.126 0.18 0.112 0.367
Turbidity (NTU) 6 ) NA 2 0 8.3 NA 0 55 5.9 30
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DATA SUMMARY OF ANALYTICAL RESULTS
MONITORING WELL SAMPLES
NAS JRB WILLOW GROVE SITE 5 - FORMER FIRE TRAINING AREA

Sampie ID:

05-MW05-S

05-MWO06-] 05-MW06-S 05-MW07-1] | 05-MWO07-S| | 05-MW08-1 05-MWO08-S 05-MW08-S! 05-MWO08-S-D 05-MWO09-1 05-MW09-S
Sample Date: 08H0/05 0812/05 08/12/05 08/09/05 08/09/05 0818/06 08/12/05 08/12/05 08/12/05 08/17/05) 0817/05
Dup Of: 05-MW08-SI

SEMIVOLATILES ugt. ug/l. ug/L ugh. ugh. uglL ug. ugh ugh ugl.
1,4-Dioxane 21 2{u 21U 21U 21U 21U 21y 21]u 2|u 21U 24U
VOLATILES ug/it ugh ugh. uglL ugl. uglL ug. uglL ugh ug ug/L
1,1,1-Trichloroethane 0.16]U 0.16{U 0.16|U 0.16]U 0.16]U 0.16]U 0.16]U 0.16/U 0.16{U 9.4 8.2
1,1,2-Trichicroethane 0.11[u 0.11juU 0.11]U 0.11jU 0.11Ju 0.11ju 011U 011U 011U 6.11jU o.11|u
1,1-Dichloroethane 0.17[U 0.17]u 0.17jU 0.17jU 017U 0.17[U 0.17]U 0.17]U 0.17]U 14 21
1,1-Dichloroethene 0.19]U 0.19]u 0.19jU 3 0.19Ju 0.19/U 0.19]U 0.19]U 0.19U 13 15
1,2-Dichlorobenzene 0.08]U 0.08]U 0.08/U 0.08]U 0.08/U 0.08]U 0.08/U 0.08/U 0.08]U 0.08]U 0.08/u
1,2-Dichloroethane 0.13[U 0.13jU 0.13]u 0.13[U 0.13[U 0.13U 0.13)U 0.13)U 0.13Ju 0.78]J 0.4lJ
1,2-Dichloroethene (cis) 0.09]U 0.09/U 0.09]U 0.09]U 0.09]U 0.09]U 0.09)U 0.09|U 0.09]0 2.3 0.8]J
1,2-Dichlorosthene (trans) 0.1jU 01U 01U 0.1U 01u 0.1ju 01U 01U 1Y) 01U 0.1]u
1,4-Dichlorobenzene 0.12)u 0.12]u 0.12|U 0.12[U 0.12U 0.12jU 0.12[U 0.12[U 0.12]u 0.12}u 0.12lu
Acetone 1.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>