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EXECUTIVE SUMMARY

Tetra Tech NUS, Inc. (Tetra Tech) has prepared this Sampling and Analysis Plan (SAP) for the Phase Il
Remedial Investigation (RI) at Site 12 — South Landfill (Site 12) at the Naval Air Station Joint Reserve
Base (NAS JRB) Willow Grove, Pennsylvania under Contract Task Order (CTO) No. WEQ5, Contract
N62470-08-D-1001, Comprehensive Long-term Environmental Action-Navy (CLEAN). The data collected
during this investigation combined with data from previous investigations will be used to determine the
nature and extent of contamination and to evaluate risks to human health and the environment.

Site 12 — South Landfill, is located southwest of Runway 10/28 in the southern portion of the Base,
immediately northeast of Site 2 — Antenna Field Landfill (Figure 10-2). Site 12 was used as a disposal
area for general refuse, paint waste, sewage sludge, and solvents from 1948 to 1960. Landfill activities
reportedly consisted of trench excavation with subsequent burning and burial of waste material within the
trenches. Figure 10-1 shows the location of the NAS JRB Willow Grove facility and Site 12 - South
Landfill. Site 12 was identified during aerial photograph review as an area of disturbed ground
approximately 12 acres in total; however subsequent investigations identified approximately 9 distinct
waste/debris burial trenches comprising a 1.5 acre subset of the total area.

A portion of Site 12 was previously investigated, as part of Site 2, during the Preliminary Assessment (PA),
Site Inspection (SI), and RI. These investigations focused mainly on the area identified as Site 2 - Antenna
Field Landfill.

The Phase | RI field work was completed in January 2010. The work consisted of the excavation of 15
test pits and the collection of 40 surface soil samples, 31 subsurface soil samples, 7 surface water
samples, and 8 sediment samples. The surface and subsurface soil samples were biased towards areas
that contained buried waste, based on the results of an electromagnetic (EM) geophysical survey
completed in April 2008. Tetra Tech submitted the Draft Phase | Remedial Investigation Data Report to
the Project Team members in June 2010. Contaminants exceeding Project Screening Levels (PSLs)
consisted of semivolatile organic compounds (SVOCs), pesticides, and metals in surface soil; SVOCs,
pesticides, dioxins, and metals in subsurface soil; SVOCs, pesticides, and metals in surface water; and
volatile organic compounds (VOCs), SVOCs, pesticides, and metals in sediment. Test pit sample
analyses and visual observations confirmed the presence of buried waste and associated soil
contamination at the locations of EM anomalies. Test pitting confirmed that the suspected disposal areas
identified by electromagnetic survey were in fact well defined pits containing waste and debris.

Based on the investigations completed and the Conceptual Site Model (CSM) presented in the Phase | RI
SAP, the Project Team decided that additional surface and subsurface soil samples and monitoring well
groundwater samples are needed, and no additional sediment or surface water samples are needed. The
additional soil data are needed to further delineate the nature and extent of target analytes that exceeded
risk-based benchmarks in the Phase | investigation associated with the site and to conduct a Human
Health Risk Assessment (HHRA) and an Ecological Risk Assessment (ERA).

Previous soil samples were biased towards areas containing buried waste, as indicated by the results of
the EM survey. Now that contaminant sources have been identified and confirmed to be associated with
the EM anomalous areas, additional samples are needed in areas where EM anomalies are not present
to support risk assessments with non-biased data. This data will also be used to determine if the debris
disposal activities impacted soil between the EM anomalous areas and will refine the identification and
screening of remedial alternatives such as targeted removal or capping. The EM survey did not
completely delineate the extent of two linear anomalies in the southeastern portion of the site, so
additional test pits will be investigated in this area. Monitoring wells are needed at Site 12 to determine if
contaminants are migrating from the site via groundwater at concentrations that pose a risk to potential
users of the groundwater.

During this Site 12 Phase Il R, field activities will also include soil sample collection from both Site 12 and
Site 3 for total, hexavalent, and trivalent chromium analysis to support risk calculations associated with
chromium and actual or potential remedial action decisions regarding the removal of chromium-impacted
soil. Currently, the chromium data for Site 3 was conservatively assumed to contain only the hexavalent
form of chromium to avoid the potential underestimation of risk due to chromium, but new data are
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needed to quantify the site-specific ratio of hexavalent chromium to trivalent chromium at both Site 12 and
Site 3, which will then be used to refine the risk calculations at Site 12 and to revise the established
Remediation Goal (RG) for chromium at Site 3.

The SAP contained herein was generated for, and complies with applicable Uniform Federal Policy for
Quality Assurance Project Plans (UFP-QAPP), and United States Environmental Protection Agency
(USEPA) Region 3 requirements, regulations, guidance, and technical standards, as appropriate.

This SAP outlines the organization, project management, objectives, planned activities, measurement,
data acquisition, assessment, oversight, and data review procedures associated with the planned
investigation at Site 12. Protocols for sample collection, handling, and storage, chain-of-custody,
laboratory and field analyses, data validation, and reporting are also addressed in this SAP. The
investigation procedures utilized will comply with Tetra Tech Standard Operating Procedures (SOPs),
which are included in Appendix A. The Laboratory SOPs that will be followed for this project are
identified in SAP Worksheet No. 23. The field work and sampling are scheduled to begin in November
2011. A complete schedule is detailed in SAP Worksheet No. 16.

Field activities conducted under this SAP shall meet the requirements of a NAS JRB Willow Grove Site-
Specific Health and Safety Plan.
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Acronyms and Abbreviations

°C Degrees Celsius

% Percent

%D Percent Difference or Percent Drift

%R Percent Recovery

ACT-POC Activity Point of Contact

amu Atomic Mass Unit

AR Administrative Record

BFB Bromofluorobenzene

bgs Below Ground Surface

BRAC Base Realignment and Closure

CAS Chemical Abstracts Service

CcCB Continuing Calibration Blank

CCC Calibration Check Compound

CcCcVv Continuing Calibration Verification
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 1980
CFA Cape Fear Analytical, LLC

CFR Code of Federal Regulations

Chemtech Chemtech Consulting Group, Inc.
CLEAN Comprehensive Long-term Environmental Action Navy
CompuChem CompuChem Environmental Corporation
COPC Constituent of Potential Concern

CPSM Column Performance Check Solution
CSM Conceptual Site Model

CTO Contract Task Order

CVAA Cold Vapor Atomic Absorption

DAF Dilution Attenuation Factor

DL Detection Limit

DO Dissolved Oxygen

DoD Department of Defense

DPT Direct Push Technology

DQl Data Quality Indicator

DQO Data Quality Objective

DVM Data Validation Manager

Eco-SSL Ecological Soil Screening Level

EDD Electronic Data Deliverable

EDL Estimated Detection Limit

ELAP Environmental Laboratory Accreditation Program
EM Electromagnetic

EPC Exposure Point Concentration

ERA Ecological Risk Assessment

FOL Field Operations Leader

FTMR Field Task Modification Request

FS Feasibility Study

g Gram

GC Gas Chromatograph

GC/ECD Gas Chromatograph/Electron Capture Detector
GC/MS Gas Chromatograph/Mass Spectrometer
HASP Health and Safety Plan

HCI Hydrochloric Acid

HDPE High Density Polyethylene

HI Hazard Index

HHRA Human Health Risk Assessment

HNO; Nitric Acid

HRGC High Resolution Gas Chromatography
HRMS High Resolution Mass Spectrometry
HSM Health and Safety Manager
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Acronyms and Abbreviations (Continued)

IAS Initial Assessment Study

IC lon Chromatograph

ICAL Initial Calibration

ICB Initial Calibration Blank

ICP-AES Inductively Coupled Plasma-Atomic Emission Spectroscopy
ICP-MS Inductively Coupled Plasma-Mass Spectroscopy
ICS Interference Check Standard

ICV Initial Calibration Verification

ID Inside Diameter

IDW Investigation-Derived Waste

ILCR Incremental Lifetime Cancer Risk

IS Internal Standard

L Liter

LCS Laboratory Control Sample

LCSD Laboratory Control Sample Duplicate

LOD Limit of Detection

LOQ Limit of Quantitation

MCL Maximum Contaminant Level

MD Matrix Duplicate

mg/kg Milligrams per Kilogram

mL Milliliter

MPC Measurement Performance Criterion

MS Matrix Spike

MSC Medium Specific Concentration

MSD Matrix Spike Duplicate

MTG-MSC Migration-to-Groundwater Medium Specific Concentration
mV Millivolt

NA Not Applicable

NaOH Sodium Hydroxide

NAS JRB Naval Air Station Joint Reserve Base

NAVFAC Naval Facilities Engineering Command

NC No Criteria

NE Northeast

NELAP National Environmental Laboratory Accreditation Program
NFA No Further Action

NIRIS Naval Installation Restoration Information Solution
NOAA National Oceanic and Atmospheric Administration
NSF National Sanitary Foundation

NTU Nephelometric Turbidity Unit

ORNL Oak Ridge National Laboratory

ORP Oxidation-Reduction Potential

OSHA Occupational Safety and Health Administration

oz Ounce

PA Preliminary Assessment

PADEP Pennsylvania Department of Environmental Protection
PAH Polycyclic Aromatic Hydrocarbon

PCB Polychlorinated Biphenyl

PDF Portable Document Format

P.E. Professional Engineer

P.G. Professional Geologist

PhD Doctor of Philosophy

PID Photoionization Detector

PM Project Manager

PMO Program Management Office

POC Point of Contact
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PPE
ppm
PQLG
PQO
PSL
PvC
PWC-DET
QA
QAM
QAO
QC
QSM

r

r2
RBSSL
RES-MSC
RF

RG
RGW-MSC
RI

RPD
RPM
R-RSL
RRT
RSD
RSL

RT

SIN
SAP
SDG

Sl

SIM
SOP
SPCC
SQL
SQuiRT
SSA
SSO
SvVOC
TAL
TA-Pitt
TBD
TCL
TEF
TEQ
Tetra Tech
TOC
T-RSL
UCL
UFP-QAPP
Hg/kg
Hg/L
USEPA
VOC

Acronyms and Abbreviations (Continued)

Personal Protective Equipment

Parts per Million

Practical Quantitation Limit Goal

Project Quality Objective

Project Screening Level

Polyvinyl Chloride

Public Works Center Detachment

Quality Assurance

Quality Assurance Manager

Quality Assurance Officer

Quality Control

Quality Systems Manual

Linear Regression Correlation Coefficient
Non-Linear Coefficient of Determination
Risk-Based Soil Screening Level
Residential Soil Medium Specific Concentration
Response Factor

Remediation Goal

Residential Groundwater Medium Specific Concentration
Remedial Investigation

Relative Percent Difference

Remedial Project Manager

Regional Screening Level, Residential Direct Contact
Relative Retention Time

Relative Standard Deviation

Regional Screening Level

Retention Time

Signal to Noise

Sampling and Analysis Plan

Sample Delivery Group

Site Inspection

Selected lon Monitoring

Standard Operating Procedure

System Performance Check Compound
Structured Query Language

Screening Quick Reference Table

Soil Screening Area

Site Safety Officer

Semivolatile Organic Compound

Target Analyte List

TestAmerica, Inc. - Pittsburgh

To Be Determined

Target Compound List

Toxicity Equivalency Factor

Toxicity Equivalent

Tetra Tech NUS, Inc.

Total Organic Carbon

Regional Screening Level, Tapwater
Upper Confidence Limit

Uniform Federal Policy for Quality Assurance Project Plan
Micrograms per Kilogram

Micrograms per Liter

United States Environmental Protection Agency
Volatile Organic Compound
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SAP Worksheet No. 2 -- SAP Identifying Information
(UEP-QAPP Manual Section 2.2.4)

Site Name/Number: Naval Air Station Joint Reserve Base (NAS JRB) Willow
Grove, Site 12 - South Landfill

Operable Units: Not Applicable (NA)

Contractor Name: Tetra Tech NUS, Inc. (Tetra Tech)

Contract Number: N62470-08-D-1001

Contract Title: Comprehensive Long-term Environmental Action Navy
(CLEAN)

Work Assignment Number: Contract Task Order (CTO) WEO05

1. This Sampling and Analysis Plan (SAP) was prepared in accordance with the requirements of the
United States Environmental Protection Agency (USEPA) Uniform Federal Policy for Quality Assurance
Plans (UFP-QAPP) (USEPA, 2005a) and EPA Guidance for Quality Assurance Project Plans, EPA
QA/G-5, QAMS (USEPA, 2002a).

2. Identify regulatory program: Comprehensive Environmental Response, Compensation, and Liability
Act of 1980 (CERCLA).

3. This SAP is a project-specific SAP.
4. List dates of scoping sessions that were held:

Scoping Session Date
Data Quality Objectives (DQO) Meeting October 13, 2010

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

Title Date
Draft Phase | Remedial Investigation Data Report June 2010

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

USEPA (regulatory oversight), Pennsylvania Department of Environmental Protection (PADEP)
(regulatory oversight), Naval Facilities Engineering Command (NAVFAC) Base Realignment and Closure
(BRAC) Program Management Office (PMO) Northeast (NE) (property owner), Tetra Tech (Navy
contractor).

7. Lead organization: NAVFAC Mid-Atlantic

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, as there are no exclusions.
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove
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SAP Worksheet No. 3 -- Distribution List
(UFP-QAPP Manual Section 2.3.1)

Title: SAP for Phase Il Rl at Site 12 - South Landfill

Revision Number: 0
Revision Date: October 2011

Name of SAP . o Telephone E-mail Address or Mailing
L Title/Role Organization
Recipients Number Address
Jeff Dale Navy Remedial Project Manager NAVFAC Mid-Atlantic 215-897-4914 | jeffrey.m.dale@navy.mil

(RPM)/ Manages Project Activities for
the Navy

Bob Lewandowski

BRAC Environmental Coordinator/
NAS JRB Willow Grove Point of
Contact (POC)

NAVFAC Mid-Atlantic

215-897-4908

robert.f.lewandowski@navy.mil

Dave Barclift

Technical Staff

NAVFAC Mid-Atlantic

215-897-4913

david.barclit@navy.mil

Harold Dusen

Environmental Director Activity Point of
Contact (ACT-POC)

NAS JRB Willow Grove

215-443-6937

harold.dusen@navy.mil

Bill Heil

Facility Contact

NAVFAC Mid-Atlantic

215-443-6938

bill. heil@navy.mil

Lt. Commander
Suzanne Montgomery

Public Works Center Detachment
(PWC-DET) Coordinator

PWC-DET

215-443-2229

suzanne.montgomery@navy.mil

Bonnie Capito (copy of
final cover letter only)

Librarian and Records Manager/ Navy
Administrative Record (AR)

NAVFAC Atlantic

757-322-4785

bonnie.capito@navy.mil

Kenneth Bowers
(electronic upload)

NAVFAC Quality Assurance Officer
(QAO)/ Government Chemist

NAVFAC Mid-Atlantic

757-322-8341

kenneth.a.bowers@navy.mil

Lisa Cunningham

USEPA RPM/ Regulator Input

USEPA Region 3

215-814-3363

cunningham.lisa@epa.gov

Margaret Pollich PADEP Project Officer/ Regulator PADEP 484-250-5731 | mpollich@pa.gov
Input

Andy Frebowitz Project Manager (PM)/ Manages Tetra Tech 610-382-1170 | andy.frebowitz@tetratech.com
Project Activities

Don Whalen Field Operations Leader (FOL) / Site Tetra Tech 610-382-1536 | don.whalen@tetratech.com

Safety Officer (SSO)/ Manages Field
Operation and Site Safety Issues
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Site Name/Project Name: NAS JRB Willow Grove
Site Location: Willow Grove, Pennsylvania

Title: SAP for Phase Il Rl at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

Name of SAP . o Telephone E-mail Address or Mailing
. Title/Role Organization
Recipients Number Address
Tom Johnston, PhD CLEAN Quality Assurance Manager Tetra Tech 412-921-8615 | tom.johnston@tetratech.com
(electronic copy only) (QAM)/ Manages Corporate Quality
Assurance (QA) Program and
Implementation
Matt Soltis [Health and | Health and Safety Manager (HSM)/ Tetra Tech 412-921-8912 | matt.soltis@tetratech.com
Safety Plan (HASP) Manages Corporate Health and Safety
only] Program
Mark Traxler Project Chemist / Provides Tetra Tech 610-382-1171 | mark.traxler@tetratech.com
(electronic copy only) Coordination with Laboratory
Joe Samchuck Data Validation Manager (DVM)/ Tetra Tech 421-921-8510 | joseph.samchuck@tetratech.com

(electronic copy only)

Manages Data Validation

Kurt Hummler
(electronic copy only)

Laboratory PM/ Representative for
Laboratory and Analytical Issues

Chemtech Consulting
Group, Inc. (Chemtech)

908-728-3143

khummler@chemtech.net

Chris Cornwell
(electronic copy only)

Laboratory PM/ Representative for
Laboratory and Analytical Issues

Cape Fear Analytical,
LLC (CFA)

910-795-0422

chris.cornwell@cfanalytical.com

Dave Dunlap
(electronic copy only)

Laboratory PM/ Representative for
Laboratory and Analytical Issues

TestAmerica, Inc. —
Pittsburgh (TA-Pitt)

412-963-7058

dave.dunlap@testamerica.com

To Be Determined Subcontractor PM/ Provides Well TBD TBD TBD
(TBD) (electronic copy | Installation Services

only)

TBD (electronic copy Subcontractor PM/ Provides Test Pit TBD TBD TBD
only) Excavating Services

Dennis W. Sklar Surveyor/ Provides Surveyor Services | Dennis W. Sklar 215-268-7988 | TBD

(electronic copy only)
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Project-Specific SAP

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

SAP Worksheet No. 4 -- Project Personnel Sign-Off Sheet
(UEP-QAPP Manual Section 2.3.2)

Certification that project personnel have read the text will be obtained by one of the following methods as applicable:

Title: SAP for Phase Il Rl at Site 12 - South Landfill

Revision Number: 0
Revision Date: October 2011

1. In the case of regulatory agency personnel with oversight authority, approval letters or e-mails will constitute verification that applicable sections of the
SAP have been reviewed. Copies of regulatory agency approval letters / e-mails will be retained in the project files and are listed in Worksheet

No. 29 as project records.

2. E-mails will be sent to the Navy, Tetra Tech, and subcontractor project personnel who will be requested to verify by e-mail that they have read the
applicable SAP / sections and the date on which they were reviewed. Copies of the verification e-mail will be included in the project files and is
identified in Worksheet No. 29.

A copy of the signed Worksheet No. 4 will be retained in the project files and is identified as a project document in Worksheet No. 29.

Name '

Organization/Title/Role

Telephone
Number

Signature/E-Mail
Receipt

SAP Section Reviewed

Date SAP
Read

Navy and Regulator Project

Team Personnel

NAVFAC Contract QA Program

and Implementation

signature

Jeff Dale NAVFAC/ RPM/ Manages Project 215-897-4914 | See Worksheet No. 1 for All
Activities for the Navy signature

Bob Lewandowski NAVFAC BRAC Environmental 215-897-4908 All
Coordinator/ Site POC

Margaret Pollich State/ Project Officer/ Provides 484-250-5731 | See Worksheet No. 1 for All
Regulator Input signature

Lisa Cunningham USEPA Region 3/ RPM/ Provides 215-814-3363 | See Worksheet No. 1 for All
Regulator Input signature

Tetra Tech Project Team Personnel

Andy Frebowitz Tetra Tech/ PM/ Manages Project | 610-382-1170 | See Worksheet No. 1 for All
Activities signature

Don Whalen Tetra Tech/ FOL/SSO/ Manages 610-382-1536 All
Field Operation and Site Safety
Issues

Tom Johnston, PhD Tetra Tech/ QAM/ Manages 412-921-8615 | See Worksheet No. 1 for All
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove
Site Location: Willow Grove, Pennsylvania

Title: SAP for Phase Il Rl at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

Name * Organization/Title/Role Telephone Slgnature! E-Mail SAP Section Reviewed Date SAP
Number Receipt Read
Matt Soltis Tetra Tech/ HSM/ Manages 412-921-8912 | See HASP for signature HASP only
Corporate Health and Safety
Program
Mark Traxler Tetra Tech/ Project Chemist/ 610-382-1171 All

Provides Coordination with
Laboratory

Joe Samchuck

Tetra Tech/ DVM/ Manages Data
Validation

412-921-8510

Worksheet Nos. 12, 14,
15, 19, 20, 23-28, 30,
and 34-37

Subcontractor Personnel

Kurt Hummler

Chemtech/ Laboratory PM/
Representative for Laboratory and
Analytical Issues

908-728-3143

Worksheet Nos. 6, 12,
14,15, 19, 20, 23-28,
30, and 34-36

Chris Cornwell

CFA/ Laboratory PM/
Representative for Laboratory and
Analytical Issues

910-795-0422

Worksheet Nos. 6, 12,
14, 15, 19, 20, 23-28,
30, and 34-36

Dave Dunlap

TA-Pitt/ Laboratory PM/
Representative for Laboratory and

412-963-7058

Worksheet Nos. 6, 12,
14, 15, 19, 20, 23-28,

Analytical Issues 30, and 34-36
TBD TBD/ Subcontractor PM/ Provides TBD Worksheet Nos. 6, 10,
Well Installation Drilling Services 11, 14, and 17
TBD TBD/ Subcontractor PM/ Provides TBD Worksheet Nos. 6, 10,
Test Pit Excavating Services 11,14, and 17
Dennis W. Sklar Dennis W. Sklar/ Surveyor/ 215-268-7988 Worksheet Nos. 14 and
Provides Surveyor Services 17

1
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

SAP Worksheet No. 5 -- Project Organizational Chart
(UEP-QAPP Manual Section 2.4.1)

sesmmssnnnnnnnns  LiNE€S of Communication

Lines of Authority

Margaret Pollich Lisa Cunningham
PADEP Project USEPA RPM I Jeff Dale Ken Bowers
Officer 215-814-3363 —— Navy RPM Government
484-250-5731 215-897-4914 [T Chemist
757-322-8341
Tom Johnston
Bill Heil Tetra Tech
NAS JRB Willow QAM
Grove POC 412-921-8615
215-443-6938
Andy Frebowitz Mark Traxler
MattSoItls EEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEE TetraTeCh TetraTeCh
Tetra Tech PM Project Chemist
HSM 610-382-1170 610-382-1171

412-921-8912

Don Whalen Joe Samchuck Laboratories
Tetra Tech Tetra Tech
FOL/SSO DVM fREmn Chemtech
610-382-1536 412-921-8510 Kurt Hummler

908-728-3143

CFA
Chris Cornwell
910-795-0422
TBD
Tetra Tech TA-Pitt
Field Technician Dave Dunlap

412-963-7058

.

TBD TBD
TBD Dennis W. Sklar TBD
Test Pit Dennis W. Sklar Well Drilling
Excavating Surveyor PM Contractor PM

Contractor PM
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Project-Specific SAP

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

SAP Worksheet No. 6 -- Communication Pathways
(UEP-QAPP Manual Section 2.4.2)

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

Communication Phone
Dri Responsible Affiliation Name Number Procedure
river .
and/or E-Mail
SAP Amendments | Tetra Tech FOL/SSO Don Whalen 610-382-1536 | Tetra Tech FOL will verbally inform Tetra Tech PM
Tetra Tech PM Andy Frebowitz 610-382-1170 | Within 24 hours of realizing a need for an amendment.
Navy RPM Jeff Dale 215-897-4914 | Tetra Tech PM will document the proposed changes via

a Field Task Modification Request (FTMR) form within
five days and send the Navy RPM a concurrence letter
within seven days of identifying the need for change.
SAP amendments will be submitted by Tetra Tech PM
to the NAVFAC RPM and Mid-Atlantic BRAC PMO for
review and approval.

Tetra Tech PM will send scope changes to Project
Team via e-mail within one business day.

Changes in field
work schedule

Tetra Tech PM

Andy Frebowitz

610-382-1170

Tetra Tech PM will verbally inform the NAS JRB

of field work

Navy RPM Jeff Dale 215-897-4914 | Environmental Coordinator on the day that a schedule
change is known and will document via schedule
impact letter within one business day of when the
impact is realized.

Issues in the field Tetra Tech FOL/SSO Don Whalen 610-382-1536 | Tetra Tech FOL will inform Tetra Tech PM within one
that result in Tetra Tech PM Andy Frebowitz 610-382-1170 | business day of when an issue is discovered.
changes in scope Navy RPM Jeff Dale 215-897-4914 | Tetra Tech PM will inform NAS JRB Environmental

Coordinator by close of the next working day.

NAS JRB Environmental Coordinator will issue scope
change if warranted. The scope change is to be
implemented before further work is executed.

Tetra Tech PM will document the changes within two
days of identifying the need for change on a FTMR
form and obtain required approvals within five days of
initiating the form.
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove
Site Location: Willow Grove, Pennsylvania

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

to stop work and
initiate work upon
corrective action

Tetra Tech PM
Tetra Tech QAM
Tetra Tech Project

Andy Frebowitz
Tom Johnston
Mark Traxler

610-382-1170
412-921-8615
610-382-1171

Communication Phone
- Responsible Affiliation Name Number Procedure
Driver .
and/or E-Mail
Recommendations | Tetra Tech FOL/SSO Don Whalen 610-382-1536 | If Tetra Tech is the responsible party for a stop work

command, the Tetra Tech FOL will inform onsite
personnel, subcontractor(s), NAS JRB Environmental
Coordinator, and the identified Project Team members
within one hour (verbally or by e-mail) of recognizing

issues Tetra Tech PM

Andy Frebowitz

610-382-1170

Chemist the need to stop work. If a subcontractor is the
Tetra Tech HSM Matt Soltis 412-921-8912 | responsible party, the subcontractor PM must inform
Navy RPM Jeff Dale 215-897-4914 | the Tetra Tech FOL within 15 minutes of recognizing
the need to stop work, and the Tetra Tech FOL will then
follow the procedure listed above.
Field data quality Tetra Tech FOL/SSO Don Whalen 610-382-1536 | Tetra Tech FOL will inform Tetra Tech PM verbally or

by e-mail on the same day that a field data quality issue
is discovered.

Chemtech Laboratory PM
CFA Laboratory PM
TA-Pitt Laboratory PM

Tetra Tech Project
Chemist

Tetra Tech DVM
Tetra Tech PM
Navy RPM

Analytical data
quality issues

Kurt Hummler
Chris Cornwell
Dave Dunlap
Mark Traxler

Joseph Samchuck

Andy Frebowitz
Jeff Dale

908-728-3143
910-795-0422
412-963-7058
610-382-1171

412-921-8510
610-382-1170
215-897-4914

The Laboratory PM will notify (verbally or via e-mail) the
Tetra Tech Project Chemist within one business day of
when an issue related to laboratory data is discovered.

The Tetra Tech Project Chemist will notify (verbally or
via e-mail) the data validation staff and the Tetra Tech
PM within one business day.

The Tetra Tech DVM or Project Chemist notifies the
Tetra Tech PM verbally or via e-mail within 48 hours of
validation completion that a non-routine and significant
laboratory quality deficiency has been detected that
could affect this project and/or other projects. The
Tetra Tech PM verbally advises the Navy RPM within
24 hours of notification from the Tetra Tech Project
Chemist or DVM.

The Navy RPM takes corrective action that is
appropriate for the identified deficiency. Examples of
significant laboratory deficiencies include data reported
that has a corresponding failed tune or initial calibration
verification. Corrective actions may include a consult
with the Navy Chemist.
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Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

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

SAP Worksheet No. 7 -- Personnel Responsibilities and Qualifications Table
(UEP-QAPP Manual Section 2.4.3)

1 . Organizational .
Name Title/Role Affiliation Responsibilities
Jeff Dale Navy RPM/ Manages NAVFAC Mid- | Oversees project, scoping, data review, and evaluation and reviews the SAP.
project Atlantic
Bob Environmental NAS JRB Oversees site activities, participate in scoping, data review, and evaluation.
Lewandowski | Coordinator/ Manages Willow Grove
daily site activities
related to this project
Margaret State Project Officer/ PADEP Participates in scoping, data review, evaluation, and approves the SAP.
Pollich Provides Regulator
Input
Lisa USEPA RPM/ Provides | USEPA Region | Participates in scoping, data review, evaluation, and approves the SAP.
Cunningham Regulator Input 3
Andy PM/ Decision Maker Tetra Tech Oversees project, including financial, schedule, and technical day to day
Frebowitz for Tetra Tech, management of the project.
Manages project on a
daily basis
Don Whalen FOL/Manages field Tetra Tech As FOL, supervises, coordinates, and performs field sampling activities.
operations As SSO, responsible for on-site project specific health and safety training
SSO/Oversees site and monitoring site conditions. Details of these responsibilities are
safety requirements
are met
Tom Johnston | QAM/ Oversees Tetra Tech Ensures quality aspects of the CLEAN program are implemented,
program and project documented, and maintained.
QA activities
Matt Soltis HSM/ Oversees health Tetra Tech Oversees the Tetra Tech CLEAN Program Health and Safety Program.
and safety activities
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Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

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

1 . Organizational S
Name Title/Role Affiliation Responsibilities

Mark Traxler Project Chemist/ Tetra Tech Participates in project scoping, prepares laboratory scopes of work, and
Conducts data coordinates laboratory-related functions with laboratory. Oversees data
validation and reporting quality reviews and QA of data validation deliverables.

Joseph DVM/ Oversees data Tetra Tech Manages data validation activities within Tetra Tech, including ensuring QA

Samchuck validation activities of data validation deliverables, providing technical advice on data usability,

and coordinating and maintaining the data validation review schedule.

Kurt Hummler | Laboratory PM/ Chemtech Coordinates analyses with lab chemists, ensures that scope of work is
Representative for followed, provides QA of data packages, and communicates with Tetra Tech
laboratory and staff.
analytical issues

Chris Cornwell | Laboratory PM/ CFA Coordinates analyses with lab chemists, ensures that scope of work is
Representative for followed, provides QA of data packages, and communicates with Tetra Tech
laboratory and staff.
analytical issues

Dave Dunlap Laboratory PM/ TA-Pitt Coordinates analyses with lab chemists, ensures that scope of work is
Representative for followed, provides QA of data packages, and communicates with Tetra Tech
laboratory and staff.
analytical issues

TBD Well Drilling TBD Drills boreholes for well construction under supervision of the Tetra Tech
Subcontractor PM FOL.

TBD Test Pit Excavating TBD Excavates test pits under supervision of the Tetra Tech FOL. May also
Subcontractor PM conduct DPT borings.

Dennis W. Surveyor Dennis W. Sklar | Determines horizontal coordinates and vertical elevations for sampling

Sklar locations and well locations.

In some cases, one person may be designated responsibilities for more than one position. For example, the FOL may also be responsible
for SSO duties. This action will be performed only as credentials, experience, and availability permits.
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

SAP Worksheet No. 8 -- Special Personnel Training Requirements Table
(UEP-QAPP Manual Section 2.4.4)

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 Code of Federal Regulations (CFR) 1910.120(b)(4). Safety requirements are addressed in greater
detail in the site-specific HASP (Tetra Tech, 2008).
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove
Site Location: Willow Grove, Pennsylvania

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

SAP Worksheet No. 9 -- Project Scoping Session Participants Sheet
(UEP-QAPP Manual Section 2.5.1)

Project Name: NAS JRB Willow Grove Site 12
Projected Date(s) of Sampling:

February 2011

Project Manager: Russell Turner

Grove

Site Name: Site 12 - South Landfill, NAS JRB Willow

Site Location: Willow Grove, Pennsylvania

Date of Session: October 13 and 26, 2010
Scoping Session Purpose: Develop project quality objectives for Phase Il activities

Name Title Affiliation | Phone # E-mail Address Project Role
Russell Turner PM Tetra Tech 610-382-1534 russ.turner@tetratech.com Management
Lisa Cunningham | RPM USEPA 215-814-3363 lisa.cunningham@epa.gov RPM
Bruce Rundell Hydrogeologist USEPA 215-814-3317 rundell.bruce@epa.gov Hydrogeologist
Linda Watson Human Health USEPA 215-814-3116 linda.watson@epa.gov Human Health
Risk Assessor Risk
Assessment
Tim Sheehan PM PADEP 484-250-5726 tsheehan@pa.gov PADEP PM
Jessica Kasmari Geologist PADEP 484-250-5724 jkasmari@pa.gov Technical Staff
Bill Heil Facility Contact | NAS JRB 215-443-6938 bill. heil@navy.mil Facility POC
Willow
Grove
Jeff Dale Navy RPM Navy BRAC | 215-897-4914 jeffrey.dale@navy.mil NAVFAC RPM
PMO NE
Bob BRAC Navy BRAC | 215-897-4908 robert.f.lewandowski@navy.mil BRAC
Lewandowski Environmental PMO NE Environmental
Coordinator Coordinator
Dave Barclift Technical NAVFAC 215-897-4913 david.barclift@navy.mil Risk
Manager Mid-Atlantic Assessment
Donald Whalen Geologist Tetra Tech 610-382-1536 don.whalen@tetratech.com Geologist

Comments/Decisions: See meeting minutes in Appendix C.
Action Items: Tetra Tech assigned task to prepare preliminary draft UFP-SAP.

Consensus Decisions: See meeting minutes in Appendix C. The meeting participants developed project
quality objectives (PQOs) using EPA’s seven-step DQO process. The participants agreed that the
following work would be performed: the completion of 2 test pits to finish the delineation of
electromagnetic (EM) anomalies Nos. 2 and 3; 25 shallow soil borings at locations outside of the EM
anomalies to generate non-biased data for risk assessment support; and 29 shallow soil borings for step
out samples based on Phase | exceedances of media-specific risk-based screening benchmarks. In
addition, eight new monitoring wells would be installed and sampled to determine if any target analytes
have migrated from the landfill into the underlying groundwater at Site 12.

Based on a Project Team consensus, Site 12 groundwater samples will be analyzed for the full suite of
analytical groups including PCBs (and dioxins/furans at two locations), and existing Site 2 groundwater
samples will be analyzed for VOCs only based on the last round of Site 2 groundwater data.

In a follow-up meeting (of the same participants) on October 26, the Navy requested that hexavalent
chromium and trivalent chromium speciation of the total chromium results be analyzed for select samples
at Site 12 and at Site 3, a similar landfill that had been investigated based on EM anomalies in a manner
similar to Site 12.

The purpose for determining the site-specific ratios of hexavalent to trivalent chromium results for surface
and subsurface soil at Site 12 is to support more accurate risk assessments, since the risk screening for
chromium to this point has conservatively assumed all chromium to be in the form of hexavalent
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chromium (a less prevalent, but more toxic form of chromium). The results will be used to calculate site-
specific chromium species-related risks in a Human Health Risk Assessment (HHRA) and an Ecological
Risk Assessment (ERA) that will be developed as part of the RI. The HHRA and the ERA will be
developed in accordance with current USEPA Risk Assessment Guidance (USEPA, 1989) and Ecological
Risk Assessment Guidance (USEPA, 1997); and Navy Human Health Risk Assessment Guidance (Navy,
2008) and Ecological Risk Assessment Guidance (Navy, 1999) guidelines. The ERA will include Steps 1
through 3a (first baseline ecological risk assessment step) of the Navy ERA tiered approach.

At both Site 12 and Site 3, average hexavalent chromium and average total chromium concentrations, as
represented by the 95-percent Upper Confidence Limit (UCL) of the mean of the data points collected for
each target analyte at each site, will be determined. The 95-percent UCL will be determined using
USEPA’s ProUCL software (Version 4.00.06, or most current) and will be used to represent the
reasonable maximum concentrations of hexavalent chromium and total chromium that are present across
each site. The 95-percent UCL concentration value for hexavalent chromium will be divided by the
95-percent UCL total chromium concentration value for the same samples to represent the proportion of
total chromium concentration attributable to hexavalent chromium. For samples that are not analyzed for
hexavalent chromium, this ratio will be used to convert the total chromium concentration to hexavalent
concentration. The site-specific ratios will be determined as follows:

Ratio = 95-percent UCL of the average of the hexavalent chromium concentrations

95-percent UCL of the average of the total chromium concentrations

The difference between the hexavalent chromium and the total chromium concentrations in each sample
will be assumed to be in the less toxic trivalent form. This information will be used directly to determine
risks associated with chromium in soil in the Site 12 HHRA and ERA and will be supplied to remediation
engineers to be used at Site 3 to compute a revised remediation goal (RG) for chromium in soil.

It is assumed that a minimum of 8 to 10 hexavalent chromium samples from each site will have detectable
levels of hexavalent chromium. However, a minimum of 4 to 5 detections are typically necessary to
generate statistically valid UCL data using the ProUCL software. If there are no detections for hexavalent
chromium, then the total chromium results can be concluded to be in the trivalent form alone. If a valid
95-percent UCL cannot be calculated for hexavalent chromium at either site, the Project Team will
convene to determine by consensus the appropriate method to quantify the site-specific ratios of
hexavalent chromium to trivalent chromium.
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SAP Worksheet No. 10 -- Conceptual Site Model
(UEP-QAPP Manual Section 2.5.2)

10.1  SITE LOCATION

NAS JRB Willow Grove (the Base) is located in Horsham Township, Montgomery County in southeastern
Pennsylvania, approximately 20 miles north of the city of Philadelphia (Figure 10-1). Site 12 - South
Landfill, is located southwest of Runway 10/28 in the southern portion of the Base, immediately northeast of
Site 2 — Antenna Field Landfill (Figure 10-2). A drainage ditch separates Site 12 from Site 2.

10.2  SITE HISTORY

Site 12 consists of what is believed to be the historical landfill that was previously investigated under the
designation “Site 2”. Site 2 investigations failed to find significant buried waste. Reportedly, Site 12 was
used as a disposal area for general refuse, paint waste, sewage sludge, and solvents from 1948 to 1960.
Landfill activities reportedly consisted of trench excavation with subsequent burning and burial of waste
material within the trenches.

10.3 PHYSICAL SETTING

Details regarding the physical setting of Site 12 are presented in the Site 12 Phase | SAP (Tetra Tech,
November 2009).

10.4 PREVIOUS ENVIRONMENTAL INVESTIGATIONS

Previous investigations at Site 12, including the Preliminary Assessment (PA)/ Initial Assessment Study
(IAS), Site Inspection (Sl), and Remedial Investigation (RI) for Site 2, a Soil Characterization and Drum
Removal Investigation, a Confirmation Soil Investigation, and a Geophysical Survey at Site 12 are detailed in
the Site 12 Phase | SAP (Tetra Tech, November 2009). More recent Site 2 groundwater investigations and
the results of the Site 12 Phase | RI activities are detailed below.

10.4.1 Site 2 Groundwater Confirmation Sampling

There are five monitoring wells in the immediate vicinity of Site 12 that were installed as part of the Site 2
RI: 02MWO02S, in the northern portion of Site 12; 02MW04S and 02MWO04lI, southwest of Site 12, near
Building 118; and 02MWO03SI and 02MWO03I, immediately south of Site 12 (02MWO03S is damaged and
unusable). Groundwater samples collected from these wells as part of the Site 2 RI did not indicate the
presence of groundwater contamination. Site 2 groundwater samples were collected and analyzed for
Target Compound List (TCL) volatile organic compounds (VOCs), TCL semivolatile organic compounds
(SVOCs) (including low level polycyclic aromatic hydrocarbons [PAHs]), TCL Pesticides, TCL
polychlorinated biphenyls (PCBs), and Target Analyte List (TAL) metals and cyanide during the Site 2 RI
in 1997. As determined during the Site 2 RI, groundwater beneath Site 12 flows to the southwest.

In May 2009, the monitoring wells at Site 2, which is immediately topographically downgradient of the Site
12 landfill, were sampled in response to USEPA’s concerns about the age of the groundwater sampling
data presented in the RI. The samples were analyzed for TCL VOCs, TCL SVOCs (including low level
PAHSs), and total and dissolved TAL metals (Tetra Tech, June 2009).

Trichloroethene was detected in monitoring well 02MWO03I at a concentration of 1.6 micrograms per liter
(ug/L) (below the USEPA Maximum Contaminant Level [MCL] of 5 pg/L), and in monitoring well
02MWO03SI at a concentration of 3.9 ug/L (below the MCL).

Methylene chloride was reported in six of seven monitoring wells in 1997 at low concentrations ranging
from 6B ug/L (B indicates the compound is considered to be an artifact of blank contamination, and
should not be considered present) to 14B ug/L. Methylene chloride was also reported in the May 2009
investigation in seven of seven monitoring wells. At six of those seven wells, methylene chloride was
reported at low concentrations (ranging from 2.4 to 9.2 pg/L). At one monitoring well (02MWO04S),
methylene chloride was reported at a concentration of 94 pg/L.
L/DOCUMENTS/NAVY/02014/23949 Page 23 of 153
CTO WEO05



Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

All SVOCs (including PAHs) and metals results were less than the MCLs, and generally lower than
previous site data.

10.4.2 Site 12 Phase | Rl

The Site 12 Phase | RI consisted of the collection of 40 surface soil samples, 31 subsurface soil samples,
7 surface water samples, and 8 sediment samples in January 2010. The surface and subsurface soil
samples were biased towards areas that contained buried waste. Fifteen test pits were excavated at
locations of EM anomalies to delineate disposal areas and to collect samples for chemical analysis. The
Draft Phase | Remedial Investigation Data Report was distributed to the Project Team in June 2010
(Tetra Tech, June 2010). Sample locations and data that are summarized herein are identified in the
figures and tables of that report, so only summary figures that identify samples that exceeded PSLs will
be provided in this section of the SAP.

When concentrations of a target analyte were found to exceed risk-based benchmarks of an
environmental medium during the Phase | RI (as defined by the Phase | RI SAP), then the target analyte
was identified as a Project Screening Level (PSL) exceedance in that medium. Target analytes that have
PSL exceedances are then identified as Constituents of Potential Concern (COPCs) for use in the risk
screening process. Target analytes exceeding PSLs consisted of SVOCs, pesticides, and metals in
surface soil; VOCs, SVOCs, pesticides, dioxins, and metals in subsurface soil; SVOCs, pesticides, and
metals in surface water; and VOCs, SVOCs, pesticides, and metals in sediment. The test pits sample
analyses and visual observations confirmed the presence of buried waste and associated soil
contamination at the locations of EM anomalies. The report concluded that data gaps exist in defining the
nature and extent of surface and subsurface soil contamination. The report also recommended the
installation of monitoring wells to determine if the soil contamination has migrated to the site groundwater.

The Draft Phase | Remedial Investigation Data Report contains sections that address the types of
samples collected, the field results and observations, the analytical results, and recommendations and
conclusions. Portions of the report are presented below. Refer directly to the report for more complete
details, including tabular and graphical presentations of this data.

Soil Borings and Test Pits

Five shallow soil borings were completed using a hand auger in January 2010. Ten surface soil samples
were collected from the five soil borings. Two surface soil samples were collected from each boring: one
from O to 6 inches below ground surface (bgs) and one from 6 inches to 24 inches bgs. The samples
were submitted to CompuChem Environmental Corporation (CompuChem) for VOCs, SVOCs (including
low level PAHSs), pesticides, PCBs, metals, and cyanide. Figure 10-3 shows surface soil sample results
that exceeded PSLs.

The test pit investigation was performed from January 4 to 12, 2010 and consisted of the excavation of 15
test pits and the collection of 61 soil samples. The test pits were between 40 feet and 70 feet long,
approximately 4 feet wide, and between 6 to 10 feet deep (the depth to bedrock). Sixty-one soil samples
(30 surface soil and 31 subsurface soil) samples were collected from test pits and submitted to
CompuChem for VOCs, SVOCs (including low level PAHs), pesticides, PCBs, metals, and cyanide
analyses. Five soil samples collected from test pits were submitted to Columbia Analytical Services, Inc
located in Houston, Texas for dioxins/furans analysis. The dioxins/furans samples were collected from
areas that showed evidence of charred (burned) waste and therefore represent a significant
dioxins/furans contamination potential. Figure 10-3 shows surface soil sample results that exceeded
PSLs. Figure 10-4 shows the subsurface soil sample results that exceeded PSLs.

Surface soils consisted predominantly of clayey to sandy silt. None of the 0-to-0.5-foot soil sample
intervals exhibited stained soils or obvious signs of contamination. Evidence of waste, such as glass and
metal fragments, was encountered in the 0.5-to-2-foot sample interval in six test pits. There were no PID
readings above background levels recorded at any of the locations.
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All of the test pits, except 12TP04, encountered buried waste. In each test pit, the limits of the buried
waste coincided well with the limits of the corresponding mapped EM anomaly. All test pits encountered
bedrock. Perched groundwater was typically found within areas of buried debris.

In general, soil samples from the soil borings collected from outside of EM anomalies did not demonstrate
target analyte concentrations above the PSLs, while soil samples from waste materials located within the
test pits demonstrated several target analyte concentrations above the PSLs in numerous locations. The
number and magnitude of the PSL exceedances indicate the potential for unacceptable risks to human
health and ecological receptors, especially within the landfill areas as identified by the EM study. Metals
and PAHSs displayed significantly elevated concentrations in soils throughout the site. Surface water and
sediment have also been impacted to a lesser extent by PAHs and metals.

Surface Water and Sediment

A large area of the Base property drains toward the south through ephemeral, intermittent, and perennial
drainage ways into Pennypack Creek. The extreme southern portion of the Base, including part of the
runway area upgradient of Site 12, the South Landfill, the Antenna Field Landfill, and a portion of the Fire
Training Area, lies within the Pennypack Creek drainage basin. Seven surface water and eight sediment
samples were collected from January 14 to 21, 2010. The surface water samples were collocated with
the sediment samples (one location, 12SD06, was dry and a water sample could not be collected there).
Sediment samples were collected from a depth of approximately 0 to 6 inches bgs. The surface water
and sediment samples were submitted to CompuChem for VOCs, SVOCs (including low level PAHSs),
pesticides, PCBs, metals, and cyanide analyses. The sediment samples were also analyzed for total
organic carbon (TOC). Figure 10-5 shows the surface water and sediment sample results that exceeded
PSLs.

The surface water at all sampling locations was clear. The stream was 5 to 10 feet wide and 6 to 12
inches deep. The groundwater quality parameters of pH, specific conductivity, turbidity, temperature,
oxidation-reduction potential (ORP), and dissolved oxygen (DO) were obtained in the field for each
sample. The sediment consisted mainly of silty sand at all sample locations.

ANALYTICAL RESULTS
Surface Soil
Human Health Risk Screening — Comparison to Risk-Based Benchmarks

The analytical results for surface soil were compared to Oak Ridge National Laboratory (ORNL) Regional
Screening Levels (RSLs) (adjusted for a Hazard Index [HI] of 0.1) and PADEP Medium Specific
Concentrations (MSCs) (PADEP, July 2010) for residential and non-residential soil. PAHSs, pesticides,
and metals were identified at concentrations above these benchmarks in various samples.

PAHs exceeded benchmarks in all but five surface soil samples. The following compounds exceeded
benchmarks: benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,
chrysene, and dibenz(a,h)anthracene. The highest concentrations were detected in the surface soil
samples from test pit 12TP11. Dieldrin exceeded the benchmark in two samples. Metals exceeded
benchmarks in all of the surface soil samples. The following metals exceeded benchmarks in most or all
of the surface soil samples: aluminum, arsenic, chromium, cobalt, iron, manganese, and vanadium.
Other metals that exceeded benchmarks are antimony, cadmium, and copper.

The analytical results for surface soil were also compared to their respective ORNL soil-to-groundwater
risk-based soil screening levels (RBSSLs) and PADEP soil-to-groundwater MSCs for residential and
nonresidential soil. RBSSLs were obtained from the latest ORNL RSL Table (USEPA, June 2011) and
are based upon simplified modeling equations documented in the USEPA Soil Screening Guidance:
Technical Background Document (USEPA, 1996). The RBSSLs reflect a highly conservative dilution
attenuation factor (DAF) of 1. SVOCs, pesticides, and metals were identified at concentrations above
these risk-based benchmarks.

L/DOCUMENTS/NAVY/02014/23949 Page 25 of 153
CTO WEO05



Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

Ecological Risk Screening — Comparison to Risk-Based Benchmarks

The analytical results for surface soil were compared to the lowest USEPA Ecological Soil Screening
Level (Eco-SSLs) for each chemical. For chemicals that do not have an Eco-SSL, the lowest value from
the National Oceanic and Atmospheric Administration (NOAA) Screening Quick Reference Tables
(SQuIiRTs) was used. SVOCs, pesticides, and metals were identified at concentrations above these
benchmarks.

Total PAHs exceeded its ecological benchmark in 29 of the 40 surface soil samples collected: 17 from a
depth of 0 to 6 inches bgs and 12 from a depth of 6 inches to 24 inches bgs. The highest total PAH
concentration was detected in sample 12TP11-0.502-02. Individual PAHs exceeded benchmarks in
16 surface soil samples.

Pesticides exceeded ecological benchmarks in 16 surface soil samples. The pesticides that exceeded
benchmarks were dieldrin, endrin, endrin aldehyde, 4,4’-DDE, 4,4’-DDT, and total DDT.

Metals exceeded ecological benchmarks in all of the surface soil samples. Aluminum, iron, and
vanadium exceeded benchmarks in all of the samples. Other metals that exceeded benchmarks were
antimony, cadmium, chromium, copper, lead, mercury, selenium, silver, thallium, and zinc.

Subsurface Soil
Human Health Risk Screening — Comparison to Risk-Based Benchmarks

The analytical results for subsurface soil were compared to RSLs (adjusted for a HI of 0.1) and MSCs for
residential and non-residential soil. SVOCs, pesticides, dioxins, and metals were detected at
concentrations above these benchmarks.

There were no VOCs detected at concentrations exceeding benchmarks. Sample 12TP04-0405-03,
collected from soil exhibiting a petroleum odor, contained several VOCs at concentrations less than
benchmarks, including ethylbenzene, isopropylbenzene, methyl cyclohexane, and total xylenes. Other
samples contained low levels of VOCs.

PAHs were detected at concentrations exceeding benchmarks in ten test pits. The highest
concentrations were detected in duplicate sample pair 12TP09-0304-03/03D. Compounds with notably
high concentrations were benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,,
benzo(k)fluoranthene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene, which exceeded their
respective PSLs by an order of magnitude or more. Dieldrin was the only pesticide that exceeded
benchmarks, and only in one sample, 12TP11-0304-03. Dioxins exceeded benchmarks in all five of the
samples analyzed for dioxins/furans. The highest dioxin toxicity equivalent (TEQ) concentration was
detected in sample 12TP02-0405-03.

Metals exceeded benchmarks in all of the subsurface samples. The following metals exceeded
benchmarks in most or all of the subsurface soil samples: aluminum, arsenic, chromium, cobalt, iron,
manganese, and vanadium. Other metals that exceeded benchmarks were antimony, cadmium, copper,
lead, and zinc. Most of the PSL exceedances for each of the metals, except arsenic, also exceeded
average background concentrations (determined during the 1998 Phase Il Rl for NAS JRB Willow Grove).
Arsenic concentrations exceeded the average background arsenic concentration for 9 of the 29 samples
showing PSL exceedances.

The analytical results for subsurface soil were also compared to their respective ORNL soil-to-
groundwater RBSSLs and PADEP soil-to-groundwater MSCs for residential and non-residential soil. The
RBSSLs are based on a highly conservative DAF of 1. VOCs, SVOCs, pesticides, metals, and dioxins
were identified at concentrations above these screening levels.
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Ecological Risk Screening — Comparison to Risk-Based Benchmarks

The analytical results for the six subsurface soil samples collected from depths between 2 feet and 4 feet
bgs were compared to USEPA Eco-SSLs. For chemicals that do not have an Eco-SSL, NOAA SQuiRTs
were used. SVOCs, pesticides, and metals were identified at concentrations above these benchmarks.

SVOCs exceeded ecological benchmarks in four samples. The highest concentrations were detected in
the duplicate sample pair 12TP09-0304-03/03D. PAHs that exceeded benchmarks include
benz(a)anthracene, benzo(a)pyrene, benzo(k)fluoranthene, and pyrene. Pesticides exceeded ecological
benchmarks in two samples. Endrin exceeded its benchmark in sample 12TP08-0304-03, and dieldrin
exceeded its benchmark in sample 12TP11-0304-03.

Metals exceeded ecological benchmarks in all of the samples. Aluminum, iron, manganese, vanadium,
and zinc exceeded benchmarks in all of the samples. Other metals that exceeded benchmarks were
antimony, arsenic, barium, cadmium, chromium, cobalt, copper, lead, mercury, nickel, selenium, silver,
and thallium.

Surface Water

The analytical results for surface water were compared to USEPA Region 3 Freshwater Surface Water
Screening Benchmarks (USEPA, 2006a). SVOCs, pesticides, and metals were identified at
concentrations above these benchmarks.

PAHs exceeded benchmarks in surface water samples 12SW02, 12SW07, and 12SW08. Sample
12SWO02 was collected downstream from the confluence of the storm water outfall with the intermittent
stream. Samples 12SWO07 and 12SWO08 were collected from the drainage ditch that borders Site 12 to
the southwest. The highest concentrations were detected in sample 12SWO07, which contained
anthracene, benz(a)anthracene, benzo(a)pyrene, fluoranthene, phenanthrene, and pyrene.

The highest metals concentrations and the greatest number of benchmark exceedances were detected in
the unfiltered sample from location 12SWO07, which was the sample with the highest turbidity (greater than
2,000 Nephelometric Turbidity Units [NTU]). This sample contained 14 metals above the benchmarks,
including aluminum, arsenic, barium, cadmium, chromium, lead, manganese, mercury, vanadium, and
zinc. The filtered sample 12SWO07 contained five exceedances: aluminum, barium, iron, manganese, and
selenium. The unfiltered sample from location 12SW08, which had a turbidity of 27 NTU, contained four
benchmark exceedances: aluminum, barium, iron, and lead. The filtered sample contained only one
benchmark exceedance, barium. In the remaining five surface water samples, which had turbidities less
than 10 NTU and did not require filtering, there were four metals that exceeded benchmarks: barium, iron,
lead, and manganese. Cyanide exceeded its benchmark in three samples.

Sediment

The analytical results for sediment were compared to USEPA Region 3 Freshwater Sediment Screening
Benchmarks (USEPA, 2006b). VOCs, SVOCs, pesticides, and metals were identified at concentrations
above these benchmarks.

The VOC carbon disulfide exceeded its freshwater sediment benchmark in two samples: 12SD01 and
12SD03/03D. PAHs exceeded benchmarks in all sediment samples, except 12SD05. The highest
concentrations of PAHs were detected in samples 12SD03, the sample from the storm water outfall, and
the two samples downstream from the outfall, 12SD01 and 12SD02. Pesticides exceeded benchmarks in
all sediment samples, except 12SD04 and 12SD05. Pesticides that exceeded benchmarks include
4,4-DDT, alpha chlordane, and dieldrin. Metals exceeded benchmarks in all sediment samples, except
12SD07. The following metals exceeded benchmarks in one or more samples: antimony, cadmium,
copper, iron, lead, manganese, and nickel.
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RECOMMENDATIONS AND CONCLUSIONS

The number and magnitude of the PSL exceedances indicate the potential for unacceptable risks to
human health and ecological receptors. Metals and PAHs displayed significantly elevated concentrations
in soils throughout the site. Surface water and sediment have also been impacted by PAHs and metals.
Therefore, an HHRA and an ERA must be conducted to determine if a feasibility study (FS) of potential
remedial action is needed. To support the risk assessments, the nature and extent of contamination must
be determined.

Data gaps exist for both soil and groundwater contamination delineation. Since the soil sampling
program was biased towards areas displaying geophysical anomalies, data gaps exist between
anomalies and near anomalies on the site periphery. Although the existing (Site 2) monitoring wells do
not indicate the presence of groundwater contamination, these wells are not optimally placed to monitor
groundwater potentially impacted by Site 12.

Data gaps from the Phase | R, as identified in the Draft Phase | Remedial Investigation Data Report
(Tetra Tech, June 2010), are described below.

Surface Soil

Most chemicals detected in surface soil were not found at high concentrations, and existing samples
appear to be adequate to characterize the nature and extent of contamination. For some
chemical/sample combinations, however, the extent of contamination appears to be uncertain and/or has
not been adequately determined. These are discussed below.

SB01: PAH concentrations were elevated in SB01, but there are no samples near SB01 toward the
northwest, west, south, and southeast, so the extent of PAH contamination is unclear.

SB02: The 0-6” sample from this location had the maximum concentration of lead. There are no samples
nearby in any direction, so to the extent of lead contamination has not been determined.

TPO02 and TP03: The 6”-24” sample at TP03 and (to a lesser extent) the 0-6” sample at TP02 were high in
PAHs. These two samples are in the same EM anomaly area, with no samples to the north, east, and
south. Thus, the extent of PAH contamination in these directions is unclear.

TPO05: The 67-24” sample at TP05 was high in cadmium and copper, while the 0-6” sample was high in
lead content. There are no samples nearby to the north, east, and west, so the extent of contamination
by these metals is unclear.

TPO08: PAH concentrations were high at both depths. There are no samples to the northeast.

TP11 and TP12: Lead concentrations were high in these two samples, which are located in the same EM
anomaly area toward the far eastern corner of the site. In addition, PAHs were elevated in the 6"-24”
sample of TP11, and dieldrin was elevated in sample TP 11 at 0-6”. There are no samples to the south
and southwest of these two samples, and there are no samples to the northeast of TP12, so the extent of
contamination is unclear for these chemicals.

TP13: PAHs were elevated in the 6”-24” sample at this location, although total PAHs in the 0-6” sample
were much lower. There are no samples to the west, north, or east of TP13, so the extent of PAH
contamination is unclear.

TP15: DDT was elevated in the 0-6” sample at this location, and PAHs were also elevated. There are no
samples to the north, west, or southwest of TP15, so the extent of PAH and DDT contamination is
unclear.
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Subsurface Soil

Additional subsurface soil sampling is recommended in the southeastern area of the site, where the EM
survey failed to delineate the southeastern extent of linear EM anomalies Nos. 2 and 3. Two test pits are
proposed to delineate the extent of buried waste and to provide a means for the collection of subsurface
soil samples at these locations.

Sediment

Concentrations of PAHs tended to be greatest at locations SD01, SD02, and SD03. Some pesticides
were also elevated in these samples, but to a lesser extent than PAHs. As shown on the sample location
map, these three samples are in the same general vicinity, with SD02 and SD03 being upstream of SD01.
SDO01 is the most downstream sample. The extent of contamination downstream is discussed in depth in
the RI report for Site 2, which concluded that there was no significant risk to human or ecological
populations. No additional sediment samples are proposed.

Surface Water

Sample SWO07 tended to have the highest concentrations of contaminants. This might have been due to
turbidity. However, the surface water data appear to be adequate in determining the extent of
contamination. No additional surface water samples are proposed.

Groundwater

Groundwater samples were not collected during the Phase | Rl as agreed to in the Phase | RI scoping
meeting. The Navy suggested in previous meetings and discussions with the USEPA Hydrogeologist that
monitoring wells and groundwater sampling would be considered at the time of planning for Phase I
remedial investigations at Site 12.

VOCs were generally not found in soil, sediment, or surface water samples at concentrations above risk-
based benchmarks (RSLs and MSCs). However, VOCs, SVOCs, pesticides, and dioxins were found in
subsurface soil at concentrations exceeding ORNL RBSSLs, indicating a potential impact to groundwater.
Since there are currently no monitoring wells directly downgradient from the Site 12 soil contamination, it
is recommended that three additional monitoring well clusters be installed along the southwestern
boundary of Site 12. These wells would fill the gap that exists between well clusters 02MWO03 and
03MWO04. Each monitoring well cluster would consist of an overburden and shallow bedrock monitoring
well.

In the October 13, 2010 DQO Meeting, the Project Team agreed to analyze Site 12 groundwater samples
for VOCs, SVOCs (including low level PAHs), pesticides, PCBs, and metals. In addition, two shallow
groundwater samples downgradient from 12TP02 will be analyzed for dioxins/furans. Also, five Site 2
groundwater samples will be analyzed for VOCs only.

Additional Investigation Area Coverage

In addition to samples suggested by the analysis above to aid in defining the nature and extent of
contamination resulting from past waste disposal practices at Site 12 based on findings to date, the Navy
requested additional soil sampling in the area of the southwest corner of the defined site boundary where
dense vegetation was encountered, and in the area south of test pit TP07. The Navy also requested that
a representative portion of the Phase Il soil samples include chromium speciation analyses (for total,
hexavalent, and trivalent chromium), and that the sample locations that demonstrated the highest total
chromium concentrations during the Phase | Rl be re-sampled nearby and analyzed for total, hexavalent,
and trivalent chromium.

Soil samples that will be analyzed for hexavalent chromium will also be analyzed for pH and ORP to
identify the relative oxidative/reductive properties of each soil matrix (as determined using the Eh/pH
Phase Diagram on Figure 2 of SW-846 Method 3060A) because reducing conditions can convert
hexavalent chromium to trivalent chromium, which may yield biased low hexavalent chromium results
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when matrix spikes are added to soil due to a reduction of the spiked hexavalent chromium from reducing
material within the soil matrix. Further details regarding the potential interconversion of hexavalent
chromium and trivalent chromium are included in SW-846 Methods 3060A and 6800. The rationale for
the chromium speciation is presented in Section 10.4.3.

10.4.3 Site 3RI

Site 3, the Ninth Street Landfill, is approximately 3,000 feet northwest of Site 12. The landfill was active
from 1960 to 1967 and was similar to Site 12 in both the types of wastes accepted and the mode of
operation (burning and trenching). The Site 3 Rl included the collection 25 subsurface soil samples from
18 test pits in October 2007 in a manner similar to the approach used at Site 12. The Rl Report for Site 3
(Tetra Tech, May 2010) conservatively assumed that the chromium detected in the site soils was present
in its most toxic form, hexavalent chromium, since site-specific chromium speciation data were not
available. This assumption results in a highly conservative RG for chromium at 4 mg/kg, which is below
the site-wide background level of 15 mg/kg. Chromium speciation data will enable the Project Team to
revise the RG for chromium based on actual site conditions and an appropriate site-specific ratio of
hexavalent chromium to trivalent chromium.

10.5 CONCEPTUAL SITE MODEL

Contaminant Sources

The source of contamination at Site 12 is buried waste associated with historical landfill operations.
Phase | of the RI investigation confirmed the presence of contaminants in surface and subsurface soil,
surface water, and sediment at concentrations that exceed PSLs. Test pits have confirmed the presence
of buried waste material in areas of EM anomalies. The depth to bedrock ranges from 6 feet to 10 feet
bgs. Site investigations to date indicate that the principal classes of contaminants in site soils are PAHs,
other SVOCs, pesticides, and metals.

Based on a review of the Phase | Rl data, the Conceptual Site Model (CSM) for Site 12 has been revised
to incorporate this new information. The EM anomalies were confirmed to contain waste materials,
including charred waste. Areas outside the EM anomalies did not contain any observable waste and the
concentrations of target analytes were generally below the PSLs in these areas.

Sediment and surface water samples were generally below the PSLs, so these media were determined to
be acceptable and have been removed from the list of environmental media of concern at Site 12. The
extent of surface water and sediment contamination at the site was adequately delineated during the
Phase | Rl activities. No further investigation of surface water or sediments is planned.

A CSM schematic for human receptors is provided on Figure 10-6. A CSM schematic for ecological
receptors is provided on Figure 10-7.

Potential Contaminant Migration Pathways

Contaminant migration pathways from the source areas include wind erosion, overland runoff, and
infiliration. Contaminated fugitive dust can be generated during ground-disturbing activities, such as
construction or excavation. Contaminants could then be dispersed in the surrounding environment and
transported to downwind locations where they could repartition to surface soil, surface water, or sediment
through gravitational settling, precipitation, and deposition. Vegetation at Site 12 serves to minimize the
airborne contaminant transport pathway. Precipitation runoff can carry contaminants via overland runoff
to the drainage swale on the southwest boundary of the site. This drainage swale runs between Site 2
and Site 12.

Infiltrating precipitation can cause contamination to move into subsurface soil and groundwater.
Chemicals (e.g., PAHs) with a stronger tendency to adsorb to organic matter in soil are expected to
migrate at a slower rate than VOCs. Upon entering the water column, a chemical is carried with the flow
of groundwater to downgradient locations. Contaminants can be deposited subsequently in sediment or
surface water, although sediment and surface water are not a concern for this phase of the investigation
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since sufficient data has been collected previously, as described in the Draft Phase | Remedial
Investigation Data Report.

Exposure Pathways

Human Health Risk

Soil and groundwater at the site may be contacted by human receptors engaged in activities associated
with either current (currently restricted to maintenance activities like cutting grass or brush) or future
(potential unrestricted land use after Base Closure) exposure scenarios. The exposure pathways for soil
consist of ingestion, dermal absorption, and inhalation of fugitive dust or ambient air contaminants; and
for groundwater, ingestion and dermal absorption.

Potential human exposure pathways are illustrated on Figure 10-8.
Ecological Risk

Terrestrial animals at Site 12 can be exposed to soil contaminants through the ingestion of contaminated
food items. In addition, animals can incidentally ingest soil while grooming fur, preening feathers, digging,
grazing close to the soil, or feeding on items that are covered with soil (such as roots and tubers).
Exposure to contaminants in the soil via dermal contact can occur. Terrestrial vegetation can be exposed
to contaminants through direct aerial deposition and root translocation. Aerial deposition, however, is
presently minimal due to the presence of dense vegetation on Site 12. Terrestrial receptors can also
come into contact with contaminants in surface water by using it for drinking, although this exposure route
generally represents a negligible portion of total exposure for most receptors. Aquatic and semi-aquatic
organisms can be exposed to contaminants through consumption of contaminated food items.

Potential ecological exposure pathways are illustrated on Figure 10-9.

Potential Receptors

Human Receptors

Anticipated exposure scenarios include residential, industrial, construction worker, and limited
recreational situations. With the anticipated closure of the Base under the BRAC process, future land use
is expected to remain similar to the current industrial and recreational land usage.

Ecological Receptors

The vegetated areas at Site 12 provide habitat for a variety of terrestrial receptors, although these
habitats are isolated to a great extent by surrounding developed areas. Terrestrial receptors at the site
consist of mammals such as rabbits, raccoons, squirrels, and various rodents (including woodchucks),
deer, and foxes. Reptiles and amphibians may utilize some portions of the site, particularly the drainage
swale. The vegetated areas provide forage (seeds, insects, worms, etc.) for a variety of bird species.
Arboreal birds utilize the woods and shrub thickets. Avian raptors are expected to utilize all habitats at
the site. The drainage swale may provide a habitat for certain benthic macroinvertebrates and
amphibians.
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SAP Worksheet No. 11 -- Project Quality Objectives/Systematic Planning Process

Statements
(UFP-QAPP Manual Section 2.6.1)

The following text describes the development of PQOs using EPA’s DQO/Systematic Planning Process.

11.1 PROBLEM STATEMENT
Problem #1:

Past sampling and analyses have detected the presence of site-related chemicals in Site 12 soil at
concentrations that are potentially hazardous to human and ecological receptors. To complete the
delineation of contamination in soil and groundwater and to conduct ecological and human health risk
assessments for Site 12, the following data gaps must be filled:

e Soil COPC concentrations outside of the trenches containing buried wastes/debris at Site 12. These
are locations between trenches, and at the periphery of the Site surrounding the trenches;

e Groundwater COPC concentrations across Site 12; and

o Data to identify the nature of waste materials in EM anomalies Nos. 2 and 3 and the southern extent
of EM anomalies Nos. 2 and 3 (and therefore Site 12) which was not completed in
Phase 1.

Upon filling these data gaps and estimating the proportion of total chromium that is attributable to
hexavalent chromium (see Problem #2), risk assessments can be completed to determine whether risks
to human health and the environment are unacceptable at Site 12 and if so, whether actions to evaluate
options for reducing the unacceptable risks are warranted.

Problem #2:

At Sites 3 and 12, past sampling and analyses have shown that total chromium concentrations are
potentially unacceptable if the total chromium is assumed to represent hexavalent chromium only.
Environmental conditions, however, typically result in total chromium being partitioned into two forms:
hexavalent and trivalent chromium, with a predominance of trivalent chromium. Trivalent chromium is
much less toxic than hexavalent chromium. Therefore, any risk assessment or environmental cleanup
based on an assumption that total chromium concentrations equate to hexavalent chromium
concentrations may be too conservative and may result in an unnecessary expenditure of resources to
correct a problem that appears to be larger than it really is. Therefore, data are needed that will allow the
Project Team to more accurately estimate actual hexavalent and trivalent chromium concentrations at
Site 3 (for cleanup) and at Site 12 (for risk assessment).

11.2 INFORMATION INPUTS

Based on the historical site information, the CSM, and the results of the Phase | RI, data gaps must be
investigated under this Phase |l Rl SAP to resolve the problems described in Section 11.1.

The following physical and chemical data are required (target analytes are identified on Worksheet
No. 15):

1. Chemical data (for Site 12 only, except where noted):

a. Surface and subsurface soil chemical concentrations to determine the nature and extent
of VOCs, SVOCs (including low level PAHSs), pesticides, PCBs, metals (including total,
hexavalent, and trivalent chromium at certain locations at Sites 3 and 12), and cyanide,
and to support an HHRA and an ERA. The target analyte(s) for step-out soil sample
locations used to delineate known contamination are limited to only those analytical
fractions or individual analytes that include COPC(s) that exceeded a PSL during the
Phase | investigation, as identified for each sample in Worksheet No. 18. Test pitting
and soil boring will be necessary for collecting samples of soil.
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b. Soil pH data from surface soil to support an ERA.

c. For Sites 3 and 12, soil pH and soil ORP data to document the oxidative or reductive
nature of the soil matrix and support an evaluation of chromium chemical speciation.
These data will be used qualitatively to verify whether computed hexavalent chromium
proportions appear to be valid since the predominant form of chromium depends on
these parameters.

d. Subsurface soil dioxins/furans concentrations to determine the nature and extent of
dioxins/furans specifically from areas where there is evidence of burning and to support
an HHRA.

e. Groundwater concentrations for VOCs, SVOCs (including low level PAHs), pesticides,
PCBs, metals, cyanide, and dioxins/furans (except for the existing Site 2 monitoring
wells, where only VOCs are required) to support a determination of the nature and extent
of contamination in groundwater and to support an HHRA.

The selected target analytes (see Worksheet No. 15) represent analytes potentially associated with
historical Site 12 operations and they include the target analytes required to establish the proportion
of total chromium that is attributable to hexavalent chromium at Sites 3 and 12. Applicable sampling
methods and analytical groups that are required at each sample location are presented in Worksheet
No. 18, and the analytical methods are presented in Worksheet No. 19.

2. Groundwater quality data: Field parameters of pH, specific conductivity, turbidity, temperature, ORP,
and DO must be collected. One synoptic round of water level measurements and total well depth
soundings must be conducted at the site from all new and existing monitoring wells prior to sampling
to provide information regarding groundwater flow patterns and gradients. These data will ensure
representativeness of the groundwater samples collected and assist with site characterization and the
nature and extent of contamination.

3. Subsurface soil screening: Subsurface soil vapor screening data (using a photoionization detector
[PID]) are needed to identify any potentially elevated levels of VOCs and to determine sample
locations in test pits. Visual screening of test pit contents and soil boring cuttings will also be used to
determine the presence of waste materials that may contribute to contamination.

4. Dissolved metals data: If groundwater exhibits turbidity greater than 10 NTU, then dissolved metals
data must be collected to support site-specific human health risk calculations.

5. Survey data: Survey coordinate data will be collected and documented in order to accurately map the
sampling locations.

Project Screening Levels

This Site 12 RI requires target analyte data that can be used to characterize the site and conduct an
HHRA and an ERA. To determine COPCs, laboratory results must first be compared to media-specific
HHRA and ERA PSLs as part of the risk screening process. Surface and subsurface soil and
groundwater PSLs were set at the lowest matrix-specific, risk-based or regulatory human health and
ecological screening criteria appropriate for the site. The complete list of applicable PSLs for the selected
analytes is presented in Worksheet No. 15.

To conduct comparisons of site data to PSLs, the selected laboratory must be able to achieve Limits of
Quantitation (LOQs) that are low enough to measure constituent concentrations below the PSLs.

Analytical data reported by the laboratory use the following reporting conventions: All concentrations less
than the Detection Limit (DL) will be considered nondetects; between the DL and LOQ will be reported
with a “J” qualifier; and concentrations less than the DL (i.e., non-detects) will be reported as the Limit of
Detection (LOD) value with a "U" qualifier.

PSLs have been included in Worksheet No. 15 to ensure laboratory sensitivity is sufficient. ERA PSLs
were selected by choosing the lowest value among USEPA Eco-SSLs for plant, invertebrate, mammalian
and avian values and this was selected as the ecological benchmark. Eco-SSLs were used preferentially
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as soil benchmarks; however, Eco-SSLs are currently available for only a few analytes. NOAA SQuiRTs
(NOAA, 2008) were used for benchmarks for analytes that do not have an Eco-SSL.

For soil, average concentrations, as represented by the 95-percent UCL of the mean, will be determined,
specific to the human receptor which it represents. The 95-percent UCL will be determined using
USEPA'’s ProUCL software and will be used to represent the Exposure Point Concentration (EPC) for soil.
Surface soil and combined surface and subsurface soil concentrations will be computed for the HHRA.
For groundwater, maximum detected concentrations will be used to represent EPCs, unless the Project
Team determines that a particular value is a statistical outlier or otherwise misrepresents the site with
respect to groundwater impact.

Several target analytes have PSLs that fall between the LOD and the LOQ. “J” flagged data will be
accepted to achieve project goals; however, greater scrutiny will be applied in these cases. Additionally,
the inability to quantify select analytes to PSL levels with confidence will be addressed in the risk
assessment uncertainty analysis.

Per the Project Team meeting held on October 13, 2010, and consistent with the USEPA Risk
Assessment Guidance for Superfund, Part A (USEPA, 1989), an evaluation of non-detects greater than
the PSL will be presented in the uncertainty section of the risk assessment in the Rl Report.

11.3 STUDY AREA BOUNDARIES

At the discretion of the Project Team to ensure adequate coverage of the entire area identified within the
Site 12 boundary and to support the risk assessment calculations of EPCs with unbiased data, soil
chemical data must be collected during Phase Il from areas that are outside the waste-impacted EM
anomaly areas that were identified in the Draft Phase | Remedial Investigation Data Report (Tetra Tech,
June 2010).

1. The horizontal boundary of the landfill for the study is defined as the outer, three-dimensional
perimeter of the area where possible landfill operations took place, based upon information from
previous investigations (Figure 10-2), plus any areas southeast of EM anomalies Nos. 2 and 3
(Figure 10-3) that are identified through test pits to contain waste. The population of interest
(identified as the landfill) is all soils associated with the landfill operations that contain visible buried
waste and associated chemical contamination. To complete the delineation of this boundary,
chemical and visual observation data must be collected from within and from without any buried
waste and contaminated soil area.

2. The depth of interest for test pits is from the ground surface to approximately 6 to 10 feet bgs, which
is the approximate depth of bedrock. A 10-foot depth is also consistent with the maximum soil depth
typically used to evaluate human health risks. The depth of interest for the soil borings outside of the
EM anomalies is the ground surface to 4 feet bgs, as determined by the Project Team during the
DQO Meeting for Phase I.

3. For human health risk, surface soil is defined as the interval from 0 to 2 feet bgs and subsurface soil
is defined as the soil interval from 2 feet bgs to the waste depth plus 1 foot, or to bedrock, whichever
is shallower. For ecological risk, surface soil is defined as the interval from O to 6 inches bgs. For
this reason, the 6 to 24 inch depth samples are described as “shallow subsurface” to distinguish them
from other subsurface samples and to allow risk assessors to properly address the soils from the
different depths. The HHRA will use soil data from the 0 to 6 inch bgs interval and the 6 inch to 2 feet
bgs interval to calculate risks to human health associated with surface soil exposure and soil data
from below 2 feet bgs to calculate risks to human health associated with subsurface soil. Consistent
with the ERA recently conducted for Site 3, the ERA for Site 12 will combine soil data from the 0 to 6
inch bgs interval, 0 to 24 inch bgs interval, and 6 to 24 inch bgs interval so that all samples from
< 24 inch bgs will be considered as “surface soil”. The ERA will use this dataset to evaluate risks to
soil invertebrates, plants, and wildlife. The ERA will use soil data from the 2 to 4 feet bgs interval to
evaluate risks to burrowing mammals.
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4. The groundwater population of interest is groundwater that may have been contaminated by releases
from the landfill. This is generally groundwater located hydraulically downgradient of the areas
identified with EM anomalies. Hydraulically upgradient groundwater is also of interest to help
delineate contamination. If unacceptable levels of contaminants are detected in any monitoring wells
at Site 12, the upgradient groundwater monitoring well will provide a reference population for naturally
occurring metals in any future investigations. Depth to groundwater is expected to be less than
20 feet bgs based on the water levels data at adjacent Site 2.

5. HHRA and ERA exposure units: Exposure units for soil extend from ground surface to 10 feet bgs or
bedrock (whichever is shallower) for the HHRA, and from ground surface to a maximum of 4 feet bgs
for the ERA, as agreed upon by the Project Team. The groundwater exposure unit is defined to be
the most contaminated part of a groundwater contaminant plume, if groundwater contamination is
detected.

6. Temporal boundaries are not a concern as all target analyte concentrations are anticipated to be
relatively unchanged (stable) over the course of time needed to complete the environmental
investigations. Phase Il field activities are scheduled for early 2011.

11.4 ANALYTIC APPROACH

For the purpose of this SAP, the extent of contamination in groundwater and soil is determined by
comparing the detected concentration of a target analyte against the PSL for that target analyte in the
environmental media in which it was detected. The extent of contamination is defined as the outer
boundary circumscribing the Site 12 source area(s). This outer boundary is a line connecting the
midpoints between sample locations that contain a target analyte detected at a concentration below the
PSL and sample locations that contain a target analyte detected at a concentration above the PSL.

The decision rules for Phase |l of the study are as follows:
Decision Rule #1 (Applies to Site 12)

e |If the Project Team determines based on Phase | and Phase Il data that the nature and extent of
contamination have been adequately delineated, then proceed with the HHRA and the ERA;
otherwise, convene the Project Team to determine a need for additional data collection. For
groundwater data, if an MCL is exceeded at any unbounded well location, the Project Team will
decide if deeper bedrock wells are warranted. The tendency to collect more data will increase as
spatial patterns indicate that an unacceptable risk exists outside of the investigated areas. At a
minimum, this evaluation shall consider the following factors:

o Frequency of detection for each chemical;

Frequency and magnitude of PSL exceedance of each chemical;

Background concentrations of chemicals exceeding PSLs;

Magnitude of concentrations within, and on the perimeter of, the investigated areas; and

Identity of COPCs and their estimated contribution to unacceptable levels of risk.

O o0o0OO0

Decision Rule #2 (Applies to Sites 3 and 12)

o |If the Project Team concludes that the proportion of total chromium attributable to hexavalent
chromium has been adequately established for Sites 3 and 12 in accordance with the approach
documented in Worksheet No. 9 and the laboratory did not encounter hexavalent chromium analysis
problems such as low spike recovery due to highly oxidative or reductive soil conditions (as
documented by measured pH and ORP values), then use this proportion to convert total chromium
concentrations to hexavalent chromium concentrations in samples not analyzed directly for
hexavalent chromium, proceed with the Site 12 HHRA and the ERA, and provide the computed
proportion to Site 3 remedial engineers. If this proportion is not adequately determined for either Site
3 or Site 12, then convene the Project Team to determine the appropriate path forward for estimating
hexavalent chromium concentrations.
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Decision Rule #3 (Applies to Site 12)

o |If risks based on the EPCs computed as described in Section 11.2 for any medium represent an
unacceptable human health risk within the exposure unit, then proceed to an FS for that exposure
unit; otherwise, recommend No Further Action (NFA) from a human health perspective.
Unacceptable human health risk is defined for this project as an incremental lifetime cancer risk
(ILCR) estimate exceeding 1x10 or a non-cancer risk (i.e., hazard index [HI]) exceeding 1 (on a
target-organ/effect specific basis).

Decision Rule #4 (Applies to Site 12)

o |If after completing an ERA through Step 3a of the Navy ERA tiered approach the risks are
acceptable, recommend NFA from an ecological risk perspective. Otherwise, define data needs for
establishing site-specific preliminary ecological remediation goals.

11.5 PERFORMANCE OR ACCEPTANCE CRITERIA

The Site 12 RI has been designed to rely on a phased approach of step-wise discovery and directed
investigations based on biased sampling agreed upon by the Project Team. Test pit, monitoring well
groundwater, soil boring, surface water, and sediment sample locations in Phase | and Phase Il were
selected (to determine the nature and extent of contamination) from areas most likely to be contaminated,
as well as from presumably clean areas outside of impacted areas, based on the previous step in the
investigation (e.g., the April 2008 EM survey) and the field observations.

By Project Team consensus, additional samples will be collected during Phase |l from areas identified
during the Phase | RI that exhibited exceedances of PSLs to further delineate the nature and extent of
COPCs. Also, samples will be collected from areas outside the Site 12 areas not yet demonstrated to be
contaminated or uncontaminated to demonstrate RI completeness and to support the HHRA and ERA
calculations.

If all data have been collected as planned and no data points are missing or rejected for quality reasons,
the investigation completeness will be considered satisfactory. If any data gaps are identified, including
missing or rejected data, the Project Team will assess whether a claim of having obtained project
objectives is reasonable. This assessment will depend on the number and type of potential data gaps;
therefore, a more detailed strategy cannot be presented at this time. Project Team stakeholders will be
involved in rendering the final conclusion by consensus regarding adequacy of the data.

11.6 PLANS FOR OBTAINING THE DATA

The plans for obtaining data along with the sampling designs and rationales are described in detail on
Worksheet No. 17.
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Title: SAP for Phase Il Rl at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

QC Sample
] . Assesses Error for
Q(lgclzl)tysg;r:l?l Analytical Group Frequency |no||)i§;atlo?: ?Ili;gls) Measuc;?irtr:in; (v;fc?;;nance Sampling (S),
Analytical (A) or
Both (S&A)
One per cooler of Bias/ No analytes = 72 LOQ, except
Trip Blank VOCs VOC samples shipped L common laboratory contaminants, |S & A
to laboratory. Contamination which must be < LOQ.
. 1
Equipment Rinsate Al _ One per_20 samples | pgiqg/ No analytes = %2 LOQ, exce_pt e
Blank analytical groups per mgtrlx per + | Contamination common laboratory contaminants, A
sampling equipment . which must be < LOQ.
. . Dissolved Metals (if Bias/ No analytes = 72 LOQ, except
;I:]Led Rinsate necessary due to high | One per filter brand?. L common laboratory contaminants, |S & A
turbidity) Contamination which must be < LOQ.
One per 10 field Values > 5X LOQ: Relative Percent
Field Duplicate All analytical groups sam Fies Precision Difference (RPD) must be <30 S&A
ples. (aqueous)** ; <50 (solids)>*.
Cooler Temperature All analytical groups One per cooler. Representativeness Temperature must be less than 6 S

Indicator

degrees Celsius (<6 °C).

1 — Equipment rinsate blanks will be collected if non-dedicated submersible pumps or other equipment are used.
2 — Afiltered rinsate blank will be collected if filtered samples (e.g., Dissolved Metals) are collected.
3 — If duplicate values for non-metals are < 5x LOQ, absolute difference should be < 2x LOQ.

4 — If duplicate values for metals are < 5x LOQ, absolute difference should be < 4x LOQ.
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SAP Worksheet No. 13 -- Secondary Data Criteria and Limitations Table
(UFP-QAPP Manual Section 2.7)

Revision Number: 0
Revision Date: October 2011

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

Aerial Photographs Aerial Photographic Site USEPA, Characterization Data will be used to generate None.
Analysis, Willow Grove Naval Research Division, June approximate landfill location on
Air Station, Willow Grove, 1995 topographic or geographical
Pennsylvania information system maps at
Site 12.
April 2008 EM Geophysical Survey Results, Advanced Geological Data will be used to select None.

Survey Data

NAS JRB Willow Grove Site

Services, April 2008

proposed test pit locations at
Site 12.

RI Phase | Analytical
Data

RI Report for Sites 1, 2, 3, and
5, Naval Air Station Willow
Grove, Pennsylvania

Halliburton NUS
Environmental Corporation,
February 1993

Data from what is now
identified as Site 12 will be
used to calculate environmental
risks.

None, the data were fully
validated.

RI Phase Il Analytical
Data

Draft Phase Il Rl Report for
NAS JRB Willow Grove

Brown and Root
Environmental, 1997

Data from what is now
identified as Site 12 will be
used to calculate environmental
risks.

None, the data were fully
validated.

Soil Screening Area
(SSA) 12 Sail
Investigation
Analytical Data

SSA 12 Soil Investigation Letter
Report

Tetra Tech, NUS, Inc., April
2008

Data from what is now
identified as Site 12 will be
used to calculate environmental
risks.

None, the data were fully
validated.

Site 2 Groundwater
Monitoring Data

Site 2 Groundwater Monitoring
Report

Tetra Tech, NUS, Inc., June
2009

Data will be used to calculate
environmental risks.

None, the data were fully
validated.

Site 12 Phase | RI

Site 12 Phase | Rl Data Report

Tetra Tech, NUS, Inc., June
2010

Data will be used to calculate
environmental risks.

None, the data were fully
validated.

Site 3 Rl

Site 3 Rl Report

Tetra Tech, NUS, Inc., May
2010

Data will be used to revise
environmental risks associated
with chromium.

None, the data were fully
validated.
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SAP Worksheet No. 14 -- Summary of Project Tasks
(UEP-QAPP Manual Section 2.8.1)

14.1  FIELD INVESTIGATION TASK PLAN

The field tasks are summarized below. A short description of these tasks is also provided.

Mobilization/Demobilization

Site-Specific Health and Safety Training

Utility Clearance

Monitoring Equipment Calibration

Test Pit Trenching and Sampling

Surface and Subsurface Soil Boring Sampling
Groundwater Monitoring Well Installation
Groundwater Monitoring Well Development
Groundwater Level Measurements
Groundwater Sampling

Investigation-Derived Waste (IDW) Management
Surveying

Field Decontamination Procedures

Field Documentation Procedures

Sample Custody and Shipment Tasks

Quality Control Tasks

Mobilization/Demobilization

Mobilization shall consist of the delivery of all equipment, materials, and supplies to the site, the complete
assembly in satisfactory working order of all such equipment at the site, and the satisfactory storage at
the site of all such materials and supplies. Tetra Tech will coordinate with the Base to identify locations
for the storage of equipment and supplies. Site-specific Health and Safety Training to all Tetra Tech
subcontractors will be provided as part of the site mobilization.

Demobilization shall consist of the prompt and timely removal of all equipment, materials, and supplies
from the site following completion of the work. Demobilization includes the cleanup and removal of IDW
generated during the conduct of the investigation.

Site-Specific Health and Safety Training

All field personnel will have appropriate training to conduct the field activities to which they are assigned.
Each site worker will be required to have completed the OSHA 40-hour course (and 8-hour refresher, if
applicable) in Health and Safety Training. Safety requirements are addressed in greater detail in the site-
specific HASP.

Utility Clearance

Prior to the commencement of any intrusive activities, Tetra Tech will coordinate with the Base to identify
and mark-out utilities that may be present within the proposed excavation areas. Subsurface utilities will
also be cleared by the excavation subcontractor by notifying the Pennsylvania One-Call utility clearing
service. See Tetra Tech Standard Operating Procedure (SOP) HS-1.0 (Appendix A) for further
information on utility clearance.

Monitoring Equipment Calibration

These procedures are described in Worksheet No. 22.
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Test Pit Excavation and Sampling

Test pits will be used to delineate the extent of buried waste in linear EM anomalies Nos. 2 and 3 (see Figure
10-3) in the southeastern part of the site. Two test pits will be excavated as identified in Worksheet No. 17 in
the locations of anomalies that were not fully delineated by the EM survey due to the presence of heavy
vegetation. These test pits will be used to delineate the nature and extent of any waste materials and any
contamination resulting from the EM anomalies areas.

Each test pit will be approximately 20 feet to 50 feet in length, approximately 3 feet wide (the width of the
backhoe bucket), and approximately 6 to 10 feet deep (the anticipated maximum depth to bedrock). The
exact length of each test pit will be determined in the field based upon the Tetra Tech Geologist's
observations of the subsurface conditions encountered at each location. Each test pit will extend at least
20 feet across the anticipated lateral extent of each anomaly and will stop after 3 feet of soil with no waste
debris is observed in each direction. All excavated materials will be used as backfill at the conclusion of
the excavation activities at each location, unless grossly contaminated material is encountered, as
described in the IDW Management section. If potentially hazardous material is encountered, such as
drums or liquid waste, work will halt and the Navy facility contact will be notified. Wastes will be
segregated and disposed as described in the IDW Management section below. Each test pit will be
excavated and backfilled during the same day to prevent leaving an open excavation overnight. Under no
circumstances will anyone be allowed to enter a test pit during the excavation activities. Health and
Safety procedures and protocols for test pit excavation identified in the HASP will be strictly enforced.

Test pit samples will be obtained from excavated material directly from the backhoe bucket. The soil will
be described by the Tetra Tech Geologist and will be screened for evidence of contamination visually and
with a PID. Any signs of potential contamination (such as soil staining or PID readings above five parts
per million [5 ppm]) will be noted to document observations and assist in the sample selection process.
Soil sampling procedures for test pits are discussed in Tetra Tech SOP SA-1.3, soil logging procedures
are documented in Tetra Tech SOP GH-1.5, and the use of the PID is discussed in the manufacturer's
instructions. Field SOPs are included in Appendix A.

For soil samples scheduled for VOCs analysis, VOC samples will be obtained in the field with sampling
equipment supplied by the laboratory. SW-846 Method 5035 preparation will begin in the field using
preservative-containing vials from the lab. Soil samples analyzed for VOCs will be collected using
TerraCore samplers and will be field preserved using deionized water (two 40-milliliter [mL] vials) and
methanol (one 40-mL vial). VOC samples from test pits will be collected from at least six inches below
the surface of the soil in the bucket to prevent loss of VOCs. Analysis through SW-846 Method 8260B
will be completed in the laboratory. Field and laboratory QC samples will be collected as specified in
Worksheet No. 20.

Test pits will also be used to collect subsurface soil samples at Site 12 and at Site 3 for total, hexavalent,
and trivalent chromium analyses at locations where soil borings are not possible due to the presence of
buried waste materials. The samples will be collected from the immediate vicinity of previously collected
samples where total chromium concentrations were elevated and from additional sample locations
chosen to provide representative coverage of the site. The chromium speciation samples will be
collected from the same depths as the corresponding previous total chromium samples, but moved
approximately three feet away from the original test pit path to avoid collecting new samples from within
the original test pit, where the original material has been disturbed.

Surface and Subsurface Soil Boring Sampling

Soil samples will be collected from three depths at each soil boring location: 0 to 6 inches, 6 inches to 24
inches, and 3 to 4 feet. The 0 to 6 inches bgs surface soil samples will be collected by filling the sample
jars using either a decontaminated stainless steel trowel or a dedicated disposable trowel. The 6 to 24
inch bgs shallow subsurface soil samples and 3 to 4 feet subsurface soil samples will be collected either
by hand, using a stainless steel hand auger and stainless steel or disposable trowel, or by using direct
push technology (DPT), as determined to be the most efficient procedure by the Tetra Tech Geologist.
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The soil will be described by the Tetra Tech Geologist and will be screened for evidence of contamination
with a PID and the readings will be documented in accordance with SOP GH-1.5 (Appendix A). Soil pH
will be measured at each location using a field test kit. Any qualitative signs of potential contamination
(such as soil staining or PID reading above 5 ppm) will be noted to support test pitting documentation and
waste sample location selection which will be done at EM anomalies.

Soil borings will also be used to collect subsurface soil samples at Site 3 for total, hexavalent, and
trivalent chromium analyses at sample locations where buried waste is not present. These samples will
be collected from the immediate vicinity of previously collected samples where total chromium
concentrations were elevated in a previous RI for Site 3. The samples will be collected from the same
depths as the previous Rl samples, which are the depths identified in a Site 3 results table in Worksheet
No. 17 and as shown in Worksheet No. 18.

Soil sampling procedures are discussed in Tetra Tech SOP SA-1.3, DPT is discussed in Tetra Tech
SOP SA-2.5, soil logging procedures are documented in Tetra Tech SOP GH-1.5, and the use of the PID
is discussed in manufacturer’s instructions. These SOPs are included in Appendix A.

For soil samples scheduled for VOCs analysis, VOC samples will be obtained in the field with sampling
equipment supplied by the laboratory. Details regarding field sample preparation and laboratory analysis
of these samples are described in the Test Pit Trenching and Sampling section.

Groundwater Monitoring Well Installation and Development

The groundwater well installation and development procedure discussed in Tetra Tech SOP GH-2.8
(Appendix A) will be followed.

Groundwater Monitoring Well Installation

Four monitoring well clusters will be installed as identified in Worksheet No. 17. These wells are located
to provide data to determine if contaminants are migrating from the waste to the underlying groundwater.
Each well cluster will consist of an overburden well and a shallow bedrock well. The shallow bedrock
wells will be installed to monitor the first groundwater encountered in the bedrock. During the Phase | test
pit excavations, bedrock was encountered at depths ranging from 6 to 10 feet bgs. Perched groundwater
was encountered in areas of buried waste and minor amounts of perched groundwater were encountered
on top of the bedrock in areas with no waste.

The bedrock monitoring wells will be drilled by an air-rotary or air-percussion drilling rig. A ten-inch-
diameter borehole will be drilled from the ground surface to a depth of 5 to 10 feet into bedrock, and a
6-inch-diameter steel surface casing will be set. This casing will also serve as the outer protective casing
for the completed well. A nominal 6-inch diameter borehole will be drilled in the bedrock until the target
depth (approximately 35 feet) for the borehole is reached. The Tetra Tech Geologist will log the drill
cuttings and record all pertinent drilling information. Borehole logging procedures are discussed in Tetra
Tech SOP GH-1.5 (Appendix A).

The overburden wells will be installed on top of the bedrock using a 4-1/4” inside diameter hollow stem
auger. Continuous soil samples will be acquired from the ground surface to the total depth of each boring
(approximately 10 feet) using standard split spoon samplers.

Upon completion of borehole and surface casing installation for the bedrock monitoring well, the driller will
demobilize for the planned geophysical logging period of approximately up to two weeks. All bedrock
boreholes will be geophysically logged, while the driller is demobilized, in order to identify subsurface
lithology, fractured intervals, water entry or exit zones, and vertical flow direction and quantity. The
bedrock monitoring well will be constructed to monitor groundwater from the most significant water-
bearing zone in the borehole, as identified by the observations of the Tetra Tech Geologist and the
interpretation of the geophysical logs.
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The well screen shall consist of 2-inch inside diameter (ID), threaded, flush joint, National Sanitary
Foundation (NSF)-certified, Schedule 40, factory slotted polyvinyl chloride (PVC) well screen with an
attached bottom cap. The slot size shall be 0.010-inch (10 slot) for the overburden wells and 0.02-inch
for the bedrock wells. The riser shall consist of 2-inch ID, threaded, flush joint, NSF-certified, Schedule
40 water well casing. The riser shall stick up approximately 2 feet above ground surface. The standard
screen length for the wells is 10 feet unless otherwise specified by the Tetra Tech Geologist.

A filter sand pack composed of appropriately-sized sand (Morie No. 1 or equivalent for the overburden
wells and Morie No. 2 for the bedrock wells) will be installed to a height of 1 foot above the top of the well
screen. The depth to the top of the filter pack shall be measured by the subcontractor and Tetra Tech
during and after installation to ensure that the filter pack is installed as specified. All equipment used to
obtain these measurements shall be decontaminated before and after each use.

For the bedrock wells, the annular space from the top of the sand pack to the bottom of the surface
casing will be sealed with bentonite, and the annular space inside the surface casing will be sealed with a
bentonite/cement grout. For the overburden wells, the annular space from the top of the sand pack to the
ground surface will be backfilled with bentonite. The depths of all backfill materials will be constantly
monitored during the well installation process to ensure that bridging does not occur. The bentonite
pellets shall be activated by potable water and allowed to hydrate per the manufacturer's
recommendations (or a minimum of 30 minutes) before the addition of a bentonite/cement grout. All
bentonite/cement grout used shall be emplaced by tremie pipe to the bottom of the interval to be grouted.
The grout shall be permitted to cure a minimum of 24 hours before well development.

Monitoring well drilling and installation procedures are discussed in Tetra Tech SOPs GH-1.3 and
GH-2.8, respectively (Appendix A).

Groundwater Monitoring Well Development

At least 24 hours after the annular grout has been emplaced, the monitoring wells shall be developed either
with a submersible pump by pumping and/or overpumping or by bailing until the discharge water is clear and
free of sediment to the satisfaction of the Tetra Tech Geologist or for a maximum of 4 hours per well.
Turbidity will be monitored with a nephelometer. Development will be conducted in accordance with
SOP GH-2.8 (Appendix A).

Groundwater Level Measurements

One synoptic round of water level measurements and total well depth soundings will be conducted at the
site from all new and existing monitoring wells prior to sampling to provide information regarding
groundwater flow patterns and gradients following Tetra Tech SOP GH-1.2 (Appendix A). All water level
measurements will be taken within an 8-hour period using an electronic water level meter, and no sooner
than 24 hours after a significant precipitation event to minimize the precipitation effects on the data set.
Water level elevations will be recorded to within 0.01-foot accuracy from a marked reference point on the
well riser pipe. Water levels will be recorded on a Tetra Tech water level form. The water level meter will
be decontaminated prior to use and between each monitoring well. The water level data will be used to
construct water level contour maps in accordance with Tetra Tech SOP GH-2.5 (Appendix A).

Groundwater Sampling

All new and existing monitoring wells will be purged prior to sampling. All screened monitoring wells with
a screen length of 10 feet or less will be purged and sampled using the low-flow sampling techniques in
accordance with the USEPA Region 3 “Recommended Procedure for Low-Flow Purging and Sampling of
Groundwater Monitoring Wells”, Bulletin No. QAD023, October 15, 1997 (Appendix A). The monitoring
wells will be purged and sampled using a submersible pump with an adjustable flow rate. In each well,
the pump will be positioned within the well screen interval at the depth of the water-producing fracture.
This depth will be identified using the available boring logs and geophysical logs. The pumping rate will
be set at between 0.1 to 0.4 liters/minute. The purge water discharge will be monitored for pH, specific
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conductivity, temperature, turbidity, ORP, and DO. When the levels of these parameters stabilize, and a
minimum of two saturated screen volumes have been removed from the well, the purging is complete and
sampling can begin. Parameter stabilization is defined as three successive readings (taken at least 5
minutes apart) within 0.1 unit for pH, 3% for conductivity, 10% for temperature, turbidity and DO, and 10
millivolts (mV) for ORP. If possible, the stabilized turbidity reading should be less than 10 NTUs. The
pumping rate will be controlled and the well’'s water level will be constantly monitored to assure that the
static water level is not drawn down into or below the screen. The vertical location of the pump, the
required minimum purge volume, and the calculations for parameter stabilization will be recorded on the
groundwater sample log sheet.

Monitoring wells that have a screen length greater than 10 feet will be sampled by purging three to five
well volumes prior to sample collection. The pump will be positioned at the top of the well screen interval.
Water quality indicator parameters will be recorded for every half well volume. Monitoring well sampling
procedures are discussed in SOP SA-1.1 (Appendix A).

The sample aliquot for VOC analysis will be collected last by slowly pulling the Teflon™ tubing out of the
well to minimize agitation of the water in the monitoring well and then transferring the contents of the
tubing to a VOC vial. After collection, the samples will be placed in a cooler, chilled with ice, and shipped
under chain-of-custody protocol to Chemtech for analysis.

Worksheets No. 17 and 18 specify the groundwater sample locations and analytes for this investigation.
Worksheet No. 23 specifies the analytical methods to be used.

Investigation Derived Waste Management

It is not anticipated that solid or semi-solid IDW (i.e., soil, sediment, etc.) will be generated during this field
activity during the test pit and soil boring excavation. Soils will be replaced into the test pit or soil boring
where the soils where excavated. If gross contamination is encountered (for example, any non-soil,
contaminated material, such as free petroleum product, or soil with high [greater than 100 ppm PID
readings]), then excavation will cease. Any grossly contaminated material that is brought to the surface
will not be returned to the test pit, but will be segregated from the excavated soils and placed on a plastic
liner. Any grossly contaminated material will be securely staged until arrangements can be made for
proper off-site disposal.

Monitoring well purge and development water will be discharged to the ground surface and allowed to
infilirate. The water will not be allowed to flow offsite or into surface water bodies.

Used personal protective equipment (PPE) will be bagged and disposed of as regular trash in an
appropriate facility waste container.

Equipment decontamination fluids will be generated during test pit and soil boring activities. The backhoe
will be cleaned by a high-pressure steam washer before initial operations and after each test pit. The
hand auger will be decontaminated before initial operations and after each soil boring. Decontamination
water will be discharged to the ground surface over the corresponding backfilled test pit or soil boring.

Surveying

A Pennsylvania licensed surveyor will be subcontracted by Tetra Tech to survey the horizontal location
and dimensions of each test pit excavation, each soil boring, and each monitoring well location. The
horizontal measurements shall use the North America Datum of 1983 (NAD83) and be accurate to within
0.1 foot. The monitoring well vertical elevations shall use the North America Vertical Datum 1988
(NAVD88) and be accurate to within 0.01 foot. Each of the locations will be surveyed relative to the
coordinates of established site benchmarks.
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Field Decontamination Procedures

Sample containers will be provided certified-clean (I-Chem 300, or equivalent) from the analytical
laboratories. Decontamination of sampling equipment (e.g., non-disposable hand trowels, hand augers)
will be conducted prior to and between sampling at each location. At each site, an abbreviated
decontamination procedure consisting of a soapy water (laboratory-grade detergent) rinse followed by tap
water rinse and a deionized water rinse will be performed. However, if free petroleum product is
encountered, a more elaborate decontamination of equipment will be conducted in accordance with Tetra
Tech SOP SA-7.1 (Appendix A).

Decontamination of the excavator bucket will be performed over the completed, backfilled test pit using a
high pressure spray washer with water supplied by the Base. Decontamination of the hand auger will be
performed over the completed, backfilled soil boring. All decontamination water will be allowed to
infiltrate the test pit or soil boring. In the event that free petroleum product is encountered, the excavator
bucket or hand auger wash water will be captured and containerized for sampling and appropriate
disposal according to analysis results.

All downhole drilling equipment, including drill rods and augers, will be decontaminated prior to beginning
work and between all boreholes using a high pressure steam wash. The water to be used for steam
cleaning will be from a potable source.

Groundwater sampling pumps will be decontaminated according to procedures described in SOP SA-7.1
(Appendix A).

Field Documentation Procedures
Field documentation will be performed in accordance with SOP SA-6.3 (Appendix A).

A summary of all field activities will be properly recorded in a bound logbook with consecutively numbered
pages that cannot be removed. Logbooks will be assigned to field personnel and will be stored in a
secured area when not in use.

At a minimum, the following information will be recorded in the site logbook:

Name of the person to whom the logbook is assigned.

Project name.

Project start date.

Names and responsibilities of on-site project personnel including subcontractor personnel.
Arrival/departure of site visitors.

Arrival/departure of equipment.

Sampling activities and sample log sheet references.

Description of subcontractor activities.

Sample pick-up information, including chain-of-custody numbers, air bill numbers, carrier, time,
and date.

Description of borehole or monitoring well installation activities and operations.

e Health and safety issues.

e Description of photographs including date, time, photographer, roll and picture number, location,
and compass direction of photograph.

All entries will be written in ink and no erasures will be made. If an incorrect entry is made, striking a
single line through the incorrect information will make the correction; the person making the correction will
initial and date the change.

L/DOCUMENTS/NAVY/02014/23949 Page 44 of 153
CTO WEO05



Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

Sample Custody and Shipment Tasks

Sample custody and shipment tasks are defined in Tetra Tech SOP CT-05 (Appendix A) and are
discussed in Worksheet No. 27.

Quality Control Tasks

QA/QC samples will be collected at frequencies listed in Worksheet No. 12.
14.2 ADDITIONAL PROJECT-RELATED TASKS

Additional project-related tasks include:

Analytical tasks

Data generation procedures
Data management
Assessment and oversight
Data review

Project reports

Analytical Tasks

Chemtech, CFA, and TA-Pitt are current Department of Defense (DoD) Environmental Laboratory
Accreditation Program (ELAP) accredited and Pennsylvania National Environmental Laboratory
Accreditation Program (NELAP) accredited laboratories. A copy of the laboratory accreditations for
Chemtech, CFA, and TA-Pitt can be found in Appendix B. Analyses will be performed in accordance
with the analytical methods identified in Worksheet No. 19. Chemtech, CFA, and TA-Pitt will perform
chemical analysis following laboratory-specific SOPs (Worksheet Nos. 19 and 23) developed based on
the analytical methods listed in Worksheet Nos. 19 and 30. All laboratory SOPs have been reviewed by
the Tetra Tech Project Chemist and were found to be suitable for this project.

All solid results will be reported by the laboratory on a dry-weight basis. Results of percent moisture will
be reported in each analytical data package and electronic data deliverable (EDD). This information will
also be captured in the project database that will eventually be uploaded to the Naval Installation
Restoration Information Solution (NIRIS). Percent moisture information will also be included in the
Phase Il RI Report.

The analytical data packages provided by Chemtech, CFA, and TA-Pitt will be in a Contract Laboratory
Program-like format and 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 QC information (results,
recoveries, RPDs, relative standard deviations, and/or percent differences, etc.).

Data Generation Procedures

e Project documentation and records include the following:
- Field sample collection and field measurement records as described in Worksheet Nos. 27 and
29.
- Data assessment documents and records as listed in Worksheet No. 29.
e Data recording formats are described in Worksheet No. 27.

Data Management - Data management tasks, including the data handling, tracking, storage, archiving,
retrieval, and security processes, are addressed in Worksheet No. 29.

Assessment and Oversight - Refer to Worksheet No. 32 for assessment findings and corrective actions
and to Worksheet No. 33 for QA Management Reports.
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Data Review - Data verification is described in Worksheet No. 34, data validation is described in
Worksheet Nos. 35 and 36, and the usability assessment is described in Worksheet No. 37.

Project Reports - Draft and final versions of project reports will be prepared and submitted to the Navy

and PADEP for review. The reports will include the following sections:

Executive Summary - will include a brief description of the work conducted and the findings.

Introduction and Background - will include a description of the history of operations and activities at
the site and a summary of any previous investigations and removal actions.

Description of Field Investigations - will include a summary of the work performed in accordance with
the approved SAP, any approved SAP addenda, and any field modifications as documented by the
Tetra Tech FOL. This section will include maps showing the sampling locations and tables
summarizing the data collected.

Data Quality - will include a summary of quantitative analytical performance indicators such as
completeness, precision, bias, and sensitivity and qualitative indicators such as representativeness
and comparability. This section will also include a reconciliation of project data with the DQOs and
identification of deviations from this SAP.

A data usability assessment will be used to identify significant deviations in analytical performance
that could affect the ability to meet project objectives. The elements of this review are presented in
Worksheet No. 37.

Nature and Extent of Contamination - will include a discussion of the contamination detected in each
medium sampled in relation to the CSM of the site. This section will note the removals previously
conducted (if applicable), contamination addressed, and any additional contaminants found during
this field effort. Detected contaminant concentrations will be tabulated for each medium and depicted
on maps.

Contaminant Fate and Transport - will include a description of the contaminants detected and their
behavior in soil, bedrock, groundwater, surface water, and sediment, particularly with emphasis on
the future migration of these contaminants to any possible exposure areas.

Summary and Conclusions - includes a summary of the findings, conclusions as to whether
delineation of contamination is adequate, and recommendations for further investigations, if needed.

The final version of the report will submitted in hardcopy and electronic format to the project stakeholders.
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PSLs for human health and ecological risk assessment that are designed to determine whether or not additional investigation is needed are presented in
Section 11.2. Matrix—specific screening levels used to ensure that laboratory analyses are sensitive enough to support COPC selection and, ultimately the
risk assessments, are presented in the tables below.

Matrix: Soil
Analytical Group: VOCs

Analyte CAS (r:gslll(-g) PSL Reference' PQLG Chemtech
Number (mg/kg) LoQ LOD DL

HHRA ERA HHRA ERA (mg/kg) | (mg/kg) | (mg/kg)
1,1,1-Trichloroethane 71-55-6 7.2 29.8 MTG-MSC | NOAA 2.4 0.005 0.0025 | 0.00088
1,1,2,2-Tetrachloroethane 79-34-5 0.00052 0.127 RBSSL NOAA 0.00017 0.005 0.0025 | 0.00046
:rilflf.; :cr;gmgrnoe1(F2r§on 113) 76-13-1 3,000 NC RBSSL None 1,000 0.005 0.0025 | 0.00133
1,1,2-Trichloroethane 79-00-5 0.0016 28.6 RBSSL NOAA 0.00053 0.005 0.0025 | 0.00090
1,1-Dichloroethane 75-34-3 0.014 20.1 RBSSL NOAA 0.0047 0.005 0.0025 | 0.00094
1,1-Dichloroethene 75-35-4 0.19 8.28 MTG-MSC | NOAA 0.063 0.005 0.0025 | 0.00147
1,2,3-Trichlorobenzene 87-61-6 1.7 NC RBSSL None 0.57 0.005 0.0025 0.00050
1,2,4-Trichlorobenzene 120-82-1 0.14 11.1 RBSSL NOAA 0.047 0.005 0.0025 | 0.00070
262égill°)’°'"°'3'°h'°’°p’°pa“e 96-12-8 | 0.0000028 | 0.0352 RBSSL NOAA | 0.00000093 | 0.005 | 0.0025 | 0.00087
1,2-Dibromoethane (EDB) 106-93-4 0.000036 1.23 RBSSL NOAA 0.000012 0.005 0.0025 | 0.00064
1,2-Dichlorobenzene 95-50-1 7.2 2.96 RBSSL NOAA 1.0 0.005 0.0025 | 0.00062
1,2-Dichloroethane 107-06-2 0.00084 21.2 RBSSL NOAA 0.00028 0.005 0.0025 | 0.00064
1,2-Dichloropropane 78-87-5 0.0026 32.7 RBSSL NOAA 0.00087 0.005 0.0025 | 0.00026
1,3-Dichlorobenzene 541-73-1 61 377 MTG-MSC | NOAA 13 0.005 0.0025 | 0.00037
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Analyte CAS (r:gsllk-g) PSL Reference’ PQLG Chemtech
Number (mglkg) LoQ LOD DL

HHRA ERA HHRA ERA (mg/kg) | (mg/kg) | (mg/kg)
1,4-Dichlorobenzene 106-46-7 0.0082 0.546 RBSSL NOAA 0.0027 0.005 0.0025 0.00041
2-Butanone (MEK) 78-93-3 30 89.6 RBSSL NOAA 10 0.025 0.0125 0.00311
2-Hexanone 591-78-6 0.22 12.6 RBSSL NOAA 0.073 0.025 0.0125 0.00392
4-Methyl-2-pentanone (MIBK) 108-10-1 9.0 443 RBSSL NOAA 3.0 0.025 0.0125 0.00292
Acetone 67-64-1 90 25 RBSSL NOAA 0.83 0.025 0.0125 0.00302
Benzene 71-43-2 0.0042 0.255 RBSSL NOAA 0.0014 0.005 0.0025 0.00038
Bromodichloromethane 75-27-4 0.00064 0.54 RBSSL NOAA 0.00021 0.005 0.0025 0.00062
Bromoform 75-25-2 0.046 15.9 RBSSL NOAA 0.015 0.005 0.0025 0.00074
Bromomethane 74-83-9 0.044 0.235 RBSSL NOAA 0.015 0.005 0.0025 0.00245
Carbon disulfide 75-15-0 6.2 0.0941 RBSSL NOAA 0.031 0.005 0.0025 0.00106
Carbon tetrachloride 56-23-5 0.0034 2.98 RBSSL NOAA 0.0011 0.005 0.0025 0.00099
Chlorobenzene 108-90-7 1.2 13.1 RBSSL NOAA 0.40 0.005 0.0025 0.00050
Chloroethane 75-00-3 5 0.65 MTG-MSC NOAA 0.22 0.005 0.0025 0.00140
Chloroform 67-66-3 0.0011 1.19 RBSSL NOAA 0.00037 0.005 0.0025 0.00074
Chloromethane 74-87-3 0.98 10.4 RBSSL NOAA 0.33 0.005 0.0025 0.00086
cis-1,2-Dichloroethene 156-59-2 0.42 0.784 RBSSL NOAA 0.14 0.005 0.0025 0.00089
cis-1,3-Dichloropropene 10061-01-5 0.0030 0.398 RBSSL NOAA 0.0010 0.005 0.0025 0.00072
Dibromochloromethane 124-48-1 0.00078 NC RBSSL None 0.00026 0.005 0.0025 0.00054
Dichlorodifluoromethane 75-71-8 6.2 39.5 RBSSL NOAA 2.0 0.005 0.0025 0.00065
Ethylbenzene 100-41-4 0.034 5.16 RBSSL NOAA 0.011 0.005 0.0025 0.00062
Isopropylbenzene (Cumene) 98-82-8 22 NC RBSSL None 7.3 0.005 0.0025 0.00048
m,p-Xylenes 179601-23-1 4.0 10 RBSSL NOAA 1.3 0.010 0.0050 0.00072
Methylene chloride 75-09-2 0.024 4.05 RBSSL NOAA 0.0080 0.005 0.0025 0.00142
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Analyte CAS (r:gsllk-g) PSL Reference’ PQLG Chemtech
Number (mg/kg) LoQ LOD DL
HHRA ERA HHRA ERA (mg/kg) | (mg/kg) | (mg/kg)
Methyl-tert-butyl ether (MTBE) 1634-04-4 0.056 NC RBSSL None 0.019 0.005 0.0025 0.00096
o-Xylene 95-47-6 4.0 10 RBSSL NOAA 1.3 0.005 0.0025 0.00068
Styrene 100-42-5 24 4.69 MTG-MSC NOAA 1.6 0.005 0.0025 0.00045
Tetrachloroethene 127-18-4 0.00098 9.92 RBSSL NOAA 0.00033 0.005 0.0025 0.00101
Toluene 108-88-3 32 5.45 RBSSL NOAA 1.8 0.005 0.0025 0.00064
trans-1,2-Dichloroethene 156-60-5 0.62 0.784 RBSSL NOAA 0.21 0.005 0.0025 0.00069
trans-1,3-Dichloropropene 10061-02-6 0.0030 0.398 RBSSL NOAA 0.0010 0.005 0.0025 0.00079
Trichloroethene 79-01-6 0.014 12.4 RBSSL NOAA 0.0047 0.005 0.0025 0.00086
Trichlorofluoromethane 75-69-4 17 16.4 RBSSL NOAA 5.5 0.005 0.0025 0.00132
Vinyl chloride 75-01-4 0.00011 0.646 RBSSL NOAA 0.000037 0.005 0.0025 0.00123
Xylenes (total) 1330-20-7 4.0 10 RBSSL NOAA 1.3 0.005 0.005 0.00500

CAS - Chemical Abstracts Service
mg/kg — milligrams per kilogram

PQLG - Project Quantitation Limit Goal
NC — No Criteria

' The PSL references for surface and subsurface soil are: RBSSL - ORNL Risk-Based Soil Screening Level, Migration to Groundwater, Dilution Attenuation Factor (DAF)
=20 (June, 2011); R-RSL - ORNL Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens (June, 2011); Eco-SSL —
USEPA Ecological Soil Screening Levels (2005-2008); RES-MSC — PADEP Medium-Specific Concentrations, Residential Use (July, 2010); MTG-MSC — PADEP Medium
Specific Concentrations, Migration to Groundwater (July, 2010); NOAA — Lowest appropriate value from the National Oceanic and Atmospheric Administration (NOAA)
Screening Quick Reference Tables (SQuiRTs) (November, 2008). Refer to Appendix D for further explanation and justification of PSLs.

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD. The Project Team has agreed to accept this data for decision making if results
below the LOQ are "J" qualified and the results are discussed in the uncertainties section of the Risk Assessment.

Shaded and Bolded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any
limitations on data use that result from having detection limits that are greater than PSLs will be described in the Phase Il RFl Report.
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CAS (r:s"l(' PSL Reference’ PQLG Chemtech
Analyte Number oka) (mg/kg)
LOQ LOD DL
HHRA ERA HHRA ERA (mg/kg) | (mg/kg) | (mg/kg)
2,2'-Oxybis(1-chloropropane) 108-60-1 0.0024 19.9 RBSSL NOAA 0.00080 0.33 0.17 0.0138
2,4,5-Trichlorophenol 95-95-4 280 141 RBSSL NOAA 47 0.33 0.17 0.0234
2,4,6-Trichlorophenol 88-06-2 0.46 9.94 RBSSL NOAA 0.15 0.33 0.17 0.0102
2,4-Dichlorophenol 120-83-2 1.0 87.5 MTG-MSC NOAA 0.33 0.33 0.17 0.0127
2,4-Dimethylphenol 105-67-9 17 0.01 RBSSL NOAA 0.0033 0.33 0.17 0.0189
2,4-Dinitrophenol 51-28-5 0.83 0.0609 MTG-MSC NOAA 0.020 0.33 0.17 0.0339
2,4-Dinitrotoluene 121-14-2 0.0058 1.28 RBSSL NOAA 0.0019 0.33 0.17 0.0101
2,6-Dinitrotoluene 606-20-2 1.0 0.0328 RBSSL NOAA 0.011 0.33 0.17 0.0136
2-Chloronaphthalene 91-58-7 300 0.0122 RBSSL NOAA 0.0041 0.33 0.17 0.0076
2-Chlorophenol 95-57-8 2.0 0.243 MTG-MSC NOAA 0.081 0.33 0.17 0.0176
2-Methylphenol (o-Cresol) 95-48-7 30 404 RBSSL NOAA 10 0.33 0.17 0.0181
2-Nitroaniline 88-74-4 3.0 741 RBSSL NOAA 1.0 0.33 0.17 0.0148
2-Nitrophenol 88-75-5 1.6 1.6 RBSSL NOAA 0.53 0.33 0.17 0.0161
3,3'-Dichlorobenzidine 91-94-1 0.020 0.646 RBSSL NOAA 0.0067 0.33 0.17 0.0214
3-Methylphenol (m-Cresol)? 108-39-4 30 3.49 RBSSL NOAA 1.2 0.33 0.17 0.0173
3-Nitroaniline 99-09-2 0.17 3.16 MTG-MSC NOAA 0.057 0.33 0.17 0.0214
4,6-Dinitro-2-methylphenol 534-52-1 0.10 0.144 RBSSL NOAA 0.033 0.33 0.17 0.0191
4-Bromophenyl phenyl ether 101-55-3 NC NC None None - 0.33 0.17 0.0065
4-Chloro-3-methylphenol 59-50-7 86 7.95 RBSSL NOAA 27 0.33 0.17 0.0148
4-Chloroanaline 106-47-8 0.0028 1.1 RBSSL NOAA 0.00093 0.33 0.17 0.0235
4-Chlorophenyl phenyl ether 7005-72-3 NC NC None None - 0.33 0.17 0.0181

L/DOCUMENTS/NAVY/02014/23949

Page 50 of 153

CTO WEO05



Project-Specific SAP

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

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0
Revision Date: October 2011

Analyte CAS (r:gsllk-g) PSL Reference’ PQLG Chemtech
Number (mg/kg) LoQ LOD DL
HHRA ERA HHRA ERA (mg/kg) | (mg/kg) | (mg/kg)
4-Methylphenol (p-Cresol) 2 106-44-5 3.0 163 RBSSL NOAA 1.0 0.33 0.17 0.0173
4-Nitroaniline 100-01-6 0.028 21.9 RBSSL NOAA 0.0093 0.33 0.17 0.434
4-Nitrophenol 100-02-7 4.1 5.12 MTG-MSC NOAA 14 0.33 0.17 0.0619
Bis(2-chloroethoxy)methane 111-91-1 0.50 0.302 RBSSL NOAA 0.10 0.33 0.17 0.0192
Bis(2-chloroethyl)ether 111-44-4 0.000062 23.7 RBSSL NOAA 0.000021 0.33 0.17 0.0160
Bis(2-ethylhexyl)phthalate 117-81-7 22 0.925 RBSSL NOAA 0.31 0.33 0.17 0.0118
Butyl benzyl phthalate 85-68-7 10 0.239 RBSSL NOAA 0.080 0.33 0.17 0.0160
Carbazole 86-74-8 21 NC MTG-MSC None 7.0 0.33 0.17 0.0073
Dibenzofuran 132-64-9 7.8 NC R-RSL None 2.6 0.33 0.17 0.0130
Diethyl phthalate 84-66-2 240 248 RBSSL NOAA 8.3 0.33 0.17 0.0052
Dimethyl phthalate 131-11-3 240 734 RBSSL NOAA 80 0.33 0.17 0.0090
Di-n-butyl phthalate 84-74-2 184 0.15 RBSSL NOAA 0.050 0.33 0.17 0.0262
Di-n-octyl phthalate 117-84-0 8,800 709 RES-MSC NOAA 240 0.33 0.17 0.0038
Hexachlorobenzene 118-74-1 0.011 0.199 RBSSL NOAA 0.0037 0.33 0.17 0.0136
Hexachlorobutadiene 87-68-3 0.034 0.0398 RBSSL NOAA 0.011 0.33 0.17 0.0121
Hexachlorocyclopentadiene T7-47-4 14 0.755 RBSSL NOAA 0.25 0.33 0.17 0.0081
Hexachloroethane 67-72-1 0.058 0.596 RBSSL NOAA 0.019 0.33 0.17 0.0149
Isophorone 78-59-1 0.46 139 RBSSL NOAA 0.15 0.33 0.17 0.0110
Nitrobenzene 98-95-3 0.0016 1.31 RBSSL NOAA 0.00053 0.33 0.17 0.0126
N-Nitrosodi-n-propylamine 621-64-7 0.00014 0.544 RBSSL NOAA 0.000047 0.33 0.17 0.0168
N-Nitrosodiphenylamine 86-30-6 1.5 0.545 RBSSL NOAA 0.18 0.33 0.17 0.0080
Pentachlorophenol 87-86-5 0.034 2.1 RBSSL Eco-SSL 0.011 0.33 0.17 0.02238
Phenol 108-95-2 33 120 MTG-MSC NOAA 11 0.33 0.17 0.0077
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Analyte CAS (r:gsllk-g) PSL Reference’ PQLG Chemtech
Number (mg/kg) LoQ LOD DL
HHRA ERA HHRA ERA (mg/kg) | (mg/kg) | (mg/kg)

PAHs®

2-Methylnaphthalene 91-57-6 15 29 RBSSL Eco-SSL 5.0 0.0033 0.0017 0.0004
Acenaphthene 83-32-9 340 29 R-RSL Eco-SSL 9.7 0.0033 0.0017 0.0004
Acenaphthylene 208-96-8 340 29 R-RSL Eco-SSL 9.7 0.0033 0.0017 0.0004
Anthracene 120-12-7 350 29 MTG-MSC Eco-SSL 9.7 0.0033 0.0017 0.0004
Benzo(a)anthracene 56-55-3 0.15 1.1 R-RSL Eco-SSL 0.050 0.0033 0.0017 0.0004
Benzo(a)pyrene 50-32-8 0.015 1.1 R-RSL Eco-SSL 0.0050 0.0033 0.0017 0.0004
Benzo(b)fluoranthene 205-99-2 0.15 1.1 R-RSL Eco-SSL 0.050 0.0033 0.0017 0.0004
Benzo(g,h,i)perylene 191-24-2 170 1.1 R-RSL Eco-SSL 0.37 0.0033 0.0017 0.0004
Benzo(k)fluoranthene 207-08-9 1.5 1.1 R-RSL Eco-SSL 0.37 0.0033 0.0017 0.0004
Chrysene 218-01-9 15 1.1 R-RSL Eco-SSL 0.37 0.0033 0.0017 0.0004
Dibenzo(a,h)anthracene 53-70-3 0.015 1.1 R-RSL Eco-SSL 0.0050 0.0033 0.0017 0.0004
Fluoranthene 206-44-0 230 29 R-RSL Eco-SSL 9.7 0.0033 0.0017 0.0004
Fluorene 86-73-7 230 29 R-RSL Eco-SSL 9.7 0.0033 0.0017 0.0004
Indeno(1,2,3-c,d)pyrene 193-39-5 0.15 1.1 R-RSL Eco-SSL 0.050 0.0033 0.0017 0.0004
Naphthalene 91-20-3 0.0094 29 RBSSL Eco-SSL 0.0031 0.0033 0.0017 0.0004
Phenanthrene 85-01-8 170 29 R-RSL Eco-SSL 9.7 0.0033 0.0017 0.0004
Pyrene 129-00-0 170 1.1 R-RSL Eco-SSL 0.37 0.0033 0.0017 0.0004

1

The PSL references for surface and subsurface soil are: RBSSL - ORNL Risk-Based Soil Screening Level, Migration to Groundwater, Dilution Attenuation Factor (DAF)

=20 (June, 2011); R-RSL - ORNL Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens (June, 2011); Eco-SSL —
USEPA Ecological Soil Screening Levels (2005-2008); RES-MSC — PADEP Medium-Specific Concentrations, Residential Use (July, 2010); MTG-MSC — PADEP Medium
Specific Concentrations, Migration to Groundwater (July, 2010); NOAA — Lowest appropriate value from the National Oceanic and Atmospheric Administration (NOAA)
Screening Quick Reference Tables (SQuiRTs) (November, 2008). Refer to Appendix D for further explanation and justification of PSLs.

2 3-Methylphenol and 4-methylphenol will be reported as 3,4-methylphenol.
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill

Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

% The low level PAHSs will be analyzed by SW-846 Method 8270D Selected lon Monitoring (SIM) to obtain lower detection limits.

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD. The Project Team has agreed to accept this data for decision making if results
below the LOQ are "J" qualified and the results are discussed in the uncertainties section of the Risk Assessment.

Shaded and Bolded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any
limitations on data use that result from having detection limits that are greater than PSLs will be described in the Phase Il RFl Report.
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove
Site Location: Willow Grove, Pennsylvania

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0
Revision Date: October 2011

Matrix: Soil
Analytical Group: Pesticides
CAS (:SIII(' PSL Reference’ PQLG Chemtech
Analyte Number oka) (mg/kg)
LOQ LOD DL

HHRA ERA HHRA ERA (mg/kg) | (mg/kg) | (mg/kg)
4,4'-DDE 72-55-9 0.92 0.021 R-RSL Eco-SSL 0.0070 0.0017 0.00085 0.00020
4,4'-DDD 72-54-8 1.3 0.021 RBSSL Eco-SSL 0.0070 0.0017 0.00085 0.00017
4,4'-DDT 50-29-3 1.3 0.021 RBSSL Eco-SSL 0.0070 0.0017 0.00085 0.00014
Aldrin 309-00-2 0.013 0.00332 RBSSL NOAA 0.0011 0.0017 0.00085 0.00010
alpha-BHC 319-84-6 0.0012 0.0994 RBSSL NOAA 0.00040 0.0017 0.00085 0.00013
alpha-Chlordane 5103-71-9 0.26 0.224 RBSSL NOAA 0.075 0.0017 0.00085 0.00014
beta-BHC 319-85-7 0.044 0.00398 RBSSL NOAA 0.0013 0.0017 0.00085 0.00018
delta-BHC 319-86-8 0.0012 9.94 RBSSL NOAA 0.00040 0.0017 0.00085 0.00010
Dieldrin 60-57-1 0.0034 0.0049 RBSSL Eco-SSL 0.0011 0.0017 0.00085 0.00013
Endosulfan | 959-98-8 37 0.119 R-RSL NOAA 0.040 0.0017 0.00085 0.00015
Endosulfan Il 33213-65-9 37 0.119 R-RSL NOAA 0.040 0.0017 0.00085 0.00014
Endosulfan sulfate 1031-07-8 37 0.0358 R-RSL NOAA 0.012 0.0017 0.00085 0.00015
Endrin 72-20-8 8.8 0.0101 RBSSL NOAA 0.0034 0.0017 0.00085 0.00018
Endrin aldehyde 7421-93-4 1.8 0.0105 R-RSL NOAA 0.0035 0.0017 0.00085 0.00015
Endrin ketone 53494-70-5 1.8 0.0105 R-RSL NOAA 0.0035 0.0017 0.00085 0.00013
gamma-BHC (Lindane) 58-89-9 0.072 0.005 RBSSL NOAA 0.0017 0.0017 0.00085 0.00015
gamma-Chlordane 5103-74-2 0.26 0.224 RBSSL NOAA 0.075 0.0017 0.00085 0.00013
Heptachlor 76-44-8 0.024 0.00598 RBSSL NOAA 0.0020 0.0017 0.00085 0.00014
Heptachlor epoxide 1024-57-3 0.003 0.152 RBSSL NOAA 0.0010 0.0017 0.00085 0.00016
Methoxychlor 72-43-5 31 0.0199 R-RSL NOAA 0.0066 0.0017 0.00085 0.00017
Toxaphene 8001-35-2 0.19 0.119 RBSSL NOAA 0.040 0.017 0.0085 0.00340
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

' The PSL references for surface and subsurface soil are: RBSSL - ORNL Risk-Based Soil Screening Level, Migration to Groundwater, Dilution Attenuation Factor (DAF)

=20 (June, 2011); R-RSL - ORNL Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens (June, 2011); Eco-SSL —
USEPA Ecological Soil Screening Levels (2005-2008); RES-MSC — PADEP Medium-Specific Concentrations, Residential Use (July, 2010); MTG-MSC — PADEP Medium
Specific Concentrations, Migration to Groundwater (July, 2010); NOAA — Lowest appropriate value from the National Oceanic and Atmospheric Administration (NOAA)
Screening Quick Reference Tables (SQuiRTs) (November, 2008). Refer to Appendix D for further explanation and justification of PSLs.

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD. The Project Team has agreed to accept this data for decision making if results
below the LOQ are "J" qualified and the results are discussed in the uncertainties section of the Risk Assessment.

Shaded and Bolded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any
limitations on data use that result from having detection limits that are greater than PSLs will be described in the Phase Il RFl Report.
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Project-Specific SAP

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

Matrix: Soil
Analytical Group: PCBs

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

CAS PSL PSL Reference' PQLG Chemtech
Analyte (mglkg)
Number (mg/kg) LOQ LOD DL

HHRA HHRA ERA (mg/kg) | (mg/kg) | (mg/kg)
Aroclor-1016 12674-11-2 0.39 0.000332 R-RSL NOAA 0.00011 0.017 0.0085 0.003470
Aroclor-1221 11104-28-2 0.0024 0.000332 RBSSL NOAA 0.00011 0.017 0.0085 0.003400
Aroclor-1232 11141-16-5 0.0024 0.000332 RBSSL NOAA 0.00011 0.017 0.0085 0.007470
Aroclor-1242 53469-21-9 0.11 0.000332 RBSSL NOAA 0.00011 0.017 0.0085 0.003400
Aroclor-1248 12672-29-6 0.10 0.000332 RBSSL NOAA 0.00011 0.017 0.0085 0.006590
Aroclor-1254 11097-69-1 0.11 0.000332 R-RSL NOAA 0.00011 0.017 0.0085 0.001495
Aroclor-1260 11096-82-5 0.22 0.000332 R-RSL NOAA 0.00011 0.017 0.0085 0.004110
Total PCBs 1336-36-3 NC None None ———- --- -

1

The PSL references for surface and subsurface soil are: RBSSL - ORNL Risk-Based Soil Screening Level, Migration to Groundwater, Dilution Attenuation Factor (DAF)

=20 (June, 2011); R-RSL - ORNL Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens (June, 2011); Eco-SSL —
USEPA Ecological Soil Screening Levels (2005-2008); RES-MSC — PADEP Medium-Specific Concentrations, Residential Use (July, 2010); MTG-MSC — PADEP Medium
Specific Concentrations, Migration to Groundwater (July, 2010); NOAA — Lowest appropriate value from the National Oceanic and Atmospheric Administration (NOAA)
Screening Quick Reference Tables (SQuiRTs) (November, 2008). Refer to Appendix D for further explanation and justification of PSLs.

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD. The Project Team has agreed to accept this data for decision making if results
below the LOQ are "J" qualified and the results are discussed in the uncertainties section of the Risk Assessment.

Shaded and Bolded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any
limitations on data use that result from having detection limits that are greater than PSLs will be described in the Phase Il RFl Report.
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Project-Specific SAP

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

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0
Revision Date: October 2011

Matrix: Soil
Analytical Group: Metals and Cyanide
CAS (:SIII(' PSL Reference’ PQLG Chemtech
Analyte Number oka) (mg/kg)
LOQ LOD DL
HHRA ERA HHRA ERA (mg/kg) | (mg/kg) | (mg/kg)

Aluminum 7429-90-5 7,700 NC R-RSL None 2,900 2 1 0.677
Antimony 7440-36-0 3.1 0.27 R-RSL Eco-SSL 0.090 0.2 0.1 0.026
Arsenic 7440-38-2 0.026 18 RBSSL Eco-SSL 0.0087 0.1 0.05 0.022
Barium 7440-39-3 1,500 330 R-RSL Eco-SSL 110 1 0.5 0.008
Beryllium 7440-41-7 16 21 R-RSL Eco-SSL 5.3 01 0.05 0.007
Cadmium 7440-43-9 7 0.36 R-RSL Eco-SSL 0.12 0.1 0.05 0.009
Calcium 7440-70-2 NC NC None None - 50 25 0.635
Chromium (total) 7440-47-3 0.29 26 R-RSL Eco-SSL 0.097 0.2 0.10 0.011
Chromium (total)? 7440-47-3 0.29 26 R-RSL Eco-SSL 0.097 0.5 0.22 0.085°
Chromium (hexavalent)3 18540-29-9 0.29 0.4 R-RSL NOAA 0.097 0.1 0.1 0.1
Chromium (trivalent)4 16065-83-1 12,000 NC R-RSL None 4,000 0.5 0.2 0.1
Cobalt 7440-48-4 2.3 13 R-RSL Eco-SSL 0.77 0.1 0.05 0.006
Copper 7440-50-8 310 28 R-RSL Eco-SSL 9.3 0.2 0.10 0.006
Iron 7439-89-6 5,500 NC R-RSL None 1,800 20 10 0.926
Lead 7439-92-1 280 11 RBSSL Eco-SSL 3.7 0.1 0.05 0.004
Magnesium 7439-95-4 NC NC None None - 50 25 0.693
Manganese 7439-96-5 180 220 R-RSL Eco-SSL 60 0.1 0.05 0.006
Mercury5 7439-97-6 2.3 0.10 R-RSL NOAA 0.033 0.01 0.005 0.002
Nickel 7440-02-0 150 38 R-RSL Eco-SSL 13 0.1 0.05 0.009
Potassium 7440-09-7 NC NC None None 50 25 0.901
Selenium 7782-49-2 19 0.52 RBSSL Eco-SSL 0.17
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill

Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011
CAS PSL PSL Reference’ PQLG Chemtech
Analyte (ma/kg)
Number (mg/kg) LoQ LOD DL
HHRA ERA HHRA ERA (mg/kg) | (mg/kg) | (mg/kg)

Silver 7440-22-4 32 4.2 RBSSL Eco-SSL 1.4 0.1 0.05 0.007

Sodium 7440-23-5 NC NC None None - 50 25 1.225

Thallium 7440-28-0 0.078 0.0569 R-RSL NOAA 0.019 0.1 0.05 0.005

Vanadium 7440-62-2 39 7.8 R-RSL Eco-SSL 2.6 0.5 0.25 0.013

Zinc 7440-66-6 2,300 46 R-RSL Eco-SSL 15 0.2 0.10 0.011

Cyanide6 57-12-5 148 1.33 RBSSL NOAA 0.44 0.5 0.25 0.033

' The PSL references for surface and subsurface soil are: RBSSL - ORNL Risk-Based Soil Screening Level, Migration to Groundwater, Dilution Attenuation Factor (DAF)

=20 (June, 2011); R-RSL - ORNL Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens (June, 2011); Eco-SSL —
USEPA Ecological Soil Screening Levels (2005-2008); RES-MSC — PADEP Medium-Specific Concentrations, Residential Use (July, 2010); MTG-MSC — PADEP Medium
Specific Concentrations, Migration to Groundwater (July, 2010); NOAA — Lowest appropriate value from the National Oceanic and Atmospheric Administration (NOAA)
Screening Quick Reference Tables (SQuiRTs) (November, 2008). Refer to Appendix D for further explanation and justification of PSLs.

Metals analysis will be performed by SW-846 Method 6020A, except for the following target parameters:

Total chromium analysis will be performed by TA-Pitt on certain samples by SW-846 Method 6010C, as identified in Worksheet No. 18.
Hexavalent chromium analysis will be performed by SW-846 Method 3060A/ 6800 by TA-Pitt to obtain lower detection limits.
Trivalent chromium analysis will be performed by calculation (difference between total chromium and hexavalent chromium) by TA-Pitt.
Mercury analysis will be performed by SW-846 Method 7471B.
Cyanide analysis will be performed by SW-846 Method 9012B.

N

(=2 B )

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD. The Project Team has agreed to accept this data for decision making if results
below the LOQ are "J" qualified and the results are discussed in the uncertainties section of the Risk Assessment.

Shaded and Bolded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any
limitations on data use that result from having detection limits that are greater than PSLs will be described in the Phase Il RFl Report.
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Project-Specific SAP

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

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

Matrix: Soil
Analytical Group: Dioxins/Furans
CAS ( P?li- PSL Reference’ PQLG CFA
Analyte Number vgikg) (ug/kg) 2
LOQ LOD EDL

HHRA ERA HHRA ERA (ng/kg) | (Hg/kg) (ng/kg)
1,2,3,4,6,7,8,9-0CDD 3268-87-9 15 1.99E-04 R-RSL NOAA 6.6E-05 0.01 6.67E-03 | 2.86E-04
1,2,3,4,6,7,8,9-OCDF 39001-02-0 15 0.0386 R-RSL NOAA 0.013 0.01 6.67E-03 | 3.14E-04
1,2,3,4,6,7,8-HpCDD 35822-46-9 0.45 1.99E-04 R-RSL NOAA 6.6E-05 0.005 3.33E-03 | 1.18E-04
1,2,3,4,6,7,8-HpCDF 67562-39-4 0.45 0.0386 R-RSL NOAA 0.013 0.005 3.33E-03 | 1.45E-04
1,2,3,4,7,8,9-HpCDF 55673-89-7 0.45 0.0386 R-RSL NOAA 0.013 0.005 3.33E-03 | 2.05E-04
1,2,3,4,7,8-HxCDD 39227-28-6 0.045 1.99E-04 R-RSL NOAA 6.6E-05 0.005 3.33E-03 | 1.93E-04
1,2,3,4,7,8-HxCDF 70648-26-9 0.045 0.0386 R-RSL NOAA 0.013 0.005 3.33E-03 | 2.02E-04
1,2,3,6,7,8-HxCDD 57653-85-7 0.045 1.99E-04 R-RSL NOAA 6.6E-05 0.005 | 3.33E-03 | 1.75E-04
1,2,3,6,7,8-HXCDF 57117-44-9 0.045 0.0386 R-RSL NOAA 0.013 0.005 3.33E-03 | 2.02E-04
1,2,3,7,8,9-HxCDD 19408-74-3 0.045 1.99E-04 R-RSL NOAA 6.6E-05 0.005 3.33E-03 | 1.41E-04
1,2,3,7,8,9-HXCDF 72918-21-9 0.045 0.0386 R-RSL NOAA 0.013 0.005 3.33E-03 | 1.10E-04
1,2,3,7,8-PeCDD 40321-76-4 0.0045 1.99E-04 R-RSL NOAA 6.6E-05 0.005 | 3.33E-03 | 1.03E-04
1,2,3,7,8-PeCDF 57117-41-6 0.15 0.0386 R-RSL NOAA 0.013 0.005 3.33E-03 | 2.00E-04
2,3,4,6,7,8-HxCDF 60851-34-5 0.045 0.0386 R-RSL NOAA 0.013 0.005 3.33E-03 | 1.23E-04
2,3,4,7,8-PeCDF 57117-31-4 0.015 0.0386 R-RSL NOAA 0.005 0.005 3.33E-03 | 2.61E-04
2,3,7,8-TCDD 1746-01-6 0.0045 1.99E-04 R-RSL NOAA 6.6E-05 0.001 6.67E-04 5.2E-05
2,3,7,8-TCDF 51207-31-9 0.045 0.0386 R-RSL NOAA 0.012 0.001 6.67E-04 | 1.04E-04
Total HpCDD 37871-00-4 NC NC None None - - - -—-
Total HpCDF 38998-75-3 NC NC None None - - - -
Total HxCDD 34465-46-8 NC NC None None - -—- - -
Total HXCDF 55684-94-1 NC NC None None - - - -
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill

Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011
CAS PSL PSL Reference’ PQLG CFA
Analyte (ng/kg)
HHRA ERA HHRA ERA (Ma/kg) | (nalkg) | (mglkg)

Total PeCDD 36088-22-9 NC NC None None - - - -

Total PeCDF 30402-15-4 NC NC None None - - - -

Total TCDD 41903-57-5 NC NC None None - -—- -—- -—-

Total TCDF 55722-27-5 NC NC None None - - - -

Mg/kg — micrograms per kilogram

' The PSL references for surface and subsurface soil are: RBSSL - ORNL Risk-Based Soil Screening Level, Migration to Groundwater, Dilution Attenuation Factor (DAF)
=20 (June, 2011); R-RSL - ORNL Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens (June, 2011); Eco-SSL —
USEPA Ecological Soil Screening Levels (2005-2008); RES-MSC — PADEP Medium-Specific Concentrations, Residential Use (July, 2010); MTG-MSC — PADEP Medium
Specific Concentrations, Migration to Groundwater (July, 2010); NOAA — Lowest appropriate value from the National Oceanic and Atmospheric Administration (NOAA)

Screening Quick Reference Tables (SQuiRTs) (November, 2008). Refer to Appendix D for further explanation and justification of PSLs.
2 EDL = Estimated Detection Limit. Detection limits for dioxins and furans are reported as the Average EDL in accordance with the method.
Congeners that do not have individual PSLs are included to obtain total OCDD/OCDF values and to calculate Toxicity Equivalency Factors (TEFs).

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD. The Project Team has agreed to accept this data for decision making if results
below the LOQ are "J" qualified and the results are discussed in the uncertainties section of the Risk Assessment.

Shaded and Bolded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any
limitations on data use that result from having detection limits that are greater than PSLs will be described in the Phase Il RFl Report.
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Project-Specific SAP

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

Matrix: Groundwater
Analytical Group: VOCs

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

PSL PSL Chemtech
Analyte CAS Number (Hg/L) Reference’ PQLG
(hg/L) LoQ LOD
HHRA HHRA (ng/L) (ng/L) (ng/L)

1,1,1-Trichloroethane 71-55-6 200 MCL 67 1 0.5
1,1,2,2-Tetrachloroethane 79-34-5 0.067 T-RSL 0.022 1 0.5
;Ill_:éi-rt]ri;:?:lac;ro—1 ,2,2-trifluoroethane 76-13-1 140 VAPOR 47 1 05
1,1,2-Trichloroethane 79-00-5 0.042 T-RSL 0.014 1 0.5
1,1-Dichloroethane 75-34-3 24 T-RSL 0.80 1 0.5
1,1-Dichloroethene 75-35-4 7 MCL 23 1 0.5
1,2,3-Trichlorobenzene 87-61-6 29 T-RSL 0.97 1 0.5
1,2,4-Trichlorobenzene 120-82-1 0.41 T-RSL 0.14 1 0.5
e 96-12-8 0.00032 T-RSL 0.00011 1 0.5
1,2-Dibromoethane (EDB) 106-93-4 0.0065 T-RSL 0.0022 1 0.5
1,2-Dichlorobenzene 95-50-1 37 T-RSL 12 1 0.5
1,2-Dichloroethane 107-06-2 0.15 T-RSL 0.050 1 0.5
1,2-Dichloropropane 78-87-5 0.39 T-RSL 0.13 1 0.5
1,3-Dichlorobenzene 541-73-1 600 RGW-MSC 200 1 0.5
1,4-Dichlorobenzene 106-46-7 0.43 T-RSL 0.14 1 0.5
2-Butanone (MEK) 78-93-3 6.4 RGW-MSC 2.1 5 25
2-Hexanone 591-78-6 4.7 T-RSL 1.6 5 25
4-Methyl-2-pentanone (MIBK) 108-10-1 200 T-RSL 67 5 25
Acetone 67-64-1 2,200 T-RSL 730 5 25
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Project-Specific SAP

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

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

PSL PSL Chemtech
Analyte CAS Number (nglL) Reference’ PQLG
(hg/L) LOQ LOD
HHRA HHRA (ng/L) (ng/L) (ng/L)

Benzene 71-43-2 0.41 T-RSL 0.14 1 0.5
Bromodichloromethane 75-27-4 0.12 T-RSL 0.040 1 0.5
Bromoform 75-25-2 8.5 T-RSL 2.8 1 0.5
Bromomethane 74-83-9 0.87 T-RSL 0.29 1 0.5
Carbon disulfide 75-15-0 100 T-RSL 33 1 0.5
Carbon tetrachloride 56-23-5 0.37 VAPOR 0.12 1 0.5
Chlorobenzene 108-90-7 9.1 T-RSL 3.0 1 0.5
Chloroethane 75-00-3 230 RGW-MSC 77 1 0.5
Chloroform 67-66-3 0.19 T-RSL 0.063 1 0.5
Chloromethane 74-87-3 19 T-RSL 6.3 1 0.5
cis-1,2-Dichloroethene 156-59-2 7.3 T-RSL 2.4 1 0.5
cis-1,3-Dichloropropene 10061-01-5 4 T-RSL 1.3 1 0.5
Dibromochloromethane 124-48-1 0.15 T-RSL 0.050 1 0.5
Dichlorodifluoromethane 75-71-8 1.5 VAPOR 0.50 1 0.5
Ethylbenzene 100-41-4 1.5 T-RSL 0.50 1 0.5
Isopropylbenzene (Cumene) 98-82-8 68 T-RSL 23 1 0.5
m,p-Xylenes 179601-23-1 20 T-RSL 6.7 2 1

Methylene chloride 75-09-2 438 T-RSL 1.6 1 0.5
Methyl-tert-butyl ether (MTBE) 1634-04-4 12 T-RSL 4.0 1 0.5
o-Xylene 95-47-6 20 T-RSL 6.7 1 0.5
Styrene 100-42-5 100 MCL 33 1 0.5
Tetrachloroethene 127-18-4 0.11 T-RSL 0.037 1 0.5
Toluene 108-88-3 230 T-RSL 77 1 0.5
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove

Site Location: Willow Grove, Pennsylvania

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

PSL PSL Chemtech
Analyte CAS Number (nglL) Reference’ PQLG
(Mg/L) LoQ LOD DL
HHRA HHRA (ng/L) (ng/L) (mg/L)

trans-1,2-Dichloroethene 156-60-5 11 T-RSL 3.7 1 0.5 0.41
trans-1,3-Dichloropropene 10061-02-6 4.0 T-RSL 1.3 1 0.5 0.29
Trichloroethene 79-01-6 2.0 T-RSL 0.67 1 0.5 0.28
Trichlorofluoromethane 75-69-4 18 VAPOR 6.0 1 0.5 0.35
Vinyl chloride 75-01-4 0.016 T-RSL 0.0053 1 0.5 0.34
Xylenes (total) 1330-20-7 20 T-RSL 6.7 3.0 1.5 1.38

1

The PSL references for groundwater are: T-RSL - ORNL Regional Screening Level for Soil, Tapwater, adjusted to 1/10 of value for noncarcinogens (June, 2011); MCL —

USEPA Maximum Contaminant Level (December, 2009); VAPOR — USEPA vapor screening values calculated from 2002 Vapor guidance and 2010 toxicity factors
Refer to Appendix D for further

(November, 2002c; June, 2011); RGW-MSC - PADEP Medium-Specific Concentrations, Residential Groundwater (July, 2010).

explanation and justification of PSLs.

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD. The Project Team has agreed to accept this data for decision making if results

below the LOQ are "J" qualified and the results are discussed in the uncertainties section of the Risk Assessment.

Shaded and Bolded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any
limitations on data use that result from having detection limits that are greater than PSLs will be described in the Phase Il RFl Report.
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Project-Specific SAP

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

Matrix: Groundwater

Analytical Group: SVOCs (including low level PAHSs)

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

PSL PSL Chemtech
Analyte CAS Number (ng/L) Reference’ PQLG
(hg/L) LOQ LOD DL
HHRA HHRA (ng/L) (ng/L) (ng/L)

2,2'-Oxybis(1-chloropropane) 108-60-1 0.32 T-RSL 0.11 10.0 5.0 0.17
2,4,5-Trichlorophenol 95-95-4 370 T-RSL 120 10.0 5.0 0.40
2,4,6-Trichlorophenol 88-06-2 3.7 T-RSL 1.2 10.0 5.0 0.56
2,4-Dichlorophenol 120-83-2 11 T-RSL 3.7 10.0 5.0 0.66
2,4-Dimethylphenol 105-67-9 73 T-RSL 24 10.0 5.0 0.71
2,4-Dinitrophenol 51-28-5 7.3 T-RSL 24 10.0 5.0 2.10
2,4-Dinitrotoluene 121-14-2 0.22 T-RSL 0.074 10.0 5.0 1.03
2,6-Dinitrotoluene 606-20-2 3.7 T-RSL 1.2 10.0 5.0 0.32
2-Chloronaphthalene 91-58-7 290 T-RSL 97 10.0 5.0 0.16
2-Chlorophenol 95-57-8 18 T-RSL 6.0 10.0 5.0 0.54
2-Methylphenol (o-Cresol) 95-48-7 180 T-RSL 60 10.0 5.0 0.24
2-Nitroaniline 88-74-4 37 T-RSL 12 10.0 5.0 0.49
2-Nitrophenol 88-75-5 7.3 T-RSL 24 10.0 5.0 0.52
3,3'-Dichlorobenzidine 91-94-1 0.15 T-RSL 0.050 10.0 5.0 2.00
3-Methylphenol (m-Cresol)? 108-39-4 180 T-RSL 60 10.0 5.0 0.38
3-Nitroaniline 99-09-2 11 RGW-MSC 3.7 10.0 5.0 1.09
4,6-Dinitro-2-methylphenol 534-52-1 0.29 T-RSL 0.097 10.0 5.0 0.74
4-Bromophenyl phenyl ether 101-55-3 NC None - 10.0 5.0 0.23
4-Chloro-3-methylphenol 59-50-7 180 RGW-MSC 60 10.0 5.0 0.40
4-Chloroanaline 106-47-8 0.34 T-RSL 0.11 10.0 5.0 2.86
4-Chlorophenyl phenyl ether 7005-72-3 NC None - 10.0 5.0 0.21
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Project-Specific SAP

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

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

PSL PSL Chemtech
Analyte CAS Number (ng/L) Reference’ PQLG
(hg/L) LoQ LOD DL
HHRA HHRA (ng/L) (ng/L) (ng/L)

4-Methylphenol (p-Cresol) 2 106-44-5 18 T-RSL 6.0 10.0 5.0 0.38
4-Nitroaniline 100-01-6 34 T-RSL 1.1 10.0 5.0 1.36
4-Nitrophenol 100-02-7 60 RGW-MSC 20 10.0 5.0 2.00
Bis(2-chloroethoxy)methane 111-91-1 11 T-RSL 3.7 10.0 5.0 0.55
Bis(2-chloroethyl)ether 111-44-4 0.012 T-RSL 0.040 10.0 5.0 0.55
Bis(2-ethylhexyl)phthalate 117-81-7 4.8 T-RSL 1.6 10.0 5.0 0.16
Butyl benzyl phthalate 85-68-7 35 T-RSL 12 10.0 5.0 0.19
Carbazole 86-74-8 33 RGW-MSC 11 10.0 5.0 0.22
Dibenzofuran 132-64-9 3.7 T-RSL 1.2 10.0 5.0 0.24
Diethyl phthalate 84-66-2 2,900 T-RSL 970 10.0 5.0 0.38
Dimethyl phthalate 131-11-3 2,900 T-RSL 970 10.0 5.0 0.22
Di-n-butyl phthalate 84-74-2 370 T-RSL 120 10.0 5.0 2.00
Di-n-octyl phthalate 117-84-0 1,500 RGW-MSC 500 10.0 5.0 0.51
Hexachlorobenzene 118-74-1 0.042 T-RSL 0.014 10.0 5.0 0.18
Hexachlorobutadiene 87-68-3 0.86 T-RSL 0.29 10.0 5.0 0.25
Hexachlorocyclopentadiene 77-47-4 0.019 VAPOR 0.0063 10.0 5.0 0.24
Hexachloroethane 67-72-1 1 RGW-MSC 0.33 10.0 5.0 0.25
Isophorone 78-59-1 71 T-RSL 24 10.0 5.0 0.30
Nitrobenzene 98-95-3 0.12 T-RSL 0.040 10.0 5.0 0.68
N-Nitrosodi-n-propylamine 621-64-7 0.0096 T-RSL 0.0032 10.0 5.0 0.20
N-Nitrosodiphenylamine 86-30-6 14 T-RSL 4.7 10.0 5.0 0.60
Pentachlorophenol 87-86-5 0.17 T-RSL 0.057 10.0 5.0 1.72
Phenol 108-95-2 1,100 T-RSL 370 10.0 5.0 0.21
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove

Site Location: Willow Grove, Pennsylvania

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0
Revision Date: October 2011

PSL PSL Chemtech
Analyte CAS Number (ng/L) Reference’ PQLG
(hg/L) LoQ LOD DL
HHRA HHRA (ng/L) (ng/L) (ng/L)

PAHs®
2-Methylnaphthalene 91-57-6 15 T-RSL 5.0 0.1 0.05 0.02
Acenaphthene 83-32-9 220 T-RSL 73 0.1 0.05 0.02
Acenaphthylene 208-96-8 220 T-RSL 73 0.1 0.05 0.02
Anthracene 120-12-7 66 RGW-MSC 22 0.1 0.05 0.02
Benzo(a)anthracene 56-55-3 0.029 T-RSL 0.0097 0.1 0.05 0.02
Benzo(a)pyrene 50-32-8 0.0029 T-RSL 0.00097 0.1 0.05 0.02
Benzo(b)fluoranthene 205-99-2 0.029 T-RSL 0.0097 0.1 0.05 0.02
Benzo(g,h,i)perylene 191-24-2 0.26 RGW-MSC 0.087 0.1 0.05 0.02
Benzo(k)fluoranthene 207-08-9 0.29 T-RSL 0.097 0.1 0.05 0.02
Chrysene 218-01-9 1.9 RGW-MSC 0.67 0.1 0.05 0.02
Dibenzo(a,h)anthracene 53-70-3 0.0029 T-RSL 0.00097 0.1 0.05 0.02
Fluoranthene 206-44-0 150 T-RSL 50 0.1 0.05 0.02
Fluorene 86-73-7 150 T-RSL 50 0.1 0.05 0.02
Indeno(1,2,3-c,d)pyrene 193-39-5 0.029 T-RSL 0.0097 0.1 0.05 0.02
Naphthalene 91-20-3 0.14 T-RSL 0.047 0.1 0.05 0.02
Phenanthrene 85-01-8 110 T-RSL 37 0.1 0.05 0.02
Pyrene 129-00-0 110 T-RSL 37 0.1 0.05 0.02

T

The PSL references for groundwater are: T-RSL - ORNL Regional Screening Level for Soil, Tapwater, adjusted to 1/10 of value for noncarcinogens (June, 2011); MCL —

USEPA Maximum Contaminant Level (December, 2009); VAPOR — USEPA vapor screening values calculated from 2002 Vapor guidance and 2010 toxicity factors

(November, 2002c; June, 2011); RGW-MSC — PADEP Medium-Specific Concentrations, Residential Groundwater (July, 2010).

explanation and justification of PSLs.

2 3-Methylphenol and 4-methylphenol will be reported as 3,4-methylphenol.

% The low level PAHs will be analyzed by SW-846 Method 8270D SIM to obtain lower detection limits.
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD. The Project Team has agreed to accept this data for decision making if results
below the LOQ are "J" qualified and the results are discussed in the uncertainties section of the Risk Assessment.

Shaded and Bolded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any
limitations on data use that result from having detection limits that are greater than PSLs will be described in the Phase Il RFl Report.
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Project-Specific SAP

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

Matrix: Groundwater
Analytical Group: Pesticides

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

PSL PSL Chemtech
Analyte CAS Number (ng/L) Reference’ PQLG
(hg/L) LOQ LOD DL

HHRA HHRA (ng/L) (ng/L) (ng/L)
4,4'-DDE 72-55-9 0.20 T-RSL 0.067 0.05 0.025 0.004
4,4'-DDD 72-54-8 0.28 T-RSL 0.093 0.05 0.025 0.0071
4,4'-DDT 50-29-3 0.20 T-RSL 0.067 0.05 0.025 0.0059
Aldrin 309-00-2 0.0040 T-RSL 0.0013 0.05 0.025 0.0062
alpha-BHC 319-84-6 0.011 T-RSL 0.0037 0.05 0.025 0.0051
alpha-Chlordane 5103-71-9 0.19 T-RSL 0.063 0.05 0.025 0.0049
beta-BHC 319-85-7 0.037 T-RSL 0.012 0.05 0.025 0.0086
delta-BHC 319-86-8 0.011 T-RSL 0.0037 0.05 0.025 0.0056
Dieldrin 60-57-1 0.0042 T-RSL 0.0014 0.05 0.025 0.0047
Endosulfan | 959-98-8 22 T-RSL 7.3 0.05 0.025 0.0061
Endosulfan Il 33213-65-9 22 T-RSL 7.3 0.05 0.025 0.0055
Endosulfan sulfate 1031-07-8 22 T-RSL 7.3 0.05 0.025 0.006
Endrin 72-20-8 1.1 T-RSL 0.37 0.05 0.025 0.0058
Endrin aldehyde 7421-93-4 1.1 T-RSL 0.37 0.05 0.025 0.0045
Endrin ketone 53494-70-5 1.1 T-RSL 0.37 0.05 0.025 0.0057
gamma-BHC (Lindane) 58-89-9 0.061 T-RSL 0.020 0.05 0.025 0.0055
gamma-Chlordane 5103-74-2 0.19 T-RSL 0.063 0.05 0.025 0.005
Heptachlor 76-44-8 0.015 T-RSL 0.0050 0.05 0.025 0.0069
Heptachlor epoxide 1024-57-3 0.0074 T-RSL 0.0025 0.05 0.025 0.0067
Methoxychlor 72-43-5 18 T-RSL 6.0 0.05 0.025 0.0042
Toxaphene 8001-35-2 0.061 T-RSL 0.020 0.5 0.25 0.1
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

' The PSL references for groundwater are: T-RSL - ORNL Regional Screening Level for Soil, Tapwater, adjusted to 1/10 of value for noncarcinogens (June, 2011); MCL —

USEPA Maximum Contaminant Level (December, 2009); VAPOR — USEPA vapor screening values calculated from 2002 Vapor guidance and 2010 toxicity factors
(November, 2002c; June, 2011); RGW-MSC — PADEP Medium-Specific Concentrations, Residential Groundwater (July, 2010). Refer to Appendix D for further
explanation and justification of PSLs.

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD. The Project Team has agreed to accept this data for decision making if results
below the LOQ are "J" qualified and the results are discussed in the uncertainties section of the Risk Assessment.

Shaded and Bolded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any
limitations on data use that result from having detection limits that are greater than PSLs will be described in the Phase Il RFl Report.
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Project-Specific SAP

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

Matrix: Groundwater

Analytical Group: PCBs

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

PSL PSL Chemtech
Analyte CAS Number (ng/L) Reference’ PQLG

(hg/L) LOQ LOD DL
HHRA HHRA (Mg/L) (Mg/L) (Mg/L)
Aroclor-1016 12674-11-2 0.96 T-RSL 0.32 0.5 0.25 0.096
Aroclor-1221 11104-28-2 0.0068 T-RSL 0.0023 0.5 0.25 0.190
Aroclor-1232 11141-16-5 0.0068 T-RSL 0.0023 0.5 0.25 0.150
Aroclor-1242 53469-21-9 0.034 T-RSL 0.011 0.5 0.25 0.089
Aroclor-1248 12672-29-6 0.034 T-RSL 0.011 0.5 0.25 0.240
Aroclor-1254 11097-69-1 0.034 T-RSL 0.011 0.5 0.25 0.044
Aroclor-1260 11096-82-5 0.034 T-RSL 0.011 0.5 0.25 0.081

Total PCBs 1336-36-3 NC None - - - -

T

The PSL references for groundwater are: T-RSL - ORNL Regional Screening Level for Soil, Tapwater, adjusted to 1/10 of value for noncarcinogens (June, 2011); MCL —

USEPA Maximum Contaminant Level (December, 2009); VAPOR — USEPA vapor screening values calculated from 2002 Vapor guidance and 2010 toxicity factors
Refer to Appendix D for further

(November, 2002c; June, 2011); RGW-MSC - PADEP Medium-Specific Concentrations, Residential Groundwater (July, 2010).
explanation and justification of PSLs.

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD. The Project Team has agreed to accept this data for decision making if results

below the LOQ are "J" qualified and the results are discussed in the uncertainties section of the Risk Assessment.

Shaded and Bolded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any
limitations on data use that result from having detection limits that are greater than PSLs will be described in the Phase Il RFI Report.
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

Matrix: Groundwater
Analytical Group: Metals (Total and Dissolved) and Cyanide

PSL PSL Chemtech
Analyte CAS Number (ng/L) Reference’ PQLG
(hg/L) LOQ LOD DL
HHRA HHRA (ng/L) (ng/L) (ng/L)
Aluminum 7429-90-5 3,700 T-RSL 1,200 20 10 4.97
Antimony 7440-36-0 1.5 T-RSL 0.50 2 1 0.14
Arsenic 7440-38-2 0.045 T-RSL 0.015 1 0.5 0.18
Barium 7440-39-3 730 T-RSL 240 10 5 0.1
Beryllium 7440-41-7 4 MCL 1.3 1 0.5 0.09
Cadmium 7440-43-9 1.8 T-RSL 0.60 1 0.5 0.13
Calcium 7440-70-2 NC None 200 100 9.06
Chromium (total) 7440-47-3 100 MCL 33 2 1 0.04
Chromium (hexavalent)? 18540-29-9 0.043 T-RSL 0.014 10.0 5.0 2.0
Cobalt 7440-48-4 1.1 T-RSL 0.37 1 0.5 0.05
Copper 7440-50-8 150 T-RSL 50 2 1 0.04
Iron 7439-89-6 2,600 T-RSL 870 200 100 10.28
Lead 7439-92-1 5 RGW-MSC 5.0 1 0.5 0.04
Magnesium 7439-95-4 NC None -—- 200 100 4.95
Manganese 7439-96-5 88 T-RSL 29 1 0.5 0.05
Mercury 7439-97-6 1.1 T-RSL 0.37 0.200 0.1 0.09
Nickel 7440-02-0 73 T-RSL 24 1 0.5 0.06
Potassium 7440-09-7 NC None - 200 100 12.22
Selenium 7782-49-2 18 T-RSL 6.0 5 25 0.7
Silver 7440-22-4 18 T-RSL 6.0 1 0.5 0.03
Sodium 7440-23-5 NC None 200 100 5.32
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove

Site Location: Willow Grove, Pennsylvania

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revisi

on Number: 0

Revision Date: October 2011

PSL PSL ) Chemtech
Analyte CAS Number (ng/L) Reference PQI/'LG
(hg/L) LoQ LOD DL
HHRA HHRA (ng/L) (ng/L) (ng/L)
Thallium 7440-28-0 0.037 T-RSL 0.012 1 0.5 0.02
Vanadium 7440-62-2 18 T-RSL 6.0 5 25 0.15
Zinc 7440-66-6 1,100 T-RSL 370 2 1 0.09
Cyanide 57-12-5 73 T-RSL 24 10.0 5.0 4.571

' The PSL references for groundwater are: T-RSL - ORNL Regional Screening Level for Soil, Tapwater, adjusted to 1/10 of value for noncarcinogens (June, 2011); MCL —
USEPA Maximum Contaminant Level (December, 2009); VAPOR — USEPA vapor screening values calculated from 2002 Vapor guidance and 2010 toxicity factors
Refer to Appendix D for further

(November, 2002c; June, 2011); RGW-MSC — PADEP Medium-Specific Concentrations, Residential Groundwater (July, 2010).

explanation and justification of PSLs.

2 Analysis of Hexavalent Chromium will be performed by TA-Pitt by SW-846 Method 7196A.

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD. The Project Team has agreed to accept this data for decision making if results

below the LOQ are "J" qualified and the results are discussed in the uncertainties section of the Risk Assessment.

Shaded and Bolded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any
limitations on data use that result from having detection limits that are greater than PSLs will be described in the Phase Il RFl Report.
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove

Site Location: Willow Grove, Pennsylvania

Matrix: Groundwater
Analytical Group: Dioxins/Furans

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

PSL PSL Reference' PQLG CFA
Analyte CAS Number (ug/L)
(ug/L) LoQ LOD EDL?
HHRA HHRA (ng/L) (ng/L) (ng/L)

1,2,3,4,6,7,8,9-OCDD 3268-87-9 1.7E-03 T-RSL 5.7E-04 1.0E-04 6.67E-05 8.39E-06
1,2,3,4,6,7,8,9-OCDF 39001-02-0 1.7E-03 T-RSL 5.7E-04 1.0E-04 6.67E-05 5.27E-06
1,2,3,4,6,7,8-HpCDD 35822-46-9 5.2E-05 T-RSL 1.7E-05 5.0E-05 3.33E-05 9.69E-07
1,2,3,4,6,7,8-HpCDF 67562-39-4 5.2E-05 T-RSL 1.7E-05 5.0E-05 3.33E-05 1.77E-06
1,2,3,4,7,8,9-HpCDF 55673-89-7 5.2E-05 T-RSL 1.7E-05 5.0E-05 3.33E-05 1.08E-06
1,2,3,4,7,8-HxCDD 39227-28-6 5.2E-06 T-RSL 1.7E-06 5.0E-05 3.33E-05 1.48E-06
1,2,3,4,7,8-HxCDF 70648-26-9 5.2E-06 T-RSL 1.7E-06 5.0E-05 3.33E-05 7.14E-07
1,2,3,6,7,8-HxCDD 57653-85-7 5.2E-06 T-RSL 1.7E-06 5.0E-05 3.33E-05 7.74E-07
1,2,3,6,7,8-HxCDF 57117-44-9 5.2E-06 T-RSL 1.7E-06 5.0E-05 3.33E-05 9.54E-07
1,2,3,7,8,9-HxCDD 19408-74-3 5.2E-06 T-RSL 1.7E-06 5.0E-05 3.33E-05 1.44E-06
1,2,3,7,8,9-HxCDF 72918-21-9 5.2E-06 T-RSL 1.7E-06 5.0E-05 3.33E-05 7.56E-07
1,2,3,7,8-PeCDD 40321-76-4 5.2E-07 T-RSL 1.7E-07 5.0E-05 3.33E-05 1.54E-06
1,2,3,7,8-PeCDF 57117-41-6 1.7E-05 T-RSL 5.7E-06 5.0E-05 3.33E-05 9.82E-07
2,3,4,6,7,8-HxCDF 60851-34-5 4.5E-06 T-RSL 1.5E-06 5.0E-05 3.33E-05 9.50E-07
2,3,4,8-PeCDF 57117-31-4 1.7E-06 T-RSL 5.7TE-07 5.0E-05 3.33E-05 1.01E-06
2,3,7,8-TCDD 1746-01-6 5.2E-07 T-RSL 1.7E-07 1.0E-05 6.67E-06 4.98E-07
2,3,7,8-TCDF 51207-31-9 5.2E-06 T-RSL 1.7E-06 1.0E-05 6.67E-06 4.09E-07
Total HpCDD 37871-00-4 NC None - - - -

Total HpCDF 38998-75-3 NC None - - - -—-

Total HXCDD 34465-46-8 NC None -—- -—- - -

Total HXCDF 55684-94-1 NC None - - - -
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove

Site Location: Willow Grove, Pennsylvania

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

Pslll: PSL Reference’ PQLG CFA

Analyte CAS Number (ng/L) IL ”
(ug/L) LoQ LOD EDL

HHRA HHRA (mg/L) (ng/L) (ng/L)
Total PeCDD 36088-22-9 NC None - - - -
Total PeCDF 30402-15-4 NC None - -—- -—- -
Total TCDD 41903-57-5 NC None - - - -
Total TCDF 55722-27-5 NC None - - --- -

T

The PSL references for groundwater are: T-RSL - ORNL Regional Screening Level for Soil, Tapwater, adjusted to 1/10 of value for noncarcinogens (June, 2011); MCL —

USEPA Maximum Contaminant Level (December, 2009); VAPOR — USEPA vapor screening values calculated from 2002 Vapor guidance and 2010 toxicity factors

(November, 2002c; June, 2011); RGW-MSC - PADEP Medium-Specific Concentrations, Residential Groundwater (July, 2010).

explanation and justification of PSLs.

2 EDL = Estimated Detection Limit. Detection limits for dioxins and furans are reported as the Average EDL in accordance with the method.

Congeners that do not have individual PSLs are included to obtain total OCDD/OCDF values and to calculate TEFs.

Refer to Appendix D for further

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD. The Project Team has agreed to accept this data for decision making if results

below the LOQ are "J" qualified and the results are discussed in the uncertainties section of the Risk Assessment.

Shaded and Bolded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any
limitations on data use that result from having detection limits that are greater than PSLs will be described in the Phase Il RFl Report.
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove

Site Location: Willow Grove, Pennsylvania

SAP Worksheet No. 16 -- Project Schedule / Timeline Table

(UFP-QAPP Manual Section 2.8.2)

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0
Revision Date: October 2011

Dates (MM/DD/YYYY)

Activities Organization Anticipated Anticipated Date Deliverable Deliverable Due Date
Date(s) -
F of Completion
of Initiation
. : . Phase Il Remedial
gfghﬁgfv:t’;‘: ggi}sﬁ?p"”g’ and | Tetra Tech 11/15/2011 2/1/2012 Investigation Report, gﬂgg]g Eﬁ;i‘clt))
Ping Site 12 - South Landfil
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SAP Worksheet No. 17 -- Sampling Design and Rationale
(UEP-QAPP Manual Section 3.1.1)

There are 40 surface soil samples and 31 subsurface soil samples from the Phase | work. The surface
soil samples were collected from 20 surface soil locations and the subsurface soil samples were collected
from 15 test pit locations. As shown on Figure 17-1, the Phase | soil sample locations were selected with
a bias to correspond with areas likely to contain buried waste, based upon the results of the April 2008
EM survey. Additional soil samples are needed in areas without EM anomalies to provide adequate site
coverage for the completion of risk assessments.

For the Phase Il RI, 2 additional test pit locations were chosen to complete the investigation of EM
anomalies. Twenty-five additional soil boring locations were chosen to provide representative coverage
of the site and to determine if areas not showing EM anomalies contain contamination that poses a risk to
current or future receptors. Eight locations at Site 12 and 20 locations at Site 3 were chosen from areas
that demonstrated elevated levels of total chromium in previous investigations and from other areas to
provide site coverage to speciate chromium to determine site-specific ratios of hexavalent to trivalent
chromium to support chromium risk calculations. Twenty-nine additional step-out soil boring locations
were chosen to complete the delineation of the nature and extent of target analytes that demonstrated
exceedances of PSLs in the Phase | Rl. The planned soil sample locations are presented on
Figure 17-1. The soil boring and test pit locations were chosen using a judgemental sampling design.

Groundwater samples were not collected during the Phase | Rl. Monitoring wells and groundwater
sampling are needed to determine if contaminants have migrated from the site via groundwater at
concentrations that pose a risk to potential users of the groundwater. The planned groundwater sample
locations are presented on Figure 17-1.

Phase Il sampling includes an evaluation of:

e Surface and subsurface soil data from two additional test pits in areas that were not investigated
during Phase I.

e Surface and subsurface soil data from “step-out” locations to define the nature and extent of impact at
the site.

e Additional surface and subsurface soil data from uncontaminated locations to support the HHRA and
the ERA.

e Additional surface and subsurface soil data from uncontaminated locations, Phase Il test pits, and
from near the Phase | test pits that exhibited the highest levels of total chromium to support the
HHRA and the ERA specifically with regard to chromium speciation.

e Hydraulically upgradient and downgradient groundwater data to define the nature and extent of
impact to groundwater at the site and to support the HHRA.

The rationale for selecting the aforementioned sampling designs and locations is described further herein.
Test Pits

Results of the EM survey indicated that linear EM anomalies Nos. 2 and 3 (see Figure 10-3) may extend
further to the southeast, outside the EM survey area that was investigated during Phase |. Although test
pitting previously conducted in this general area as part of the Site 2 investigation found no evidence of
historical landfill disposal, to investigate the potential for buried waste in these two areas, a test pit will be
excavated southeast of the end of each anomaly.

These Phase Il RI test pits will be investigated, sampled, and analyzed following the process that was
identified in the Phase | RI report (available from the Tetra Tech PM). Visual subsurface soil observations
is sufficient to identify buried wastes, to help establish the extent of contamination and the landfill
perimeter, and to document the types of materials encountered, if any.

The two test pits will be excavated beyond the mapped southeastern ends of linear EM anomalies Nos. 2
and 3. If waste is encountered in the test pit at either anomaly, then a second test pit will be excavated at
that anomaly 25 feet southeast from the first test pit, as identified on Figure 17-1. This step-out
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procedure will be repeated until waste is no longer encountered to define the extent of waste material in
this area, or until site topography or trees and other surface obstructions impede the ability to perform test
pitting, or a maximum of three step-out test pits.

The soil samples from each test pit will consist of the following: one surface soil sample from 0 to 6 inches
bgs; one shallow subsurface sample from 6 to 24 inches bgs; one sample from greater than 2 feet bgs;
and one sample from the bottom of the test pit, below any waste encountered. If no waste is encountered
in a test pit, the bottom sample will not be collected. The soil samples will be biased towards areas of
suspected contamination based on visual observations and elevated PID readings. These samples will
be analyzed for all target parameters of concern, except dioxins/furans. In addition, one subsurface soil
sample from the test pits will also be analyzed for dioxins/furans, if charred waste is encountered, to
evaluate the potential impact from historical burning activities. This analysis will be performed only if
charred waste is encountered.

In each test pit, one subsurface soil sample will be collected from an area of potential contamination
based on direct (visual or olfactory) evidence of contamination, or on the highest PID screening response.
The Tetra Tech Geologist will attempt to identify potentially significant waste samples (based on field
conditions ad screening) for submittal to the laboratory. The test pit subsurface soil samples will be
collected from areas known or suspected to contain buried waste, and will be biased towards areas
where exposed waste or staining is found to be present. The intent will be to sample those areas that are
likely to be the most contaminated. The analytical results will be used to confirm the material
encountered at that location within each test pit associated with the EM-anomalous area.

The second subsurface soil sample from each test pit will be collected from the “bottom” of the test pit
excavation, from the first “clean” interval below any waste encountered. If no waste or evidence of
contamination is observed in a test pit, then no bottom subsurface soil sample will be collected.

Two surface soil samples, two shallow subsurface soil samples, and four subsurface soil samples will be
collected from the two test pits and analyzed for VOCs, SVOCs (including low level PAHs), pesticides,
PCBs, metals (including hexavalent chromium and trivalent chromium), and cyanide.

In addition to the analytical suite of tests identified above, one of the test pit subsurface samples will also
be analyzed for dioxins/furans, if charred waste materials are encountered. The dioxins/furans sample
will be collected from the area that shows the greatest evidence of charred waste. Concentrations are
expected to be low to medium. If no ash or charred waste areas are encountered in either of the test pits,
no dioxins/furans sample will be collected.

Soil Borings for Risk Assessment Support

Twenty-five shallow soil borings will be completed in areas that are not expected to contain waste
because they did not exhibit anomalies in the EM survey (Figure 17-1). Soil samples will be collected
from three depths at each soil boring location: 0 to 6 inches bgs, 6 inches to 24 inches bgs, and 3 to 4
feet bgs. The 0 to 6 inches bgs surface soil samples will be collected by filling the sample jars using
either a decontaminated stainless steel trowel or a dedicated disposable trowel. The 6 to 24 inch bgs
shallow subsurface soil samples and 3 to 4 feet subsurface soil samples will be collected either by DPT or
by using a stainless steel hand auger and stainless steel or disposable trowel. The soil will be described
by the Tetra Tech Geologist and will be screened for evidence of contamination with a PID. Soil pH will
be measured at each location using a field test kit. Any qualitative signs of potential contamination (such
as soil staining or PID readings above 5 ppm) will be noted.

Soil sampling procedures are discussed in Tetra Tech SOP SA-1.3, soil logging procedures are
documented in Tetra Tech SOP GH-1.5, and the use of the PID is discussed in manufacturer’s
instructions. These SOPs are included in Appendix A.

These samples are being collected to represent areas within Site 12 that are outside of the major EM
anomalies areas, since historical aerial photographs indicate disturbances around Site 12 that are not
associated with the EM anomalies. These soil boring locations will be from areas that are not expected to
be impacted and will be marked in the field in agreement among Tetra Tech, the Navy, and regulatory
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agencies, based upon the EM geophysical survey and the Confirmation Soil Investigation. Twenty-five
surface soil samples, 25 shallow subsurface soil samples, and 25 subsurface soil samples will be
collected and analyzed for VOCs, SVOCs (including low level PAHSs), pesticides, PCBs, metals, and
cyanide. Additionally, 9 subsurface soil samples will be collected and analyzed for hexavalent chromium
and trivalent chromium (one of every three soil borings).

Site 12 Chromium Speciation Soil Samples

During the Phase Il RI, determine the average site-specific ratio of hexavalent chromium to trivalent
chromium in subsurface soil at those Site 12 locations that were identified in Phase | as containing the
highest levels of chromium; and determine the average site-specific ratio of hexavalent chromium to
trivalent chromium in subsurface soil at Site 12 locations that do not exhibit waste and are therefore more
likely to be uncontaminated from the landfill waste This information will be used to calculate risks based
on hexavalent chromium and trivalent chromium data in the HHRA and ERA, rather than conservatively
assuming that the total chromium results are attributable to hexavalent chromium alone.

For Site 12 chromium speciation soil sampling, eight test pit sampling locations were chosen based on
previous soil sampling results for total chromium, as identified on Figure 17-2. The sample locations
were chosen to coincide with locations where total chromium concentrations were the most elevated as
identified in the Phase | report. Eight subsurface soil samples will be collected from test pits at Site 12 for
total, hexavalent, and trivalent chromium analyses. The samples will be collected from the immediate
vicinity of previously collected samples that displayed the most elevated total chromium concentrations in
the Phase | report. The subsurface samples will be collected by test pit excavation immediately adjacent
to the previous test pit to avoid potential disturbance or mixing of soil from the Phase | test pit. Table
17-1 lists the original sample designations and the new sample identification number. This information is
also provided in Worksheet No. 18.

Table 17-1
Site 12 Chromium Speciation Soil Samples

Original Sample New Sample Original Sample Depth Orgclarrllileﬁ:‘rraot:glr:‘m
(feet bgs) (mg/kg)

12TP02-0405-03 12TP02-0405-CS 4-5 182L
12TP03-0506-04 12TP03-0506-CS 5-6 192L
12TP08-0304-03 12TP08-0304-CS 3-4 55

12TP09-0304-03 12TP09-0304-CS 3-4 58.1
12TP10-0405-03 12TP10-0405-CS 4-5 46.6
12TP12-0203-03 12TP12-0203-CS 2-3 65.4
12TP14-0405-03 12TP14-0405-CS 4-5 70.1
12TP15-0304-03 12TP15-0304-CS 3-4 56.7

L - estimated value, result biased low

In addition, all 8 initial Phase Il test pit samples (from 2 test pits at 4 locations/depths per test pit), and 27
of the 75 soil boring samples (from 9 soil borings at 3 depths per soil boring, or approximately every third
soil boring) will be submitted to CompuChem for total, hexavalent, and trivalent chromium analyses. The
Project Team determined that this number of samples will be sufficient to support the risk assessment
calculations for each species of chromium in the various types of soil samples (surface and subsurface
samples from test pits and soil borings).
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Site 3 Chromium Speciation Soil Samples

Determine the average site-specific ratio of hexavalent chromium to trivalent chromium in subsurface soil
at the Site 3 locations that were identified in the Site 3 Rl as containing the highest levels of chromium.

For Site 3 chromium speciation soil sampling, 20 sampling locations were chosen based on previous soil
sampling results for total chromium, as identified on Figure 17-3. The sample locations were chosen to
coincide with locations where total chromium concentrations were elevated as identified in previous
investigations. Additional locations were chosen to provide representative site coverage.

Twenty subsurface soil samples will be collected at Site 3 for total, hexavalent, and trivalent chromium
analyses. The samples will be collected from the immediate vicinity of previously collected samples that
displayed elevated total chromium concentrations and from additional locations chosen to provide
representative site coverage. The samples located in areas not containing buried waste will be collected
by soil boring using DPT. The remaining subsurface samples will be collected by test pit excavation.
Table 17-2 lists the original sample designations and the new sample identification number. This
information is also provided in Worksheet No. 18.

Table 17-2
Site 3 Chromium Speciation Soil Samples

Original Sample New Sample Original Sample Depth Orl(?ézile(r:\?rrac;?:r:‘m
(feet bgs) (mg/kg)
03SB02 03SB27-1.52.5-01 1.5-2.5 24.9
03SB04 03SB28-1.52.5-01 1.5-2.5 23.7
03TPO4 03SB29-022.5-01 2-2.5 20.6
03TP06-02 03TP31-0708-01 7-8 53.4K
03TP06-03 03TP32-0809-01 8-9 83.7K
03TP06-04 03TP33-0607-01 6-7 108K
03TP07-01 03SB30-0304-01 34 16.4
03TP08-01 03TP34-0405-01 4-5 133K
03TP09-01 03SB31-0506-01 5-6 18K
03TP10-01 03SB32-0405-01 4-5 25.5K
03TP11-01 03SB33-0304-01 3-4 18.6K
03TP12-01 03SB34-0405-01 4-5 21.5K
03TP19-02 03TP35-0304-01 3-4 148J
03TP20-01 03TP36-0708-01 7-8 56.3J
03TP23-01 03TP37-0304-01 3-4 21.9J
03TP24-01 03TP38-0304-01 3-4 84.9J
03TP25-02 03TP39-0607-01 6-7 28.9J
03TP27-01 03TP40-0304-01 3-4 255J
03TP27-02 03TP41-0304-01 3-4 137J
03TP30-01 03TP42-0506-01 5-6 348J

J - estimated value

K - estimated value, result biased high
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Soil Borings for Step-Out Samples Based on Phase | PSL Exceedances

Twenty-nine shallow soil borings will be completed in areas that were identified from Phase | samples as
exceeding PSLs for one or more target analytes, and additional step-out samples were recommended in
the Phase | RI Report to determine the boundaries of the soil that exceed PSLs in areas where additional
soil results are not available nearby to determine the extent of the exceedances, as identified on
Figure 17-1. These step-out samples will be collected approximately 25 feet away from the original
Phase | soil boring or test pit sample location, in the direction(s) identified in the Recommendations
section of the report, at the same depth as the sample that was indicated as having the highest
concentration of analyte(s) that exceeded the PSL(s). Table 17-3 is provided to identify each Phase I
sample location and depth, the original sample location and depth, the direction(s) that where step-out
samples are recommended, and the analyte(s) that will be analyzed. Based on the Phase Il sample
results, up to one additional step-out sample per location may be collected under this SAP and analyzed
for any target analytes that continue to exceed a PSL.

Table 17-3
Site 12 Step-Out Soil Samples
Phase | Original Sample Phase Il Phase Il
Location (and Depth, in Sample Ph%?felcltis;ﬁ?;?m Sample Depth Exce:dsal;\ce(s)
feet bgs) Location(s)1 (feet bgs)
SB01 (0.5-2.0) SB31 to SB34 NW, W, S, SE 0.5-2.0 PAHs
SB02 (0.0-0.5) SB35 to SB38 E,S,W,N 0.0-0.5 Lead
TPO02 (0.0-0.5) SB39 to SB41 N, E, S 0.0-0.5 PAHs
TPO03 (0.5-2.0) SB42 to SB44 N, E, S 0.5-2.0 PAHs
TPO5 (0.5-2.0) SB45 to SB47 E, W, N 0.5-2.0 Cadcm'“m and
opper
TPO08 (0.5-2.0) SB48 NE 0.5-2.0 PAHs
TP11 (0.5-2.0) SB49 to SB50 S, SW 0.5-2.0 PAHs and Lead
TP12 (0.5-2.0) SB51 to SB53 S, SW, NE 0.5-2.0 PAHs and Lead
TP13 (0.5-2.0) SB54 to SB56 E,W,N 0.5-2.0 PAHs
TP15 (0.0-0.5) SB57 to SB59 SW, W, N 0.0-0.5 PAHS,
Pesticides

T Phase Il sample locations are centered on the Phase | original soil boring sample location, stepped out in the

general direction(s) identified in the following column, where N = north, W = west, S = south, and E = east.
Groundwater Sampling

Four monitoring well clusters will be installed at the locations shown on Figure 17-1. These wells are
located to provide data to determine if contaminants are migrating from the waste to the underlying
groundwater. Each well cluster will consist of an overburden well and a shallow bedrock well. The
shallow bedrock wells will be installed to monitor the first groundwater encountered in the bedrock.
During the Phase | test pit excavations, bedrock was encountered at depths ranging from 6 to 10 feet
bgs. Perched groundwater was encountered in areas of buried waste and minor amounts of perched
groundwater were encountered on top of the bedrock in areas with no waste.

Since the existing (Site 2) monitoring wells appropriately bound Site 12, they will be included in the
groundwater sampling for this investigation. One groundwater sample will be collected from each of the
seven existing monitoring wells (2MWO01S, 2MWO01I, 2MWO02S, 2MWO03SI, 2MWO03I, 2MWO04S, and
2MWO041) and from each of the eight new Site 12 monitoring wells (12MWO010, 12MWO01S, 12MW020,

12MW02S, 12MWO030, 12MWO03S, 12MW040, and 12MW04S).
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Groundwater samples collected from the existing (Site 2) monitoring wells will be analyzed for VOCs only.
These wells have been sampled in 1991 and 1997 as part of the Site 2 RI, which concluded that the site
did not pose an unacceptable risk to human health. The wells were again sampled in May 2009 at the
request of USEPA, to confirm the previous Rl sample results. The 2009 results were similar to the RI
data, with the exception of an elevated concentration of one VOC, methylene chloride (94 pg/L), in well
02MWO04S (see Section 10.4.2).

Groundwater samples collected from the eight new monitoring wells will be analyzed for VOCs, SVOCs
(including low level PAHSs), pesticides, PCBs, metals, and cyanide. If a groundwater sample has a
turbidity >10 NTUs, then a filtered sample will also be collected and analyzed for dissolved metals.
Groundwater samples collected from two new monitoring wells downgradient from 12TP02 (12MWO010
and 12MWO01S) will also be analyzed for dioxins/furans.

Field Quality Control Samples

Field quality control samples will be collected as part of the investigation, including field duplicates, trip
blanks, equipment rinsate blanks, and field blanks. Worksheet No. 20 presents the field QC sample
summary. Also, additional sample volume will be collected as necessary for the laboratory QC analysis of
matrix spike and matrix spike duplicate (MS/MSD) analyses (VOCs, SVOCs J[including low level PAHs],
pesticides, PCBs, and cyanide) or matrix spike and matrix duplicate (MS/MD) analyses (total and
dissolved metals, and hexavalent chromium).
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SAP Worksheet No. 18 -- Sampling Locations and Methods/SOP Requirements Table
(UEP-QAPP Manual Section 3.1.1)

Number of .
Depth : L Sampling SOP
(feet bgs) Analytical Group Samples (identify Reference’

field duplicates)

Sampling Location ID Number Matrix

Test Pits

VOCs

SVOCs/Low Level PAHs
Soil 0-05 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium
VOCs

SVOCs/Low Level PAHs
12TP16-0.502-02 Soil 05-2 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium
Site 12 Test Pit 16 VOCs

3 SVOCs/Low Level PAHs
12TP16-XXXX"-03 Pesticides/PCBs

d Soil TBD
?STP-DUP-O‘IZ o Dioxins/Furans’

Metals/Cyanide
Hexavalent Chromium
VOCs

SVOCs/Low Level PAHs
12TP16-XXXX3-04 Soil TBD Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium

12TP16-000.5-01

SA-1.3, CT-04,
SA-6.1, SA-6.3

NININ| =l —-

_|

BD

VOCs

SVOCs/Low Level PAHs
Soil 0-0.5 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium
VOCs

SVOCs/Low Level PAHs
12TP17-0.502-02 Soil 05-2 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium

12TP17-000.5-01

SA-1.3, CT-04,

Site 12 Test Pit 17 SA-6.1, SA-6.3

AlalalalalalalalalalalalalalaiNIND
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Sampling Location

ID Number

Matrix

Depth
(feet bgs)

Analytical Group

Number of

Samples (identify

field duplicates)

Sampling SOP
Reference'

12TP17-XXXX3-03

Soil

TBD

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

alala

Dioxins/Furans®

TBD

Metals/Cyanide

Hexavalent Chromium

12TP17-XXXX3-04

Soll

TBD

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

Hexavalent Chromium

Alalalalalal—a

Soil Borings

Site 12 Soil Boring 06

12SB06-000.5-01
and
12SB-DUP-012

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

Hexavalent Chromium

12SB06-0.502-02

Soil

05-2

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

Hexavalent Chromium

12SB06-0304-03

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

Hexavalent Chromium

SA-1.3, CT-04,
SA-6.1, SA-6.3

Site 12 Soil Boring 07

12SB07-000.5-01

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

AlaAalalalalalalalalalalalalaINIDNINININ

SA-1.3, CT-04,
SA-6.1, SA-6.3
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Number of
Analytical Group Samples (identify
field duplicates)

Depth
(feet bgs)

Sampling SOP

Sampling Location ID Number Matrix Reference’

VOCs

SVOCs/Low Level PAHs
Pesticides/PCBs
Metals/Cyanide

VOCs

SVOCs/Low Level PAHs
Pesticides/PCBs
Metals/Cyanide

12SB07-0.502-02 Soll 05-2

12SB07-0304-03 Soil 3-4

VOCs
12SB08-000.5-01 . SVOCs/Low Level PAHs
Soil 0-05 —
Pesticides/PCBs

Metals/Cyanide
VOCs

. SVOCs/Low Level PAHs
Site 12 Soil Boring 08 125808-0.502-02 Soil 0.5-2 Pesticides/PCBs
Metals/Cyanide
VOCs
SVOCs/Low Level PAHs
12SB08-0304-03 Soil 3-4 Pesticides/PCBs
Metals/Cyanide
Metals/Cyanide

SA-1.3, CT-04,
SA-6.1, SA-6.3

VOCs

SVOCs/Low Level PAHs
Soil 0-0.5 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium
VOCs

Site 12 Soil Boring 09 SVOCs/Low Level PAHs
Pesticides/PCBs

12SB09-0.502-02 and Soil 0.5-2 Metals/Cyanide
12SB-DUP-02? ol 9" Hexavalent Chromium

12SB09-000.5-01

SA-1.3, CT-04,
SA-6.1, SA-6.3

NININININ| Al —~
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Sampling Location

ID Number

Matrix

Depth
(feet bgs)

Analytical Group

Number of
Samples (identify
field duplicates)

Sampling SOP
Reference'

12SB09-0304-03

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

Hexavalent Chromium

Site 12 Soil Boring 10

12SB10-000.5-01

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

12SB10-0.502-02

Soil

05-2

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

12SB10-0304-03

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

SA-1.3, CT-04,
SA-6.1, SA-6.3

Site 12 Soil Boring 11

12SB11-000.5-01

Soll

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

12SB11-0.502-02

Soil

05-2

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

12SB11-0304-03

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

SA-1.3, CT-04,
SA-6.1, SA-6.3

Site 12 Soil Boring 12

12SB12-000.5-01

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

Hexavalent Chromium

Alalalalalalalalalalalalalalalalalalalalalalalalalalalalalalalalal—

SA-1.3, CT-04,
SA-6.1, SA-6.3
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Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

Number of .
Depth . Lo Sampling SOP
(feet bgs) Analytical Group Samples (identify Reference’

field duplicates)

Sampling Location ID Number Matrix

VOCs

SVOCs/Low Level PAHs
12SB12-0.502-02 Soil 05-2 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium
VOCs

SVOCs/Low Level PAHs
Soil 3-4 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium

12SB12-0304-03 and
12SB-DUP-032

VOCs

12SB13-000.5-01 Soil 0-05 SVOCs/Low Level PAHs
Pesticides/PCBs

Metals/Cyanide

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

SA-1.3, CT-04,

Site 12 Soil Boring 13 12SB13-0.502-02 Soil 05-2 SA6.1. SA6.3

12SB13-0304-03 Soll 3-4

VOCs
12SB14-000.5-01 Soil 0-05 SVOCs/Low Level PAHs
Pesticides/PCBs

Metals/Cyanide
VOCs

. SVOCs/Low Level PAHs
Site 12 Soil Boring 14 12SB14-0.502-02 Soil 05-2 Posticides/PCBs
Metals/Cyanide
VOCs
SVOCs/Low Level PAHs
12SB14-0304-03 Soil 3-4 Pesticides/PCBs
Metals/Cyanide

SA-1.3, CT-04,
SA-6.1, SA-6.3

Alalalalalalalalalalalalalalalalalalaalalaal=aINIDNINININI 2l -~
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

Number of .
Depth . Lo Sampling SOP
(feet bgs) Analytical Group Samples (identify Reference’

field duplicates)

Sampling Location ID Number Matrix

VOCs

SVOCs/Low Level PAHs
Soil 0-0.5 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium
VOCs

SVOCs/Low Level PAHs
Site 12 Soil Boring 15 12SB15-0.502-02 Soil 05-2 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium
VOCs

SVOCs/Low Level PAHs
12SB15-0304-03 Soil 3-4 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium

12SB15-000.5-01

SA-1.3, CT-04,
SA-6.1, SA-6.3

VOCs

SVOCs/Low Level PAHs
Pesticides/PCBs
Metals/Cyanide

VOCs

SVOCs/Low Level PAHs
Pesticides/PCBs
Metals/Cyanide

VOCs

SVOCs/Low Level PAHs
Pesticides/PCBs
Metals/Cyanide

12SB16-000.5-01 and
12SB-DUP-04° Soll 0-0.5

SA-1.3, CT-04,
SA-6.1, SA-6.3

Site 12 Soil Boring 16 12SB16-0.502-02 Soll 05-2

12SB16-0304-03 Soil 3-4

VOCs

12SB17-000.5-01 Soil 0-05 SVOCs/Low Level PAHs
Pesticides/PCBs

Metals/Cyanide

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

SA-1.3, CT-04,
SA-6.1, SA-6.3

Site 12 Soil Boring 17

12SB17-0.502-02 Soil 05-2

AlalalalalalalalalalalalalalalaININIPNINIAlalalalala Al —~
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

Number of
Analytical Group Samples (identify
field duplicates)

Sampling SOP

Depth
Reference'

Sampling Location ID Number Matrix (feet bgs)

VOCs

SVOCs/Low Level PAHs
Pesticides/PCBs
Metals/Cyanide

12SB17-0304-03 Soll 3-4

VOCs

SVOCs/Low Level PAHs
Soil 0-0.5 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium
VOCs

SVOCs/Low Level PAHs
Site 12 Soil Boring 18 12SB18-0.502-02 Soil 05-2 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium
VOCs

SVOCs/Low Level PAHs
12SB18-0304-03 Soil 3-4 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium

12SB18-000.5-01

SA-1.3, CT-04,
SA-6.1, SA-6.3

VOCs

12SB19-000.5-01 Soil 0-05 SVOCs/Low Level PAHs
Pesticides/PCBs

Metals/Cyanide

VOCs

12SB19-0.502-02 and . SVOCs/Low Level PAHs

12SB-DUP-05° Sol 05-2 Pesticides/PCBs

Site 12 Soil Boring 19 Metals/Cyanide

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

12SB19-0304-03 Soil 3-4 Metals/Cyanide

SA-1.3, CT-04,
SA-6.1, SA-6.3

Al Al alaININININI Al —~
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove
Site Location: Willow Grove, Pennsylvania

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

Sampling Location

ID Number

Matrix

Depth
(feet bgs)

Analytical Group

Number of
Samples (identify
field duplicates)

Sampling SOP
Reference'

Site 12 Soil Boring 20

12SB20-000.5-01

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

12SB20-0.502-02

Soil

05-2

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

12SB20-0304-03

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

SA-1.3, CT-04,
SA-6.1, SA-6.3

Site 12 Soil Boring 21

12SB21-000.5-01

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

Hexavalent Chromium

12SB21-0.502-02

Soil

05-2

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

Hexavalent Chromium

12SB21-0304-03

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

Hexavalent Chromium

SA-1.3, CT-04,
SA-6.1, SA-6.3

Site 12 Soil Boring 22

12SB22-000.5-01

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

12SB22-0.502-02

Soil

05-2

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

Alalalalalalalalalalalalalalalalalalalalalalalalalalalalalalalalalal—~

SA-1.3, CT-04,
SA-6.1, SA-6.3
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove
Site Location: Willow Grove, Pennsylvania

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

Sampling Location

ID Number

Matrix

Depth
(feet bgs)

Analytical Group

Number of
Samples (identify
field duplicates)

Sampling SOP
Reference'

12SB22-0304-03 and
12SB-DUP-062

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

Site 12 Soil Boring 23

12SB23-000.5-01

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

12SB23-0.502-02

Soil

05-2

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

12SB23-0304-03

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

SA-1.3, CT-04,
SA-6.1, SA-6.3

Site 12 Soil Boring 24

12SB24-000.5-01

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

Hexavalent Chromium

12SB24-0.502-02

Soil

05-2

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

Hexavalent Chromium

12SB24-0304-03

Soll

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

Hexavalent Chromium

SA-1.3, CT-04,
SA-6.1, SA-6.3

Site 12 Soil Boring 25

12SB25-000.5-01

Soil

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

AlaAalalalalalalalalalalalalalalalalalalalalalalalalalalalalalaIdNdINININD

SA-1.3, CT-04,
SA-6.1, SA-6.3
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

Number of
Analytical Group Samples (identify
field duplicates)

Sampling SOP

Depth
Reference'

Sampling Location ID Number Matrix (feet bgs)

VOCs

SVOCs/Low Level PAHs
Pesticides/PCBs
Metals/Cyanide

VOCs

SVOCs/Low Level PAHs
Pesticides/PCBs
Metals/Cyanide

12SB25-0.502-02 Soll 05-2

12SB25-0304-03 Soil 3-4

VOCs

SVOCs/Low Level PAHs
Pesticides/PCBs
Metals/Cyanide

VOCs

SVOCs/Low Level PAHs
Pesticides/PCBs
Metals/Cyanide

VOCs

SVOCs/Low Level PAHs
Pesticides/PCBs
Metals/Cyanide

12SB26-000.5-01 and
12SB-DUP-072 Soil 0-05

SA-1.3, CT-04,

Site 12 Soil Boring 26 12SB26-0.502-02 Soil 05-2 SA-6.1 SA-6.3

12SB26-0304-03 Soll 3-4

VOCs

SVOCs/Low Level PAHs
Soil 0-0.5 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium
VOCs

SVOCs/Low Level PAHs
Site 12 Soil Boring 27 12SB27-0.502-02 Soil 05-2 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium
VOCs

SVOCs/Low Level PAHs
12SB27-0304-03 Soil 3-4 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium

12SB27-000.5-01

SA-1.3, CT-04,
SA-6.1, SA-6.3

AlaAalalalalalalalalalalalalalalalalalaalal=al=2INIDNININ Il —~
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

Number of .
Depth . Lo Sampling SOP
(feet bgs) Analytical Group Samples (identify Reference’

field duplicates)

Sampling Location ID Number Matrix

VOCs

12SB28-000.5-01 Soil 0-05 SVOCs/Low Level PAHs
Pesticides/PCBs

Metals/Cyanide

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

VOCs

SVOCs/Low Level PAHs

Pesticides/PCBs

Metals/Cyanide

SA-1.3, CT-04,

Site 12 Soil Boring 28 12SB28-0.502-02 Soil 05-2 SA-6.1 SA6.3

12SB28-0304-03 Soil 3-4

VOCs
12SB29-000.5-01 . SVOCs/Low Level PAHs
Soil 0-0.5 —

Pesticides/PCBs
Metals/Cyanide
VOCs
12SB29-0.502-02 and . SVOCs/Low Level PAHs
12SB-DUP-08? Soil 05-2 Pesticides/PCBs
Metals/Cyanide
VOCs
SVOCs/Low Level PAHs
Pesticides/PCBs

Metals/Cyanide

SA-1.3, CT-04,

Site 12 Soil Boring 29 SA-6.1, SA-6.3

12SB29-0304-03 Soll 3-4

VOCs

SVOCs/Low Level PAHs
Soil 0-0.5 Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium
Site 12 Soil Boring 30 VOCs

SVOCs/Low Level PAHs
Pesticides/PCBs
Metals/Cyanide
Hexavalent Chromium

12SB30-000.5-01

SA-1.3, CT-04,
SA-6.1, SA-6.3

12SB30-0.502-02 Soll 05-2

AlalalalalalalalalalalalalaININIPNINIAlmlala Al -~

L/DOCUMENTS/NAVY/02014/23949 Page 92 of 153
CTO WEO05



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

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

Number of .
Sampling Location ID Number Matrix Depth Analytical Group Samples (identify Sampling S?P
(feet bgs) i . Reference
field duplicates)
VOCs 1
SVOCs/Low Level PAHs 1
12SB30-0304-03 Soil 3-4 Pesticides/PCBs 1
Metals/Cyanide 1
Hexavalent Chromium 1
Site 12 Chromium Speciation
Site 12 Test Pit 02 12TP02-0405-CS and Soil 4.5 Total Chromium and 5 SA-1.3, CT-04,
Chromium Speciation 12TP-DUP-XX? Hexavalent Chromium SA-6.1, SA-6.3
Site 12 Test Pit 03 . Total Chromium and SA-1.3, CT-04,
Chromium Speciation 12TP03-0506-CS Soil 5-6 Hexavalent Chromium ! SA-6.1, SA6.3
Site 12 Test Pit 08 . Total Chromium and SA-1.3, CT-04,
Chromium Speciation 12TP08-0304-CS Soil 3-4 Hexavalent Chromium 1 SA-6.1, SA-6.3
Site 12 Test Pit 09 . Total Chromium and SA-1.3, CT-04,
Chromium Speciation 12TP09-0304-CS Soil 3-4 Hexavalent Chromium 1 SA-6.1, SA-6.3
Site 12 Test Pit 10 . Total Chromium and SA-1.3, CT-04,
Chromium Speciation 12TP10-0405-CS Soll 4-5 Hexavalent Chromium ! SA-6.1. SA-6.3
Site 12 Test Pit 12 . Total Chromium and SA-1.3, CT-04,
Chromium Speciation 12TP12-0203-CS Soil 2-3 Hexavalent Chromium 1 SA-6.1, SA-6.3
Site 12 Test Pit 14 . Total Chromium and SA-1.3, CT-04,
Chromium Speciation 12TP14-0405-CS Soil 4-5 Hexavalent Chromium 1 SA-6.1, SA-6.3
Site 12 Test Pit 15 . Total Chromium and SA-1.3, CT-04,
Chromium Speciation 12TP15-0304-CS Soil 3-4 Hexavalent Chromium 1 SA-6.1, SA-6.3
Site 3 Chromium Speciation
Site 3 Soil Boring 02 03SB27-1.52.5 -01 and Soil 15 .25 Total Chromium and ° SA-1.3, CT-04,
Chromium Speciation 03SB-DUP-XX ) ) Hexavalent Chromium SA-6.1, SA-6.3
Site 3 Soil Boring 04 . Total Chromium and SA-1.3, CT-04,
Chromium Speciation 035B28-1.52.5-01 Soil 15-25 Hexavalent Chromium ! SA-6.1, SA-6.3
Site 3 Test Pit 04 . Total Chromium and SA-1.3, CT-04,
Chromium Speciation 035B29-022.5-01 Soil 2-25 Hexavalent Chromium ! SA-6.1, SA-6.3
Site 3 Test Pit 06 . Total Chromium and SA-1.3, CT-04,
Chromium Speciation 03TP31-0708-01 Soil /-8 Hexavalent Chromium ! SA-6.1, SA-6.3
Site 3 Test Pit 06 . Total Chromium and SA-1.3, CT-04,
Chromium Speciation 03TP32-0809-01 Sell 8-9 Hexavalent Chromium ! SA-6.1, SA-6.3
Site 3 Test Pit 06 . Total Chromium and SA-1.3, CT-04,
Chromium Speciation 037P33-0607-01 Soil 6-7 Hexavalent Chromium ! SA-6.1, SA-6.3
Site 3 Test Pit 07 . Total Chromium and SA-1.3, CT-04,
Chromium Speciation 03SB30-0304-01 Soil 3-4 Hexavalent Chromium ! SA-6.1, SA-6.3

L/DOCUMENTS/NAVY/02014/23949

Page 93 of 153
CTO WEO05




Project-Specific SAP

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

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

Sampling Location ID Number Matrix (2;%;2) Analytical Group S?x:rlzg‘_a(rdfe):tify Sa;e\?;irr;?‘ CSeC1)P
ield duplicates)

git:?o?niTL?rit g;i)te?:?ation 03TP34-0405-01 Soil 4-5 LZ?&L\ZT:ITICUhTOmSm ! gﬁ:gi? g/1843
gﬁ?o?n-irtfnit g[i)te%?ation 03SB31-0506-01 Soil 5-6 th;‘;\g?éﬁ:né}uhr?o?rﬂgm ! gﬁ:;? gl:gg
Chvomum Spediation | 035832:0405:01 | Sol 4-5 Hoxavalent Chromium | SA.1 SA63
Site 3 Test Pit 11 . 03SB33-0304-01 and Soil 3.4 Total Chromium aqd 2 SA-1.3, CT-04,
Chromium Speciation 03SB-DUP-XX Hexavalent Chromium SA-6.1, SA-6.3
Chromium Specation | 038B34-0405-01 Sol 4-5 Hoxavalent Chromium | SA6.1, SAS3
gl:?o?niTue;t g[i)telz?ation 03TP35-0304-01 Sell 3-4 LZ?;\ZTé?lTéuhn:o?\:iSm ! gﬁ:;? gl:g‘l?:
gﬁ?o?n-iruenit gpi)te%(i)ation 037P36-0708-01 Soil /-8 thf;\gré?l?(i)uhrpo?rﬂgm ! gﬁ:;‘? gl:gg
Chvomtum Spoation | 03TPS7-0304-01 sol 3-4 Hoxavalent Chromium | SAG.1 SA63
git:?o?niTL?rit g;i)te%‘i‘ation 03TP38-0304-01 Sell 3-4 Lzzz(aala\gl]gr)l:nicuhn:o%r]iﬁm ! gﬁ:gi? g/1843
Chromium Spociation | 03TP39-0607-01 Soi 6-7 Hoxavalent Chromium | 51 SAes
Chvomtum Sposfation | 03TPA0-0304-01 sol 3-4 Hoxavalent Chromium | SAG.1 SA63
git:?o?niTL?rit g;i)te%i7ation 03TP41-0304-01 Soil 3-4 LZ?&L\ZT:ITICUhTOmSm ! gﬁ:gi? g/1843
gﬁ?o?n-irtfnit g[i)te%(i)ation 03TP42-0506-01 Soil 5-6 th;‘;\g?éﬁ:né}uhr?o?rﬂgm ! gﬁ:;? gl:gg
Step-Outs

R S O I R € T
oo 128B32-0.502-02 Soil 0.5-2 Low Level PAHs 1 Aoy SAes
git:pféljstﬂ"sBO””g 01 125B33-0.502-02 Soil 0.5-2 Low Level PAHs 1 gﬁ:gf;’: oy
git:pfé uSto1ilsBEoring 01 125B34-0.502-02 Soil 05-2 Low Level PAHs 1 2?:&;?; g;:gf‘é
R < O O o e sl
giteepféiﬂ”sBormg 02 125B36-000.5-01 Soil 0-05 Metals (Lead only) 1 s SAes
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Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

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

Sampling Location ID Number Matrix (2;%;2) Analytical Group S?x:rlzg‘_a(rdfe):tify Sa;e\?;irr;?‘ CSeC1)P
ield duplicates)
gifpféiﬂiwormg 02 12SB37-000.5-01 Soil 0-05 Metals (Lead only) gﬁ:é:?: g;:gf‘é
S ouan e %2 125B38-000.5-01 Soil 0-05 Metals (Lead only) sy SAes
giteepjélﬂﬁ Pit 02 125B39-000.5-01 Soil 0-05 Low Level PAHSs sy SAes
gifpfélﬁsé Pit 02 125B40-000.5-01 Soil 0-05 Low Level PAHs s SAe
git:pfélﬁsé Pit 02 125B41-000.5-01 Soil 0-05 Low Level PAHs sy SAes
gifpfé;ﬁ Pit 03 125B42-0.502-02 Soil 0.5-2 Low Level PAHs sy Saes
gifpféﬁsé Pito3 125B43-0.502-02 Soil 0.5-2 Low Level PAHs sy SAS
git:pjéﬁsé Pit03 125B44-0,502-02 Soil 0.5-2 Low Level PAHSs e S8
Site 12 Test Pit 05 12SB45-0.502-02 and . Metals (Cadmium and SA-1.3, CT-04,
Step-Out 1E 12SB-DUP-112 Soll 0.5-2 Copper only) SA-6.1. SA-6.3
T T T o
S G KT I O e R
R
A T I N il e
A T N T i R
A I I N i e
A R Y R FYer e el R
e T R e i R
gifpféﬁsé Pit13 125B54-0.502-02 Soil 0.5-2 Low Level PAHs sy SAS
gifpfélﬁs\}vpit 13 125B55-0.502-02 Soil 0.5-2 Low Level PAHs e S8
gifpjglﬁ Pit13 125B56-0.502-02 Soil 0.5-2 Low Level PAHSs sy SAs
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Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

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

Number of .
Sampling Location ID Number Matrix Depth Analytical Group Samples (identify Sampling S?P
(feet bgs) i . Reference
field duplicates)
Site 12 Test Pit 15 12SB57-000.5-01 and Soil 0-05 Low Level PAHSs, 5 SA-1.3, CT-04,
Step-Out 1SW 12SB-DUP-132 ) Pesticides SA-6.1, SA-6.3
Site 12 Test Pit 15 . Low Level PAHSs, SA-1.3, CT-04,
Step-Out 1W 125B58-000.5-01 Soil 0-05 Pesticides ! SA-6.1. SA-6.3
Site 12 Test Pit 15 . Low Level PAHs, SA-1.3, CT-04,
Step-Out 1N 12SB59-000.5-01 Soil 0-05 Pesticides ! SA-6.1. SA6.3
Monitoring Wells
VOCs 1
12MWO10 SVOCs/Low Level PAHs 1
12MW010 YYYYMMDD Groundwater TBD Pgstpdes/PCBs 1 SA-1.1, QAD023
Dioxins/Furans 1
Metals/Cyanide 1
VOCs 1
12MWO1S SVOCs/Low Level PAHs 1
12MWO01S YYYYMMDD Groundwater TBD Pfast!mdes/PCBs 1 SA-1.1, QAD023
Dioxins/Furans 1
Metals/Cyanide 1
12MW020 vOocs 2
N 2
12MW020 YYYYMMDD and Groundwater | TBD SVOCs/Low Level PAHs SA-1.1, QAD023
12GW-DUP-012 Pesticides/PCBs 2
Metals/Cyanide 2
VOCs 1
12MWO02S- SVOCs/Low Level PAHs 1
12MW02S YYYYMMDD Groundwater TBD Posticides/PCBs 1 SA-1.1, QAD023
Metals/Cyanide 1
VOCs 1
12MWO030- SVOCs/Low Level PAHs 1
12MW030 YYYYMMDD Groundwater TBD Posticides/PCBs ] SA-1.1, QAD023
Metals/Cyanide 1
VOCs 1
SVOCs/Low Level PAHs 1
_ Pesticides/PCBs 1
12MWO03S :(%(“\/}\\/(vlsli/lsDD Groundwater | TBD Metals/Cyanide 1 SA-1.1, QAD023
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Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

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

Number of .
Sampling Location ID Number Matrix Depth Analytical Group Samples (identify Sampling 89P
(feet bgs) field dulicates Reference
p )
VOCs 1
12MW040- SVOCs/Low Level PAHs 1
12MW040 YYYYMMDD Groundwater TBD Pesticides/PCBs 1 SA-1.1, QAD023
Metals/Cyanide 1
VOCs 1
12MWO04S- SVOCs/Low Level PAHs 1
12MW04S YYYYMMDD Groundwater TBD Pesticides/PCBs y SA-1.1, QAD023
Metals/Cyanide 1
2MWO01S-YYYYMMDD
2MWO01S and Groundwater 5-20 VOCs 2 SA-1.1, QAD023
12GW-DUP-02°
2MWO1I 12MWO01I-YYYYMMDD | Groundwater 70-80 VOCs 1 SA-1.1, QAD023
2MW02S 2MW02S-YYYYMMDD Groundwater 5-25 VOCs 1 SA-1.1, QAD023
2MWO03SI 2MWO03SI-YYYYMMDD | Groundwater 40 - 55 VOCs 1 SA-1.1, QAD023
2MWO3I 2MWO03I-YYYYMMDD Groundwater 140 - 150 VOCs 1 SA-1.1, QAD023
2MWO04S 2MW04S-YYYYMMDD Groundwater 34 -44 VOCs 1 SA-1.1, QAD023
2MWO04| 2MWO04I-YYYYMMDD Groundwater 105-115 VOCs 1 SA-1.1, QAD023

' SOP or worksheet that describes the sample collection procedures (Worksheet No. 21).

2 Field duplicate locations may change in the field at the discretion of the Tetra Tech Geologist based on visual and olfactory observations and PID readings. The intent will
be to target those locations that exhibit the greatest degree of visual and/or organic vapor to increase the likelihood of generating meaningful data.

3 XXXX represents depth of the sample. Depth will be determined in the field. For example, if sample is collected from 5 to 6 feet, the depth will be recorded as 0506.

* One test pit soil location will be chosen in Phase Il for Dioxins/Furans analysis to coincide with the presence of charred waste material, if encountered. If no charred waste
materials are identified, no sample will be selected and submitted for Dioxins/Furans analysis for soil.

For all samples that require hexavalent chromium, total chromium is also required; the trivalent chromium in each sample will be calculated as the difference between the
hexavalent chromium concentration and the total chromium concentration.
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove

Site Location: Willow Grove, Pennsylvania

SAP Worksheet No. 19 -- Analytical SOP Requirements Table

(UFP-QAPP Manual Section 3.1.1)

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

Hexavalent
Chromium

SW-846 3060A/6800
TA-Pitt PT-WC-015, PT-MT-009

Sample Preservation : :
Matrix Analytical Analytical and Preparatio1n Containers Volume Requirements Mamm_t:_:z‘zoldlng
Group Method / SOP Reference (number, size, and type) (units) (chemical, temperature, light tion / analvsi
protected) (preparation / analysis)
Soil 3 -5gram (g)
TerraCores sampling . . .
receptacle with soil Tyvo V|aI§ containing sodium
SW-846 5035/8260B transferred to 3 — 40 5:§ngﬁiéﬁf¥3temre?ﬂ§n%'?eno
milliliter (mL) clear glass ’ i
VOCs Chemtech M8260B/C- virlﬂllsl- (mL) g 5g headspace: Cool to <6 °C: 14 days to analysis
SWGCMSVOA-18 ’ . lab will freeze methanol to <
1 —2 ounce (oz) wide- 10 °C
mouth glass jar for
percent moisture
SW-846 3541/8270D (and 8270D
SVOCs and SIM) (
Low Level .
PAHs Chemtech M3541-ASE Extraction-
04, M8270C/D-BNA-16 1 — 8 oz wide-mouth 30g Cool to <6 °C 14 days to extraction;
SW-846 3541/8081A/8082 glass jar (each) 40 days analysis
Pesticides and | Chemtech M3541-ASE Extraction-
PCBs 04, 8081A-B-Pesticide-13,
M8082/8082A-PCB-11
1 — 8 oz wide-mouth .
SW-846 3540C/8290A :
Dioxins/Furans amber glass jar with 30g Cool to <6 °C ig g:yz :g gﬁgﬁc\:‘:n’
CFA CF-OA-E-001, CF-OA-E-002 Teflon®-lined lid Y y
SW-846 3050B/6020A
Metals Chemtech M3050B-Digestion-13, 180 days to analysis
M6020/6020A-Metals ICPMS-13
1to2g/1
Mercur SW-846 74718 g for 28 days to analysis
Y Chemtech M7471A/B-Mercury-11 | 1 -8 0z wide-mouth hexavalent y Y
glass jar (for each chromium/ | Cool to <6 °C
) SW-846 3050B/6010C laboratory) 0.3 g for .
Total Chromium 180 days to analysis
TA-Pitt PT-IP-002, PT-MT-001 mercury / 5 y y
g cyanide

30 days to extraction;
7 days from
extraction to analysis
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove

Site Location: Willow Grove, Pennsylvania

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

Amenable and Reactive Cyanide-13

to pH > 12; Cool to <6 °C

Sample Preservation : .
, Analytical Analytical and Preparation Containers Volume Requirements Maximum Holding
Matrix G 1 ; . ) . Time
roup Method / SOP Reference (number, size, and type) (units) (chemical, temperature, light . .
(preparation / analysis)
protected)
SW-846 9012B
Cyanide Chemtech M9012A-B-Total, 14 days to analysis
Amenable and Reactive Cyanide-13
Ground- SW-846 8260B 3 —40 mL clear glass .
water and | VOCs Chemtech M8260B/C- vials with Teflon®-lined 25 mL ;Y'd:ozc, h(l:cggi ?(?ISG(':'(C;; to 14 days to analysis
aqueous SWGCMSVOA-18 septa ’
field QC
samples SVOCs and SW-846 3510C/8270D (and 8270D
Low Level SIM)
PAHs Chemtech M8270C/D-BNA-16
4—1 liter (L) amber 1000 ML | oooiio <6 °C 7 days f{?r 404
SW-846 3550B/8081A/8082 glass bottles (each) oolto freparla I(.)n’ ays
Pesticides and | Chemtech 3510C,3580A-Extraction © analysis
PCBs SVOC-11, 8081A-B-Pesticide-13,
M8082/8082A-PCB-11
o SW-846 3520C/8290A 2 — 1L amber glass o 30 days to extraction;
Dioxins/Furans | oA CF-OA-E-001, CF-OA-E-002 | bottles 1000mL - Coolto<67C 45 days to analysis
SW-846 3050B/6020A
Metals (Total 1 — 1L high densi .
and Dissolved) Chemtech M6020/6020A-Metals - igh density 50 mL / 30 o 180 days to analysis
ICPMS-13 polyethylene (HDPE) mL Nitric acid (HNO3) to pH < 2;
SW.846 7470A bottle (1 for total, 1 for mercury Cool to <6 °C
_ 7 7 . .
Merculry (Total dissolved if necessary) 28 days to analysis
and Dissolved) | Chemtech M7470A-Mercury-12
Hexavalent SW-846 7196A One 500 - mL plastic Cool to < 6 °C; no .
. . 50 mL 24 hours to analysis
Chromium TA-Pitt PT-WC-015 bottle headspace
SW-846 9012B Sodium hvdroxide (NaOH
Cyanide Chemtech M9012A-B-Total, 1 —250 mL HDPE bottle 50 mL odium hydroxide (NaOH) 14 days to analysis
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Project-Specific SAP

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

SAP Worksheet No. 20 -- Field Quality Control Sample Summary Table
(UEP-QAPP Manual Section 3.1.1)

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

Analytical No. qf N(_). of No. of Nc_>. of No. _of No. of. Total No. of
Group Samp_lmg Flgld MS/MSDs" Field Equip. VOA Trip Samples to
Locations | Duplicates Blanks Blanks Blanks Lab
Sail VOCs 83 9 5/5 1 5 10 108
Sail SVOCs/PAHs 83 9 5/5 1 5 NA 98
Sail PAHs Only 22 3 2/2 0 2 NA 27
Sail Pesticides/PCBs 83 9 5/5 1 5 NA 98
Sail Pesticides Only 3 1 1/1 0 0 NA 4
Soil Dioxin/Furans 1 maximum 0 0/0 0 0 NA 1
Soil Metals 83 9 5/5 1 5 NA 98
Hexavalent (and
Soil Trivalent) 2 35 4 2/2 0 2 NA 41
Chromium
Hexavalenzt (and
. Trivalent
Soil Chromiur)n Total 28 3 2/2 0 2 NA 35
Chromium Only
Soil Metals (Lead 5 1 11 0 0 NA 6
Only)
. Metals (Cadmium
Sail and CoE)per only) 3 1 11 0 0 NA 4
Sail Cyanide 83 9 5/5 1 5 NA 98
Groundwater VOCs 15 2 1/1 0 0 3 20
Groundwater SVOCs/PAHs 8 1 1/1 0 0 NA 9
Groundwater Pesticides/PCBs 8 1 1/1 0 0 NA 9
Groundwater Dioxin/Furans 2 1 1M1 0 0 NA 3
Groundwater Total Metals 8 1 1/1 0 0 NA 9
Groundwater Dissolved Metals 0 minimum, 1 17 0 1* NA 10 maximum
8 maximum
Groundwater Cyanide 8 1 1/1 0 0 NA 9

' Although the MS/MSD is not typically considered a field QC, it is included here because location determination is often established in the field. The MS/MSD are
not included in the Total No. of Samples sent to the Lab. For Total and Dissolved Metals, an MD will be collected in place of an MSD.

2 Trivalent chromium will be calculated as the difference between the total chromium and the hexavalent chromium results.

* - The equipment blank for the Dissolved Metals, if collected, will be obtained by passing rinse water through a 0.45-micron filter.
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Project-Specific SAP

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

SAP Worksheet No. 21 -- Project Sampling SOP References Table
(UEP-QAPP Manual Section 3.1.2)

Title: SAP for Phase

Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

. - Originating MOd'f'.ed for
Reference Title, Revision Date and / or B . Project
Organization of Equipment Type Comments
Number Number . Work?
Sampling SOP
(Y/N)
Although test pit samples
- will be soils, the abbreviation
CT-04 Sample Nomenclature (Revision 2, March Tetra Tech NA Y “TP” will be used in place of
2009) sQp” : ;
SB”. Contained in
Appendix A.
Database Records and Quality Assurance . . .
CT-05 (Revision 2, January 29, 2001) Tetra Tech NA N Contained in Appendix A.
Evaluation of Existing Monitoring Wells and
GH-1.2 Water Level Measurement (Revision 2, Tetra Tech Electronic water level indicator N Contained in Appendix A.
September, 2003)
GH-13 Soil and Rock Drilling Methods (Revision 1, Tetra Tech Drilling or DPT rig, accessories, N Contained in Appendix A.
June, 1999) and general field supplies
GH-1.5 Borehole and Sample Logging (Revision 1, Tetra Tech General field supplies N Contained in Appendix A.
June, 1999)
Groundwater Contour Maps and Flow . . .
GH-2.5 Determinations (Revision 1, June, 1999) Tetra Tech NA N Contained in Appendix A.
Health and safety equipment,
o . well drilling and installation
Groundwater Monitoring Well Installation . ) . . .
GH-2.8 (Revision 3, September, 2003) Tetra Tech equ!pment, hydrogeploglc N Contained in Appendix A.
equipment, drive point
installation tools
Utility Locating and Excavation Clearance . . .
HS-1.0 (Revision 2, December 2003) Tetra Tech NA N Contained in Appendix A.
Recommended Procedure for Low-Flow Submersible pump, Contained in Appendix A.
QADO023 Purging and Sampling of Groundwater USEPA Region 3 multiparameter meter, Y See Worksheet No. 14 for
Monitoring Wells (June, 1997) turbidimeter project-specific procedures.
Groundwater Sample Acquisition and Multi-parameter water qualit
SA-1.1 Onsite Water Quality Testing (Revision 7, Tetra Tech P h H 'bq U 2% N Contained in Appendix A.
April 2008) meter, such as a Horiba U-
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Project-Specific SAP

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

Title: SAP for Phase

Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

. I Originating MOd'f',ed for
Reference Title, Revision Date and / or . . Project
Organization of Equipment Type Comments
Number Number - Work?
Sampling SOP
(YIN)
SA-1.3 Soil Sampling (Revision 9, April 2008) Tetra Tech Sampling Procedures, Methods N Contained in Appendix A.
Direct Push Technology DPT Rig, accessories, and
SA-2.5 (Geoprobe®/Hydropunch™) (Revision 3, Tetra Tech 9, ’ N Contained in Appendix A.
supplies
September, 2003)

} Non-Radiological Sample Handling Sample Bottle ware, Packaging . . .
SA-6.1 (Revision 3, February 2004) Tetra Tech Material, Shipping Materials N Contained in Appendix A.
SA-6.3 Field Documentation (Revision 3, March Tetra Tech Field Logbqok, Field Sample N Contained in Appendix A.

2009) Forms, Boring Logs
Decontamination of
sampling equipment is not
anticipated. However, if

. . . Decontamination Equipment required, nitric acid is
Decontamination of Field Equipment removed from the
SA-7.1 o Tetra Tech (scrub brushes, phosphate free Y o
(Revision 6, January 2009) T decontamination procedure.
detergent, de-ionized water)

Isopropyl Alcohol to be
used, if field conditions
warrant. Contained in
Appendix A.

L/DOCUMENTS/NAVY/02014/23949

Page 102 of 153
CTO WEO05




Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

SAP Worksheet No. 22 -- Field Equipment Calibration, Maintenance, Testing, and Inspection Table
(UFP-QAPP Manual Section 3.1.2.4)

. . s Acceptance Corrective Responsible SOP
Field Equipment Activity Frequency Criteria Action Person Reference? Comments
To be used to
determine the Test
PID Calibration and Dail Manufacturer’'s Replace Tetra Tech FOL Manufacturer’s Pit depth that is
Visual Inspection y Guidance P or designee Guidance most impacted for
biased sample
collection.
Backhoe / ; i
Excavating Inspection Daily Equipment Iqspgctlon Replace Tetra Te'ch FOL SA-1.3 None.
. Sheet Criteria or designee
Machinery
Disposable Hand Inspection Per Use NA Replace Tetra Te_ch FOL SA-1.3 None.
Trowel or designee
. . Daily
Electric Water Level | Visual Inspection
. Operator GH-1.2,
Indicator and ; Tetra Tech FOL ,
, . Once upon 0.01 foot accuracy correction or : Manufacturer’'s None.
Oil/Water Interface Field checks as p | t or designee Guid M |
Probe receiving from replacemen uidance Manua
per manufacturer
vendor
) Visual Inspection Daily GH-2.8. GW-001
Water anllty Meter Manufacturer’'s Opergtor Tetra Tech FOL SA-1.1, SA-1.2,
(YSI Series 600 or o o uidance correction or or desianee Manufacturer's None.
equivalent) Calibration/ Beginning and 9 replacement 9 \
Verification end of day Guidance Manual
Manufacturer’s
Visual Inspection Daily guidance; calibrations ) . To be used to
Turbidity Meter must bracket expected Operator GH-2.8, GW-001, determine the need
T . Tetra Tech FOL SA-1.1, SA-1.2, ;
(LaMotte 2020 or o o values; Initial correction or or desianee Manufacturer's to collect Dissolved
equivalent) Calibration/ Beginningand | Calibration Verification replacement 9 Gui Metals samples (if
Verification end of day (ICV) must be <10 uidance Manual | . NTU).
NTU.
. . . . Equipment Inspection Tetra Tech FOL Manufacturer’s
Submersible Pump Visual Inspection Daily Sheet Criteria Replace or designee Guidance None.
' Activities may include: calibration, verification, testing, maintenance, and/or inspection.
2Specify the appropriate reference letter or number from the Project Sampling SOP References table (Worksheet No. 21).
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove
Site Location: Willow Grove, Pennsylvania

SAP Worksheet No. 23 -- Analytical SOP References Table
(UEP-QAPP Manual Section 3.2.1)

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

Definiti o izati Variance to Modified
Lab SOP | Title, Revision Date, and / se INTLIVE O | Matrix and Analytical rganization | pnop QSM? | for Project
creening Instrument Performing Work?
Number or Number Group . (Y/ OorK
Data Analysis
N) (Y/N)
Volatile Organic Compounds by Gas
M8260B/C- Soil, groundwater and Chromatograph/
GC/MS — SW 846 Method — .
SWGCMSVO o Definitive aqueous field QC Mass Chemtech N N
8260B/C (Revision 18,
A-18 02/15/2011) samples — VOCs Spectrometer
(GC/MS)
Determination of Pesticides in GC/ Electron
8081A-B- Aqueous, Soil, Sludge, or Solid Soil, groundwater, and Capture
- Samples by SW-846 Method Definitive aqueous field QC P Chemtech N N
Pesticide-13 . - Detector
8081 A/B (Revision 13, samples — Pesticides (GC/ECD)
09/30/09)
Determination of Polychlorinated
M8082/8082A Biphenyls (PCBs) by Capillary Soil, groundwater, and
Gas Chromatography, Electron Definitive aqueous field QC GC/ECD Chemtech N N
-PCB-11 y
Capture Detector (Revision 11, samples — PCBs
9/30/2009)
E . P ion f Groundwater and
M3510C,3580 sétrﬁ?ﬁﬂ%?ﬁ’e 6erpgrr;"i‘(t:'°” or aqueous field QC
A-Extraction Compounds (Rgvision 1, Definitive §amplgs - SVOCs NA/ Preparation Chemtech NA N
SVOC-11 09/30/09) (including low level
PAHSs)
M3541-ASE- | Automated Soxhlet Extraction Soil samples — SVOCs
Extraction-04 Procedure by Method SW 3541 Definitive (including low level NA/ Preparation Chemtech NA N
Xtraction- Modified (Revision 4, 9/30/2009) PAHs)
Determination of Extractable Soil, groundwater, and
M8270C/D- Semi-Volatile Organic aqueous field QC
BNA-16 Compounds by SW-846 Method Definitive samples — SVOCs GC/MS Chemtech N N
8270C/D (Revision 16, (including low level
12/25/2010) PAHSs)
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Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

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

Definiti o zati Variance to Modified
Lab SOP Title, Revision Date, and / se INFLIVE OF | Matrix and Analytical rganization | pop Qsm? | for Project
creening Instrument Performing Work?
Number or Number Group . (Y/ OorK
Data Analysis
N) (Y/N)
Acid Digestion of Aqueous
M3010A- Samples and Extracts for the Groundwater and
Digestion-10 Analysis of Total Metals by ICP Definitive aqueous field QC NA/ Preparation Chemtech NA N
Igestion- Spectroscopy (Revision 10, samples — Metals
05/23/11)
Acid Digestion of Sediments,
M3050B- Sludges, and Soils for Total
Digestion-13 Metals Analysis by ICP Definitive Soil samples — Metals NA/ Preparation Chemtech N N
Igestion- Spectroscopy (Revision 13,
05/23/2011)
. Inductively
M6020/6020A | frace Elemental Analysis by Soil, groundwater, and | Coupled Plasma
-Metals Mags Spe)::tror%%try Method Definitive aqueous field QC - Mass Chemtech N N
ICPMS-13 | (Revision 13, 05/23/11) samples — Metals Spectroscopy
(ICP-MS)
M7470A- Mercury Analysis in Liquid Groundwater and Ci?o\ﬁsor
Mercury-12 Waste by Cold Vapor Technique Definitive aqueous field QC Absorption Chemtech N N
- Revision 12, 07/25/11 _
( ) samples — Mercury (CVAA)
Mercury Analysis in Soil and
M7471A/B- Sediments by Cold Vapor " .
Mercury-11 Technique (Revision 11, Definitive Soil samples — Mercury CVAA Chemtech N N
05/23/11)
M9012A-B-
Total, Determination of Total Cyanide Groundwater and Spectrophoto-
Amenable | by SW-846 Method 9012A/B Definitive aqueous field QC D tor Chemtech N N
and Reactive | (Revision 13, 05/23/10) samples — Cyanide
Cyanide-13
CFA Standard Operating Procedure
for Dioxin/ Furan/ PCB o Soil and Groundwater — .
CF-OA-E-001 | Congener Sample Processing Definitive Dioxins/Furans NA/ Extraction CFA NA N
(Revision 2, February 2010)
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove
Site Location: Willow Grove, Pennsylvania

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

Lab SOP
Number

Title, Revision Date, and /
or Number

Definitive or
Screening
Data

Matrix and Analytical
Group

Instrument

Organization
Performing
Analysis

Variance to
DOD QSM?
(Y/

N)

Modified
for Project
Work?

(Y/N)

CF-OA-E-002

Standard Operating Procedure
for the Analysis of
Polychlorinated Dibenzo-p-
Dioxins and Polychlorinated
Dibenzofurans (PCDDs/PCDFs)
by High-Resolution Gas
Chromatography/ High-
Resolution Mass Spectometry
(HRGC/HRMS) (EPA SW-846
Method 8290A, EPA Method
1613B, EPA SW-846 Method
0023A) (Revision 4, December
2009)

Definitive

Soil and Groundwater —
Dioxins/Furans

HRGC/ HRMS

CFA

PT-HS-001

Waste Collection, Accumulation
and Storage (Revision 5,
08/05/09)

NA

NA

NA/ Disposal

TA-Pitt

NA

PT-IP-002

Acid Digestion of Soils, SW-846
Method 3050B (Revision 8,
04/28/09)

Definitive

Soil — Total Chromium
Digestion

NA/ Digestion

TA-Pitt

NA

PT-IP-003

Acid Digestion of Aqueous
Samples by SW-846 Methods
3005A, 3010A and EPA
Methods 200.7 and 200.8
(Revision 10, 06/23/10)

Definitive

Aqueous — Total
Chromium Digestion

NA/ Digestion

TA-Pitt

NA

PT-MT-001

Inductively Coupled Plasma-
Atomic Emission Spectroscopy,
Spectrometric Method for Trace
Element Analyses, SW-846
Method 6010B, 6010C, and EPA
Method 200.7 (Revision 11,
07/27/09)

Definitive

Soil — Total Chromium

Inductively
Coupled
Plasma-Atomic
Emission
Spectroscopy
(ICP-AES)

TA-Pitt
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

Definiti o zati Variance to Modified
Lab SOP Title, Revision Date, and / se INFLIVE OF | Matrix and Analytical rganization | pop Qsm? | for Project
creening Instrument Performing Work?
Number or Number Data Group Analysis (Y/ !
N) (Y/N)
ICP-MS fitted
. . Soil — Hexavalent with Xi interface,
Speciated Isotope Dilution Mass o Chromium (and Trivalent lon .
PT-MT-009 Spectometry, USEPA Method Definitive Chromium by Chromatograph TA-Pitt NA N
6800 (Revision 1, 11/25/09) Calculation) (IC) separation
unit
DoD QSM Version 4.1
PT-QA-029 Requirements (Revision 2, NA NA NA/ QA/QC TA-Pitt NA N
01/22/10)
Chromium, Hexavalent Groundwater and
WO (Colorimetric) by SM3500-Cr-B, - aqueous field QC Spectrophoto- o
PT-WC-015 SW-846 3060A/7196A (Revision Definitive samples — Hexavalent meter TA-Pitt N N
13, 01/18/10) Chromium
Chromium, Hexavalent
(Colorimetric) by SM3500-Cr-B,
SW-846 3060A/7196A (Revision .
PT-WC-015 | 13,01/18/10) Definitive Soil - Hexavalent Spectrophoto- TA-Pitt N N
Chromium Extraction meter
Note: This SOP also addresses
SW-846 Method 3060A for
alkaline digestion of soil.
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove

Site Location: Willow Grove, Pennsylvania

SAP Worksheet No. 24 -- Analytical Instrument Calibration Table

(UFP-QAPP Manual Section 3.2.2)

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

benzene (BFB)

(ICAL) and at the
beginning of each 12-
hour analytical
sequence.

No samples may be accepted without a
valid tune.

the instrument using
either manual or auto-
tune procedures. If this
fails to correct the
problem, clean the
source.

ICAL - A
minimum of a 5-
point calibration
curve is analyzed

After major
maintenance; upon
second consecutive
failure of a Continuing
Calibration
Verification (CCV)
standard.

System Performance Check Compounds
(SPCCs) average Response Factors (RFs)
1,1,2,2-tetrachloroethane and
chlorobenzene must be 20.30;
chloromethane, 1,1-dichloroethane and
bromoform =0.10;

Percent Relative Standard Deviation
(%RSD) for RFs must be <30% for
Calibration Check Compounds (CCCs);
and:

(Option 1): %RSD must be <20% for each
target analyte.

If not met (Option 2): Linear regression
correlation coefficient (r) must be >0.99.

If not met (Option 3): Non-linear coefficient
of determination (r’) must be >0.99 (at
least six standards).

Repeat calibration, if
criterion is not met.

Analyst, Supervisor

ICV - second
source

Once after each ICAL,
prior to beginning a
sample run.

The percent recovery (%R) for all target
analytes must be within 80-120% of true
value.

Investigate problem and
verify ICV. Rerun ICV. If
that fails, correct the
problem and reanalyze
ICAL.

Analyst, Supervisor

Retention Time
(RT) Window
Position
Establishment

Once per ICAL for
each target analyte
and surrogate.

Position shall be set using the midpoint
standard of the ICAL curve when ICAL is
performed. On days when ICAL is not
performed, the initial CCV is used.

NA.

Analyst, Supervisor

Evaluation of
Relative Retention
Times (RRTs)

With each sample.

RRT of each target analyte must be within
+ 0.06 RRT units.

Correct problem, then
rerun ICAL.

Analyst, Supervisor

. . . Person
Calibration Frequency of s Corrective ) SOP
Instrument . . Acceptance Criteria . Responsible for 1
Procedure Calibration Action - . Reference
Corrective Action
GC/MS Tune Verification Prior to Initial The tune verification must meet the ion Repeat tune check. If Analyst, Supervisor M8260B/C-
VOCs —Bromofluoro- Calibration abundance criteria required by the method. | problem persists, re-tune SWGCMSVOA-

18
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Project-Specific SAP

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

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

Person

Breakdown Check

At the beginning of

The degradation must be < 20% for DDT

Correct the problem then

Analyst, Supervisor

(DDT only) each 12-hour to verify inertness of the injection port. repeat breakdown check.
analytical sequence. No samples shall be run
until degradation is <20%
for DDT.
ICAL - A After major Average RF for SPCCs must be >0.050; Repeat calibration, if Analyst, Supervisor

minimum of a 5-
point calibration
curve is analyzed

maintenance; upon
second consecutive
failure of CCV
standard.

%RSD for RFs for CCCs must be < 15%
for all compounds.

If not met:
Option 1) r must be > 0.995.

Option 2) P must be > 0.99 (6 points for
second order).

criterion is not met.

ICV - Second Once after each ICAL, | %R of each analyte must be within 75- Investigate problem and Analyst, Supervisor
source prior to beginning a 125% of true value. verify second source
sample run. standard. Reanalyze
ICAL.
RT Window Once per ICAL for Position shall be set using the midpoint NA. Analyst, Supervisor
Position each target analyte standard of the ICAL curve when ICAL is

Establishment

and surrogate.

performed. On days when ICAL is not
performed, the initial CCV is used.

Evaluation of
RRTs

With each sample.

RRT of each target analyte must be within
+ 0.06 RRT units.

Correct problem, then
rerun ICAL.

Analyst, Supervisor

ccv

Daily before analysis
and every 12 hours
after the analysis of
the tuning standard.

%D for all target compounds must be <
20%; SPCC RFs must be >0.050.

Investigate cause and
repeat injection. Repeat
ICAL and reanalyze all
samples analyzed since
last successful CCV.

Analyst, Supervisor

Calibration Frequency of s Corrective - SOP
Instrument . - Acceptance Criteria . Responsible for 1
Procedure Calibration Action . . Reference
Corrective Action
ccv Daily before analysis All analytes must be <20 Percent Investigate cause and Analyst, Supervisor
and every 12 hours Difference or Percent Drift (%D). repeat injection. Repeat
after the analysis of ICAL and reanalyze all
the tuning standard. samples analyzed since
SPCC RFs must be 2 0.10 & 0.30 the last successful CCV.
(compounds as listed above in ICAL
acceptance criteria cell).
GC/MS Tuning Prior to ICAL and at Must meet the ion abundance criteria Manual tuning; cleaning Analyst, Supervisor M8270C/D-BNA-
SVOCs the beginning of each required by the method. No samples may or replacement of the ion 16
(including Low 12 hour analytical be accepted without a valid tune. source or filament.
Level PAHSs) sequence.
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Calibration | Frequency of e Corrective Person SOP
Instrument . - Acceptance Criteria . Responsible for 1
Procedure Calibration Action - . Reference
Corrective Action
GC/ECD Breakdown Check | At the beginning of Degradation must be <15% of the total for Column maintenance; Analyst, Supervisor M8081A-B-
Pesticides each 12-hour period, both DDT and Endrin. injection port Pesticide-13
prior to analysis of maintenance.
samples.
ICAL - A After major instrument | %RSD must be <20% for all target Repeat calibration, if Analyst, Supervisor
minimum of a 5- maintenance; upon analytes. criterion is not met.
point calibration failure of second If not met (Option 2): r must be = 0.995.
curve is analyzed consecutive CCV.
ICV - Second Once after each ICAL, | The %R of all target analytes must be Investigate problem and Analyst, Supervisor
source prior to beginning a within 85-115% of true value. verify second source
sample run. standard. Reanalyze
ICAL.
Cccv After each 10 field The %D of all target analytes must be Investigate cause and Analyst, Supervisor
samples and at the <15%. repeat injection. Repeat
end of the analytical ICAL and reanalyze all
sequence. samples analyzed since
last successful CCV.
GC/ECD ICAL - A After major instrument | %RSD must be <20% for all target Repeat calibration, if Analyst, Supervisor M8082/A-PCB-11
PCBs minimum of a 5- maintenance; upon analytes. criterion is not met.
point calibration failure of second If not met (Option 2): r must be = 0.995.
curve is analyzed consecutive CCV. Mid-point calibration of other Aroclors.
for Aroclor 1660
(1016/1260
mixture)
ICV - Second Once after each ICAL, | The %R of all target analytes must be Investigate problem and Analyst, Supervisor
source prior to beginning a within 80-120% of true value. verify second source
sample run. standard. Reanalyze
ICAL.
ccv After each 10 field The %D of all target analytes must be | Investigate cause and Analyst, Supervisor
samples and at the <15%. repeat injection. Repeat
end of the analytical ICAL and reanalyze all
sequence. samples analyzed since
last successful CCV.
ICP-MS Tuning Prior to ICAL. Mass calibration must be < 0.1 atomic Retune and/or clean or Analyst, Supervisor M6020/6020A-
Metals mass units (amu) from the true value. replace source, then Metals ICPMS-13
Resolution must be within 0.9 amu. For reanalyze tuning
stability, RSD must be < 5% for five solutions. No samples
replicate analyses. may be accepted without
a valid tune.
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. . . Person
Calibration | Frequency of e Corrective . SOP
Instrument . - Acceptance Criteria . Responsible for 1
Procedure Calibration Action - . Reference
Corrective Action
ICAL - A Daily ICAL prior to When calibration is performed using multi- Investigate and perform Analyst, Supervisor
minimum of a 1- sample analysis. level standards, r must be > 0.998. necessary equipment
point calibration maintenance. Check
curve is analyzed calibration standards.
Recalibrate.
ICV - Second Once after each ICAL, | The %R of all target analytes must be Investigate and perform Analyst, Supervisor
source prior to beginning a within 90-110 % of the true value. necessary equipment
sample run. maintenance, verify
standard and repeat.
Recalibrate.
Initial Calibration Before beginning a No analytes detected > LOD. Correct the problem, then | Analyst, Supervisor
Blank (ICB) sample sequence. re-prepare and
reanalyze.
ccv After each 10 field The %R of all target analytes must be Investigate and perform Analyst, Supervisor
samples and at the within 90-110 % of the true value. necessary equipment
end of the analytical maintenance. Recalibrate
sequence. and reanalyze any
samples not bracketed by
passing CCVs.
Continuing After the initial CCV, No analyte detected > LOD. Investigate the source of Analyst, Supervisor
Calibration Blank after every 10 contamination,
(CCB) samples, and at the reanalyze, reanalyze any
end of the sequence. samples not bracketed by
passing CCBs.
Low-Level Check Daily after ICAL and The %R of all target analytes must be Investigate and perform Analyst, Supervisor
Standard before samples. within 80-120 % of the true value. necessary equipment
maintenance. Recalibrate
and reanalyze all affected
samples.
ICS - ICSA & At the beginning of an | The absolute value of ICS A recoveries Investigate and perform Analyst, Supervisor
ICSB analytical run. must be < LOD and ICS B %Rs must be necessary equipment
within 80-120 % of the true value. maintenance. Recalibrate
and reanalyze all affected
samples.
CVAA ICAL - A Daily ICAL prior to r must be 20.995. Investigate and perform Analyst, Supervisor M7471A/B-
Mercury minimum of a 5- sample analysis. necessary equipment Mercury-11
point calibration maintenance. Check
curve is analyzed calibration standards.
Recalibrate.
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. . . Person
Calibration | Frequency of e Corrective . SOP
Instrument . - Acceptance Criteria . Responsible for 1
Procedure Calibration Action - . Reference
Corrective Action
ICV - Second Once after each ICAL, | The %R of mercury must be within 90-110 Investigate and perform Analyst, Supervisor
source prior to beginning a % of the true value. necessary equipment
sample run. maintenance, verify
standard and repeat.
Recalibrate.
ICB Before beginning a No mercury detected > LOD. Correct the problem, then | Analyst, Supervisor
sample sequence. re-prepare and
reanalyze.
Cccv After each 10 field The %R of mercury must be within 90-110 Repeat CCV and all Analyst, Supervisor
samples and at the % of the true value. samples preceding a
end of the analytical CCV failure. Recalibrate
sequence. if the problem persists.
CCB After the initial CCV, No mercury detected > LOD. Repeat CCB and all Analyst, Supervisor
after every 10 samples preceding a
samples, and at the CCB failure. Evaluate
end of the sequence. system for sources of
contamination and
correct the problem
before proceeding with
sample analysis.
Spectrophoto- ICAL — A Daily prior to sample r must be 20.995. Investigate and perform Analyst, Supervisor M9012A-B-Total,
meter minimum of a 6- analysis. necessary equipment Amenable and
Cyanide point calibration maintenance. Check Reactive
curve is analyzed calibration standards. Cyanide-13
Recalibrate.
ICV - Second Once after each ICAL, | The %R of analyte must be within 85-115 Investigate and perform Analyst, Supervisor
source prior to beginning a % of the true value. necessary equipment
sample run. maintenance, verify
standard and repeat.
Recalibrate.
Low-Level Check At the beginning and The %R of analyte must be within 90-110 Reanalyze; recalibrate, if | Analyst, Supervisor
Standard end of the analytical % of the true value. reanalysis fails.
sequence.
Cccv After each 10 field The %R of analyte must be within 90-110 Investigate and perform Analyst, Supervisor
samples and at the % of the true value. necessary equipment
end of the analytical maintenance. Recalibrate
sequence. and reanalyze any
samples not bracketed by
passing CCVs.
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standards. Reanalyze
the affected data.

Calibration | Frequency of e Corrective Person SOP
Instrument . - Acceptance Criteria . Responsible for 1
Procedure Calibration Action - . Reference
Corrective Action
ICP-AES ICAL - A The instrument is The instrument is calibrated by a one-point | Recalibrate and/or Analyst, Supervisor PT-MT-001,
Total Chromium minimum of a 1- calibrated at the calibration per manufacturer's guidelines. perform the necessary PT-QA-029
point calibration is | beginning of each day | Analytes run at their calibration levels must | equipment maintenance.
analyzed or if the QC is out of fall within 90 to 110% of the true values. Check the calibration
criteria. standards. Reanalyze
the affected data.
ICV - Second Analyze a standard at | The %R of all target analytes must be Recalibrate and/or Analyst, Supervisor
source the beginning of the within 90-110 % of the true value. perform the necessary
sequence. equipment maintenance.
Check the calibration
standards. Reanalyze
the affected data.
ICB Before beginning a No analytes detected > LOD. Terminate analysis; Analyst, Supervisor
sample sequence, correct the problem;
following ICV. recalibrate.
Cccv After each 10 field The %R of all target analytes must be Recalibrate and/or Analyst, Supervisor
samples and at the within 90-110 % of the true value. perform the necessary
end of the analytical equipment maintenance.
sequence. Check the calibration
standards. Reanalyze
the affected data.
CCB Immediately following No analyte detected = LOD. Correct the problem, then | Analyst, Supervisor
each CCV and at the reprepare and reanalyze
end of the sequence. calibration blank and
previous 10 samples.
Low-Level Check Daily after ICAL and The %R of all target analytes must be Correct the problem and Analyst, Supervisor
Standard before samples. within 80-120 % of the true value. reanalyze the standard.
Interference At the beginning of an | The absolute value of ICS A recoveries for | Terminate analysis, Analyst, Supervisor
Check Standards analytical run after all non-spiked analytes must be < LOD, locate and correct
(ICS-ICSA & ICAL and before except for trace impurities; and ICS B %Rs | problem, reanalyze ICS,
ICSB) samples. must be within 80-120 % of the true value. reanalyze all affected
samples.
Spectrophoto- ICAL - A Daily ICAL prior to r must be = 0.995. Recalibrate and/or Analyst, Supervisor PT-WC-015
meter minimum of a 6- sample analysis. perform the necessary
Hexavalent point calibration is equipment maintenance.
Chromium analyzed Check the calibration
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Calibration | Frequency of e Corrective Person SOP
Instrument . - Acceptance Criteria . Responsible for 1
Procedure Calibration Action - . Reference
Corrective Action
ICV - Second Once after each ICAL, | The %R of analyte must be within 90-110 Recalibrate and/or Analyst, Supervisor
source prior to beginning a % of the true value. perform the necessary
sample run. equipment maintenance.
Check the calibration
standard. Reprepare and
reanalyze the affected
data.
CcCcv Analyze a standard at | The %R of analyte must be within 90-110 Recalibrate and/or Analyst, Supervisor
the beginning and end | % of the true value. perform the necessary
of the sequence and equipment maintenance.
after every 15 Check the calibration
samples. standard. Reprepare and
reanalyze the affected
data.
CCB After the initial CCV, No analyte detected = %2 LOQ. Investigate the source of Analyst, Supervisor
after every 10 contamination, reanalyze,
samples, and at the reanalyze any samples
end of the sequence. not bracketed by passing
CCBs.
IC-ICP-MS Tune Check/ Tune at beginning. Resolution of peaks must be < 0.9 amu at Retune if needed and Analyst, Supervisor PT-MT-009,
Hexavalent Mass Bias Mass bias standard 10% peak height for the six tuning then analyze mass bias PT-QA-029
Chromium run at the beginning elements (Be, Ce, Co, In, Mg and Pb). as needed as per SOP.
and end of analysis or | Mass calibration must be within + 0.1 amu
every four hours, from the actual value of the six tuning
whichever is more elements. A daily performance check
frequent. must be performed using the six tuning
elements and these elements must have
RSDs below 5%. Isotopic abundance
certified standard is used to measure the
mass bias factors.
RT Windows Determined on each Sample analyses should be within + 20 If an individual Analyst, Supervisor
day of analysis by seconds of the mass bias RT window. determination falls
using a Mass Bias outside of the mass bias
Determination RT window, instrument
Standard. performance will be
evaluated and the
sample will be
reanalyzed.
ICAL - A Daily ICAL prior to When calibration is performed using multi- Investigate and perform Analyst, Supervisor
minimum of a 1- sample analysis. level standards, r must be > 0.998. necessary equipment
point calibration maintenance. Check
curve is analyzed calibration standards.
Recalibrate.
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Calibration Frequency of s Corrective Perspn SOP
Instrument . - Acceptance Criteria . Responsible for 1
Procedure Calibration Action - . Reference
Corrective Action
ICV Once after each ICAL, | The %R of all target analytes must be Investigate and perform Analyst, Supervisor
prior to beginning a within 90-110 % of the true value. necessary equipment
sample run. maintenance, verify
standard and repeat.
Recalibrate.
ICB Before beginning a No analytes detected > LOD. Correct the problem, then | Analyst, Supervisor
sample sequence. re-prepare and
reanalyze.
Cccv After each 10 field The %R of all target analytes must be Investigate and perform Analyst, Supervisor
samples and at the within 90-110 % of the true value. necessary equipment
end of the analytical maintenance. Recalibrate
sequence. and reanalyze any
samples not bracketed by
passing CCVs.
CCB Immediately following No analyte detected > LOD. Investigate the source of Analyst, Supervisor
each CCV and at the contamination,
end of the sequence. reanalyze, reanalyze any
samples not bracketed by
passing CCBs.
Low-Level Check Daily after ICAL and The %R of all target analytes must be Investigate and perform Analyst, Supervisor
Standard before samples. within 80-120 % of the true value. necessary equipment
maintenance. Recalibrate
and reanalyze all affected
samples.
ICS-ICSA & At the beginning of an | The absolute value of ICS A recoveries Investigate and perform Analyst, Supervisor
ICSB analytical run after must be < LOD and ICS B %Rs must be necessary equipment
ICAL and before within 80-120 % of the true value. maintenance. Recalibrate
samples. and reanalyze all affected
samples.
GC/HRMS Tune / Mass At the beginning and Static resolving power must be = 10,000 Retune instrument and Analyst, Department CF-OA-E-002
Dioxins/ Resolution Check the end of each (10% valley) for identified masses per verify. Manager
Furans 12-hour period of method and lock-mass ion between lowest | Assess data for impact.
analysis. and highest masses for each descriptor If end resolution is less
and level of reference must be < 10% full- than 10,000, narrate or
scale deflection. re-inject, as necessary.
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Person

the eight homologue retention time
windows and documentation by labeling
(F/L) on the chromatogram; and absolute
retention times for switching from one
homologous series to the next 2 10
seconds for all components of the mixture.

5) No corrective action is
necessary if 2,3,7,8-
TCDD is not detected
and the % valley is
greater than 25%.

Calibration Frequency of s Corrective - SOP
Instrument . - Acceptance Criteria . Responsible for 1
Procedure Calibration Action - . Reference
Corrective Action
GC Column Prior to ICAL or CCV. Peak separation between 2,3,7,8-TCDD 1) Readjust windows. Analyst, Department
Performance and other TCDD isomers must result in a 2) Evaluate system. Manager
Check Solution valley of < 25% per method; and 3) Perform maintenance.
identification of all first and last eluters of 4) Reanalyze CPSM.
(CPSM) ) y

ICAL — a minimum
of a 5-point
calibration is
prepared for all
target analytes

Prior to sample
analysis, as needed
by the failure of CCV,
and when a new lot is
used as a standard
source.

lon abundance ratios must be within limits
specified in SOP; and signal to noise ratio
(S/N) must be = 10:1 for all target analyte
jons; and RSD must be < 20% for RFs for
all 17 unlabeled standards and 9 labeled
ISs.

Correct problem, then
repeat ICAL. No
samples may be run until
ICAL has passed.

Analyst, Department
Manager

ccv

At the beginning of
each 12-hour period,
and at the end of each
analytical sequence.

lon abundance ratios must be in
accordance with SOP; and RF (unlabeled
standards) must be < 20%D of average RF
from ICAL; and RF (labeled standards)
must be < 30%D of average RF from ICAL.

Correct problem, repeat
CCV. If CCV fails, repeat
ICAL and reanalyze all
samples analyzed since
last successful CCV End
of Run CCV: If RF
(unlabeled standards)
>20%D and <25%D
and/or RF (labeled
standards) >30%D and
<35%D of the average
RF from ICAL, then use
mean RF from bracketing
CCVs to quantitate
impacted samples
instead of the ICAL mean
RF value. If bracketing
CCVs differ by more than
25% RPD (unlabeled) or
35% RPD (labeled), then
run a new ICAL within 2
hours, and re-quantitate
samples. Otherwise,
reanalyze samples with
positive detections.

Analyst, Department
Manager

' Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet No. 23).
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SAP Worksheet No. 25 -- Analytical Instrument & Equipment Maintenance, Testing, & Inspection Table

(UFP-QAPP Manual Section 3.2.3)

Instrument / Maintenance Activit Testing Inspection Frequenc Acceptance | Corrective | Responsible SOP
Equipment y Activity Activity 9 y Criteria Action Person Reference’
GC/MS Replace/clean ion source; clean VOCs lon source, Prior to ICAL Acceptable Correct the Analyst, M8260B-C-
injector; replace liner; injector liner, and as ICAL and CCV. | problem and | Supervisor SWGCMSVOA
replace/clip capillary column. column, column | necessary. repeat ICAL -18
Flush/replace tubing on purge flow, purge or CCV.
and trap devise; replace trap. lines, purge
flow, trap
GC/MS Replace/clean ion source; clean SVOCs, lon source, Prior to ICAL Acceptable Correct the Analyst, M8270C-D-
injector; replace liner; including injector liner, and as ICAL and CCV. | problem and | Supervisor BNA-16
replace/clip capillary column. Low Level | column, column | necessary. repeat ICAL
Flush/replace tubing on purge PAHSs flow, purge or CCV.
and trap devise; replace trap. lines, purge
flow, trap
GC/ECD ECD maintenance; replace/clip Pesticides | ECD, injector, Prior to ICAL Acceptable Correct the Analyst, M8081A-B-
capillary column. injector liner, and as ICAL and CCV. | problem and | Supervisor Pesticide-13
column, adjust necessary. repeat ICAL
column flow or CCV.
GC/ECD ECD maintenance; replace/clip PCBs ECD, injector, Prior to ICAL Acceptable Correct the Analyst, M8082/A-PCB-
capillary column. injector liner, and as ICAL and CCV. | problem and | Supervisor 11
column, adjust necessary. repeat ICAL
column flow or CCV.
ICP-MS Clean plasma torch; clean filters; | Metals Torch, filters, Prior to ICAL Acceptable Correct the Analyst, M6020-6020A-
clean spray and nebulizer nebulizer and as ICAL and CCV. | problem and | Supervisor Metals ICPMS-
chambers; replace pump tubing. chamber, pump, | necessary. repeat ICAL 13
pump tubing or CCV.
CVAA Clean/replace dehydrator tubing | Mercury Tubing, sample Prior to ICAL Acceptable Correct the Analyst, M7470A-
and sample mixing coil tubing; probe, optical and as ICAL and CCV. | problem and | Supervisor Mercury-12,
replace sample probe; replace cell necessary. repeat ICAL M7471A-B-
pump tubing; clean optical cell. or CCV. Mercury-11
Spectrophoto- Flush/replace tubing. Cyanide Tubing Prior to ICAL Acceptable Correct the Analyst, M9012A-B-
meter and as ICAL and CCV. | problem and | Supervisor Total,
necessary. repeat ICAL Amenable and
or CCV. Reactive
Cyanide-13
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Instrument / Maintenance Activit Testing Inspection Frequenc Acceptance | Corrective | Responsible SOP
Equipment y Activity Activity 9 y Criteria Action Person Reference’
ICP-AES Clean torch assembly and spray | Total Torch, filters, Prior to ICAL Acceptable Correct the Analyst, PT-MT-001
chamber when discolored or Chromium | nebulizer and as ICAL and CCV. | problem and | Supervisor
when degradation in data quality chamber, pump, | necessary. repeat ICAL
is observed. Clean nebulizer, pump tubing. or CCV.
and check argon supply.
Replace peristaltic pump tubing
as needed.
IC-ICP-MS Follow ICP-MS maintenance. Hexa- Inspect waste Prior to ICAL Acceptable Correct the Analyst, PT-MT-009
Check sample waste container valent container, and as ICAL and CCV. | problem and | Supervisor
level. Check quartz torch Chromium | quartz torch, necessary. repeat ICAL
condition. Measure quartz torch pump, sampler or CCV.
for proper alignment. Check oil and skimmer
level of roughing pumps. Check cones.
peristaltic pump: proper roller
pressure, sample introduction
tubing, correct pump rotation,
and condition of drain tubing.
Check condition of sampler and
skimmer cones. Check and
drain oil mist eliminator on
roughing pumps.
Spectrophoto- Rinse cuvet thoroughly with Hexa- Visually inspect | Prior to ICAL Acceptable Correct the Analyst, PT-WC-015
meter water before initial use and valent cuvet for and as ICAL and CCV. | problem and | Supervisor
between sample readings. Chromium | scratches/etchin | necessary. repeat ICAL
g and replace or CCV.
as needed.
GC/HRMS Parameter Setup Dioxins/ Initially; prior Analyst, CF-OA-E-002
Furans . to daily Correct Reset if Department
Physical check. - . .
calibration Parameters. incorrect. Manager
check.
Tune Check Conformance to Inl’iljal_lly, prior Compliance to Corglact thed
instrument to caty. ion abundance probiem an
. calibration L repeat tune
tuning. criteria.
check. check.

" Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet No. 23).
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SAP Worksheet No. 26 -- Sample Handling System
(UEP-QAPP Manual Appendix A)

SAMPLE COLLECTION, PACKAGING, AND SHIPMENT

Sample Collection (Personnel/Organization): FOL or designee / Tetra Tech

Sample Packaging (Personnel/Organization): FOL or designee / Tetra Tech

Coordination of Shipment (Personnel/Organization): FOL or designee / Tetra Tech

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

SAMPLE RECEIPT AND ANALYSIS

Sample Receipt (Personnel/Organization): Sample Custodians / Chemtech, CFA, and TA-Pitt

Sample Custody and Storage (Personnel/Organization): Sample Custodians / Chemtech, CFA, and TA-Pitt

Sample Preparation (Personnel/Organization): Preparation laboratory staff / Chemtech, CFA, and TA-Pitt

Sample Determinative Analysis (Personnel/Organization): GC/MS, GC/ECD, ICP-AES, ICP-MS, CVAA, Spectrophotometer / Chemtech;
HRGC/HRMS, CFA ; ICP-AES, IC-ICP-MS / TA-Pitt

SAMPLE ARCHIVING

Field Sample Storage (No. of days from sample collection): 30 days from submittal of final report

Sample Extract/Digestate Storage (No. of days from extraction/digestion): 30 days from submittal of final report

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

SAMPLE DISPOSAL

Personnel/Organization: Sample Custodians / Chemtech, CFA, and TA-Pitt

Number of Days from Analysis: 30 days from submittal of final report
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SAP Worksheet No. 27 -- Sample Custody Requirements Table
(UEP-QAPP Manual Section 3.3.3)

Field Sample Custody Procedures

The laboratories will provide pre-preserved sample containers for sample collection. Following sample
collection into the appropriate bottle ware, all samples will be immediately placed on ice in a cooler.
Glass sample containers will be enclosed in bubble-wrap in order to protect the bottle ware during
shipment. The cooler will be secured using strapping 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. Samples will be
maintained at <6 °C until delivery to the laboratories. Proper custody procedures will be followed
throughout all phases of sample collection and handling.

Chain-of-custody protocols will be used throughout sample handling to establish the evidentiary integrity
of samples. These protocols will be used to demonstrate that the samples were handled and transferred
in @ manner that would eliminate possible tampering. Samples for the laboratory will be packaged and
shipped in accordance with Tetra Tech SOP SA-6.1 (Appendix A).

Chain-of-Custody Procedures

After collection, each sample will be maintained in the sampler's custody until formally transferred to
another party (e.g., Federal Express). For all samples collected, chain-of-custody forms 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 chain-of-custody form. Tetra Tech SOP SA-6.3 provides further details on the chain-of-custody
procedure (Appendix A). Chain-of-custody requirements are also documented with instructions
contained in each shipment from the laboratories.

Laboratory Sample Custody Procedures

Chain-of-custody requirements are also documented with instructions contained in each shipment from
the laboratory.

Sample Designation System

Each sample collected for analysis will be assigned a unique sample tracking number. This number will
consist of a two-segment alphanumeric code that identifies the site, the sample type (sample medium or
QC sample designation), the sample location, and the sample depth indicator. Tetra Tech SOP CT-04
addresses sample nomenclature (Appendix A). The alphanumeric coding system to be used is as
follows:

Site Identifier:
12 = Site 12
Sample Medium:

TP = Test Pit Sample

SS = Surface Soil Sample
SB = Subsurface Soil Sample
SD = Sediment Sample

SW = Surface Water Sample
GW = Groundwater Sample
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

Quality Assurance/Quality Control (QA/QC) Sample Designation:

TB = Trip Blank

FB = Field Blank

RB = Equipment Rinsate Blank (if necessary)
DUP = Field Duplicate

Sample Location:

Each test pit and soil boring will be assigned a two digit consecutive number in the order of installation,
with the exception of the soil boring step-out samples, which have been pre-assigned specific numbers as
identified in Worksheet No. 18. Sample locations within a given test pit will be assigned a two digit
consecutive number in the order of collection.

For test pit/subsurface soil samples, the soil sample depth will be indicated by a four digit number. The
first two digits will represent the upper limit of the sample depth interval (rounded to the nearest foot) and
the bottom two digits will represent the lower limit of the depth interval.

QC Sample Number:

All QC samples will be assigned a sequential sample number. The field duplicate, MS, and MD/MSD
samples will be collected from the same station. For example, the first trip blank will be assigned the
tracking number 12TB-01.

The field duplicate will be given the same type of sample designation as the samples so that it will be
“pblind” to the laboratory. The sampling time recorded on the chain-of-custody form, labels and tags for
the duplicate samples will be 0000. Notes detailing the sample number, time, date, and type will be
recorded on the routine sample log sheets and will document the location of the duplicate sample (sample
log sheets are not provided to the laboratory).

All pertinent information regarding sample identification will be recorded in the field logbooks and on
sample log sheets where appropriate.
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Project-Specific SAP

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

SAP Worksheet No. 28 -- Laboratory QC Samples Table
(UFP-QAPP Manual Section 3.4)

Matrix

Soil, groundwater, and
aqueous field QC
samples

Analytical Group

VOCs

Analytical Method/
SOP Reference

SW-846 8260B

Chemtech M8260B/C-
SWGCMSVOA-18

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0

Revision Date: October 2011

Person(s . Measurement
Method/SOP QC . . n(s) Data Quality
QC Sample Frequency/Number e Corrective Action Responsible for . Performance
Acceptance Limits . . Indicator A
Corrective Action Criteria
Method Blank One per batch of 20 All target analytes must be | Investigate source of Analyst, Supervisor Bias / Contamination | Same as QC

samples or less per matrix.

<% LOQ, except common
lab contaminants, which
must be < LOQ.

contamination. Rerun method
blank prior to analysis of samples
if possible. Evaluate the samples
and associated QC. If blank
results are above LOQ, report
sample results which are < LOQ
or > 10X the blank concentration.
Reanalyze blank and samples
>LOQ and < 10X the blank.

Acceptance Limits.

Surrogates

All field and QC samples.

Four per sample-
Dibromofluoromethane
1,2-Dichloroethane-d,
Toluene-ds
4-Bromofluorobenzene

%Rs must meet the DoD
Quality Systems Manual
(QSM) Version 4.2 limits as
per Appendix G of the DoD
QSM.

Re-analyze the sample; if the
second injection is acceptable,
report only the second set of
data. If the second injection also
fails, report both sets of data.

Analyst, Supervisor

Accuracy / Bias

Same as QC
Acceptance Limits.

Internal Standards (IS)

Every field sample,
standard, and QC sample.

Four per sample-
Pentafluorobenzene
1,4-Difluorobenzene
Chlorobenzene-ds
1,4-Dichlorobenzene-d,

Retention times for IS must
be within + 30 seconds and
the responses within -50%
to +100% of ICAL mid-point
standard.

Re-analyze affected samples; if
the reanalysis is acceptable,
report only the second set of
data. If the reanalysis also fails,
report both sets of data.

Analyst, Supervisor

Accuracy / Bias

Same as QC
Acceptance Limits.
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Project-Specific SAP

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

Matrix

Soil, groundwater, and
aqueous field QC
samples

Analytical Group

VOCs

Analytical Method/
SOP Reference

SW-846 8260B

Chemtech M8260B/C-
SWGCMSVOA-18

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

Person(s . Measurement
Method/SOP QC . . n(s) Data Quality

QC Sample Frequency/Number _ Corrective Action Responsible for . Performance

Acceptance Limits . . Indicator -
Corrective Action Criteria

Laboratory One per batch of 20 %Rs must meet the DoD Re-analyze to verify that it is an Analyst, Supervisor Accuracy / Bias Same as QC
Control samples or less per matrix. | QSM Version 4.2 limits as instrument problem; if after Precision also, if Acceptance Limits.
Sample (LCS) per Appendix G of the DoD | reanalysis, the LCS fails again or LCSD is analyzed
Laboratory QSM. there is insufficient volume to
Control reanalyze samples, flag all data

Sample Duplicate
(LCSD) (Not Required)

RPD between LCS and
LCSD must be < 30%, if
analyzed.

with a Q. Mention the problem
and action taken in the case
narrative.

MS/MSD One per batch of 20 or %Rs should meet the DoD | Corrective action will not be taken [ Analyst, Supervisor Accuracy / Bias Same as QC
fewer samples per matrix. | QSM Version 4.2 limits as for samples when recoveries are Precision Acceptance Limits.
per Appendix G of the DoD | outside limits and surrogate and
QSM. LCS criteria are met unless RPD
RPD between MS and MSD | indicate obvious extraction/
should be £30%. analysis difficulties, then
reprepare MS/MSD.
Results between the NA. Apply “J” qualifier to results | None. Analyst, Supervisor Accuracy Same as QC

DL and LOQ

detected between DL and
LOQ.

Acceptance Limits.
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Project-Specific SAP

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

Matrix

Soil, groundwater, and
aqueous field QC
samples

Analytical Group

SVOCs (and Low Level
PAHSs)

Analytical Method/
SOP Reference

SW-846 8270D (and
SIM)

Chemtech M8270C/D-
BNA-16

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

Person(s) . Measurement
Method/SOP QC . . . Data Qualit
QC Sample Frequency/Number .Q. Corrective Action Responsible for .Q y Performance
Acceptance Limits . . Indicator P
Corrective Action Criteria
Method Blank One per batch of 20 or No analytes 2% LOQ, except Investigate source of Analyst, Supervisor Bias / Contamination | Same as QC

fewer samples per matrix.

common lab contaminants, which
must be < LOQ.

contamination. Rerun method
blank prior to analysis of samples if
possible. Evaluate the samples
and associated QC. If blank
results are above LOQ, report
sample results which are < LOQ or
> 10X the blank concentration.
Reanalyze blank and samples
>LOQ and < 10X the blank.

Acceptance Limits.

Surrogates All field and QC samples. %Rs must meet the DoD QSM If a sample falls outside QC limits | Analyst, Supervisor Accuracy / Bias Same as QC
Eight per sample: Version 4.2 limits as per from each group, re-extract and Acceptance Limits.
2-Fluorphenol Appendix G of the DoD QSM. reanalyze the sample to confirm
Phenol-ds matrix interference or laboratory
Nitrobenzene-ds error; if the second injection is
2-Fluorobiphenyl acceptable, report only the second
2,4,6-Tribromophenol set of data. If the second injection
Terphenyl-di4 also fails, report both sets of data.
2-Chlorophenol-d4
1,2-Dichlorobenzene-d4

IS Every field sample, Retention times for IS must be Re-analyze affected samples; if the | Analyst, Supervisor Accuracy / Bias Same as QC

standard, and QC sample.

Six per sample —
1,4-Dichlorobenzene-d,
Acenaphthene-d;o
Phenanthrene-do
2-Fluorobiphenyl
Chrysene-d,
Perylene-dq,

within + 30 seconds and the
response areas must be within -
50% to +100% of ICAL mid-point
standard.

reanalysis is acceptable, report
only the second set of data. If the
reanalysis also fails, report both
sets of data.

Acceptance Limits.
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Project-Specific SAP

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

Matrix

Soil, groundwater, and
aqueous field QC
samples

Analytical Group

SVOCs (and Low Level
PAHSs)

Analytical Method/
SOP Reference

SW-846 8270D (and
SIM)

Chemtech M8270C/D-
BNA-16

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

Method/SOP QC . . Person(s) Data Quality | Measurement
QC Sample Frequency/Number _p Corrective Action Responsible for . Performance
Acceptance Limits . . Indicator P
Corrective Action Criteria
LCS One per batch of 20 or %Rs must meet the DoD QSM Re-analyze to verify that it is an Analyst, Supervisor Accuracy / Bias Same as QC
fewer samples per matrix. Version 4.2 limits as per instrument problem; if after Acceptance Limits.
Appendix G of the DoD QSM. reanalysis, the LCS fails again or
there is insufficient volume to
reanalyze samples, flag all data
with a Q. Mention the problem and
action taken in the case narrative.
MS/MSD One per batch of 20 or %Rs should meet the DoD QSM [ Corrective action will not be taken | Analyst, Supervisor Accuracy / Bias Same as QC
fewer samples per matrix. Version 4.2 limits as per for samples when recoveries are Precision Acceptance Limits.
Appendix G of the DoD QSM. outside limits and surrogate and
RPD between MS and MSD LCS criteria are met unless RPDs
should be £30%. indicate obvious extraction/
analysis difficulties, then reprepare
MS/MSD.
Results between the | NA. Apply “J” qualifier to results None. Analyst, Supervisor Accuracy Same as QC

DL and LOQ

detected between DL and LOQ.

Acceptance Limits.
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Project-Specific SAP

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

Matrix Soil, groundwater, and
aqueous field QC
samples

Analytical Group Pesticides

Analytical Method/
SOP Reference

SW-846 8081A
Chemtech M8081A-B-

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

Pesticide-13
Method/SOP QC Person(s) Data Qualit Measurement
QC Sample Frequency/Number _ Corrective Action Responsible for . y Performance
Acceptance Limits . . Indicator L
Corrective Action Criteria
Method Blank One per batch of 20 or No analytes 2% LOQ. Investigate source of contamination. | Analyst, Supervisor Bias / Contamination [ Same as QC

fewer samples per matrix.

Rerun method blank prior to analysis
of samples if possible. Evaluate the
samples and associated QC: if blank
results are above LOQ, report
sample results which are < LOQ or >
10X the blank concentration.
Reanalyze blank and samples >LOQ
and < 10X the blank.

Acceptance Limits.

Surrogates All field and QC samples. | %Rs must meet the DoD | No corrective action if only one Analyst, Supervisor Accuracy / Bias Same as QC
Two per sample- QSM Version 4.2 limits surrogate is out. Re-extract the Acceptance Limits.
Decachlorobiphenyl as per Appendix G of the | sample if both surrogates fail the
Tetra-chloro-meta-xylene | DoD QSM. recovery criteria.
LCS One per batch of 20 or %Rs must meet the DoD | If LCS and MS/MSD are out of Analyst, Supervisor Accuracy / Bias Same as QC
fewer samples per matrix. [ QSM Version 4.2 limits control limits, re-analyze to verify that Acceptance Limits.
as per Appendix G of the |itis an instrument problem. If they
DoD QSM. still do not meet control limits, re-
extract the samples.
MS/MSD One per batch of 20 or %Rs should meet the Corrective action will not be taken for | Analyst, Supervisor Accuracy / Bias Same as QC

fewer samples per matrix.

DoD QSM Version 4.2
limits as per Appendix G
of the DoD QSM.

RPD between MS and
MSD should be <30%.

samples when recoveries are outside
limits and surrogate and LCS criteria
are met, unless RPDs indicate
obvious extraction/analysis
difficulties, then reprepare MS/MSD.
Indicate obvious extraction/analysis
issues.

Precision

Acceptance Limits.

Second Column
Confirmation

All positive results must
be confirmed. Results are
reported from the primary
column.

Results between primary
and second column -

RPD must be < 40%.

Apply “J” flag if RPD > 40% from
primary column result. Q flag if
sample is not confirmed.

Analyst, Supervisor

Accuracy / Bias
Precision

Same as QC
Acceptance Limits.
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Project-Specific SAP

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

Matrix

Soil, groundwater, and
aqueous field QC
samples

Analytical Group

Pesticides

Analytical Method/
SOP Reference

SW-846 8081A
Chemtech M8081A-B-

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

Pesticide-13
Method/SOP QC Person(s) Data Qualit Measurement
QC Sample Frequency/Number _ Corrective Action Responsible for . y Performance
Acceptance Limits . . Indicator L
Corrective Action Criteria
Results between the NA. Apply “J” qualifier to None. Analyst, Supervisor Accuracy Same as QC

DL and LOQ

results detected between
DL and LOQ.

Acceptance Limits.
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Project-Specific SAP

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

Matrix Soil, groundwater, and
aqueous field QC
samples

Analytical Group PCBs

Analytical Method/ || SW-846 8082

SOP Reference Chemtech

M8082/8082A-PCB-11

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

Person(s) . Measurement
Method/SOP QC . . . Data Qualit
QC Sample Frequency/Number .Q. Corrective Action Responsible for .Q y Performance
Acceptance Limits . . Indicator L
Corrective Action Criteria
Method Blank One per batch of 20 or No analytes 2% LOQ. Investigate source of contamination. | Analyst, Supervisor Bias / Contamination [ Same as QC

fewer samples per matrix.

Rerun method blank prior to analysis
of samples if possible. Evaluate the
samples and associated QC: if blank
results are above LOQ, report
sample results which are < LOQ or >
10X the blank concentration.
Reanalyze blank and samples >LOQ
and < 10X the blank.

Acceptance Limits.

Surrogates All field and QC samples. | %Rs must meet the DoD | No corrective action if only one Analyst, Supervisor Accuracy / Bias Same as QC
Two per sample- QSM Version 4.2 limits surrogate is out. Re-extract the Acceptance Limits.
Decachlorobiphenyl as per Appendix G of the | sample if both surrogates fail the
Tetra-chloro-meta-xylene | DoD QSM. recovery criteria.
LCS One per batch of 20 or %Rs must meet the DoD | If LCS and MS/MSD are out of Analyst, Supervisor Accuracy / Bias Same as QC
fewer samples per matrix. [ QSM Version 4.2 limits control limits, re-analyze to verify that Acceptance Limits.
as per Appendix G of the |itis an instrument problem. If they
DoD QSM. still do not meet control limits, re-
extract the samples.
MS/MSD One per batch of 20 or %Rs should meet the Corrective action will not be taken for | Analyst, Supervisor Accuracy / Bias Same as QC

fewer samples per matrix.

Spike with Aroclor
1016/1260 mix for PCBs.

DoD QSM Version 4.2
limits as per Appendix G
of the DoD QSM.

RPD between MS and
MSD should be <30%.

samples when recoveries are outside
limits and surrogate and LCS criteria
are met, unless RPDs indicate
obvious extraction/analysis
difficulties, then reprepare MS/MSD.
Indicate obvious extraction/analysis
issues.

Precision

Acceptance Limits.

Second Column
Confirmation

All positive results must
be confirmed. Results are
reported from the primary
column.

Results between primary
and second column -

RPD must be < 40%.

Apply “J” flag if RPD > 40% from
primary column result. Q flag if
sample is not confirmed.

Analyst, Supervisor

Accuracy / Bias
Precision

Same as QC
Acceptance Limits.
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Project-Specific SAP

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

Matrix

Soil, groundwater, and
aqueous field QC

samples
Analytical Group PCBs
Analytical Method/ || SW-846 8082
SOP Reference Chemtech

M8082/8082A-PCB-11

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

Person(s) . Measurement
QC Sample Frequency/Number Method/SOP_Qp Corrective Action Responsible for Data _Quallty Performance
Acceptance Limits . . Indicator L
Corrective Action Criteria
Results between the NA. Apply “J” qualifier to None. Analyst, Supervisor Accuracy Same as QC

DL and LOQ

results detected between
DL and LOQ.

Acceptance Limits.
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Project-Specific SAP

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

Matrix

Soil, groundwater, and
aqueous field QC
samples

Analytical Group

Metals

Analytical Method/
SOP Reference

SW-846 6020A

Chemtech M6020-
6020A-Metals ICPMS-
13

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

fewer samples per matrix.

Rerun method blank prior to
analysis of samples if possible.
Evaluate the samples and
associated QC: if blank results are
above LOQ, report sample results
which are < LOQ or > 10X the blank
concentration. Reanalyze blank
and samples >LOQ and < 10X the
blank.

Person(s . Measurement
Method/SOP QC . . n(s) Data Quality
QC Sample Frequency/Number L Corrective Action Responsible for . Performance
Acceptance Limits . . Indicator L
Corrective Action Criteria
Method Blank One per batch of 20 or No analytes 2% LOQ. Investigate source of contamination. | Analyst, Supervisor Bias / Contamination | Same as QC

Acceptance Limits.

fewer samples per matrix
(if MSD is not included).

samples should be <20%, if
both results are >5x LOQ.

flag as necessary.

LCS One per batch of 20 or %Rs must be 80-120%. Reanalyze LCS; if the limits are still | Analyst, Supervisor Accuracy / Bias Same as QC
fewer samples per matrix. not met after two consecutive Acceptance Limits.
analyses, re-prepare and re-analyze
all samples in that batch.
MS/MSD One per batch of 20 or The %R should be within Perform post-spike addition. Analyst, Supervisor Accuracy / Bias Same as QC
fewer samples per matrix. | 80-120%, if sample < 4x Perform method of standard Precision Acceptance Limits.
spike added. addition spiking on a failing matrix
RPD between MS and spike if the failure is due to matrix
MSD should be <20%. interference.
Duplicate Sample One per batch of 20 or RPD between duplicate Evaluate sample homogeneity and | Analyst, Supervisor Precision Same as QC

Acceptance Limits.

ICP Serial Dilution

One per batch of 20 or
fewer samples per matrix.

The 5-fold dilution result
must agree within £+ 10%D
of the original sample
result.

Flag result or dilute and reanalyze
sample to eliminate interference.
Applicable when the concentration
is >50x the LOQ. If the %D is
>10%, then perform post-digestion
spike solution.

Analyst, Supervisor

Accuracy / Bias
Precision

Same as QC
Acceptance Limits.
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Project-Specific SAP

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

Matrix

Soil, groundwater, and
aqueous field QC
samples

Analytical Group

Metals

Analytical Method/
SOP Reference

SW-846 6020A

Chemtech M6020-
6020A-Metals ICPMS-
13

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

fails or when all analyte
concentrations are <50 x
LOD.

125% of expected value to
verify the absence of an
interference. Spike
addition should produce a
concentration of 10-100x
LOQ.

all associated samples with “J.”

Person(s . Measurement
Method/SOP QC . . n(s) Data Quality
QC Sample Frequency/Number L Corrective Action Responsible for . Performance
Acceptance Limits . . Indicator L
Corrective Action Criteria
Post-Digestion Spike When serial dilution test The %R must be within 75- [ Flag results for affected analytes for | Analyst, Supervisor Accuracy / Bias Same as QC

Acceptance Limits.

DL and LOQ

detected between DL and
LOQ.

IS Every sample. IS intensity must recover Reanalyze sample at two-fold Analyst, Supervisor Precision Same as QC
within 70-130% of intensity | dilution with addition of appropriate Acceptance Limits.
of the IS in the original amounts of IS; repeat until the IS
calibration blank. intensities recover above 70%.

Results between the NA. Apply “J” qualifier to results | None. Analyst, Supervisor Accuracy Same as QC

Acceptance Limits.
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Project-Specific SAP

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

Matrix

Soil, groundwater, and
aqueous field QC
samples

Analytical Group

Mercury

Analytical Method/
SOP Reference

SW-846 7470A/7471B

Chemtech M7470A-
Mercury-12, M7471A-
B-Mercury-11

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

fewer samples per matrix.

systems for contamination
sources and repeat the batch as
necessary.

Person(s) . Measurement
Method/SOP QC . . . Data Qualit
QC Sample Frequency/Number .Q. Corrective Action Responsible for .Q y Performance
Acceptance Limits . . Indicator .
Corrective Action Criteria
Method Blank One per batch of 20 or No analyte = LOQ. Repeat analysis. Evaluate Analyst, Supervisor Bias / Contamination | Same as QC

Acceptance Limits.

DL and LOQ

results detected between
DL and LOQ.

LCS One per batch of 20 or %Rs must be within 80- Rerun sample; if %R is not within | Analyst, Supervisor Accuracy / Bias Same as QC
fewer samples per matrix. | 120%. control limits again, re-digest and Acceptance Limits.
reanalyze samples associated
with the LCS.
MS/MSD One per batch of 20 or %Rs should be within 75- | Rerun sample; if %R is not within | Analyst, Supervisor Accuracy / Bias Same as QC
fewer samples per matrix. | 125% for aqueous (7470A) [ control limits again, re-digest and Precision Acceptance Limits.
and 80-120% for solids reanalyze samples.
(7471B), if sample < 4x
spike added.
RPD between MS and
MSD should be <20%.
Duplicate Sample One per batch of 20 or RPD between duplicate Evaluate sample homogeneity Analyst, Supervisor Precision Same as QC
fewer samples per matrix | samples should be £20%, |and flag as necessary. Acceptance Limits.
(if MSD is not included). if both results are >5x
LOQ.
Results between the NA. Apply “J” qualifier to None. Analyst, Supervisor Accuracy Same as QC

Acceptance Limits.
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Project-Specific SAP

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

Matrix

Soil, groundwater, and
aqueous field QC
samples

Analytical Group

Cyanide

Analytical Method/
SOP Reference

SW-846 9012B

Chemtech M9012A-B-
Total, Amenable and
Reactive Cyanide-13

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0

Revision Date: October 2011

Person(s) . Measurement
Method/SOP QC . . . Data Qualit
QC Sample Frequency/Number .Q. Corrective Action Responsible for .Q y Performance
Acceptance Limits . . Indicator L
Corrective Action Criteria
Method Blank One per batch of 20 or No analyte =% LOQ. Determine the source and Analyst, Supervisor Bias / Contamination | Same as QC

fewer samples per matrix.

eliminate interferences. Reanalyze
samples as necessary.

Acceptance Limits.

LCS One per batch of 20 or %Rs must be within 85- Re-prepare and reanalyze LCS Analyst, Supervisor Accuracy / Bias Same as QC
fewer samples per matrix. | 115%. and samples associated with the Acceptance Limits.
LCS.
MS/MSD One per batch of 20 or %Rs should be within 75- Perform a post digestion Analyst, Supervisor Accuracy / Bias Same as QC

fewer samples per matrix.

125%, if sample < 4x spike
added.

RPD between MS and MSD
should be <20%.

(distillation) spike for cyanide when
spike recovery falls outside control
limits and the sample does not

exceed four times the spike added.

Precision

Acceptance Limits.

Duplicate Sample

One per batch of 20 or
fewer samples per matrix.

RPD between duplicate
samples should be <20%, if
both results are >5x LOQ;
or within + the LOQ, if the
concentration is < 5x LOQ.

Evaluate sample homogeneity and
flag as necessary.

Analyst, Supervisor

Precision

Same as QC
Acceptance Limits.

Results between the
DL and LOQ

NA.

Apply “J” qualifier to results
detected between DL and
LOQ.

None.

Analyst, Supervisor

Accuracy

Same as QC
Acceptance Limits.
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Project-Specific SAP

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

Matrix

Soil and aqueous field
QC samples

Analytical Group

Total Chromium

Analytical Method/
SOP Reference

SW-846 6010C
TA-Pitt PT-MT-001 /

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

fewer samples per matrix.

common lab contaminants,
which must be < LOQ.

contamination. Redigest and
reanalyze all associated samples if
the sample concentration > the RL
and <10x the blank concentration.

Contamination

PT-QA-029
Person(s) . Measurement
QC Sample Frequency/Number Method/SOP.QS: Corrective Action Responsible for Data .Quallty Performance
Acceptance Limits . . Indicator .
Corrective Action Criteria
Method Blank One per batch of 20 or No analytes 2% LOQ, except Investigate the source of the Analyst, Supervisor Bias / Same as QC

Acceptance Limits.

fewer samples per matrix.

samples should be £20%, if
both results are >5x LOQ.

LCS One per batch of 20 or %Rs must meet the DoD QSM | Investigate source of problem. Analyst, Supervisor Accuracy / Bias Same as QC
fewer samples per matrix. | Version 4.1 limits as per Re-digest and reanalyze all Acceptance Limits.
Appendix G of the DoD QSM. [ associated samples.
MS One per batch of 20 or The %R should be within 75- Flag results. Analyst, Supervisor Accuracy / Bias Same as QC
fewer samples per matrix. | 125%, if sample < 4x spike Acceptance Limits.
added.
Duplicate Sample One per batch of 20 or RPD between duplicate Flag results. Analyst, Supervisor Precision Same as QC

Acceptance Limits.

ICP Serial Dilution

One per batch of 20 or
fewer samples per matrix.

If original sample result is at
least 50x the instrument
detection limit, the 5-fold
dilution result must agree within
+ 10%D of the original sample
result.

Flag result or dilute and
reanalyzed sample to eliminate
interference.

Analyst, Supervisor

Accuracy / Bias
Precision

Same as QC
Acceptance Limits.

Post-Digestion Spike

When serial dilution test
fails or when all analyte
concentrations are <50 x
LOD.

The %R must be within 75-
125% of expected value to
verify the absence of an
interference. Spike addition
should produce a concentration
of 10-100x LOQ.

Qualify associated data.

Analyst, Supervisor

Accuracy / Bias

Same as QC
Acceptance Limits.

Results between the
DL and LOQ

NA.

Apply “J” qualifier to results
detected between DL and
LOQ.

None.

Analyst, Supervisor

Accuracy

Same as QC
Acceptance Limits.
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Project-Specific SAP

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

Matrix

Soil samples

Analytical Group

Hexavalent Chromium

Analytical Method/
SOP Reference

SW-846 3060A/6800
TA-Pitt PT-MT-009/

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

fewer samples per matrix.

contamination. Redigest and
reanalyze all associated samples if
the sample concentration

PT-QA-029
Person(s) . Measurement
Meth P . . . D li
QC Sample Frequency/Number ethod/SO .Q(.: Corrective Action Responsible for ata .Qua ty Performance
Acceptance Limits . . Indicator P
Corrective Action Criteria
Method Blank One per batch of 20 or No analytes = LOQ. Investigate the source of the Analyst, Supervisor Bias Contamination Same as QC

Acceptance Limits.

LCS

One per batch of 20 or
fewer samples per matrix.

The %R must be within 80-
120%.

Investigate source of problem. Re-
digest and reanalyze all associated
samples.

Analyst, Supervisor

Accuracy / Bias

Same as QC
Acceptance Limits.

MS

One per batch of 20 or
fewer samples per matrix.

The %R should be within
80-120%, if sample < 4x
spike added.

Prepare post digestion spike for
analytes outside limits.

Analyst, Supervisor

Accuracy / Bias

Same as QC
Acceptance Limits.

Duplicate Sample

One per batch of 20 or
fewer samples per matrix.

RPD between duplicate
samples should be <20%, if
both results are >5x LOQ.

Flag results.

Analyst, Supervisor

Precision

Same as QC
Acceptance Limits.

ICP Serial Dilution

One per batch of 20 or

The 5-fold dilution result

Flag result or dilute and reanalyzed

Analyst, Supervisor

Accuracy / Bias

Same as QC

DL and LOQ

detected between DL and
LOQ.

fewer samples per matrix. | must agree within £ 10%D | sample to eliminate interference. Precision Acceptance Limits.
of the original sample
result.
Results between the NA. Apply “J” qualifier to results | None. Analyst, Supervisor Accuracy Same as QC

Acceptance Limits.
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Project-Specific SAP

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

Matrix

Aqueous field QC
samples

Analytical Group

Hexavalent Chromium

Analytical Method/
SOP Reference

SW-846 7196A
TA-Pitt PT-WC-015

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

fewer samples per matrix.

sample remains, reprepare and
reanalyze LCS and all associated
samples in the batch: however, if
reanalysis cannot be performed,
qualify the data and narrate the issue.

Person(s) . Measurement
Method/SOP QC . . . Data Qualit
QC Sample Frequency/Number .Q. Corrective Action Responsible for .Q y Performance
Acceptance Limits . . Indicator .
Corrective Action Criteria
Method Blank One per batch of 20 or No analyte 2% LOQ. Correct the problem. If sufficient Analyst, Supervisor Bias Contamination Same as QC

Acceptance Limits.

LCS/LCSD (if MS/MSD
not analyzed)

One per batch of 20 or
fewer samples per matrix.

The %R must be within
85-115%.

RPD between LCS/
LCSD should be <20%.

Correct the problem. If sufficient
sample remains, reprepare and
reanalyze LCS and all associated
samples in the batch: however, if
reanalysis cannot be performed,
qualify the data and narrate the issue.

Analyst, Supervisor

Accuracy / Bias
Precision (if LCSD is
analyzed)

Same as QC
Acceptance Limits.

DL and LOQ

results detected between
DL and LOQ.

MS/MSD One per batch of 10 or The %R should be within [ If MS/MSD fail, correct problem and Analyst, Supervisor Accuracy / Bias Same as QC
fewer samples per 85-115%, if sample < 4x | rehomogenize, redigest and reanalyze Precision Acceptance Limits.
aqueous matrix. spike added. samples. If that fails, evaluate against

RPD between MS/MSD | the LCS results. If corrective action

should be <20%. fails, then apply flag to the analyte in
all samples in the associated
preparatory batch.

Duplicate Sample (if | One per batch of 10 or RPD between duplicate | Flag results. Analyst, Supervisor Precision Same as QC

MSD not analyzed) fewer samples per samples should be Acceptance Limits.
aqueous matrix. <20%, if both results are

24x LOAQ.
Results between the NA. Apply “J” qualifier to None. Analyst, Supervisor Accuracy Same as QC

Acceptance Limits.
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Project-Specific SAP

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

Matrix

Soil and groundwater

Analytical Group

Dioxins/Furans

Analytical Method/
SOP Reference

SW-846 8290A
CFA CF-OA-E-002

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

Person(s) . Measurement
Method/SOP QC . . . Data Qualit
QC Sample Frequency/Number .Q. Corrective Action Responsible for .Q Y | Performance
Acceptance Limits . . Indicator L
Corrective Action Criteria
Method Blank One per batch of 20 or All target analytes must be < Correct problem. If required, re- Analyst, Department Bias / Same as QC

fewer samples per matrix.

LOQ.

prepare and reanalyze method
blank and all samples processed
with the contaminated blank.

“Totals” are not considered “target
analytes” — no corrective action or
flagging is necessary for "totals".

Manager

Contamination

Acceptance Limits.

IS Every field sample, The %R for each IS must be | Correct problem, then re-prepare and | Analyst, Department Accuracy Same as QC
standard and QC sample | within 25-150%, per method. [ reanalyze the samples with failed IS. Manager Acceptance Limits.

LCS One per preparatory %Rs must meet the DoD Correct problem, then re-prepare and | Analyst, Department Accuracy Same as QC
batch of 20 or fewer QSM Version 4.1 limits as per | reanalyze the LCS and all samples in | Manager Acceptance Limits.
samples of similar matrix | Appendix G of the DoD QSM. [ the associated preparatory batch for

failed target analytes, if sufficient
sample material is available.

MS/MSD One per preparatory %Rs must meet the DoD Identify problem; if not related to matrix | Analyst, Department Accuracy / Bias Same as QC
batch of 20 or fewer QSM Version 4.1 limits as per | interference, re-extract and reanalyze | Manager Precision Acceptance Limits.
samples of similar matrix | Appendix G of the DoD QSM. [ MS/MSD and all associated batch

The RPD between MS and samples in accordance with DoD QSM
MSD should be < 30%. requirements.
Duplicate Sample (if no | One per batch of 20 or RPD between the original Evaluate parent samples. If Analyst, Department Precision Same as QC
MSD or LCSD) fewer samples per matrix. | sample and duplicate must be [ necessary, re-extract sample and Manager Acceptance Limits.
<25%. duplicate sample. Comment in case
narrative.
Results between EDL | Each sample. Quantitated value < lower end | Report values and flag results. Flag Analyst, Department Accuracy Same as QC

and LOQ

of linear calibration range and
> EDL.

associated results with ‘J’ on Form Is.

Manager

Acceptance Limits.

Method acceptance criteria for accuracy results are interim guidelines. Actual acceptance criteria are updated based on the requirements of SW-846 Method 8000B and each
laboratory’s QC requirements as defined in their Laboratory QA Manual, and are provided to the Tetra Tech Project Chemist by the Laboratory PM for use in data validation.
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

SAP Worksheet No. 29 -- Project Documents and Records Table
(UEP-QAPP Manual Section 3.5.1)

Document Where Maintained

Field Documents Field documents will be maintained in the project file located in the Tetra
Field Logbook (and sampling notes) Tech King of Prussia, Pennsylvania office.

Field Sample Forms (e.g. boring logs, sample log sheets, drilling logs,

etc.)

Chain-of-Custody Records

Sample Shipment Air Bills

Sampling Instrument Calibration Logs
Photographs

FTMR Forms

This SAP

Field Sampling SOPs

Health and Safety Plan

Laboratory Documents Laboratory documents will be included in the hardcopy and Portable
Sample Receipt, Custody, and Tracking Record Document Format (PDF) deliverables from the laboratory. Laboratory
Equipment Calibration Logs data deliverables will be maintained in the Tetra Tech King of Prussia,
Analysis Run Logs Pennsylvania project file and in long-term data package storage at a third-
Corrective Action Forms party professional document storage firm.

Reported Results for Standards, QC Checks, and QC Samples

Raw Data Electronic data results will be maintained in a database on a password
Data Completeness Checklist protected Structured Query Language (SQL) server.

Assessment Findings All assessment documents will be maintained in the Tetra Tech King of
All versions of the SAP Prussia, Pennsylvania project file.

All letter and e-mail correspondence with regulatory agencies,
including approvals and comments
Data Validation Memoranda (includes tabulated data summary forms)

Reports All versions of the Phase Il Remedial Investigation Report, Site 12 — South
Phase Il Remedial Investigation Report, Site 12 — South Landfill Landfill and all support documents (e.g., Data Validation Reports) will be

stored in hardcopy in the Tetra Tech King of Prussia, Pennsylvania project
file and electronically in the server library.
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

Data Handling and Management - After the Rl is completed, the field sampling log sheets will be
organized by date and medium and filed in the project files. The field logbooks for this project will be
used only for this site and will also be categorized and maintained in the project files after the completion
of the field program. Project personnel completing concurrent field sampling activities may maintain
multiple field logbooks. When possible, logbooks will be segregated by sampling activity. The field
logbooks will be titled based on date and activity. The data handling procedures to be followed by
Chemtech, CFA, and TA-Pitt will meet the requirements of the technical specifications. The electronic
data results will be automatically downloaded into the Tetra Tech database in accordance with the
proprietary Tetra Tech processes.

Data Tracking and Control - The Tetra Tech PM (or designee) is responsible for the overall tracking and
control of data generated for the project.

o Data Tracking. Data are tracked from generation to archiving in the Tetra Tech project-specific files.
The Tetra Tech Project Chemist (or designee) is responsible for tracking the samples collected and
shipped to Chemtech, CFA, and TA-Pitt. Upon receipt of the data packages from Chemtech, CFA,
and TA-Pitt, the Tetra Tech Project Chemist will oversee the data validation effort, which includes
verifying that the data packages are complete and that results for all samples have been delivered by
Chemtech, CFA, and TA-Pitt.

o Data Storage, Archiving, and Retrieval. The data packages received from Chemtech, CFA, and
TA-Pitt are tracked in the data validation logbook. After the data are validated, the data packages are
entered into the Tetra Tech Navy CLEAN file system and archived in secure files. The field records
including field logbooks, sample log sheets, chain-of-custody records, and field calibration logs will be
submitted by the Tetra Tech FOL to be entered into the Navy CLEAN file system prior to archiving in
secure project files. The project files are audited for accuracy and completeness. At the completion
of the Navy contract, the records will be stored by Tetra Tech.

o Data Security. Access to Tetra Tech project files is restricted to designated personnel only.
Records can only be borrowed temporarily from the project file using a sign-out system. The Tetra
Tech Data Manager maintains the electronic data files, and access to the data files is restricted to
qualified personnel only. File and data backup procedures are routinely performed.
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Project-Specific SAP

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

SAP Worksheet No. 30 -- Analytical Services Table

(UFP-QAPP Manual Section 3.5.2.3)

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0

Revision Date: October 2011

D Laboratory / Backup Laboratory /
Sample . ata Organization Organization
. . P! Analytical Package 9 9
Matrix Analytical Group Locations/ ID Method Turnaround (name and address, (name and address,
Number Ti contact person and contact person and
ime telephone number) telephone number)
Soil VOCs See Worksheet | SW-846 82608 21 days Chemtech Consulting NA
SVOCs No. 18 SW-846 8270D Group, Inc.
Low Level PAHs SW-846 8270D SIM 284 Sheffield Street
Pesticides SW-846 8081A Mountainside, NJ 07092
PCBs SW-846 8082 Kurt Hummler
Metals SW-846 6020A 908-728-3143
Mercury SW-846 7471B
Cyanide SW-846 9012B
Soil and Total Chromium See Worksheet | SW-846 6010C (Soil) | 21 days TestAmerica, Inc. NA
Aqueous Field | Hexavalent No. 18 SW-846 6800 (Soil) 301 Alpha Drive
QC Samples Chromium SW-846 7196A Pittsburgh, PA 15238
(Aqueous) Dave Dunlap
Trivalent Chromium By Calculation (Soil) 412-963-7058
Soil and Dioxins/ Furans See Worksheet | SW-846 8290A 21 days Cape Fear Analytical, LLC | NA
Groundwater No. 18 3306 Kitty Hawk Road
Suite 120
Wilmington, NC 28405
Chris Cornwell
910-795-0422
Groundwater VOCs See Worksheet | SW-846 82608 21 days Chemtech — see above NA
and Aqueous SVOCs No. 18 SW-846 8270D
Field QC Low Level PAHs SW-846 8270D SIM
Samples Pesticides SW-846 8081A
PCBs SW-846 8082
Metals SW-846 6020A
Mercury SW-846 7470A
Cyanide SW-846 9012B
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove
Site Location: Willow Grove, Pennsylvania

SAP Worksheet No. 31 -- Planned Project Assessments Table
(UEP-QAPP Manual Section 4.1.1)

Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0

Revision Date: October 2011

Person(s) Person(s)
Person(s) . Person(s) Responsible for
. Responsible for . I
Responsible for . Responsible for Monitoring
o . Responding to e .
Internal | Organization Performing Identifying and Effectiveness of
Assessment F Perf - A Assessment Imol - .
Type requency or erforming ss_essment Findings mp e_mentm_g Corre_ctlve
External | Assessment (title and (title and Corrective Actions Action
organizational o (title and organizational (title and
I organizational oS o
affiliation) I affiliation) organizational
affiliation) —
affiliation)
Laboratory Every two External DoD ELAP DoD ELAP Laboratory QA Laboratory QA Laboratory QA
Systems Audit' | years Accrediting Accrediting Body | Manager or Manager or Laboratory | Manager or
Body Auditor Laboratory Manager, Manager, Chemtech, Laboratory
Chemtech, CFA, and CFA, and TA-Pitt Manager,
TA-Pitt Chemtech, CFA,
and TA-Pitt
Notes:

' Chemtech, CFA, and TA-Pitt are DoD ELAP and PADEP NELAP accredited for all analytical groups and target analytes required for this project. The DoD ELAP and

PADEP NELAP accreditation documentation is included in Appendix B.
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

SAP Worksheet No. 32 -- Assessment Findings and Corrective Action Responses Table
(UEP-QAPP Manual Section 4.1.2)

Individual(s) Notified Nature of Individual(s) Receiving
Nature of LU . Corrective Corrective Action Timeframe
Assessment SR of Findings Timeframe of .
Deficiencies . e o Action Response for
Type . (name, title, Notification .
Documentation organization) Response (name, title, Response
9 Documentation organization)
Laboratory Written audit Laboratory QA Specified by DOD Letter DOD ELAP Accrediting Specified by
Systems Audit | report Manager, Chemtech, ELAP Accrediting Body DOD ELAP
CFA, and TA-Pitt Body Accrediting
Body
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Project-Specific SAP

Site Name/Project Name: NAS JRB Willow Grove

Site Location: Willow Grove, Pennsylvania

SAP Worksheet No. 33 -- QA Management Reports Table

(UFP QAPP Manual Section 4.2)

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0
Revision Date: October 2011

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 Sample Delivery Group
(SDG)

Within two weeks after
receiving the data from the
laboratory

DVM or designee, Tetra
Tech

PM and project file, Tetra
Tech

Tech memorandum)

Major analysis problem
identification (internal Tetra

When persistent analysis
problems are detected by
Tetra Tech that may impact
data usability

Immediately upon detection
of problem (on the same
day)

CLEAN QAM, Tetra Tech

PM, CLEAN QAM, Program
Manager, and project file,
Tetra Tech

Project monthly progress

Monthly for duration of the

Monthly

PM, Tetra Tech

Navy RPM, Navy; CLEAN

deviations results from
unanticipated
circumstances

of problem (on the same
day)

report project QAM, Program Manager,
and project file, Tetra Tech
Laboratory QA report When significant plan Immediately upon detection |Laboratory PM, Chemtech, |PM and project file, Tetra

CFA, and TA-Pitt

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

SAP Worksheet No. 34 -- Verification (Step I) Process Table
(UEP-QAPP Manual Section 5.2.1)

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0
Revision Date: October 2011

Responsible for

Verification Input Description Internal / Verification
External L
(name, organization)
Chain-of-Custody Forms | The Tetra Tech FOL or designee will review and sign the chain-of-custody Internal Sampler and FOL,
form to verify that all samples listed are included in the shipment to the Tetra Tech
laboratory and the sample information is accurate. The forms will be signed
by the sampler and a copy will be retained for the project file, the Tetra Tech
PM, and the Tetra Tech Data Validators.
The Laboratory Sample Custodian will review the sample shipment for Internal/ 1 - Laboratory Sample
completeness, integrity, and sign accepting the shipment. The Tetra Tech External Custodian, Chemtech,
Data Validators will check that the chain-of-custody form was signed and CFA, and TA-Pitt
dated by the Tetra Tech FOL or designee relinquishing the samples and also 2 - Data Validators,
by the Laboratory Sample Custodian receiving the samples for analyses. Tetra Tech
SAP Sample Tables/ Verify that all proposed samples listed in the SAP tables have been collected. | Internal FOL or designee, Tetra
Chain-of-Custody Forms Tech
Sample Log Sheets Verify that information recorded in the log sheets is accurate and complete. Internal FOL or designee, Tetra
Tech
SAP/ Field Logs/ Ensure that all sampling SOPs were followed. Verify that deviations have Internal PM or designee, Tetra
Analytical Data Packages | been documented and MPCs have been achieved. Particular attention Tech
should be given to verify that samples were correctly identified, that sampling
location coordinates are accurate, and that documentation establishes an
unbroken trail of documented chain-of-custody from sample collection to
report generation. Verify that the correct sampling and analytical
methods/SOPs were applied. Verify that the sampling plan was implemented
and carried out as written and that any deviations are documented.
SAP/ Analytical SOPs/ Ensure that all laboratory SOPs were followed. Verify that the correct Internal Laboratory QAM,
Analytical Data Packages | analytical methods/SOPs were applied. Chemtech, CFA, and
TA-Pitt
SAP/ Laboratory SOPs/ Establish that all method QC samples were analyzed and in control as listed | Internal Laboratory QAM,

Raw Data/ Applicable
Control Limits Tables

in the analytical SOPs. If method QA is not in control, the Laboratory QAM
will contact the Tetra Tech PM verbally or via e-mail for guidance prior to
report preparation.

Chemtech, CFA, and
TA-Pitt
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Title: SAP for Phase Il RI at Site 12 - South Landfill
Revision Number: 0
Revision Date: October 2011

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

Internal / Responsible for
Verification Input Description E Verification
xternal g
(name, organization)

SAP/ Chain-of-Custody Check that field QC samples listed in Worksheet No. 20 were collected as Internal FOL or designee, Tetra

Forms required. Tech

Electronic Data Each EDD will be verified against the chain-of-custody and hard copy data External Data Validators, Tetra

Deliverables (EDDs)/ package for accuracy and completeness. Laboratory analytical results will be Tech

Analytical Data Packages | verified and compared to the electronic analytical results for accuracy.

Sample results will be evaluated for laboratory contamination and will be
qualified for false positives using the laboratory method/preparation blank
summaries. Positive results reported between the DL and the LOQ will be
qualified as estimated. Extraneous laboratory qualifiers will be removed from
the validation qualifier.

Analytical Data Packages | All analytical data packages will be verified internally for completeness by the | Internal Laboratory QAM,
laboratory performing the work. The Laboratory QAM will sign the case Chemtech, CFA, and
narrative for each data package. TA-Pitt
Each data package will be verified for completeness by the Tetra Tech Data | External Data Validators, Tetra
Validator. Missing information will be requested by the Tetra Tech Data Tech
Validator from the Laboratory PM.

Notes:

Verification includes field data verification and laboratory data verification. Verification inputs as per Worksheet No. 34 will be checked.
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Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011

SAP Worksheet No. 35 -- Validation (Steps lla and llb) Process Table
(UFEP-QAPP Manual Section 5.2.2) (Figure 37 UFP-QAPP Manual) (Table 9 UFP-QAPP Manual)

Responsible for
Stelplat:la "1 validation Input Description Validation (name,
organization)
lla SAP/ Sample Log | Ensure that sample locations are correct and in accordance with the SAP proposed PM, FOL, or designee,
Sheets locations. Document any discrepancies in the final report. Tetra Tech
lla Chain-of-Custody | Ensure that the custody and integrity of the samples was maintained from collection to | Project Chemist or Data
Forms analysis and the custody records are complete and any deviations are recorded. Validators, Tetra Tech

Review that the samples were shipped and store at the required temperature and
sample pH for chemically-preserved samples meet the requirements listed in
Worksheet No. 19. Ensure that the analyses were performed within the holding times
listed in Worksheet No. 19.

lla/llb SAP/ Laboratory Ensure that the laboratory QC samples listed in Worksheet No. 28 were analyzed and | Project Chemist or Data
Data Packages/ that the MPCs listed in Worksheet No. 12 were met for all field samples and QC Validators, Tetra Tech
EDDs analyses. Check that specified field QC samples were collected and analyzed and

that the analytical QC criteria set up for this project were met.

Check the field sampling precision by calculating the RPD for field duplicate samples.
Check the laboratory precision by reviewing the RPD or percent difference values from
laboratory duplicate analyses; MS/MSDs; and LCS/LCSD, if available. Ensure
compliance with the methods and project MPCs accuracy goals listed in Worksheet
No. 12.

Check that the laboratory recorded the temperature at sample receipt and the pH of
the chemically preserved samples to ensure sample integrity from sample collection to
analysis.

Review the chain-of-custody forms generated in the field to ensure that the required
analytical samples have been collected, appropriate sample identifications have been
used, and correct analytical methods have been applied. The Tetra Tech Data
Validator will verify that elements of the data package required for validation are
present, and if not, the laboratory will be contacted and the missing information will be
requested. Validation will be performed as per Worksheet No. 36. Check that all
data have been transferred correctly and completely to the final SQL database.
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Project-Specific SAP
Site Name/Project Name: NAS JRB Willow Grove

Site Location: Willow Grove, Pennsylvania

Title: SAP for Phase Il RI at Site 12 - South Landfill

Revision Number: 0
Revision Date: October 2011

Step lla/

Responsible for

Data Packages/
EDDs

b Validation Input Description Validation (name,
organization)
[o] SAP/ Laboratory Ensure that the project LOQs listed in Worksheet No. 15 were achieved. Project Chemist or Data

Discuss the impact on reported DLs due to matrix interferences or sample dilutions
performed because of the high concentration of one or more other contaminants, on
the other target compounds reported as non-detected. Document this usability issue
and inform the Tetra Tech PM. Review and add PSLs to the laboratory EDDs. Flag
samples and notify the Tetra Tech PM of samples that exceed PSLs listed in
Worksheet No. 15.

Validators, Tetra Tech

Ensure that all QC samples specified in the SAP were collected and analyzed and that
the associated results were within prescribed SAP acceptance limits. Ensure that QC
samples and standards prescribed in analytical SOPs were analyzed and within the
prescribed control limits. If any significant QC deviations occur, the Laboratory QAM
shall have contacted the Tetra Tech PM.

Summarize deviations from methods, procedures, or contracts in the Data Validation
Report. Determine the impact of any deviation from sampling or analytical methods
and SOPs requirements and matrix interferences effect on the analytical results.
Qualify data results based on method or QC deviation and explain all the data
qualifications. Print a copy of the project database qualified data depicting data
qualifiers and data qualifiers codes that summarize the reason for data qualifications.
Determine if the data met the MPCs and determine the impact of any deviations on the
technical usability of the data.
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Project-Specific SAP

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

Title: SAP for Phase Il RI at Site 12 - South Landfill

SAP Worksheet No. 36 -- Analytical Data Validation (Steps lla and llb) Summary Table

(UFP-QAPP Manual Section 5.2.2.1)

Revision Number: 0
Revision Date: October 2011

Step lla/ . Analytical R o . : Data Va"d?t°f
b Matrix Grou Validation Criteria (title and plrggnlzatlonal
o]
affiliation)
llaand b | Soil, VOCs, SVOCs A full (Level 1V) data validation will be performed using criteria for Data Validator, Tetra
Groundwater | (including Low SW-846 Methods 8260B, 8270D and 8270D-modified, 8081A, and Tech
Level PAHSs), 8082 listed in Worksheets Nos. 12, 15, 24, 25, and 28, and the
Pesticides, and | current DoD QSM. If not included in the aforementioned, the logic
PCBs outlined in the Region 3 Modifications to the National Functional
Guidelines for Organic Data Review (USEPA, 1994) should be
used to apply qualifiers to data.
llaand b | Soil, Metals A full (Level 1V) data validation will be performed using criteria for Data Validator, Tetra
Groundwater | (including SW-846 Methods 6020A, 6800, 7196A, 7470A, 7471B, and 9012B | Tech
Mercury and listed in Worksheets Nos. 12, 15, 24, 25, and 28, and the current
Hexavalent DoD QSM. If not included in the aforementioned, the logic outlined
Chromium) and | in the Region 3 Modifications to the Laboratory Data Validation
Cyanide Functional Guidelines for Evaluating Inorganic Analyses (USEPA,
1993) should be used to apply qualifiers to data.
llaand Ilb | Soil Dioxins/Furans | A full (Level IV) data validation will be performed using criteria for Data Validator, Tetra
SW-846 Method 8290A listed in Worksheets Nos. 12, 15, 24, 25, Tech
and 28, and the current DoD QSM. If not included in the
aforementioned, the logic outlined in the Region 3 Draft
Dioxin/Furan Data Validation Guidance (USEPA, 1999) and
USEPA National Functional Guidelines for Dioxins/Furans (USEPA,
2005) should be used to apply qualifiers to data.
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SAP Worksheet No. 37 -- Usability Assessment
(UEP-QAPP Manual Section 5.2.3)

Data Usability Assessment

The usability of the data generated during the project directly affects whether project objectives can be
achieved. The following characteristics will be evaluated at a minimum. The results of these
evaluations will be included in the project report. The characteristics will be evaluated for multiple
concentration levels if the evaluator determines that this is necessary. To the extent required by the
type of data being reviewed, the assessors will consult with other technically competent individuals to
render sound technical assessments of these DQI characteristics:

Completeness
0 For each matrix that was scheduled to be sampled, the Tetra Tech FOL acting on behalf of the

Project Team will prepare a table listing planned samples/analyses to collected
samples/analyses. If deviations from the scheduled sample collection or analyses are
identified, the Tetra Tech PM and Project Risk Assessor will determine whether the deviations
compromise the ability to meet project objectives. If they do, the Tetra Tech PM will consult
with the Navy RPM and other project team members, as necessary (determined by the Navy
RPM), to develop appropriate corrective actions.

Precision

0 The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether
precision goals for field duplicates and laboratory duplicates were met. This will be
accomplished by comparing duplicate results to precision goals identified in Worksheets Nos.
12 and 28. This will also include a comparison of field and laboratory precision with the
expectation that laboratory duplicate results will be no less precise than field duplicate results.
If the goals are not met, or data have been flagged as estimated (J qualifier), limitations on the
use of the data will be described in the project report.

Accuracy
0 The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether the

accuracy/bias goals were met for project data. This will be accomplished by comparing percent
recoveries of LCS, LCSD, MS, MSD, and surrogate compounds to accuracy goals identified in
Worksheet No. 28. This assessment will include an evaluation of field and laboratory
contamination; instrument calibration variability; and analyte recoveries for surrogates, matrix
spike, and laboratory control samples. If the goals are not met, limitations on the use of the
data will be described in the project report. Bias of the qualified results and a description of the
impact of identified non-compliances on a specific data package or on the overall project data
will be described in the project report.

Representativeness

0 A Project Scientist identified by the Tetra Tech PM and acting on behalf of the Project Team wiill
determine whether the data are adequately representative of intended populations, both
spatially and temporally. This will be accomplished by verifying that samples were collected
and processed for analysis in accordance with the SAP, by reviewing spatial and temporal data
variations, and by comparing these characteristics to expectations. The usability report will
describe the representativeness of the data for each matrix and analytical fraction. This will not
require quantitative comparisons unless professional judgement of the Project Scientist
indicates that a quantitative analysis is required.

Comparability
0 The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether the

data generated under this project are sufficiently comparable to historical site data generated by
different methods and for samples collected using different procedures and under different site
conditions. This will be accomplished by comparing overall precision and bias among data sets
for each matrix and analytical fraction. This will not require quantitative comparisons unless
professional judgement of the Tetra Tech Project Chemist indicates that such quantitative
analysis is required.

L/DOCUMENTS/NAVY/02014/23949 Page 149 of 153
CTO WEO05



Project-Specific SAP Title: SAP for Phase Il Rl at Site 12 - South Landfill

Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0
Site Location: Willow Grove, Pennsylvania Revision Date: October 2011
Sensitivit

0 The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether
project sensitivity goals listed in Worksheet No. 15 were achieved. The overall sensitivity and
quantitation limits from multiple data sets for each matrix and analysis will be compared. If
sensitivity goals are not achieved, the limitations on the data will be described. The Tetra Tech
Project Chemist will enlist the help of the Tetra Tech Risk Assessor to evaluate deviations from
planned sensitivity goals.

Project Assumptions and Data Outliers

0 The Tetra Tech PM and designated team members will evaluate whether project assumptions
are valid. This will typically be a qualitative evaluation but may be supported by quantitative
evaluations. The type of evaluation depends on the assumption being tested. Quantitative
assumptions include assumptions related to data distributions (e.g., Normal versus log-normal)
and estimates of data variability. Potential outliers will be removed if a review of the associated
indicates that the results have an assignable cause the renders them inconsistent with the rest
of the data. During this evaluation, the team will consider whether outliers could be indications
of unanticipated site conditions. Consideration will be given to whether outliers represent an
unanticipated site condition.

Describe the evaluative procedures used to assess overall measurement error associated with
the project:

After completion of the data validation, the data and data quality will be reviewed to determine whether
sufficient data of acceptable quality are available for decision making. In addition to the evaluations
described above, a series of inspections and statistical analyses will be performed to estimate these
characteristics. The statistical evaluations will include simple summary statistics for target analytes,
such as maximum concentration, minimum concentration, number of samples exhibiting non-detected
results, number of samples exhibiting positive results, and the proportion of samples with detected and
non-detected results. The project team members identified by the Tetra Tech PM will assess whether
the data collectively support the attainment of project objectives. They will consider whether any
missing or rejected data have compromised the ability to make decisions or to make the decisions with
the desired level of confidence. The data will be evaluated to determine whether missing or rejected
data can be compensated by other data. Although rejected data will generally not be used, there may
be reason to use them in a weight of evidence argument, especially when they supplement data that
have not been rejected. If rejected data are used, their use will be supported by technically defensible
rationales.

For mathematical manipulations, non-detected values will be represented by a concentration equal to
one-half the sample-specific reporting limit. Duplicate results (original and duplicate) will not be
averaged for the purpose of representing the range of concentrations. However, the average of the
original and duplicate samples will be used to represent the concentration at a particular sampled
location.

Identify the personnel responsible for performing the usability assessment:

The Tetra Tech PM, Project Chemist, FOL, and Project Scientist will be responsible for conducting the
listed data usability assessments. The data usability assessment will be reviewed with the Navy RPM,
the USEPA RPM, and the PADEP PM. If deficiencies affecting the attainment of project objectives are
identified, the review will take place either in a face to face meeting or a teleconference depending on
the extent of identified deficiencies. If no significant deficiencies are identified, the data usability
assessment will simply be documented in the project report and reviewed during the normal document
review cycle.
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Describe the documentation that will be generated during usability assessment and how
usability assessment results will be presented so that they identify trends, relationships
(correlations), and anomalies:

The data will be presented in tabular format, including data qualifications such as estimation (J, UJ) or
rejection (R). Written documentation will support the non-compliance estimated or rejected data results.
The project report will identify and describe the data usability limitations and suggest re-sampling or
other corrective actions, if necessary.
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Cobalt 7.4 Manganese 575 INORGANICS malkg Dieldrin 480 PESTICIDES/PCBS uglkg SCALE IN FEET
Iron 16800 Vanadium 25.3 Aluminum 17700 SEMIVOLATILES ugrkg | | Dieldrin 84J
Manganese 764 SEMIVOLATILES ugrkg Arsenic 8.1L Benz(a)anthracene 7300 | [SEMIVOLATILES ugrkg
Vaangdium 32.2 Benz(a)anthracene 210 Chromium 20.2L Benzo(a)pyrene 7000 Benz(a)anthracene 21000 J
SEMIVOLATILES uglk Benzo(a)pyrene 200 Cobalt 7.3 Benzo(b)fluoranthene 6300 [ | Benzo(a)pyrene 21000 J TETRA TECHNUS, INC.
Benz(a)anthracene _?%g Benzo(b)fluoranthene 260 Iron 15600 Benzo(k)fluoranthene 70000 || Benzo(b)fluoranthene 79000 J
300 Dibenz(a,h)anthracene 27 Manganese 679 Dibenz(a,h)anthracene 2200 Benzo(k)fluoranthene 30000
Se"“’g@;ﬁ“"eth 580 : Vanadium 30.5 . Chrysene 22000 J
enzo(pjfuoranthene Dibenz(a,h)anthracene 12000
; 12SB01-02 05 -2 SEMIVOLATILES ~ uglkg } . :
Dibenz(a,h)anthracene 42 SB0 o Benz(@)anthracene 310 12TP92-01 "on 12TP02-02 0.5'-2
Benzo(a)pyrene 270
12580101 0.0 | i Toioo Benzoofuoranthene 360 ||\ 1o 0N woreanics  maika |[128B0501oooe SURFACE SOIL SAMPLE RESULTS
uminum m L a=Tall e - -0.5'
11310 || Arsenic 6.1 12TP04-02 05 -2 Aluminum 17800 | [ Aluminum 14700 ABOVE SCREENING CRlTERIA
12TP06-02  0.5'-2'| INORGANICS maka | chromium 18.4 : Arsenic 23L ||Arsenic 22L 112/10
17610 | Aluminum 19800°1| Cobait 7 1/5/10 Chromium 30L ||Chromium 18,61 | | INORGANICS moka 1112SB02-02  05'-2 SITE 12 — SOUTH LANDFILL
i um
INORGANICS gtk | GRETE, Ty (- ML | | A 500 Cobal soollien™ 20200 || Arsenic 68 1/12110 Dupliaty] NAS JRB WILLOW GROVE
BUILDING | Aseric " 350 |Covat 76 | Vanadium 274 | |Arsenic 51L Manganese 420 | [Manganese 570 || Shporam 5 Ao = T o WILLOW GROVE, PENNSYLVANIA
; ; Iron 15400 L {| SEMIVOLATILES ug/k Chromium 222L Vanadium 37.4 || Vanadium 26.3 ||Cobalt 6.5 umini ’
118 Chromium 18.3L 659 (|emori—— 4gxg 8 SEMIVOLATILES /k Iron 13700 L || Arsenic 4.7 4.1
"7 | Cobalt 7.1 |Manganese Benzo(a)pyrene 4700 Cobalt SEMIVOLATILES ugrkg | [SEMIVOLATILES ugkg Chromium 169  16.9
Iron 18100 ggﬁ‘\j/'uorﬂ ATIIES 29/'k2 Benzo(b)fluoranthene 5200 :\Zlon 22320 Benz(a)anthracene 1200 genz(ez)e;nthracene gg \'\;I::gngnse ;5525 Cobalt 7.8 6.5 ILE SCALE
SEMIVOLATILES U9Kg [ Benzo(k)fluoranthene 2400 anganese Benzo(a)pyrene 1200 enzo(a)pyrene : y y
41 Vanganese hy Benzo(a)pyrene 200 Dibenz(a) h)anthracene 820 Vanadium 33.3 Benzo(b)fluoranthene 1200 | [Benzo(b)fluoranthene 250 || SEMIVOLATILES uglkg llron U kL 112G02014GM09—1 AS NOTED
fonadiie 27.5 | Benzo(b)fiuoranthene 3100 . Dibenz(a,h)anthracene 200 J | | Dibenz(a,hjanthracene 31 ||Benzo(a)pyrene 190 | Manganese 799 677
SEMIVOLATILES  uglkg Benzo(k)fluoranthene 2100 : Benzo(b)fluoranthene 230 || Vanadium 254 24.7 FIGURE NUMBER REV DATE
T Benzo(a)pyrene 68 | Dibenz(ahjanthracene 410 Dibenz(a,h)anthracene 29 FIGURE 10-3 0 01/17/11
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12TP15-03 3-4
S
—
| noreanics Olf; /2k/g10 12TP09-03 3-4 12TP08-03 e
Aluminum 29400 )
; 12TP09-04 5-¢ 01/08/10  Duplicate 01/07/10
Arsone” sas INORGANICS mgkg  mgkg || INORGANICS malka 12TP12-03 2.3
Cadmium 40.1J 01/08/10 | Aluminum 28300 23700 || Aluminum 21100 12TP14-03 4.5
Chromium 56 7 INORGANICS mg/kg Antimony 12.8J 12.1J Arsen[c 24 K 01/11/10
Cobalt 0.3J || Aluminum 16700 || Arsenic 166K 129K | Cadmium L 01/12/10 INORGANICS markg
Copper 463 Arsenic 17K Cadmium 40.2 46.8 K[| Chromium 55 INORGANICS markg Aluminum 12100
#1 Iron 21100 J || Chromium 17.3 Chromium 58.1 75.5 || Cobalt 13.94 Aluminum 18400 Arsenic 92.24
Lead 7900J || Cobalt 5.3J Cobalt 10.6 J 9.1J || Copper 412K Arsenic 6.2 Cadmium 28.74
Manganese 1090 |l ron 18000 Copper 1110K  1170K [] Iron 81600 Chromium 70.1 Chromium 65.4
* Vanadium 353 || Vanadium 25.6 Iron 55600 50900 |f Lead 4359 N 12TP14-04 .7 || Cobalt 7.4 — Cobalt 9.7J
/ Zine 5400 Lead 8724 Manganese 946 - e 18400 || 12TP13-04 & -9 Copper 661
) Vanadium 30.1 Iron 57600 J
§ | SEMvoLATILES ughg e 21 a4 | zine 2680 otz || G 332 01/11/10 | | Lead 14004
/ ngigg;%ﬁgﬁthene 600 Zinc 4560 J | SEMIVOLATILES ugrkg —K\:OR.GANICS _g_q;ngégo SEMIVOLATILES ughkg || INORGANICS =~ malkg || Manganese 7274
A Dibenz(a,h)anthracene 74 SEMIVOLATILES ualkg uglkg || Benz(a)anthracene 1700 Arl;:r;?;m 1L Benz(a)anthracene 370 Alumlpum 11000 V_anadium 23.2
Indeno(1,2,3-cd)pyrene 330 Benz(a)anthracene 22000J  7900J | Benzo(a)pyrene 1400 i i Benzo(a)pyrene 400 Arsenic 1.6J Zinc 2950
2, Y T Benzo(a)pyrene 16000  6800J [ Benzo(b)fluoranthene 1400 f ORI 166 || Benzolb)ituoranthene 400 Chromium 17.3 SEMIVOLATILES uglkg
A : : e Benzo(b)fluoranthene 15000 7100 Benzo(k)fluoranthene 1800 J o x Dibenz(a.h)anthracene 71 Cobalt 6J Benz(a)anthracene 700
12TP09-20 5-¢ ; Iron 11000 L (a.h)
12TP15-04 4.5 Benzo(k)fluoranthene 18000J 8100 J || Dibenz(ah)anthracene 250 M 021 Indeno(1,2,3-cd)pyrene 350 Iron 20600 J | | Benzo(a)pyrene 800
01/08/10 Chrysene 24000 J Indeno(1,2,3-cd)pyrene 540 ¥ angg_nese b4 : ‘ Vanadium 22,4 Benzo(b)fluoranthene 880
hi 01112110 |1 N3 DIOXINFURAN _ nalk Dibenz(a,h)anthracene 4100 J 1900 || DIOXIN/FURAN ng/kg anadium Rl S e Dibenz(a,h)anthracene 250
INORGANICS  malk TEa _9_2247 Indeno(1,2,3-cd)pyrene 10000 5000 TEQ 27 =l i = "~ Indeno(1,2,3-cd)pyrene 600
‘Aluminum 18000 — 5| Naphthalene —— 12TP13-03 5-6
Arsenic 51J SR @)\ >
Chromium 22.5 / 01/11/10 PN\ .
§ Cobalt 11.8 INORGANICS  malkg
Iron 257004 | ‘Aluminum 16400
Manganese 739 Arsenic 4.2J
Vanadium 43.8 ] Chromium 23 g
iy Cobalt 6.2J |-l c
12TP10-04 &-9 ! Iron 18700 J o
Manganese 590J | 7 12TP11-03 3-4
01/08/10 3 Vanadium ( 011110
INORGANICS ~ mglkg g =
‘Aluminum 11100 Al 45 INORGANICS ma/kg
Arsenic 0.77J P 2 RE 12TP05-03 2'-4 2'-4 Aluminum 16600
: : i 01/08/10 - Arsenic 8.9
ghmm'um 7.1 INORGANICS ma/kg 12TP05-04 9-10 “‘g, 2ey 01/10/26  01/10/26 Chromium 23.6
opalt a2y || Auminum 17400 SO0l [A@ i INORGANICS ~ makg  makg |4 Cobalt R
ron | Antimony 24.4J 12TP07-03 o 01/10/26 — — Aluminum 17800 16200 Iron 20900
Manganese 1030 J [ Arsenic 12.6 K : 6-7 | |INORGANICS mgkg (¥ C Y 12TP04-03 4'-5 || arsenic 44K 35K K. J Manganese 499
Vanadium 13.7 |1 cadmium 18.4K P A Aluminum 17200 o Chromium 21.2 20.2 . = Vanadium 30.6
B </~ Chromium 46.6 ¥ Chromium 18 i 01/20/10[| cobalt 13.84J 6.4J 12TP12-04 PESTICIDES/PCBS ualk
A o || Cobalt 17.74 IA{\:ORGﬂ %9‘%% lved Cobalt 1034 | F --,-Q INORGANICS  ma/ka || iron 22500 19300 Dl Ea— e
== | Copper 561K |1f Arl;:,qr:ri]éjm e | Iron 18200 | - Aluminum 23800 Manganese 390 236 0111/10 SEMIVOLATILES ualk
2 . A4 s on 93000 77 : ; | Vanadium 184 [Wh 15 7] Arsenic 3.5L ] vanadium 39.4 354 || INORGANICS  malkg : Benz(a)anthracene 520
¥ | Lead 21804 [+~ Chromium 17.2 = = —5 Chromium 25.7L = e B "
. y | cobalt 524 5 ¢ Cobalt 16.3 T N Aluminum 15600 12TP11-04 5-¢ enzo(a)pyrene 820
> | Manganese 1200 5 o von 12900 : oba : & Arsenic 324 Benzo(b)fluoranthene 1200
- | Vanadium 26 : Iron 28700 | A\ Chromium 14.8 Dibenz(a,hjanthracene 140 J
Zinc 2330 |- Manganese 275 - Manganese 320 P c 01/11/10
b 1 i : \ . b= obalt 11.3J Indeno(1,2,3-cd)pyrene 430
© e || SEMIVOLATILES ugkg |):~| Vanadium 20 : Vanadium 39.4 ‘ ron 33600 || INORGANIGS  malkg
....... - N\ - - 78l Banz(atanthracen. [ ey S (- — - Aluminum 11900
' 1 Benz(a)anthracene 5100 ] % =i Manganese 491 J r
‘ | Benzo(a)pyrene 3600 N s aerea = Vanadium 286 Arsenic 1J 12TP03-20 8-9
3 || Benzo(b)fluoranthene 3000 L= “pebris o Chromium 14.3
; | Benzo(K)fluoranthene 39004 [ E—/\ Cobalt 254 01/20/10
: | Dibenz(a,h)anthracene  700J MAGAZIN Iron 10700 J || INORGANICS ma/kg
. { Indeno(1,2,3-cd)pyrene 2700 | 4=t - - Vanadium 26.1 Aluminum 11900
- o WA z — ~ Arsenic 2.2L
- . N ' T = Chromium 134 L
> -] 12TP06-04 9'-10 et o
i Iron 15700
' 01/10/26
""""" 77777=--| INORGANICS ~ mglkg - A e \“;'::S;Efnse 126293
o P ; '; - SEMIVOLATILES ugkg
Chromium 2311 . 12TP04-04 6 -7 Benz(a)anthracene 1100
Cobalt 9.1 12TP02-04 9-10 Benzo(a)pyrene g0
i ) , 01120110 - Benzo(bjfiuoranthene 870
; INORGANICS  mglkg Dibenz(a,h)anthracene 110J
Ranadi & Aluminum 14400 INORGANICS 0:;0;1(1 0{ 12TP02-03 4'-5 12TP03-04 5'-6' Indeno(1,2,3-cd)pyrene 560
Arsenic 21L | g o
12TP06-03 5.6 Chromium 1620 | Auminum Loy 01/04/10 01/2010 s
12TP01-03 5.6 || Cobalt 142 | Asenie 58k | INorGanics mglkg | INORGANICS makg | 12TP03-03 6-7
. i g ‘Aluminum 22600 [ Aluminum 12500
01/10/26 Duplicate || 12TP01-04 7'-8 Iron 18200 r J
INORGANICS markg mpg/kg 01/04/10 | | Manganese 958 ﬁgsa“ 1 g%%o Antimony 13.1J | Antimony 344 INORGANICS 01/22(/10
Aluminum 20200 01/04/10 || INORGANICS malkg | | Vanadium 232 | Manganese 1130 || Arsenic 13.1L | Arsenic 108 L || INORGANICS malkg
Arsenic 650 INORGANICS  malk Aluminum 18500 e & "6q | Cadmium 41.8 || cadmium 7.8K || Aluminum 13500
Chromium 2671 Auminum _uzsooo Arsenic 53L anadium - Chromium 182L | Chromium 1921 || Arsenic 5.1L
Cobalt 9.2 N 25L Chromium 2281 SIS0 LYo ugkg | Cobalt 23.1 | Cobalt 8.4 Chromium 17.41L
Iron 23900 Epr 1651 || cobalt 10 Benzo(a)pyrene 33 | Copper 1980 | Copper 639 || cobalt 8.7
Manganese 620 Cobalt 16.9 Iron 33800 3 Iron 59300 | ron 33800 L;Ion 1§ggo
Vanadium 40.6 Iron 17100 Manganese 959 Lead 3500J | Lead 5540 J v ang:_nese peyd
SEMIVOLATILES ugky  ugkg || Manganese 3740 || Vanadium 325 Manganese 1370 ] Manganese s || sEMvOLATILES Ik
Benz(a)anthracene 2500 Vanadium 23.4 SEMIVOLATILES ua/kg Vanadium 28.5 Vanadium 34.8 SEMIVOLATILES ug/kg
Benzo(a)pyrene 2100 i 2-Methylnaphthalene 35000 J Zinc 4240J || SEMIVOLATILES ug/kg || Benz(a)anthracene 1900
Benzo(b)ﬁzoranthene 2800 Naphthalene 13000 J SEMIVOLATILES uglkg [ Benz(a)anthracene 1300 Benzo(a)pyrene 2200
Benzo(k)fluoranthene 2200 Benz(a)anthracene 260 Benzo(a)pyrene 2200 Benzo(b)fluoranthene 2800
Dibenz(a,h)anthracene 340 Benzo(a)pyrene 230 J Benzo(b)fluoranthene 2800 Benzo(k)fluoranthene 3000
Indeno(1 2 3-cd)pyrene 880 Benzo(b)fluoranthene 370 Benzo(k)fluoranthene 1800 Dibenz(a,h)anthracene 530J
—{ DIOXINFURAN ngkg  nalkg DIOXIN/FURAN ngkg || Dibenz(a,hjanthracene 330 || Indeno(1,2,3-cd)pyrene 7200
S R rT A6 1,2,3,4,7,8-HxCDD 277J Indeno(1,2,3-cd)pyrene 900
: : 1,2,3,6,7,8-HxCDD 293J || DIOXIN/FURAN narkg
“BWI‘N’G 118 1,2,3,7,8,9-HxCDD 964J | TEQ 404
TEQ 603
—

LEGEND
N
J ESTIMATED VALUE

SUBSURFACE SOIL SAMPLE LOCATION

K POSITIVE RESULT BIASED HIGH
L POSITIVE RESULT BIASED LOW

mg/kg MILLIGRAMS PER KILOGRAM
ug/kg MICROGRAMS PER KILOGRAM
SITE 12 BOUNDARY
") OUTLINE OF EM ANOMALOUS AREA
EM LINEAR ANOMALY
0 100 200
T |
L | 1 | 1 ]|
SCALE IN FEET

TETRA TECHNUS, INC.

L -

SUBSURFACE SOIL SAMPLE RESULTS
ABOVE SCREENING CRITERIA
SITE 12 — SOUTH LANDFILL

NAS JRB WILLOW GROVE
WILLOW GROVE, PENNSYLVANIA

FILE SCALE
112G02014GM09—-2 AS NOTED
1 FIGURE NUMBER REV DATE
FIGURE 10—4 0o 01/17/11
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12SD03-D
1/10/2610 Duplicate
INORGANICS mg/kg mg/kg
Iron 20200 L
Manganese 942 L 947 L
SEMIVOLATILES ug/kg ug/kg
Acenaphthene 85J 200 J
12SD08 Acenaphthylene 63J 150 J
Anthracene 360 J 900
1/10/2610 Benz(a)anthracene 1700 J 3500 J
INORGANICS ma/kg Benzo(a)pyrene 1900 J 3500 J
Antimony 224 Benzo(b)fluoranthene 2100 J 4800 J
Lead 40.3 Benzo(g,h,i)perylene 1000 1400
SEMIVOLATILES uglkg Benzo(k)fluoranthene 2100 3200 125D06
Acenaphthylene 81J Chrysene 2200J  4200J P SET
Anthracene 210J Dibenz(a,h)anthracene 450 750 NORCANICS i
Benz(a)anthracene 960 Fluoranthene 5000J 10000J N LPROATS akg
Benzo(a)pyrene 990 Fluorene 1600 340 | 12SW04 k/le:ndganese 45;3'1
Benzo(b)fluoranthene 1100 Indeno(1,2,3-cd)pyrene 1200 1900
Benzo(g,h,i)perylene 350 Phenanthrene 2800 J 5800 J 01/20/10 SEMIVOLATILES ug/kg
Benzo(k)fluoranthene 1100 Pyrene 4100 J 8600 || IQTALINORGANICS — uglL Benz(a)anthracene 130
12SW08 Chrysene 1000 Total PAHs 25218 49240 || Barium 68J Benzo(a)pyrene 160
- Dibenz(a,h)anthracene 190J VOLATILES uglkg uglkg Benzo(b)fluoranthene 200
01/21/10 - Duplicate || Fiuoranthene 2400 Carbon Disulfide 28J 1.9J 12SD04 Pyrens 2l
w ug/ uglk Indeno(1,2,3-cd)pyrene 480 PESTICIDES uglkg uglkg Total PAHs 1777
Aluminum 2700 Phenanthrene 720 24.DDE 6.1L 1/10/2610 PESTICIDES ua’kg
Barium 49.9J Pyrene 2000 Total DDT 75 INORGANICS makg 4,4-DDE 524
Iron 2760 Total PAHs 11628 Alpha-Chlordane 484 6.4J Lead 90 G meloly A
Lead 10.6 PESTICIDES ug/kg Beta-BHC 164 SEMIVOLATILES uglkg Total DDT 10.4
DISSOLVED INORGANICS ug/L ug/L 4,4'-DDE 6.5J Dieldrin 524 84L Benzo(b)fluoranthene 37 Dieldrin 17
EE”M”W OLATILES 20-/5 ZO}E Total DDT 10.6 Endrin Aldehyde 234
S ug, ug, Dieldrin 39 v D
Benz(a)antiiracene 0.045 J LI PG ) Si1c) MAGAZINE
Benzo(a)pyrene 0.049J
Fluoranthene 0.1J 12SW03
Phenanthrene 0.04
Pyrene 0.079J 01/20/10
PESTICIDES ug/L ug/L TOTAL INORGANICS uag/L
Heptachlor Epoxide 0.0079 J Barium 173J
Iron 889
Manganese 1660 J
Cyanide 6.8L
12SW05
01/21/10
12SW07 TOTAL INORGANICS  ug/L LEGEND
Barium 84.9J 12SD05
01/21/10 Lead 3.6 \ JAN SURFACE WATER SAMPLE LOCATION
TOTAL INORGANICS ug/L Cyanide 6L 1/10/2610
Aluminum 31800 SEMIVOLATILES ug/L INORGANICS  mglkg O
Arsenic 10.6 Flooranthere F_qz_z ead 7] SEDIMENT SAMPLE LOCATION
Barium 434 J
Beryllium 3.1
et e J ESTIMATED VALUE
Chromium 37.8
Cobalt 32.6 K POSITIVE RESULT BIASED HIGH
o 44700 .
ron
Lead 88 128D02 L POSITIVE RESULT BIASED LOW
Manganese 1990 J 12SD07 1/15/2010
it o INORGANICS mglkg mg/kg MILLIGRAMS PER KILOGRAM
Ziar1r::a LE e 1/10/2610 Cadmium 2.1
SEMIVOLATILES ug/kg Copper 44.7
2|ISSQLVED INORGANICS uzg7/|6 Acenaphthylene >3 Iron 24000 L ug/kg MICROGRAMS PER KILOGRAM
IS B:rri]:Jlnr']\um e Benz(a)anthracene 260 Lead 45.8
y Benzo(a)pyrene 250 Manganese 17400 L
Iron 370 Bonzo(b)fuoranthene 5o 12SW02 Nickel 6.4 ug/L MICROGRAMS PER LITER
g";fe‘?ﬂaunlﬁse 48§5J Chrysene 220 SEMIVOLATILES uglkg
: Dibenz(a,h)anthracene 38 Duplicate | [ Anthracene 460 J SITE 12 BOUNDARY
, BUILDING Wﬂ % Fluoranthene 530 J 01/18/10 01/18/10 | | Benz(a)anthracene 2500
118— Wil G Indeno(1,2,3-cd)pyrene 200 TOTAL INORGANICS  ug/L ug/L Benzo(a)pyrene 3000
Benz(a)anthracene 1.3 Byrana 4004 12SD01 Barium 7159 17174 || Benzo(bfluoranthene 3000
Benzo(a)pyrene 1.5 4 f 0 100 200
g - py! - Total PAHs 2751.1 1/14/2010 Iron 656 665 Benzo(g,h,i)perylene 1300 J 1 1 |
Fluoranthene 2.9 Dieldrin 55 SEMIVOLATILES ualk Manganese 9904 10104 |/| Benzo(k)fluoranthene 3500 J [ I T I I |
Phenanthrene 0.78 || Endrin Ketone 244 e T Cyanide 4884 Bis(2-ethylhexyl)phthalate 460 J I S — '
HIC 2 B SEMIVOLATILES ug/L ug/L Chrysene 3600 SCALE IN FEET
PESTICIDES ug/L enz(a)anthracene 210 Anth 00454 0.047J | |Dib h)anth 700 J
—_— Benzo(a)pyrene 2200 nthracene 5 5 ibenz(a,h)anthracene
44-DDD 0.015J E Benz(a)anthracene 0.043J  0.047J | | Fluoranthene 8100
44'-DDT 0.019J enzo(b)fluoranthene 2100 B 0.12J 0.12J Ind 1.2 3.cd 1700
TOTAL DDT 0.205 Benzo(g,h.i)perylene 990 J enzo(ajpyrene : . ndeno(1.2.3-cd)pyrene TETRA TECHNUS, INC.
O : B Fluoranthene 0.078J  0.084J || Phenanthrene 3700 J
Alpha-Chlordane 0.208 J enzo(k)fluoranthene 2800 J
o Ao Bis(2- Pyrene 0.098 J 0.114J Pyrene 6300
Dieldrin 1.6 is(2-ethylhexyl)phthalate 230J
Total PAHs 37860
Endosulfan | 0.063J Chrysene 2800 PESTICIDES Ik
Methoxychlor 0.28J Dibenz(a,h)anthracene 5404 Abha-Chiord: E1Q2Jj-
Fluoranthene 7000 12SWo01 BUERCIE
Fluorene 1704 Endrin Aldehyde 7.5J
y 01/14/10 Endrin Ketone 17J
'F',‘ﬁ::;ﬂhfei :d)pyre”e ;ggg TOTAL INORGANICS  ug/L Gamma-Chlordane SURFACE WATER / SEDIMENT SAMPLE
Barium 193J
pyene 00 | B0 F RESULTS ABOVE SCREENING CRITERIA
VOLATILES ug/kg Manganese Zilud] SITE 12 — SOUTH LANDFILL
Carbon Disulfid 5.4J
Caon e o NAS JRB WILLOW GROVE
Total DDT 72 WILLOW GROVE, PENNSYLVANIA
Alpha-Chlordane 8.4J
Dieldrin 23J
Endrin Ketone 14J
Gamma-Chlordane 7.9J FILE SCALE
Heptachlor Epoxide 45 112G02014GM09—-3 AS NOTED
FIGURE NUMBER REV /DATE/
FIGURE 10-5 0 01/17/11
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DUST,
ﬂ VOLATILIZATION,
LANDFILL GAS

FORMER LANDFILL WASTES HANDLING

INGESTION, LIMITED SOIL COVER
DERMAL CONTACT, DISPOSED WASTES
BIOCONCENTRATION IN TRENCH

LEACHATE SURFACE /- OVERBURDEN 6-10 FEET

paniit RUNOFE
SEERAGE LEACHING

BEDROCK
GROUND-

DISCHARGE

SURFACE WATER RUNOFF FROM
SITE FLOWS TO STREAM SOUTH OF
BASE PROPERTY LINE

LEGEND —
—— GROUNDWATER LEVEL CONCEPTUAL SITE MODEL SCHEMATIC AS t‘fETED
——== GROUNDWATER FLOW DIRECTION E HUMAN RECEPTORS 112G02014CM02
SITE 12 — SOUTH LANDFILL " o
—3> RELEASE MECHANISM ETRA TS ING NAS JRB WILLOW GROVE o 01/A7/11
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AND INGESTION OF CONTAMINATED FOOD INGESTION OF SOIL

PLANTS: DIRECT CONTACT

P 25 AND ROOT UPTAKE

ANIMALS: DIRECT CONTACT
AND INGESTION OF ANIMALS: DIRECT CONTACT
SURFACE WATER AND SEDIMENT, WITH SOIL AND

FORMER LANDFILL WASTES HANDLING

DISPOSED WASTES IN TRENCH

AND CONTAMINATED FOOD ==

SURFACE RUNOFF

AND EROSION
S 7 = ‘
// OVERBURDEN (| LEACHING
—sz— ---- 6-10 FEET
LEACHATE v
SEEPAGE -
ROUNDWATER E
DI HARGE
INTO STREAM E BEDROCK
SURFACE WATER RUNOFF FROM
SITE FLOWS TO STREAM SOUTH OF
BASE PROPERTY LINE
LEGEND
SCALE
—¥— GROUNDWATER LEVEL CONCEPTUAL SITE MODEL SCHEMATIC AS t‘fETED
——= GROUNDWATER FLOW DIRECTION E ECOLOGICAL RECEPTORS 112602014CMO3
SITE 12 — SOUTH LANDFILL e
—=» RELEASE MECHANISM ETRA TEaTROS. ING NAS JRB WILLOW GROVE 0 01/17/11
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PRIMARY SOURCE

SOIL CONTAMINATED
BY HISTORICAL SITE
ACTIVITIES

FIGURE 10-8

HUMAN CONCEPTUAL EXPOSURE MODEL DIAGRAM
SITE 12 — SOUTH LANDFILL

RELEASE MECHANISM

NAS JRB WILLOW GROVE

WILLOW GROVE, PENNSYLVANIA

SECONDARY SOURCE

OVERLAND RUNOFF/
EROSION

POTENTIAL RECEPTORS

LEACHING TO
GROUNDWATER VIA

INFILTRATION AND
MIGRATION VIA
ADVECTION/DISPERSION

= GROUNDWATER PLUME —

WIND
EROSION

——=— ANTICIPATED SIGNIFICANT EXPOSURE PATHWAY BASED ON EXPECTED QUANTITATIVE RISK ANALYSIS

— —=—ANTICIPATED LOW SIGNIFICANCE EXPOSURE PATHWAY BASED ON EXPECTED QUANTITATIVE DATA OR RISK ANALYSIS

z
9 z
= _
8(/) <o 8 2
r|loo < zZ
EW|EW| G|l
pxloxiz@|o
EXPOSURE MEDIUM EXPOSURE MECHANISM (35 |ac|QY |8
OZ|Z€2|(xD|x
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1.0 PURPOSE

The purpose of this Standard Operating Procedure (SOP) is to specify a consistent sample nomenclature
system that will facilitate subsequent data management in a cost-effective manner. The sample
nomenclature system has been devised such that the following objectives can be attained:

Sorting of data by matrix ‘

Sorting of data by depth

Maintenance of consistency (field, laboratory, and database sample numbers)
Accommodation of all project-specific requirements

Accommodation of laboratory sample number length constraints (maximum of 20 characters)

2.0 SCOPE |

The methods described in this SOP shall be used consistently for all projects requiring electronic data.
Other contract- or project-specific sample nomenclature requirements may also be applicable.

3.0 GLOSSARY
None.
4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS

Program Manager - It shall be the responsibility of the Project Manager (or designee) to inform contract-
specific Project Managers (PMs) of the existence and requirements of this SOP.

Project Manager - It shall be the responsibility of the PM to determine the applicability of this SOP based
on: (1) program-specific requirements and (2) project size and objectives. It shall be the responsibility of
the PM (or designee) to ensure that sample nomenclature requirements are thoroughly specified in the
relevant project planning document (e.g., sampling and analysis plan) and are consistent with this SOP if
relevant. It shall be the responsibility of the PM to ensure that the FOL is familiar with the sample
nomenclature system.

Field Operations Leader (FOL) - It shall be the responsibility of the FOL to ensure that ail field
technicians or sampling personnel are thoroughly familiar with this SOP and the project-specific sample
nomenclature system. It shall be the responsibility of the FOL to ensure that the sample nomenclature
system is used during all project-specific sampling efforts.

General personnel qualifications for sample nomenclature activities in the field include the following:
e Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training.

¢ Capability of performing field work under the expected physical and environmental (i.e., weather)
conditions.

o Familiarity with appropriate procedures for field documentation, handling, packaging, and shipping.

019611/P
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5.0 PROCEDURES

51 INTRODUCTION

The sample identification (ID) system can consist of as few as eight but not more than 20 distinct alpha-
numeric characters. The sample ID will be provided to the laboratory on the sample labels and chain-of-
custody forms. The basic sample ID provided to the laboratory has three segments and shall be as
follows, where "A" indicates "alpha," and "N" indicates "numeric"™:

AorN AAA AorN
3 or 4 Characters 2 or 3 Characters 3 to 6 Characters
Site Identifier Sample Type Sample Location

Additional segments may be added as needed. For example:

(1) Soil and sediment sample ID

AorN AAA AorN NNNN
3 or 4 Characters 2 or 3 Characters 3 to 6 Characters 4 Characters
Site identifier Sample type Sample location Sample depth

(2) Aqueous (groundwater or surface water) sample ID

AorN AAA AorN NN -A
3 or 4 Characters 2 or 3 Characters 3 to 6 Characters 2 Characters 1 Character
Site identifier Sample type Sample location Round number Filtered sample only

(3) Biota sample ID

AorN AAA AorN AA NNN
3 or 4 Characters | 2 or 3 Characters 3 to 6 Characters 2 Characters 3 Characters
Site identifier Sample type Sample location Species Sample group
identifier number
5.2 SAMPLE IDENTIFICATION FIELD REQUIREMENTS

The various fields in the sample ID include but are not limited to the following:

Site identifier

Sample type

Sample location
Sample depth

Sampling round number
Filtered

Species identifier
Sample group number

019611/P Tetra Tech NUS, Inc.
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The site identifier must be a three- or four-character field (numeric characters, alpha characters, or a
mixture of alpha and numeric characters may be used). A site number is necessary because many
facilities/sites have multiple individual sites, Solid Waste Management Units (SWMUs), Operable Units
(OUs), etc. Several examples are presented in Section 5.3 of this SOP.

The sample type must be a two- or three-character alpha field. Suggested codes are provided in
Section 5.3 of this SOP.

The sample location must be at least a three-character field but may have up to six characters (alpha,
numeric, or a mixture). The six characters may be useful in identifying a monitoring well to be sampled or
describing a grid location.

The sample depth field is used to note the depth below ground surface (bgs) at which a soil or sediment
sample is collected. The first two numbers of the four-number code specify the top interval, and the third
and fourth specify the bottom interval in feet bgs of the sample. If the sample depth is equal to or greater
than 100, then only the top interval would be represented and the sampling depth would be truncated to
three characters. The depths will be noted in whole numbers only; further detail, if needed, will be
recorded on the sample log sheet or boring log, in the logbook, etc.

A two-digit round number will be used to track the number of aqueous samples collected from a particular
aqueous sample location. The first sample collected from a location will be assigned the round identifier
01, the second 02, etc. This applies to both existing and proposed monitoring wells and surface water
locations.

Aqueous samples that are field filtered (dissolved analysis) will be identified with an "-F" in the last field
segment. No entry in this segment signifies an unfiltered (total) sample.

The species identifier must be a two-character alpha field. Several suggested codes are provided in
Section 5.3 of this SOP.

The three-digit sample group number will be used to track the number of biota sample groups (a particular
group size may be determined by sample technique, media type, the number of individual caught, weight
issues, time, etc.) by species and location. The first sample group of a particular species collected from a
given location will be assigned the sample group number 001, and the second sample group of the same
species collected from the same location will be assigned the sample group number 002.

5.3 EXAMPLE SAMPLE FIELD DESIGNATIONS

Examples of each of the fields are as follows:

Site identifier - Examples of site numbers/designations are as follows:

A01 - Area of Concemn (AOC) 1

125 - SWMU 125

000 - Base- or facility-wide sample (e.g., upgradient well)
BBG - Base background

The examples cited are only suggestions. Each PM (or designee) must designate appropriate (and
consistent) site designations for their individual project.

Sample type - Examples of sample types are as follows:

AH - Ash Sample

019611/P Tetra Tech NUS, Inc.
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AS - Air Sample
BM - Building Material Sample
BSB - Biota Sample Full Body
BSF - Biota Sample Fillet
CcP - Composite Sample
Cs - Chip Sample
DS - Drum Sample
DU - Dust Sample
FP - Free Product
IDW - Investigation-Derived Waste Sample
LT - Leachate Sample
MW - Monitoring Well Groundwater Sample
OF - Outfall Sample
RW - Residential Well Sample
SB - Soil Boring Sample
SD - Sediment Sample
SC - Scrape Sample
SG - Soil Gas Sample
SL - Sludge Sample
SP - Seep Sample
SS - Surface Soil Sample
ST - Storm Sewer Water Sample
SW - Surface Water Sample
™ - Test Pit Sample
TW - Temporary Well Sample
WC - Well Construction Material Sample
WP - Wipe Sample
WS - Waste/Solid Sample
WW - Wastewater Sample

Sample location - Examples of the location field are as follows:

001 - Monitoring well 1
N32E92 - Grid location 32 North and 92 East
D096 - Investigation-derived waste drum number 96

Species identifier - Examples of species identifier are as follows:

BC - Blue Crab
GB - Blue Gill
cO - Corn
SB - Soybean
54 EXAMPLES OF SAMPLE NOMENCLATURE

The first round monitoring well groundwater sample collected from existing monitoring well 001 at SWMU
16 for a filtered sample would be designated as 016MWO00101-F.

The second round monitoring well groundwater sample collected from existing monitoring well C20P2 at
Site 23 for an unfiltered sample would be designated as 023MWC20P202.

The second surface water sample collected from point 01 at SWMU 130 for an unfiltered sample would
be designated as 130SW00102.

019611/P
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A surface soil sample collected from grid location 32 North and 92 East at Site 32 at the 0- to 2-foot
interval would be designated as 032SSN32E920002.

A subsurface soil sample from soil boring 03 at SWMU 32 at an interval of 4 to 5 feet bgs would be
designated as 032SB0030405.

A sediment sample collected at SWMU 19 from 0 to 6 inches at location 14 would be designated as
019SD0140001. The sample data sheet would reflect the precise depth at which this sample was
collected.

During biota sampling for full-body analysis, the first time a minnow trap was checked at grid location A25
of SWMU 1415, three small blue gills were captured, collected, and designated with the sample ID of
1415BSBA25BG001. The second time blue gill were collected at the same location (grid location A25 at
SWMU 1415), the sample 1D would be 1415BSBA25BG002.

Note: No dash (-) or spacing is used between the segments with the exception of the filtered segment.
The "F" used for a filtered aqueous sample is preceded by a dash (-F).

5.5 FIELD QA/QC SAMPLE NOMENCLATURE

Field Quality Assurance (QA)/Quality Control (QC) samples are designated using a different coding
system. The QC code will consist of a three- to four-segment alpha-numeric code that identifies the
sample QC type, the date the sample was collected, and the number of this type of QC sample collected
on that date.

AA NNNNNN NN - -F
QC type Date Sequence number Filtered
(per day) (aqueous only, if needed)

The QC types are identified as:

TB = Trip Blank

RB = Rinsate Blank (Equipment Blank)
FD = Field Duplicate

AB = Ambient Conditions Blank

WB = Source Water Blank

The sampling time recorded on the chain-of-custody form, labels, and tags for duplicate samples will be
0000 so that the samples are "blind" to the laboratory. Notes detailing the sample number, time, date,
and type will be recorded on the routine sample log sheets and will document the location of the duplicate
sample (sample log sheets are not provided to the laboratory). Documentation for all other QC types (TB,
RB, AB, and WB) will be recorded on the QC Sample Log Sheet (see SOP SA-6.3, Field Documentation).

5.6 EXAMPLES OF FIELD QA/QC SAMPLE NOMENCLATURE

The first duplicate of the day for a filtered groundwater sample coliected on June 3, 2000, would be
designated as FDO6030001-F.

The third duplicate of the day taken of a subsurface soil sample collected on November 17, 2003, would
be designated as FD11170303.
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The first trip blank associated with samples collected on October 12, 2000, would be designated as
TB10120001.

The only rinsate blank collected on November 17, 2001, would be designated as RB11170101.

6.0

DEVIATIONS

Any deviation from this SOP must be addressed in detail in the site-specific planning documents.
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1.0 PURPOSE

The purpose of this document is to specify a consistent procedure for the quality assurance review of
electronic and hard copy databases. This SOP outlines the requirements for establishment of a Database
Record File, Quality Assurance review procedures, and documentation of the Quality Assurance Review
Process.

2.0 SCOPE

The methods described in this Standard Operating Procedure (SOP) shall be used consistently for all
projects managed by Tetra Tech NUS (TtNUS).

3.0 GLOSSARY

Chain-of-Custody Form - A Chain-of-Custody Form is a printed form that accompanies a sample or a
group of samples from the time of sample collection to the laboratory. The Chain-of-Custody Form is
retained with the samples during transfer of samples from one custodian to another. The Chain-of-
Custody Form is a controlled document that becomes part of the permanent project file. Chain-of-Custody
and field documentation requirements are addressed in SOP SA-6.1.

Electronic Database - A database provided on a compact laser disk (CD). Such electronic databases will
generally be prepared using public domain software such as DBase, RBase, Oracle, Visual FoxPro,
Microsoft Access, Paradox, etc.

Hardcopy Database - A printed copy of a database prepared using the software discussed under the
definition of an electronic database.

Form | - A printed copy of the analytical results for each sample.

Sample Tracking Summary - A printed record of sample information including the date the samples were
collected, the number of samples collected, the sample matrix, the laboratory to which the samples were
shipped, the associated analytical requirements for the samples, the date the analytical data were
received from the laboratory, and the date that validation of the sample data was completed.

4.0 RESPONSIBILITIES

Database Records Custodian - It shall be the responsibility of the Database Records Custodian to
update and file the Sample Tracking Summaries for all active projects on a weekly basis. It shall be the
responsibility of the Database Records Custodian to ensure that the most recent copies of the Sample
Tracking Summaries are placed in the Database Records file. It shall be the responsibility of the
Database Records Custodian to ensure that a copy of all validation deliverables is provided to the Project
Manager (for placement in the project file). It shall be the responsibility of the Database Records
Custodian to ensure that photocopies of all validation deliverables and historical data and reports (as
applicable) are placed in the Database Records file.

Data Validation_Coordinator - It shall be the responsibility of the Data Validation Coordinator (or
designee) to ensure that the Sample Tracking Summaries are maintained by the Database Records
Custodian. 1t shall be the responsibility of the Data Validation Coordinator (or designee) to ensure that
photocopies of all data validation deliverables are placed in the applicable Database Records file by the
Database Records Custodian.
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Earth Sciences Department Manager - It shall be the responsibility of the Earth Sciences Department
Manager (or equivalent) to ensure that all field personnel are familiar with the requirements of this
Standard Operating Procedure (specifically Section 5.5).

FOL - It shall be the responsibility of the FOL (FOL) of each project to ensure that all field technicians or
sampling personnel are thoroughly familiar with this SOP, specifically regarding provision of the Chain-of-
Custody Forms to the Database Records Custodian. Other responsibilities of the FOL are described in
Sections 5.4 and 5.5.

Management information Systems (MIS} Manager - It shall be the responsibility of the MIS Manager to
ensure that copies of original electronic deliverables (CDs) are placed in both the project files and the
Database Records File. It shall be the responsibility of the MIS Manager (or designee) to verify the
completeness of the database (presence of all samples) in both electronic and hardcopy form in the
Database Records File. It shall be the responsibility of the MIS Manager to ensure that Quality Assurance
Reviews are completed and are attested to by Quality Assurance Reviewers. It shall be the responsibility
of the MIS Manager to ensure that records of the Quality Assurance review process are placed in the
Database Records File. It shall be the responsibility of the MIS Manager to ensure that both electronic
and hardcopy forms of the final database are placed in both the project and the Database Record File. it
shall be the responsibility of the MIS Manager to ensure that data validation qualifiers are entered in the
database.

Furthermore, it shall be the responsibility of the MIS Manager to participate in project planning at the
request of the Project Manager, specifically with respect to the generation of level of effort and schedule
estimates. To support the project planning effort, the MIS Manager shall provide a copy of the MIS
Request From included as Attachment A to the project manager. It shall be the responsibility of the MIS
Manager to generate level of effort and budget estimates at the time database support is requested if a
budget does not exist at the time of the request. The MIS Request Form shall be provided to the Project
Manager at the time of any such requests. It shall be the responsibility of the MIS Manager to notify the
Project Manager of any anticipated level of effort overruns or schedule noncompliances as soon as such
problems arise along with full justification for any deviations from the budget estimates (provided they
were generated by the MIS Manager). It shall be the responsibility of the MIS Manager to document any
changes to the scope of work dictated by the Project Manager, along with an estimate of the impact of the
change on the level of effort and the schedule.

Program/Department Managers - It shall be the responsibility of the Department and/or Program
Managers (or designees) to inform their respective department's Project Managers of the existence and
requirements of this SOP.

Project Manager - It shall be the responsibility of each Project Manager to determine the applicability of
this SOP based on: (1) program-specific requirements, and (2) project size and objectives. [t shall be the
responsibility of the Project Manager (or designee) to ensure that the FOL is familiar with the requirements
regarding Chain-of-Custody Form provision to the Database Records Custodian. [t shall be the
responsibility of the Project Manager (or designee) to determine which, if any, historical data are relevant
and to ensure that such data (including ali relevant information such as originating entity, sample
locations, sampling dates, etc.) are provided to the Database Records Custcdian for inclusion in the
Database Records File. |t shall be the responsibility of the Project Manager to obtain project planning
input regarding the level of effort and schedule from the MIS Manager. It shall be the responsibility of the
Project Manager to complete the database checklist (Attachment A) to support the level of effort and
schedule estimate and to facilitate database preparation and subroutine execution.

Risk Assessment Department Manager - It shall be the responsibility of the Risk Assessment
Department Manager to monitor compliance with this Standard Operating Procedure, to modify this SOP
as necessary, and to take corrective action if necessary. Monitoring of the process shall be completed on
a quarterly basis.
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Quality Assurance Reviewers - It shall be the responsibility of the Quality Assurance Reviewers to verify
the completeness of the sample results via review of the Chain-of-Custody Forms and Sample Tracking
Summaries. It shall be the responsibility of the Quality Assurance Reviewers to ensure the correctness of
the database via direct comparison of the hardcopy printout of the database and the hardcopy summaries
of the original analytical data (e.g., Form |s provided in data validation deliverables). Correctness includes
the presence of all relevant sample information (all sample information fields), agreement of the laboratory
and database analytical results, and the presence of data validation qualifiers.

Quality Manager - It shall be the responsibility of the Quality Manager to monitor compliance with this
Standard Operating Procedure via routine audits.

5.0 PROCEDURES
5.1 Introduction

Verification of the accuracy and completeness of an electronic database can only be accomplished via
comparison of a hardcopy of the database with hardcopy of all relevant sample information. The primary
purposes of this SOP are to ensure that 1) all necessary hardcopy information is readily available to
Quality Assurance Reviewers; 2) ensure that the Quality Assurance review is completed in a consistent
and comprehensive manner, and; 3) ensure that documentation of the Quality Assurance review process
is maintained in the project file.

5.2 File Establishment

A Database Record file shall be established for a specific project at the discretion of the Project Manager.
Initiation of the filing procedure will commence upon receipt of the first set of Chain-of-Custody documents
from a FOL or sampling technician. The Database Record Custodian shall establish a project-specific file
for placement in the Database Record File. Each file in the Database Record File shall consist of
standard components placed in the file as the project progresses. Each file shall be clearly labeled with
the project number, which shall be placed on the front of the file drawer and on each and every hanging
file folder relevant to the project. The following constitute the minimum components of a completed file:

Electronic Deliverables
Sample Tracking Forms
Chain-of-Custody Forms
Data Validation Letters
Quality Assurance Records

5.3 Electronic Deliverables

The format of electronic deliverables shall be specified in the laboratory procurement specification and
shalil be provided by the laboratory. The integrity of all original electronic data deliverables shall be
maintained. This shall be accomplished via the generation of copies of each electronic deliverable
provided by the laboratory. The original electronic deliverable shall be provided to the project manager for
inclusion in the project file. A copy of the original electronic deliverable shall be placed in the Database
Record File. The second copy shall be maintained by the MIS Manager (or designee) to be used as a
working copy.

019611/P

Tetra Tech NUS, Inc.



Subject Number Page
CT-05 50f7
DATABASE RECORDS AND Revision Effective Date
QUALITY ASSURANCE 2 01/29/01
54 Sample Tracking Forms

Updated versions of the sample tracking form for each relevant project shall be maintained by the
Database Record Custodian. The Sample Tracking Forms shall be updated any time additional Chain-of-
Custody Forms are received from a FOL or sampling technician, or at any time that data are received from
a laboratory, or at any time that validation of a given data package (sample delivery group) is completed.
The Data Validation Coordinator shall inform the Database Record Custodian of the receipt of any data
packages from the laboratory and of complstion of validation of a given data package to facilitate updating
of the Sample Tracking Form. The Database Record Custodian shall place a revised copy of the Sample
Tracking Form in the Database Record File anytime it has been updated. Copies of the updated Sample
Tracking Form shall also be provided to the project manager to apprise the project manager of sample
package receipt, complstion of validation, etc. :

55 Chain-of-Custody Forms

The Chain-of-Custody Forms for all sampling efforts will be used as the basis for (1) updating the Sample
Tracking Form, and (2) confirming that all required samples and associated analyses have been
completed. It shall be the responsibility of the FOL (or sample technician) to provide a photocopy of all
Chain-of-Custody Forms to the Database Record Custodian immediately upon completion of a sampling
effort. The Database Record Custodian shall then place the copies of the Chain-of-Custody Form(s} in
the Database Record File. Upon receipt of a sample data package from an analytical laboratory, the Data
Validation Coordinator shall provide a copy of the laboratory Chain-of-Custody Form to the Database
Record Custodian. The Database Record Custodian shall use this copy to update the Sample Tracking
Summary and shall place the copy of the laboratory-provided Chain-of-Custody Form in the Database
Record File. The photocopy of the laboratory-provided Chain-of Custody Form shall be stapled to the
previously filed field copy. Upon receipt of all analytical data, two copies of the Chain-of-Custody will
therefore be in the file. Review of the Chain-of-Custody Forms will therefore be a simple mechanism to
determine if all data have been received. Chain-of-Custody is addressed in SOP SA-6.1.

5.6 Data Validation Letters

All data validation deliverables (or raw data summaries if validation is not conducted) shall be provided for
inclusion in both the Database Record File and the project file. If USEPA regional- or client-specific
requirements are such that Form Is (or similar analytical results) need not be provided with the validation
deliverable, copies of such results must be appended to the deliverable. It is preferable, although not
essential that the validation qualifiers be hand-written directly on the data summary forms. The data
validation deliverables {(and attendant analytical summaries) will provide the basis for direct comparison of
the database printout and the raw data and qualifiers.

5.7 Historical Data

At the direction of the Project Manager, historical data may also be included in a project-specific analytical
database. Inthe event that historical data are germane to the project, hardcopy of the historical data must
be included in the Database Record File. Historical data may be maintained in the form of final reports or
as raw data. The information contained in the historical data file must be sufficient to identify its origin, its
collection date, the sample location, the matrix, and any and all other pertinent information. All available
analytical data, Chain-of-Custody Forms, boring logs, well construction logs, sample location maps, shall
be photocopied by the Project Manager (or designee) and placed in one or more 3-ring binders. All
information shall be organized chronologically by matrix. It shall be the responsibility of the Project
Manager (or designee) to ensure that all inconsistencies between analytical data, Chain-of-Custody
Forms, boring logs, sample log sheets, and field logbooks are identified and corrected. The Project
Manager (or designee) shall decide which nomenclature is appropriate and edit, initial and date all
relevant forms. Data entry may only be performed on information that has undergone the aforementioned
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the electronic database.

6.0 RECORDS

on both the top and end of the storage box:
Database Record File
PROJECT NUMBER:
SITE NAME:
DATEFILED: _/_/ __

BOX _OF _

requirements of this SOP,

SUMMARY OF CONTENTS ENCLOSED

editing process, thereby having a direct correlation between hardcopy information and what will become

Records regarding database preparation and quality assurance review include all those identified in the
previous section. Upon completion of the database task, records from the file will be forwarded to the
Project Manager for inclusion in the project file, or will be placed in bankers boxes (or equivalent) for
storage. The final records for storage shall include the following minimum information on placards placed

Project- or program-specific record keeping requirements shall take precedencs over the record keeping
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ATTACHMENT A
.E MIS: REQUEST FORM

Tetra Tech NUS, inc.

Project Name: Request Date:

CTO: Date Data Available for Praduction:
__Pm'ac( Manager: i Request in Support of:

Requestor: Database Lead:

Program/Client: . GIS Lead:

State/EPA Region; ’ Statistics Lead:

Risk Lead:

Site Name(s) (Area, OU, etc.)

Sampling Date(s): :

Matrix: Jew [Jso [Jsp [ Jsw []other
Labels: ] Labels needed for an upcoming sampling event Total # of Samples

Estimated Hours ' Additional Instructions:
Dus Date
Complete ETS Chargs No.
FOL
Data Entry:
Estimated # of Samples

B Chemical data needs to be entered from hardcopy
Chemical data needs to be forinated electronically
"] Fleld analytical data needs to be entered from hardcopy
B Gealogic data needs to be entéred from
Hydrology data needs to be erftered from hardcepy
Estimated Hours © Additional [nstructions:
Due Date

Complete ETS Charge No.

Tables: Fuli Data Printout
Summary of Positive Hits
Occurance and Distribution
Sampling Anafytical Summary
[] Gther: )
Estimated Hours
Dus Date

|| with criteria

Additional Instructions:

Complete ETS Charge No.

ais: ] General Facility Location
Slte Location :
Potentiometric Contours/Ground! Flow

[] Sample Location Proposed _:

Sample Location Existing
Tag Map Single Round
Tag Map Muttiple Round H
Isoconcenirations ‘
Chart Map .
3D Visualization ;
EGIS CD
Other:

Estimated Hours

Due Date
Compiete ETS Charge No.

Additlonal Instructions:

Statistics: LJ Yes
Estimated Hours
Due Date

Additional Instructions:

Complete ETS Charge No.

Geostatistics: |_] Yes
Estimated Hours
Dus Date
Compiste ETS Charge No.

Additional Instructions:
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1.0 PURPOSE

The purpose of this procedure is to provide reference information regarding the proper methods for
evaluating the physical condition and project utility of existing monitoring wells and determining water
levels.

2.0 SCOPE

The procedures described herein are applicable to all existing monitoring wells and, for the most part, are
independent of construction materials and methods.

3.0 GLOSSARY

Hydraulic Head - The height to which water will rise in a well.

Water Table - A surface in an unconfined aquifer where groundwater pressure is equal to atmospheric
pressure (i.e., the pressure head is zero).

4.0 RESPONSIBILITIES

Site Geologist/Hydrogeologist - Has overall responsibility for the evaluation of existing wells, obtaining
water leval measurements and developing groundwater contour maps. The site geologist/hydrogeologist
(in concurrence with the Project Manager) shall specify the reference point from which water levels are
measured (usually a specific point on the upper edge of the inner well casing), the number and location of
data points which shall be used for constructing a contour map, and how many complete sets of water
levels are required to adequately define groundwater flow directions (e.g., if there are seasonal variations).

Field Personnel - Must have a basic familiarity with the equipment and procedures invoived in obtaining
water levels and must be aware of any project-specific requirements or objectives.

5.0 PROCEDURES

Accurate, valid and useful groundwater monitoring requires that four important conditions be met:
« Proper characterization of site hydrogeology.

o Proper design of the groundwater monitoring program, including adequate numbers of wells installed
at appropriate locations and depths.

e Satisfactory methods of groundwater sampling and analysis to meet the project data quality objectives
(DQOs).

s The assurance that specific monitoring well samples are representative of water quality conditions in
the monitored interval.

To insure that these conditions are met, adequate descriptions of subsurface geology, well construction
methods and well testing results must be available. The following steps will help to insure that the
required data are available to permit an evaluation of the utility of existing monitoring wells for collecting
additional samples.
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51 Preliminary Evaluation

A necessary first step in evaluating existing monitoring well data is the study and review of the original
work plan for monitoring well installation (if available). This helps to familiarize the site
geologist/hydrogeologist with site-specific condition, and will promote an understanding of the original
purpose of the monitoring wells.

The next step of the evaluation should involve a review of all available information concerning borehole
driling and well construction. This will allow interpretation of groundwater flow conditions and area
geology, and will help to establish consistency between hydraulic properties of the well and physical
features of the well or formation. The physical features which should be identified and detailed, if
available, include:

e The well identification number, permit number and location by referenced coordinates, the distance
from prominent site features, or the location of the well on a map.

* The installation dates, drilling methods, well development methods, past sampling dates, and drilling
contractors.

e The depth to bedrock - where rock cores were not taken, auger refusal, drive casing refusal or
penetration test results (blow counts for split-barrel sampling) may be used to estimate bedrock
interface.

* The soil profile and stratigraphy.

e The borehole depth and diameter.

e The elevation of the top of the protective casing, the top of the well riser, and the ground surface.

¢ The total depth of the well.

o The type of well materials, screen type, slot size, and length, and the elevation/depths of the screen,
interval, and/or monitored interval.

¢ The elevation/depths of the tops and bottom of the filter pack and well seals and the type and size.

5.2 Field Inspection

During the onsite inspection of existing monitoring wells, features to be noted include:

The condition of the protective casing, cap and lock.

The condition of the cement seal surrounding the protective casing.
The presence of depressions or standing water around the casing.
The presence of and condition of dedicated sampling egquipment.
The presence of a survey mark on the inner well casing.

If the protective casing, cap and lock have been damaged or the cement collar appears deteriorated, or if
there are any depressions around the well casing capable of holding water, surface water may have
infiltrated into the well. This may invalidate previous sampling results unless the time when leakage
started can be precisely determined.

The routine physical inspection must be followed by a more detailed investigation to identify other potential
routes of contamination or sampling equipment malfunction. Any of these occurrences may invalidate
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previously-collected water quality data. If the monitoring well is to be used in the future, considerations
shown in the steps described above should be rectified to rehabilitate the well.

After disconnecting any wires, cables or electrical sources, remove the lock and open the cap. Check for
the presence of organic vapors with a photoionization detector (PID) or flame-ionization detector (FID) to
determine the appropriate worker safety level. The following information should be noted:

e Cap function.

e Physical characteristics and composition of the inner casing or riser, including inner diameter and
annular space.

* Presence of grout between the riser and outer protective casing and the existence of drain holes in
the protective casing.

 Presence of a riser cap, method of attachment to casing, and venting of the riser.

e Presence of dedicated sampling equipment; if possible, remove such equipment and inspect size,
materials of construction and condition.

The final step of the field inspection is to confirm previous hydraulic or physical property data and to obtain
data not previously available. This includes the determination of static water levels, total well depth and well
obstruction. This may be accomplished using a weighted tape measure which can also be used to check for
sediment (the weight will advance slowly if sediment is present, and the presence of sediment on the weight
upon removal should be noted). If sediment is present and/or the well has not been sampled in 12 or more
months, it should be redeveloped before sampling.

Lastly, as a final step, the location, condition and expected water quality of the wells should be reviewed in
light of their usefulness for the intended purpose of the investigation.

See Attachment A, Monitoring Well Inspection Sheet.

5.3 Water Level (Hydraulic Head) Measurements
5.31 General

Groundwater level measurements can be made in monitoring wells, private or public water wells,
piezomsters, open boreholes, or test pits (after stabilization). Groundwater measurements should
generally not be made in boreholes with drilling rods or auger flights present. If groundwater sampling
activities are to occur, groundwater level measurements shall take place prior to well purging or sampling.

All groundwater level measurements shall be made tc the nearest 0.01 foot, and recorded in the site
geologist/hydrogeologist's field notebook or on the Groundwater Level Measurement Sheet
(Attachment B), along with the date and time of the reading. The total depth of the weli shall be measured
and recorded, if not already known. Weather changes that occur over the period of time during which
water levels are being taken, such as precipitation and barometric pressure changes, should be noted.

In measuring groundwater levels, there shall be a clearly-established reference point of known elevation,
which is normally identified by a mark on the upper edge of the inner well casing. To be useful, the
reference point should be tied in with an established USGS benchmark or other properly surveyed
elevation datum. An arbitrary datum could be used for an isolated group of wells, if necessary.
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Cascading water within a borehole or steel well casings can cause false readings with some types of
sounding devices (chalked line, electrical). Oil layers may also cause problems in determining the true
water level in a well. Special devices (interface probes) are available for measuring the thickness of oil
layers and true depth to groundwater, if required.

Water level readings shall be taken regularly, as required by the site geologist/hydrogeologist. Monitoring
wells or open-cased boreholes that are subject to tidal fluctuations should be read in conjunction with a
tidal chart (or preferably in conjunction with readings of a tide staff or tide level recorder installed in the
adjacent water body); the frequency of such readings shall be established by the site hydrogeologist. All
water level measurements at a site used to develop a groundwater contour map shall be made in the
shortest practical time to minimize affects due to weather changes.

53.2 Water Level Measuring Techniques

There are several methods for determining standing or changing water levels in boreholes and monitoring
wells. Certain methods have particular advantages and disadvantages depending upon well conditions. A
general description of these methods is presented, along with a listing of various advantages and
disadvantages of each technique. An effective technique shall be selected for the particular site
conditions by the site geologist/hydrogeologist.

In most instances, preparation of accurate potentiometric surface maps require that static water level
measurements be obtained to a precision of 0.01feet. To obtain such measurements in individual
accessible wells, electrical water level indicator methods have been found to be best, and thus should be
utilized. Other, less precise methods, such as the popper or bell sound, or bailer line methods, should be
avoided. When a large number of (or continuous) readings are required, time-consuming individual
readings are not usually feasible. In such cases, it is best to use a pressure transducer.

5.3.3 Methods

Water levels can be measured by several different techniques, but the same steps shall be followed in
each case. The proper sequence is as follows:

1. Check operation of recording equipment abave ground. Prior to opening the well, don personal
protective equipment, as required. Never remove an air-tight lock (such as a J-plug) with your
face over the well. Pressure changes within the well may explosively force the cap off once
loosened.

2. Record all information specified below in the geolog;st/hydrogeologxst‘s field notebook or on the
Groundwater Level Measurement Sheet (Attachment B):

Well number.

Water level (to the nearest 0.01 foot). Water levels shall be taken from the surveyed
reference mark on the top edge of the inner well casing. If the J-plug was on the well very
tightly, it may take several minutes for the water level to stabilize.

Time and day of the measurement.

Thickness of free product if present.

Water level measuring devices with permanently marked intervals shall be used. The devices shall be
free of kinks or folds which will affect the ability of the equipment to hang straight in the well pipe.
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5.3.4 Water Level Measuring Devices

Electric Water Level Indicators

These are the most commonly used devices and consist of a spool of small-diameter cable and a
weighted probe attached to the end. When the probe comes in contact with the water, an electrical circuit
is closed and a meter, light, and/or buzzer attached to the spool will signal the contact.

There are a number of commercial electric sounders available, none of which is entirely reliable under all
conditions likely to occur in a contaminated monitoring well. In conditions where there is oil on the water,
groundwater with high specific conductance, water cascading into the well, steel weli casing, or a turbulent
water surface in the well, measuring with an electric sounder may be difficult.

For accurate readings, the probe shall be lowered slowly into the well adjacent to the survey mark on the
inner well casing. The electric tape is read (to the nearest 0.01 ft.) at the measuring point and recorded
where contact with the water surface was indicated.

Popper or Bell Sounder

A bell- or cup-shaped weight that is hollow on the bottom is attached to a measuring tape and lowered into
the well. A "plopping” or "popping" sound is made when the weight strikes the surface of the water. An
accurate reading can be determined by lifting and lowering the weight in short strokes, and reading the
tape when the weight strikes the water. This method is not sufficiently accurate to obtain water levels to
0.01 feet, and thus is more appropriate for obtaining only approximate water levels quickly.

Pressure Transducer

Pressure transducers can be lowered into a well or borehole to measure the pressure of water and
therefore the water elevation above the transducer. The transducer is wired into a recorder at the surface
to record changes in water level with time. The recorder digitizes the information and can provide a
printout or transfer the information to a computer for evaluation (using a weli drawdown/recovery model).
The pressure transducer should be initially calibrated with another water level measurement technique to
ensure accuracy. This technigue is very useful for hydraulic conductivity testing in highly permeable
material where repeated, accurate water level measurements are required in a very short period of time.
A sensitive transducer element is required to measure water levels to 0.01 foot accuracy.

Borehole Geophysics

Approximate water levels can be determined during geophysical logging of the borehole (although this is
not the primary purpose for geophysical logging and such logging is not cost effective if used only for this
purpose). Several logging techniques will indicate water level. Commonly-used logs which will indicate
saturated/unsaturated conditions include the spontaneous potential (SP) log and the neutron log.

5.3.5 Data Recording

Water level measurements, time, data, and weather conditions shall be recorded in the
geologist/hydrogeologist's field notebook or on the Groundwater Level Measurement Sheet. All water
level measurements shall be measured from a known reference point. The reference peint is generally a
marked point on the upper edge of the inner well casing that has been surveyed for an elevation. The
exact reference point shall be marked with permanent ink on the casing since the top of the casing may
not be entirely level. It is important to note changes in weather conditions because changes in the
barometric pressure may affect the water level within the well.
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5.3.6 Specific Quality Control Procedures for Water Level Measuring Devices

All groundwater level measurement devices must be cleaned before and after each use to prevent cross
contamination of wells. Manufacturer's instructions for cleaning the device shall be strictly followed.
Some devices used to measure groundwater levels may need to be calibrated. These devices shall be
calibrated to 0.01foot accuracy and any adjustments/corrections shall be recorded in the field
logbook/notebook. After the corrections/adjustments are made to the measuring device and entered in
the field logbook/notebook, the corrected readings shall be entered onto the Groundwater Level
Measurement Sheet (Attachment B). Elevations will be entered on the sheet when they become available.

5.4 Equipment Decontamination

Equipment used for water level measurements provide a mechanism for potentially cross contaminating
wells. Therefore, all portions of a device which project down the well casing must be decontaminated prior
to advancing to the next well. Decontamination procedures vary based on the project objectives but must
be defined prior to conducting any field activities including the collection of water level data. Consult the
project planning documents and SA-7.1 Decontamination of Field Equipment.

5.5 Health and Safety Considerations

Groundwater contaminated by volatile organic compounds may release toxic vapors into the air space
inside the well pipe. The release of this air when the well is initially opened is a health/safety hazard which
must be considered. Initial monitoring of the well headspace and breathing zone concentrations using a
PID or FID shall be performed to determine required levels of protection. Under certain conditions, air-
tight well caps may explosively fly off the well when the pressure is relieved. Never stand directly over a
well when uncapping it.

6.0 RECORDS

A record of all field procedures, tests and observations must be recorded in the site logbook or designated
field notebook. Entries in the log/notebook should include the individuals participating in the field effort,
and the date and time. The use of annotated sketches may help to supplement the evaluation.
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ATTACHMENT A

MONITORING WELL INSPECTION SHEET

Monitoring Well Inspection Sheet

Date:
Time:
Personnel:

Project Name:
Location:
Tidally Influenced: Y /N

Fleld Measuraments

Wall ID PID Reading | pepin 1o Water * | Total Depth *

Flush Mt/ Stick-up

Weli Construclion Detais (Taken from construction logs) .

Total Dapth * Ground Elev. |} Top/Btm Screen *

Check List:

Riser Plpe Matsriai:

Riser Notched for Surveyors:

Wall 1D Tag In-place:

Well securty:

Photo taken:

Condition of Well:

Protective Case:

Riser:

Wall Pad:

Other:

Presence/Evidencs of:

Standing Water Around Well:

Existing Sampling Equipment:

Sediment build-up in Weil Btm:

Comments:

* = Measurements are from the top of the inner case lo the nearest 0.01'
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ATTACHMENT B

GROUNDWATER LEVEL MESUREMENT SHEET

i

@m Tach NUS, Inc. GROUND VEL M U
Project Name: Project No.:
Locatlon: P 1eft
Weather Conditions: Measuring Device:
Tidally Intiuenced: Yes ___ No_ Remarks:
- Vesltor. - " | mevitcaot |- wawriove | Thicknessot
Plazometer. ;|  Dals “Time | Rei Pdinl | Indi fAeading | Froe Product Comeents
., Nuraber | S (leaty (Tmat)* ety
* AX measarements (o the nsanist 0.01 foot, from surveyed mark (unkess rotod) Page ______
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1.0 PURPOSE

The purpose of this procedure is to describe the methods and equipment necessary to perform soil and
rock borings and identify the equipment, sequence of events, and appropriate methods necessary to
obtain soil, both surface and subsurface, and rock samples during field sampling activities.

2.0 SCOPE

This guideline addresses most of the accepted and standard drilling techniques, their benefits, and
drawbacks. It should be used generally to determine what type of drilling techniques would be most
successful depending on site-specific geologic conditions and the type of sampling required.

The sampling methods described within this procedure are applicable to collecting surface and
subsurface soil samples, and obtaining rock core samples for lithologic and hydrogeologic evaluation,
excavation/foundation design, remedial alternative design and related civil engineering purposes.

3.0 GLOSSARY

Rock Coring - A method in which a continuous solid cylindrical sample of rock or compact rock-iike soil is
obtained by the use of a double tube core barrel that is equipped with an appropriate diamond-studded
drill bit which is advanced with a hydraulic rotary drilling machine.

Wire-Line Coring - As an alternative to conventional coring, this technique is valuable in deep hole drilling,
since this method eliminates trips in and out of the hole with the coring equipment. With this technique,
the core barrel becomes an integral part of the drill rod string. The drill rod serves as both a coring device
and casing.

4.0 RESPONSIBILITIES

Project Manager - In consultation with the project geologist, the Project Manager is responsible for
evaluating the drilling requirements for the site and specifying drilling techniques that will be successful
given the study objectives and the known or suspected geologic conditions at the site. The Project
Manager also determines the disposal methods for products generated by drilling, such as drill cuttings
and well development water, as well as any specialized supplies or logistical support required for the
drilling operations.

Field Operations Leader (FOL) - The FOL is responsible for the overall supervision and scheduling of
drilling activities, and is strongly supported by the project geologist.

Project Geologist - The project geologist is responsible for ensuring that standard and approved drilling
procedures are followed. The geologist will generate a detailed boring log for each test hole. This log
shall include a description of materials, samples, methad of sampling, blow counts, and other pertinent
drilting and testing information that may be obtained during drilling (see SOPs SA-6.3 and GH-1.5). Often
this position for inspecting the drilling operations may be filled by other geotechnical personnel, such as
soils and foundation engineers, civil engineers, etc.

Determination of the exact location for borings is the responsibility of the site geologist. The final location
for drilling must be properly documented on the boring log. The general area in which the borings are to
be located will be shown on a site map included in the Work Plan and/or Sampling and Analysis Plan.
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Drilling Subcontractor - Operates under the supervision of the FOL. Responsible for obtaining all drilling
permits and clearances, and supplying all services (including labor), equipment and material required to
perform the drilling, testing, and well installation program, as well as maintenance and quality control of
such required equipment except as stated in signed and approved subcontracts.

The driller must report any major technical or analytical problems encountered in the field to the FOL
within 24 hours of determination, and must provide advance written notification of any changes in field
procedures, describing and justifying such changes. No such changes shall be made unless requested
and authorized in writing by the FOL (with the concurrence of the Project Manager). Depending on the
subcontract, the Project Manager may need to obtain written authorization from appropriate administrative
personnel before approving any changes.

The drilling subcontractor is responsible for following decontamination procedures specified in the project
plan documents. Upon completion of the work, the driller is responsible for demobilizing all equipment,
cleaning up any materiais deposited on site during drilling operations, and properly backfilling any open
borings. .

5.0 PROCEDURES
51 General

The purpose of drilling boreholes is:

e To determine the type, thickness, and certain physical and chemical properties of the soil, water and
rock strata which underlie the site.
* To install monitoring wells or piezometers.

All drilling and sampling equipment will be cleaned between samples and borings using appropriate
decontamination procedures as outlined in SOP SA-7.1. Unless otherwise specified, it is generally
advisable to drill borings at "clean” locations first, and at the most contaminated locations last, to reduce
the risk of spreading contamination between locations. All borings must be logged by the site geologist as
they proceed (see SOPs SA-6.3 and GH-1.5). Situations where logging would not be required would
include installation of muitiple well points within a small area, or a "second attempt" boring adjacent to a
boring that could not be continued through resistant material. In the latter case, the boring log can be
resumed 5 feet above the depth at which the initial boring was abandoned, although the site geologist
should still confirm that the stratigraphy at the redrilled location conforms essentially with that encountered
at the original location. If significant differences are seen, each hole should be logged separately.

5.2 Drilling Methods

The selected drilling methods described below apply to drilling in subsurface materials, including, but not
limited to, sand, gravel, clay, silt, cobbles, boulders, rock and man-made fill. Drilling methods should be
selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the
purpose of drilling and the overall subsurface investigation program proposed for the site. The full range
of different drilling methods applicable to the proposed program should be identified with final selection
based on relative cost, availabiiity, time constraints, and how well each method meets the sampling and
testing requirements of the individual drilling program.

019611/P Tetra Tech NUS, Inc.




Subject Number Page
SOIL AND ROCK GH-1.3 5 0of 26
DRILLING METHODS

Revision Effective Date
1 06/99

5.21 Continuous-Flight Hollow;Stem Auger Drilling

This method of drilling consists of rotating augers with a hollow stem into the ground. Cuttings are
brought to the surface by the rotating action of the auger. This method is relatively quick and inexpensive.
Advantages of this type of drilling include:

¢ Samples can be obtained without pulling the augers out of the hole. However, this is a poor method
for obtaining grab samples from thin, discrete formations because of mixing of soils which occurs as
the material is brought to the surface. Sampling of such formations requires the use of split-barrel or
thin-wall tube samplers advanced through the hollow core of the auger.
No drilling fiuids are required.
A well can be installed inside the auger stem and backfilled as the augers are withdrawn.

Disadvantages and limitations of this method of drilling include:
e Augering can only be done in unconsolidated materials.

¢ The inside diameter of hollow stem augers used for well installation should be at least 4 inches
greater than the well casing. Use of such large-diameter hollow-stem augers is more expensive than
the use of small-diameter augers in boreholes not used for well installation. Furthermore, the density
of unconsolidated materials and depths become more of a limiting factor. More friction is produced
with the larger diameter auger and subsequently greater torque is needed te advance the boring.

e The maximum effective depth for drilling is 150 feet or less, depending on site conditions and the size
of augers used.

e In augering through clean sand formations below the water table, the sand will tend to flow into the
hollow stem when the plug is removed for soil sampling or well installation. If the condition of
"running” or "flowing" sands is persistent at a site, an alternative method of drilling is recommended,
in particular for wells or boreholes deeper than 25 feet.

Hollow-stem auger drilling is the prefered method of drilling. Most alternative methods require the
introduction of water or mud downhole (air rotary is the exception) to maintain the open borehole. With
these other methods, great care must be taken to ensure that the method does not interfere with the
collection of a representative sample (which may be the prime objective of the borehole construction).
With this in mind, the preferred order of choice of drilling method after hollow-stem augering (HSA) is:

- Cable tool

- Casing drive (air)
- Airrotary

- Mud rotary

- Rotosonic

- Drive and wash

- Jetting

However, the use of any method will also depend on efficiency and cost-effectiveness. in many cases,
mud rotary is the only feasible alternative to hollow-stem augering. Thus, mud rotary drilling is generally
acceptable as a first substitute for HSA.

The procedures for sampling soils through holes drilled by hollow-stem auger shall conform with the
applicable ASTM Standards: D1587-83 and D1586-84. The guideiines established in SOP SA-1.3 shall
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also be followed. The hollow-stem auger may be advanced by any power-operated drilling machine
having sufficient torque and ram range to rotate and force the auger to the desired depth. The machine
must, however, be equipped with the accessory equipment needed to perform required sampling, or rock
coring.

The hollow-stem auger may be used without the plug when boring for geotechnical examination or for well
installation. However, when drilling below the water table, specially designed plugs which allow passage
of formation water but not sclid material shall be used (see Reference 1 of this guideline). This drilling
configuration method also prevents blow back and plugging of the auger when the plug is removed for
sampling.

Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the water
table, to prevent blowback and plugging of the auger. |f water is added to the hole, it must be sampled
and analyzed to determine if it is free from contaminants prior to use. In addition, the amount of water
introduced, the amount recovered upon attainment of depth, and the amount of water extracted during
well development must be carefully logged in order to ensure that a representative sample of the
formation water can be obtained. Well development should occur as soon after well completion as
practicable (see SOP GH-2.8 for well development procedures). If gravelly or hard material is
encountered which prevents advancing the auger to the desired depth, augering should be halted and
either driven casing or hydraulic rotary methods should be attempted. If the depth to the bedrock/soil
interface and bedrock lithology must be determined, then a 5-foot confirmatory core run should be
conducted (see Section 5.2.9).

At the option of the Field Operations Leader (in communication with the Project Manager), when resistant
materials prevent the advancement of the auger, a new boring can be attempted. The original boring
must be properly backfilled and the new boring started a short distance away at a location determined by
the site geologist. If multiple water bearing strata were encountered, the original boring must be grouted.
In some formations, it may be prudent to also grout borings which penetrate only the water table aquifer,
since loose soil backfill in the boring may still provide a preferred pathway for surface liquids to reach the
water table. Backfilling requirements may also be driven by state or local regulations.

2 Continuous-Flight Solid-Stem Auger Drilling Lw ] V
/

This drilling m d is similar to hollow-stem augering. Practical application of this _method is severely
restricted compared of hollow-stem augers. Split-barrel (split-spoon)” sampling cannot be
performed without pulling th ers out, which may allow the hole tp/edﬂ’a/pse. The continuous-flight
solid-stem auger drilling method is ‘ore very time consumin -and is not cost effective. Also, augers
would have to be withdrawn before installing._a monitoring”well, which again, may allow the hole to
collapse. Furthermore, geologic logging by examiiing_the soils brought to the surface is unreliable, and
depth to water may be difficult to determine while drilling.

There would be very few situations where use of a solid-stem auger wo preferable to other drilling
methods. The only cal applications of this method would be to drill boreholes for well installation

where no lithologi€ information is desired and the soils are such that the borehole ca expected to
remain n after the augers are withdrawn. Altemnatively, this technique can be used to fin

ock in an area when no other information is required from drilling. \*
5.23 Rotary Drilling

Direct rotary drilling includes air-rotary and fluid-rotary drilling. For air or fiuid-rotary drilling, the rotary drill
may be advanced to the desired depth by any power-operated drilling machine having sufficient torque
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and ram range to rotate and force the bit to the desired depth. The drilling machine must, however, be
equipped with any accessory equipment needed to perform .required sampling, or coring. Prior to
sampling, any settled drill cuttings in the borehole must be removed.

Air-rotary drilling is a method of drilling where the drill rig simultaneously tums and exerts a downward
pressure on the drilling rods and bit while circulating compressed air down the inside of the drill rods,
around the bit, and out the annulus of the borehole. Air circulation serves to bath cool the bit and remove
the cuttings from the borehole. Advantages of this method include:

The drilling rate is high (even in rock).

The cost per foot of drilling is relatively low.

Air-rotary rigs are common in most areas.

No drilling fiuid is required (except when water is injected to keep down dust).

The borehole diameter is large, to allow room for proper well installation procedures.

Disadvantages to using this method include:

« Formations must be logged from the cuttings that are blown to the surface and thus the depths of
materials logged are approximate.

= Air blown into the formation during drilling may "bind" the formation and impede well development and
natural groundwater flow.

¢ In-situ samples cannot be taken, uniess the hole is cased.
« Casing must generally be used in unconsolidated materials.
e  Air-rotary drill rigs are large and heavy.

e Large amounts of Investigation Derived Waste (IDW) may be generated which may req'uire
containerization, sampling, and off-site disposal.

A variation of the typical air-rotary drill bit is a down hole hammer which hammers the drill bit down as it
drills. This makes drilling in hard rock faster. Air-rotary drills can also be adapted to use for rock coring
although they are generally slower than other types of core drills. A major application of the air-rotary
drilling method would be to drill holes in rock for well installation.

Fluid-Rotary drilling operates in a similar manner to air-rotary drilling except that a drilling fluid ("mud") or
clean water is used in place of air to cool the drill bit and remove cuttings. There are a variety of fluids
that can be used with this drilling method, including bentonite slurry and synthetic slurries. If a drifling fluid
other than water/cuttings is used, it must be a natural clay (i.e., bentonite) and a "background” sample of
the fluid should be taken for analysis of possible organic or inorganic contaminants.

Advantages to the fluid-rotary drilling method include:

e The ability to drill in many types of formations.

o Relatively quick and inexpensive.

e Split-barrel (split-spoon) or thin-wall (Shelby) tube samples can be obtained without removing drill
rods if the appropriate size drill rods and bits (i.e., fish-tail or drag bit) are used.
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e In some borings temporary casing may not be needed és the drilling fluids may keep the borehole
open.

» Drill rigs are readily available in most areas.
Disadvantages to this method include:

» Formation logging is not as accurate as with hollow-stern auger method if split-barrel (split-spoon)
samples are not taken (i.e., the depths of materials logged from cuttings delivered to the surface are
approximate).

¢ Drilling fluids reduce permeability of the formation adjacent to the boring to some degree, and require
more extensive well development than "dry" techniques (augering, air-rotary).

¢ No information on depth to water is obtainable while drilling.

e Fluids are needed for drilling, and there is some question about the effects of the drilling fiuids on
subsequent water samples obtained. For this reason as well, extensive well development may be
required.

¢ In very porous materials (i.e., rubble fill, boulders, coarse gravel) drilling fluids may be continuously
lost into the formation. This requires either constant replenishment of the drilling fluid, or the use of
casing through this formation.

o Drill rigs are large and heavy, and must be supported with supplied water.
e Groundwater samples can be potentially diluted with drilling fiuid.

The procedures for performing direct rotary soil investigations and sampling shall conform with the
applicable ASTM standards: D2113-83, D1587-83, and D1586-84.

Soil samples shall be taken as specified by project plan documents, or more frequently, if requested by
the project geologist. Any required sampling shall be performed by rotation, pressing, or driving in
accordance with the standard or approved method govemning use of the particular sampling tool.

When field conditions prevent the advancement of the hole to the desired depth, a new boring may be
drilied at the request of the Field Operations Leader. The original baring shall be backfilled using methods
and materials appropriate for the given site and a new boring started a short distance away at a location
determined by the project geologist.

n s jeitt_—
Rotosonic Drilling [ Jabe

e

The Rotosonic drilling d employs a high frequency vibrational an Jem/speed rotational motion
coupled with down pressure to ce the cutting edge of it 'string. This produces a uniform
borehole while providing a continuous, un ed core e of both unconsolidated and most bedrack
formations. Rotosonic drilling advances a 4-i [ r to 12-inch diameter core barrel for sampling
and can advance up to a 12-inch di f auter casing for struction of standard and telescoped
monitoring wells. During drilling; the core barrel is advanced ahead o ter barrel in increments as
determined by e geologist and depending upon type of material, e of subsurface
contamination and sampling objectives. ~—

\\
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outer casing can be advanced at the same time as the inner drill string and core barrel, or advangéd
over the inner drill rods and core barmrel, or after the core barrel has moved ahead to collegt the
bed sample and has been pulled out of the borehole. The outer casing can be advanced/dry in
most cales, or can be advanced with water or air depending upon the formations being drilled, the depth

N
Advantages ofthis method include: M)\ \\"

e Sampling and Wwell installation are faster as compared to other drilling methods.

Continuous sampling, with larger sample volume as compared to split-spoon sdmpling.

e The ability to drill through difficuit formations such as cobbles or boulders, Aard till and bedrock.
¢ Reduction of IDW by an avetage of 70 to 80 percent.

e Well installations are quick and\ controlled by elimination of pojéntial bridging of annular materials
during well installation, due to the ability to vibrate the outer casifig during removal.

Disadvantages include:

e The cost for Rotosonic-drilling as compar
result can be a significant savings considerin

to other methods are generally higher. However, the net
reduced IDW and shortened project duration.

* Rotosonic drill rigs are large and need ample r to drill, however, Rotosonic units can be placed on
the ground or placed on an ATV.

e There are a limited number of Rotosonic drilling contractors at the present time.

525 Reverse Circulation Rota rilling

The common reverse-circulation rig /s a water or mud-rotary rig with a large-diameter drill pipe which
circulates the drilling water down the annulus and up the inside of drill pipe (reverse flow direction
from direct mud-rotary). This type of rig is used for the construction of\large-capacity production water
wells and is not suited for s " water quality sampling wells because of the use of drilling muds and the
large-diameter hole which is€reated. A few special reverse-circulation rotary rigs are made with double-
wall drill pipe. The drilling water or air is circulated down the annulus between the drill pipes and up inside
the inner pipe.

Advantages of the latter method inciude:
e The formatigh water is not contaminated by the drilling water. \\

+ Formatjén samples can be obtained, from known depths.

. n drilling with air, immediate information is available regarding the water-bearing properies of
mations penetrated.

Collapsing of the hole in unconsolidated formations is not as great a problem as when drilling with th
normal air-rotary rig.
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Digadvantages include:

e Doyble-wall, reverse-circulation drill rigs are rare and expensive to operate.
+ Placigg cement grout around the outside of the well casing above a well screen often i
espechally when the screen and casing are placed down through the inner drill pipe befpfe the drill
pipe is py|led out.

5.2.8 Drilkthrough Casing Driver

The driven-casing mathod consists of alternately driving casing (fitted with a shdrp, hardened casing
shoe) into the ground usjng a hammer lifted and dropped by the drill rig (or an ajr-hammer) and cleaning
out the casing using a rotagy chopping bit and air or water to flush out the materfals. The casing is driven
down in stages (usually 5 feet per stage); a continuous record is kept of the Hlows per foot in driving the
casing (see SOP GH-1.5). Yhe casing is normally advanced by a 300¢pound hammer falling freely
through a height of 30 inches. Simultaneous washing and driving of the/casing is not recommended. If
this procedure is used, the elevatigns within which wash water is useg’and in which the casing is driven
must be clearly recorded.

The driven casing method is used in unspnsolidated formations Only. When the boring is to be used for
later well installation, the driven casing usad should be at least 4 inches larger in diameter than the well
casing to be installed. Advantages to this method of drilling ipclude:

e Split-barrel (split-spoon) sampling can be conguctedwhile drilling.

e Well installation is easily accomplished.

e Drill rigs used are relatively small and m:?l;.’

parameters.
Some of the disadvantages include; \
* This method can only be u in unconsclidated formations. 3

+ The method is slower than other methods (average drilling progress is 30\to\50 feet per day).

e Maximum depth of'the borehole varies with the size of the drill rig and casing Biineter used, and the

nature of the formations drilled.
\

N\,
o The cost per‘hour or per foot of drilling may be substantially higher than other drilling ﬁxgthods.
N,

o ltis difficult and time consuming to pull back the casing if it has been driven very deep (deeper than
50 fegt in many formations).

52.7 Cable Tool Drilling

cable tool rig uses a heavy, solid-steel, chisel-type drill bit ("tool") suspended on a steel cable, which\
when raised and dropped, chisels or pounds a hole through the soils and rock. Drilling progress may be \
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xpedited by the use of "slip-jars" which serve as a cabie-activated down hole percussion device t
hammer the bit ahead.

When'\drilling through the unsaturated zone, some water must be added to the hole. The cuttings are
suspended in the water and then bailed out periodically. Below the water table, after sufficient ground
water entexs the borehole to replace the water removed by bailing, no further water needs to be/added.
When soft cqving formations are encountered, it is usually necessary to drive casing ag’the hole is
advanced to ptevent collapse of the hole. Often the drilling can be only a few feet below thé bottom of the
casing. Because\the drill bit is lowered through the casing, the hole created by the bit ig’smaller than the
casing. Therefore,the casing (with a sharp, hardened casing shoe on the bottom) must be driven into the
hole (see Section 5.2\5 of this guideline).

\\
. o \\”

Advantages of the cable-tgol method include the following: uf" \

+ Information regarding water-bearing zones is readily available during the driling. Even relative
permeabilities and rough water quality data from different zones penejrated can be obtained by skilled
operators.

e The cable-tool rig can operate satjsfactorily in all formations, put is best suited for caving, boulder,
cobble or coarse gravel type formations (e.g., glacial till) or formations with large cavities above the
water table (such as limestones).

« When casing is used, the casing seals\formation water out of the hole, preventing down hole
contamination and allowing sampling of\deepey” aquifers for field-measurable water quality
parameters.

o Split-barrel (split-spoon) or thin-wall (Shelby) tybe samples can be collected through the casing.

Disadvantages include:

e Drilling is slow compared with rotary rigs.

« The necessity of driving the casifg in unconsolidated formatiors requires that the casing be pulled
back if exposure of selected yater-bearing zones is desired. (his process complicates the well
completion process and ofteryincreases costs. There is also a chaqce that the casing may become
stuck in the hole.

» The relatively large diameters required (minimum of 4-inch casing) plus th& cost of steel casing result
in higher costs compédred to rotary drilling methods where casing is not reqbyred (e.g., such use of a
hollow-stem augery.

e Cable-tool rigg’have largely been replaced by rotary rigs. In some parts of the U.§,, availability may
be difficult. \

5.2.8 Jet Drilling (Washing)

Jet driling, which should be used only for piezometer or vadose zone sampler installation, conssts of
pumpfng water or drilling mud down through a small diameter (1/2- to 2-inch) standard pipe (st
PYC). The pipe may be fitted with a chisel bit or a special jetting screen. Formation materials dislodged

¢ the bit and jetting action of the water are brought to the surface through the annulus around the pip
As the pipe is jetted deeper, additional lengths of pipe may be added at the surface.
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Jet psgcussion is a variation of the jetting method, in which the casing is driven with a drive
Normaliyy_this method is used to place 2-inch-diameter casing in shallow, unconsolid
formations,~ut this method has also been used to install 3- to 4-inch-diameter casings
200 feet.

Jetting is acceptable n very soft formations, usually for shallow sampling, and wheprintroduction of drilling
water to the formation is“agceptable. Such conditions would occur during rough stratigraphic investigation
or installation of piezometersfor water level measurement. Advantages of thi$ method include:
Y
e Jetting is fast and inexpensive> w \\KQ
¢ Because of the small amount of equigment required, jettingCan be accomplished in locations where
access by a normal drilling rig would beery difficult. For'example, it would be possible to jet down a
well point in the center of a lagoon at a fractign of the e6st of using a drill rig.

o Jetting numerous well points just into a shallo ter table is an inexpensive method for determining
the water table contours, hence flow directi '

Disadvantages include the following:

e A large amount of foreign watér or drilling mud is introduced akove and into the formation to be
sampled.

« Jetting is usually done’in very soft formations which are subject to caving.~Because of this caving, it
is often not possipte to place a grout seal above the screen to assure that water in the well is only
from the screepé€d interval.

e The diapatter of the casing is usually limited to 2 inches.

e Jetling is only possible in very soft formations that do not contain boulders or coarse gravel, aqd the
depth limitation is shallow (about 30 feet without jet percussion equipment).

e Large quantities of water are often needed.

5.2.9 Drilling with a Hand Auger

This method is applicable wherever the formation, total depth of sampling, and the site and groundwater
conditions are such as to allow hand auger drilling. Hand augering can also be considered at locations
where drill rig access is not possible. All hand auger borings will be performed according to
ASTM D1452-80.

Samples should be taken continuously unless otherwise specified by the project plan documents. Any

required sampling is performed by rotation, pressing, or driving in accordance with the standard or

approved method governing use of the particular sampling tool. Typical equipment used for sampling and

advancing shallow "hand auger” holes are lwan samplers (which are rotated) or post hole diggers (which

are operated like tongs). These techniques are slow but effective where larger pieces of equipment do

not have access, and where very shallow holes are desired (less than 15 feet). Surficial soils must be
- composed of relatively soft and non-cemented formations to allow penetration by the auger.
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.2.10 Rock Drilling and Coring

When soil borings cannot be continued using augers or rotary methods due to the hardness of the
when tQck or large boulders are encountered, drilling and sampling can be performed using a dia
corer in accordance with ASTM D2113.

Drilling is done by rotating and applying downward pressure to the drill rods and drill bit. Thé drill bit is a
circular, hollow) diamond-studded bit attached to the outer core barrel in a double-tube cgre barrel. The
use of single-tuba, core barrels is not recommended, as the rotation of the barrel erode$ the sample and
limits its use for detailed geological evaluation. Water or air is circulated down through the drill rods and
annular space betw the core barrel tubes to cool the bit and remove the cuttingg. The bit cuts a core
out of the rock which rises into an inner barrel mounted inside the outer barrel. THe inner core barrel and
rock core are removed bi lowering a wire line with a coupling into the drill rods, latching onto the inner
barrel and withdrawing the iRner barrel. A less efficient variation of this methdd utilizes a core barrel that
cannot be removed without pulling all of the drill rods. This variation is pragtical only if less than 50 feet of
core is required.

Core borings are made through the\ casing used for the soil boring§. The casing must be driven and
sealed into the rock formation to prevent seepage from the overurden into the hole to be cored (see
Section 5.3 of this guideline). A double-tube core barrel witf a diamond bit and reaming shell or
equivalent should be used to recover rodk cores of a size sSpecified in the project plans. The most
common core barrel diameters are listed in Aachment A.

Soft or decomposed rock should be sampled with a drivén split-barrel whenever possible or cored with a
Denison or Pitcher sampler.

When coring rock, including shale and claystone the sgeed of the drill and the drilling pressure, amount
and pressure of water, and length of run can aried to'give the maximum recovery from the rock being
drilled. Should any rock formation be so sgft or broken\that the pieces continually fall into the hole
causing unsatisfactory coring, the hole shguld be reamed agd a flush-joint casing installed to a point
below the broken formation. The sizeof the flush-joint casinpg must permit securing the core size
specified. When soft or broken rock is dnticipated, the length of cdre runs should be reduced to less than
5 feet to avoid core loss and minimizg/core disturbance. .

Advantages of core drilling inclu

Undisturbed rock cores gén be recovered for examination and/or testing.
In formations in whichthe cored hole will remain open without casing, water from the rock fractures
may be recovered figm the well without the installation of a well screen and ghavel pack.

Formation loggingAs extremely accurate.
Drill rigs are relafively small and mobile.

Disadvantages jiiclude:

Water of air is needed for drilling.

Coring is slower than rotary drilling (and more expensive).

D to water cannot accurately be determined if water is used for drilling.
e size of the borehole is limited.
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This drilling method is useful if accurate inati ithology are desired or if open wells are to
be installed into bedrock. Toi iameter wells in co ; ole must be reamed out to the
pro i 0ring, using air or mud rotary drilling methads.
5.2.11 Drilling & Support Vehicles frr 1]iofl

In addition to the drilling method required to accomplish the objectives of the field program, the type of
vehicle carrying the drill rig and/or support equipment and its suitability for the site terrain, will often be an
additional deciding factor in planning the drilling program. The types of vehicles available are extensive,
and depend upon the particular drilling subcontractor's fleet. Most large drilling subcontractors will have a
wide variety of vehicle and drill types suited for most drilling assignments in their particular region, while
smaller drilling subcontractors will usually have a fleet of much more limited diversity. The weight, size,
and means of locomotion (tires, tracks, etc.) of the drill rig must be selected to be compatible with the site
terrain to assure adequate mobility between borehole locations. Such considerations also apply to
necessary support vehicles used to transport water and/or drilling materials to the drill rigs at the borehole
locations. When the drill rigs or support vehicles do not have adequate mobility to easily traverse the site,
provisions must be made for assisting equipment, such as bulldozers, winches, timber planking, etc., to
maintain adequate progress during the drilling program.

Some of the typical vehicles which are usually available for drill rigs and support equipment are:

e Totally portable drilling/sampling equipment, where all necessary components (tripods, samplers,
hammers, catheads, etc.) may be hand carried to the borehole site. Drilling/sampling methods used
with such equipment include:

- Hand augers and lightweight motorized augers.

- Retractable plug samplers--driven by hand (hammer).

- Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead mounted on
one leg, used to install small-diameter cased borings. This rig is sometimes called a "monkey on
a stick."

e Skid-mounted drilling equiprﬁent containing a rotary drill or engine-driven cathead (to lift hammers and
drill string), a pump, and a dismounted tripod. The skid is pushed, dragged, or winched (using the
cathead drum) between boring locations.

e Small tfruck-mounted drilling equipment using a Jeep, stake body or other light truck (4 to 6 wheels),
upon which are mounted the drill and/or a cathead, a pump, and a tripod or small drilling derrick. On
some rigs, the drill and/or a cathead are driven by a power take-off from the truck, instead of by a
separate engine.

 Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle used has
wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track "all terrain vehicle" is
also modified for this purpose. Some types of tracked drill rigs are called "bombardier" or "weasel"
rigs.

e Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to transport the
drill, derrick, winches, and pumps or compressors. The drill may be provided with a separate engine
or may use a power take-off from the truck engine. Large augers, hydraulic rotary and reverse
circulation rotary drilling equipment are usually mounted on such heavy duty trucks. For soft-ground
sites, the drilling equipment is sometimes mounted on vehicles having low pressure, very wide
diameter tires and capable of floating; these vehicles are called "swamp buggy" rigs.
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e Marine drilling equipment is mounted on various floating equipment for driling borings in lakes,
estuaries and other bodies of water. The floating equipment varies, and is often manufactured or
customized by the drilling subcontractor to suit specific drilling requirements. Typically, the range of
flotation vehicles include:

- Barrel-float rigs - a drill rig mounted on a timber platform buoyed by empty 55-gallon drums or
similar flotation units.

- Barge-mounted drill rigs.

- Jack-up platforms - drilling equipment mdunted on a floating platform having retractable legs to
support the unit on the sea or lake bed when the platform is jacked up out of the water.

- Drill ships - for deep ocean drilling.

In addition to the mobility for the drilling equipment, similar consideration must be given for equipment to
support the drilling operations. Such vehicles or floating equipment are needed to transport drill water,
drilling supplies and equipment, samples, drilling personnel, etc. to and/or from various boring locations.

5.2.12 Equipment Sizes

In planning subsurface exploration programs, care must be taken in specifying the various drilling
components, so that they will fit properly in the boring or well.

For drilling open boreholes using rotary drilling equipment, tri-cone drill bits are employed with air, water
or drilling mud to remove cuttings and cool the bit. Tri-cone bits are slightly smaller than the holes they
drill (i.e., 5-7/8-inch or 7-7/8-inch bits will nominally drill 6-inch and 8-inch holes, respectively).

For obtaining split-barrel samples of a formation, samplers are commonly manufactured in sizes ranging
from 2 inches to 3-1/2 inches in outside diameter. However, the most commonly used size is the
2-inch O.D., 1-3/8-inch 1.D. split-barrel sampler. When this sampler is used and driven by a 140-pound
(+ 2-pound) hammer dropping 30 inches (+ 1 inch), the procedure is called a Standard Penetration Test,
and the blows per foot required to advance the sampler into the formation can be correlated to the
formation's density or strength.

In planning the drilling of boreholes using hollow-stem augers or casing, in which thin-wall tube samples
or diamond core drilling will be performed, refer to the various sizes and clearances provided in
Attachment A of this guideline. Sizes selected must be stated in the project plan documents.

- 5213 Estimated Drilling Progress

To estimate the anticipated rates of drilling progress for a site, the following must be considered:
o The speed of the drilling method employed.

» Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling conditions in
bouldery soils, rubble fill or broken rock, etc.).

e Project-imposed restrictions (e.g., driling while wearing personal protective equipment,
decontamination of drilling equipment, etc.).
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Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 5-
foot intervals, for moderate depth (30 feet to 50 feet) borehales (not including installation or development

of wells), the following daily rates of total drilling progress may be anticipated for the fol
methods:

Drilling Method

Average Daily Progress

{linear feet)
Hollow-stem augers 75
Solid-stem augers 50

Mud-Rotary Drilling

- 100’ (cuttings samples)

Rotosonic Drilling

100'-160' (continuous core)

Reverse-Circulation Rotary

100' (cuttings samples)

Skid-Rig with driven casing 30
Rotary with driven casing 50'
Cable Tool 30
Hand Auger Varies
Continuous Rock Coring 50

lowing drilling

53 Prevention of Cross-Contamination

A telescoping or multiple casing technique minimizes the potential for the migration of contaminated
groundwater to lower strata below a confining layer. - The telescoping technique consists of drilling to a
confining layer utilizing a spun casing method with a diamond cutting or augering shoe (a method similar
to the rock coring method described in Section 5.2.10, except that larger casing is used) or. by using a
driven-casing method (see Section 5.2.6 of this guideline) and installing a specified diameter steel well
casing. The operation consists of three separate steps. Initially, a drilling casing (usually of 8-inch
diameter) is installed followed by installation of the well casing (6-inch-diameter is common for 2-inch
wells). This well casing is driven into the confining layer to ensure a tight seal at the bottom of the hole.
The well casing is sealed at the bottom with a bentonite-cement slurry. The remaining depth of the boring
is drilled utilizing a narrower diameter spun or driven casing technique within the outer well casing. A
smaller diameter well casing with an appropriate length of slotted screen on the lower end, is installed to
the surface.

Clean sand is placed in the annulus around and to a point of about 2 feet above the screen prior to
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the
bottom of the outer well casing is sealed with a tremied cement-bentonite slurry which is pressure-grouted
or displacement-grouted into the hole. The remaining casing annulus is backfilled with clean material and
grouted at the surface, or it is grouted all the way to the surface.

54 Cleanout of Casing Prior to Sampling

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay
adhering to the inside walls of the casing. The cleaning must extend to the bottom edge of the casing
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the
advancement of the casing. Loss of wash water during cleaning should be recorded.
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For disturbed samples both above and below the water table and where introduction of relatively large
volumes of wash water is permissible, the cleaning operation is usually performed by washing the
material out of the casing with water; however, the cleaning should never be accomplished with a strong,
downward-directed jet which will disturb the underlying soil. When clean out has reached the bottom of
the casing or slightly below (as specified above), the string of tools should be lifted one foot off the bottom
with the water still flowing, until the wash water coming out of the casing is clear of granular soil particles.
In formations where the cuttings contain gravel and other larger particles, it is often useful to repeatedly
raise and lower the drill rods and wash bit while washing out the hole, to surge these large particles
upward out of the hole. As a time saver, the drilling contractor may be permitted to use a split-barrel
(split-spoon) sampler with the ball check valve removed as the clean-out tool, provided the material below
the spoon is not disturbed and the shoe of the spoon is not damaged. However, because the ball check
valve has been removed, in some formations it may be necessary to install a flap valve or spring sample
retainer in the split-spoon bit, to prevent the sample from falling out as the sampler is withdrawn from the
hole. The use of jet-type chopping bits is discouraged except where large boulders and cobbles or hard-
cemented soils are encountered. |f water markedly softens the soils above the water table, clean out
should be performed dry with an auger.

For undisturbed samples below the water table, or where wash water must be minimized, clean out is
usually accomplished with an appropriate diameter clean out auger. This auger has cutting blades at the
bottom to carry loose material up into the auger, and up-turned water jets just above the cutting blades to
carry the removed soil to the surface. In this manner, there is a minimum of disturbance at the top of the
material to be sampled. If any gravel material washes down into the casing and cannot be removed by
the clean out auger, a split-barrel sample can be taken to remove it; bailers and sandpumps should not be
used. For undisturbed samples above the groundwater table, all operations must be performed in a dry
manner.

If all of the cuttings created by drilling through the overlying formations are not cleaned from the borehole
prior to sampling, some of the problems which may be encountered during sampling include:

e When sampling is attempted through the cuttings remaining in the borehole, all or part of the sampler
may become filled with the cuttings. This limits the amount of sample from the underlying formation
which can enter and be retained in the sampler, and also raises questions as to the validity of the
sample.

e If the cuttings remaining in the borehole contain coarse gravel and/or other large particles, these may
block the bit of the sampler and prevent any materials from the underlying formation from entering the
sampler when the sampler is advanced.

¢ In cased borings, should sampling be attempted through cuttings which remain in the lower portion of
the casing, these cuttings could cause the sampler to become bound into the casing, such that it
becomes very difficult to either advance or retract the sampier.

e When sampler blow counts are used to estimate the density or strength of the formation being
sampled, the presence of cuttings in the borehole will usually give erroneously high sample blow
counts.

To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is
important that the site geologist measure the "stickup” of the drill string. This is accomplished by
measuring the assembled length of all drill rods and bits or samplers (the drill string) as they are lowered
to the bottom of the hole, below some convenient reference point of the drill string, then measuring the
height of this reference point above the ground surface. The difference of these measurements is the
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depth of the drill string (lower end of the bit or sampler) below the ground surface, which must then be
compared with the depth of sampling required (installed depth of casing or depth of borehole drilled). If
the length of drill string below grade is more than the drilled or casing depth, the borehcle has been
cleaned too deeply, and this deeper depth of sampling must be recorded on the log. If the length of drill
string below grade is less than the drilled or casing depth, the difference represents the thickness of
cuttings which remain in the borehole. In most cases, an inch or two of cuttings may be left in the
borehole with little or no problem. However, if more than a few inches of cuttmgs are encountered, the
borehole must be recleaned prior to attempting sampling.

5.5 Materials of Construction

The effects of monitoring well construction materials on specific chemical analytical parameters are
described and/or referenced in SOP GH-2.8. However, there are several materials used during driilling,
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the
representativeness of soil and ground water samples.

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for
chemical analysis are to be collected. These slurry materials could be used for installation of long-term
monitoring wells, but the early time data in time series collection of ground water data may then be
suspect. If synthetic or organic polymer muds are proposed for use at a given site, a complete. written
justification including methods and procedures for their use must be provided by the site geologist and
approved by the Project Manager. The specific slurry composition and the concentration of suspected
contaminants for each site must be known.

For many drilling operations, potable water is an adequate lubricant for drill stem and drilling tool
connections. However, there are instances, such as drilling in tight clayey formations or in loose gravels,
when threaded couplings must be lubricated to avoid binding. In these instances, to be determined in the
field by the judgment of the site geologist and noted in the site logbook, and only after approval by the
Project Manager, a vegetable oil or silicone-based lubricant should be used. Petroleum based greases,
etc. will not be permitted. Samples of lubricants used must be provided and analyzed for chemical
parameters appropriate to the given site.

5.6 Subsurface Soil Samples

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can
indicate the potential for migration of chemical contaminants in the subsurface. In addition, definition of
the actual migration of contaminants can be obtained through chemical analysis of the soil samples.
Where the remedial activiies may include in-situ treatment or excavation and removal of the
contaminated soil, the depth and areal extent of contamination must be known as accurately as possible.

Engineering and physical properties of soil may also be of interest should site construction activities be
planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, unit
weight, and moisture content are some of the physical characteristics that may be determined for soil
samples.

Penetration tests are also described in this procedure. The tests can be used to estimate various physical
and engineering parameters such as relative density, unconfined compressive strength, and consolidation
characteristics of soils.

Surface protocols for various soil sampling techniques are discussed in SOP SA-1.3. Confinucus-core
soil sampling and rock coring are discussed below. The procedures described here are representative of
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a larger number of possible drilling and sampling techniques. The choice of techniques is based on a
large number of variables such as cost, local geology, etc. The final choice of methods must be made
with the assistance of drilling subcontractors familiar with the local geologic conditions. Alternative
techniques must be based upon the underlying principles of quality assurance implicit in the following
procedures.

The CME continuous sample tube system provides a method of sampling soil continuously during hollow-
stem augering. The 5-foot sample barrel fits within the lead auger of a hollow-auger column. The
sampling system can be used with a wide range of I.D. hollow-stem augers (from 3-1/4-inch to
8-1/4-inch 1.D.). This method has been used to sample many different materials such as glacial drift, hard
clays and shales, mine tailings, etc. This methed is particularly used when SPT samples are not required
and a large volume of material is needed. Also, this method is useful when a visual description of the
subsurface lithology is required. Rotosonic drilling methods also provide a continuous soil sample.

5.7 Rock Sampling (Coring) (ASTM D2113-83)

Rock coring enables a detailed assessment of borehole conditions to be made, showing preciself all
lithologic_changes and characteristics. Because coring is an expensive drilling method, it is cgaimonly
used for llow studies of 500 feet or less, or for specific intervals in the drill hole that requjré detailed
logging andhs{ analyzing. Rock coring can, however, proceed for thousands of feet €ontinuously,
depending on size of the drill rig, and yields better quality data than air-rotary drilling, although at a
substantially redu drilling rate. Rate of drilling varies widely, depending on the”characteristics of
lithologies encountered, drilling methods, depth of drilling, and condition of drilling-équipment. Average
output in a 10-hour day“ranges from 40 to over 200 feet. Down hole geophysical logging or television
camera monitoring is sometixges used to complement the data generated by ¢dring. '

Borehole diameter can be drilled ¥qQ various sizes, depending on the infermation needed. Standard sizes
of core barrels (showing core diametsg) and casing are shown in Figufe 1.

Core drilling is used when formations ate_too hard to be sdmpled by soil sampling methods and a
continuous solid sample is desired. Usually, sgil samples afe used for overburden, and coring begins in
sound bedrock. Casing is set into bedrock be coring begins to prevent loose material from entering
the borehole, to prevent loss of drilling fluid, and to ‘ent cross-contamination of aquifers.

Drilling through bedrock is initiated by using a gramond- core bit threaded to a drill rod (outer core
barrel) with a rate of drilling determined by #ie downward pressure, rotation speed of drill rods, drilling
fiuid pressure in the borehole, and the chgracteristics of the rockymineralogy, cementation, weathering).

%
AN

A
N
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FIGURE 1
STANDARD SIZES OF CORE BARRELS AND CASING

Cyring Bit Size Nominal* Set Size*

\ 0.D. 1D. o.D. 1D.
RWT  \ 1 5/32 3/4 1.160 /0735
EWT N\ 1172 29/32 1.470 / 0.905
EX, EXL, EWG, B\WVM 112 13/16 1470 /] 0.845
AWT \ 17/8 1.9/32 1875 / 1.281
AX, AXL, AWG, AWM \| 17/8 1.3/16 1.875" 1.185
BWT A\ 2 3/8 1 3/4 2.345 1.750
BX, BXL, BWG, BWM 2 3/8 1 5/8 345 1.655
NWT N\, 3 2 5/16 / 2.965 2.313
NX, NXL, NWG, NWM 3 2 1/8 2.965 2.155
HWT 3 2332 3 3116 3.889 3.187
HWG 3 20/3% 3/ 3.889 3.000
234 x378 378 \ 2 34 3.840 2.690
4x51/2 512 Y\ A 5.435 3.970
6 x 7 3/4 7 3/4 N/ 6 7.655 5.970
AXWireline__|__/ 17/8 N\ 1 1.875 1.000
BX Wire line __|__/ 238 Y 1\U16 2.345 1.437
NXWireline __|__/ 3/ 1 1546 2.965 1.937
* All dimensions are in inches; fo convert to millimeters, multiply by 25.4.

|_/ Wire line dimensions a

designations may vary accerding to manufacturer.
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IGURE 1
STANDARD SIZES OF CORE BARRELS AND CASING
PAGE TWO
Size De%ations Casing Appr;?'vﬁate Core
Coupling ameter
Casing; | Rod;rod . o.D, | 1D, Core Nogmal, | Thinwall,
Casing | coupiijngs | C38inG | Inches | Inches | Casing | barrel | Drill rod )&Ls Inches
coupling; 0.D., bit 0.D.,|bit0.D.,| 0.D.,
Casing Inches Inches | Inches* | Inch
bits; Core
barrel bits
RX RW 147 | 1.437 | 1.188 | 1.485 | 1.160 | 4.094 e 0.735
EX E 1.812\| 1.812 | 1.500 | 1.875 | 1470/ 1.313 | 0.845 | 0905
AX A 2.250 [\2.250 | 1.906 | 2.345 | 1.875 | 1625 | 1.185 1.281
BX B 2875 | 2875 | 2.375 | 2.965 | 2345 | 1906 | 1.655 | 1.750
NX N 3500 | 3.508 | 3.000 | 3615 }/2.965 | 2.375 | 2.155 | 2313
HX HW 4500 | 4500 \3.938 | 4625 | 3.890 | 3500 | 3.000 | 3.187
RW RW 1.437 1485 | 1.160 | 1.094 — 0.735
EW EW 1.812 A.875 | 1470 | 1.375 | 0.845 | 0.905
AW AW 2.250 (2345 | 1875 | 1750 | 1.185 | 1.281
BW BW | 2875 | . 965 | 2345 [ 2125 | 1655 | 1.750
NW NW 3500 | S S 3845 | 2965 | 2625 | 2155 | 2.313
HW HW 4500 | G 8 4625\| 3.890 | 3.500 | 3.000 | 3.187
PW — 5500 | i@ 2 5650 N\ — o — —
swW — 6.625 6790 | — — —
uw -— 7.625 7800 | N\ | — — —
P} - 8.62 A 8810 | — \| — — =
— AX_| V[ — — — 1.875 |\(.750 | 1.000 —
— BX_1 \|/— — — — | 2345 | 2350 | 1.437 —
s NX_|_\M — —_ — - 2.965 | 2.813 | 1.937 -
* All dimensions are in inches; to convert to millimeters, multiply by\25.4.
1 Wire line dimensions and designations may vary according to manufacturer.

NOMINAL DIMENSIONS FOR DRILL CASINGS AND ACCESSORIES.
IAMOND CORE DRILL MANUFACTURERS ASSOCIATION). 288-
D-2889
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R
71 Diamond Core Drilling v)\\\“

A penetration of typically less than 6 inches per 50 blows using a 140-Ib. hammer dropping 30 inches/with
a 2-inck split-barrel sampler shall be considered an indication that scil sampling methods may Aot be
applicable and that coring may be necessary to obtain samples.

When formatiqns are encountered that are too hard to be sampled by soil sampling methodsythe following
diamond core dxjlling procedure may be used:

Firmly seat a caging into the bedrock or the hard material to prevent loose materiafs from entering the
hole and to preveht the loss of drilling fluid return. Level the surface of the rock 4r hard material when
necessary by the use of a fishtail or other bits. If the drill hole can be retained,6pen without the casing
and if cross-contamingtion of aquifers in the unconsolidated materials is Ainlikely, leveling may be
omitted.

Begin the core drilling using\a double-tube swivel-core barrel of the’desired size. After drilling no
more than 10 feet (3 m), rem&yve the core barrel from the hole ard take out the core. If the core
blocks the flow of the drilling Yuid during drilling, remove thg’ core barrel immediately. In soft
materials, a large starting size maype specified for the coring t6ols; where local experience indicates

_ satisfactory core recovery or where hard, sound materials arg/anticipated, a smaller size or the single-

tube type may be specified and longer xuns may be drilled /NX/NW size coring equipment is the most
commonly used size.

When soft materials are encountered that wroducg less than 50 percent recovery, stop the core
drilling. If soil samples are desired, secure\su¥cth samples in accordance with the procedures
described in ASTM Method D 1586 (Split-barrel"§ampling) or in Method D 1587 (Thin-Walled Tube
Sampling); sample soils per SOP SA-1.3. RgSumediamond core drilling when refusal materials are
again encountered.

Since rock structures and the occurrende of seams, fissisgs, cavities, and broken areas are among
the most important items to be det and described, taks _special care to obtain and record these
features. If such broken zones or gavities prevent further advsnce of the boring, one of the following
three steps shall be taken: (1) cgfnent the hole; (2) ream and e, or (3) case and advance with the
next smaller size core barrel, ag’conditions warrant.

in soft, seamy, or otherwjse unsound rock, where core recovery be difficult, M-design core
barrels may be used. Iphard, sound rock where a high percentage of xore recovery is anticipated,
the single-tube core bafrel may be employed.

5.7.2 Rock Sapiple Preparation and Documentation

Once the rock ggring has been completed and the core recovered, the rock core Shall be carefully
removed from {He barrel, placed in a core tray (previously labeled "top" and "bottom" to awgid confusion),
classified, and measured for percentage of recovery as well as the rock quality designation {(RQD). Each

core shall e described, classified, and logged using a uniform system as presented in SOPGH-1.5. If

moisturg£ontent will be determined or if it is desirable to prevent drying (e.g., to prevent shrinkage of clay

formations) or oxidation of the core, the core shall be wrapped in plastic sleeves immediately after

loggifig. Each plastic sleeve shall be labeled with indelible ink. The boring number, run number, and\the

fogtage represented in each sleeve shall be included, as well as designating the top and bottom of the
ore run.
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er sampling, rock cores shall be placed in the sequence of recovery in weli-constructed wooden box&s
provided by the drilling contractor. Rock cores from two different borings shall not be placed in the same
core box unless accepted by the Project Geologist. The core boxes shall be constructed to accopfmodate
at least 20\inear feet of core in rows of approximately 5 feet each and shall be constructed #ith hinged
tops secur ith screws, and a latch (usually a hook and eye) to keep the top securely fastened down.
Wood partitions shall be placed at the end of each core run and between rows.

The depth from the sbxface of the boring to the top and bottom of the drill run gad run number shall be
marked on the wooden pagtitions with indelible ink. A wooden partition (wooden block) shall be placed at
the end of each run with thedepth of the bottom of the run written on the blogk. These blocks will serve to
separate successive core runs apd indicate depth intervals for each run. /The order of placing cores shall
be the same in all core boxes. k core shall be placed in the box g0 that, when the box is open, with
the inside of the lid facing the observer, the top of the cored intep¥al contained within the box is in the
upper left corner of the bax, and the m of the cored inte is in the lower right comer of the box.
The top and bottom of each core obtain d its true depth shall be clearly and permanently marked on
each box. The width of each row must be compatible withthe core diameter to prevent lateral movement
of the core in the box. Similarly, an empty space\in a rew shall be filled with an appropriate filler material
or spacers to prevent longitudinal movement of the in the box.

The inside and outside of the care-box lid shall e marke indelible ink to show all pertinent data on the
box's contents. At a minimum, the followingfiformation shallNoe included:

Project name.

Project number.

Boring number. N

Run numbers. ’\g
Footage (depths). L //
Recovery. 7
RQD (%). 7
Box number arid total number of boxes for that boring (Example: Box 5 of 7).

® @ o & ¢ 0o o o

For easy retfieval when core boxes are stacked, the sides and ends o% the box shall also beNabeled and
include project number, boring number, top and bottom depths of core and box number.

Prjgr to final closing of the core box, a photograph of the recovered core and the iabeling on the insSide
over shall be taken. If moisture content is not critical, the core shall be wetted and wiped clean for th
photograph. (This will help to show true colors and bedding features in the cores).

6.0 REFERENCES

Acker Drili Co., 1958. Basic Procedures of Soil Sampling. Acker Drill Co., Scranton, Pennsylvania.

American Institute of Steel Construction, 1978. Manual of Steel Construction, 7th Edition. American
Institute of Steel Construction, New York, New York.

American Society for Testing and Materials, 1987. ASTM Standards D1587-83, D1586-84, and D1452-
80. ASTM Annual Book of Standards, ASTM, Philadelphia, Pennsylvania, Vol. 4.08.

American Society for Testing and Materials, 1989. Standard Practice for Diamond Core Drilling for Site
investigation. = ASTM Method D2113-83 (reapproved 1987), Annual Book of Standards, ASTM,
Philadelphia, Pennsylvania.
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ATTACHMENT A
DRILLING EQUIPMENT SIZES
Drilling Component Designation or 0.D. 1.D. Coupling I.D.
Hole Size (Inches) (Inches) (Inches) (Inches)
Hollow-stem augers (Ref. 7) 6 1/4 5 2 1/4
6 3/4 5 3/4 2 34 -
7 14 6 1/4 3 1/4 —_—
13 1/4 12 - 6 —
Thin Wall Tube Samplers — 2 17/8 -
(Ref. 7)
— 2 12 2 3/8 —_
-— 3 278 —
- 312 3 3/8 —_
— 4 1/2 4 3/8 —_
- 5 4 3/4 —
Drill Rods (Ref. 7) RW 1 3/32 23/32 13/32
EW 1 38 15/16 7/16
AW 1 3/4 11/4 5/8
BW 2 1/8 1 3/4 3/4
NW 2 5/8 2 1/4 1 3/8
HW 312 3 116 2 3/8
E 1 516 7/8 7/16
A 1 5/8 11/8 9/16
B 17/8 1 1/4 5/8
N 2 3/8 2 1
Wall Thickness
(Inches)
Driven External Coupled Extra 212 2.875 2.323 0.276
Strong Steel* Casing (Ref. 8)
3 35 29 0.300
312 40 3.364 0.318
4 45 3.826 0.337
5 5.63 4813 0.375
6 6.625 5.761 0.432
8 8.625 7.625 0.500
10 10.750 9.750 0.500
12 12.750 11.750 0.500

- Add twice the casing wall thickness to casing O.D. to obtain the approximate O.D. of the external

pipe couplings.
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ATTACHMENT A
DRILLING EQUIPMENT SIZES
PAGE TWO
Drilling Component Designation or o.D. 1.D. Coupling I.D.
Hole Size (Inches) (Inches) (Inches)
(Inches)
Flush Coupled Casing RX 1 7/16 1 3/16 1 3/16
(Ref. 7)
EX 1 13/16 1 5/8 112
AX 2 1/4 2 1 29/32
BX 278 2 9/16 2 38
NX 312 3 3/16 3
HX 4 12 4 1/8 3 15/16
Flush Joint Casing (Ref. 7) RW 17/16 1 3/16
EW 1 13/16 1172
AW 2 1/4 1 29/32
BW 278 2 3/8
NW 3112 3
HW 4 172 4
PW 5112 5
SW 6 5/8 6
uw 7 5/8 7
ZW 8 5/8 8
Diamond Core Barrels EWM 1172 7/8*
(Ref. 7)
AWM 17/8 1 1/8*
BWM 2 3/8 1 5/8*
NWM 3 2 1/8
HWG 37/8 3
2 3/4 x37/8 37/8 2 1116
4 x5 172 512 3 15/16
6 x 7 3/4 7 3/4 5 15/16
AQ (wireline) 1 57/64 1 1/16*
BQ (wireline) 2 23/64 1.7/16™
NQ (wireline) 2 63/864 17/8
HQ (wireline) 3 25/32 2 12

“*  Because of the fragile nature of the core and the difficulty to identify rock details, use of small-
diameter core (1 3/8") is not recommended.
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1.0 PURPOSE

The purpose of this document is to establish standard procedures and technical guidance on borehole
and sample logging.

2.0 SCOPE

These procedures provide descriptions of the standard techniques for borehole and sample logging.
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface
lithology. While experience is the only method to develop confidence and accuracy in the description of
soil and rock, the field geologist/engineer can do a good job of classification by careful, thoughtful
observation and by being consistent throughout the classification procedure.

3.0 GLOSSARY
None.
4.0 RESPONSIBILITIES

Site Geologist. Responsible for supervising all boring activities and assuring that each borehole is
completely logged. |f more than one rig is being used on site, the Site Geologist must make sure that
each field geologist is properly trained in logging procedures. A brief review or training session may be
necessary prior to the start up of the field program and/or upon completion of the first boring.

5.0 PROCEDURES

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. To
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and
accurately use the field classification system described in this SOP. This identification is based on visual
examination and manual tests.

51 Materials Needed

When logging soil and rock samples, the geologist or engineer may be equipped with the following:

Rock hammer

Knife

Camera

Dilute hydrochloric acid (HCI)

Ruler (marked in tenths and hundredths of feet)
Hand Lens

e o ¢ ¢ o o

5.2 Classification of Soils

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space is needed.
Details on filling out the boring log are discussed in Section 5.5.
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FIGURE 1

BORING LOG (EXAMPLE)

@ BORING LOG Page __of _

PROJECT NAME: BORING NUMBER: "
PROJECT NUMBER: DATE:
DRILLING COMPANY: GEOLOGIST:
DRILLING RIG: N DRILLER: - —
— T T [ ] MATERIAL DESCRIPTION T PIOD Raacing (ppre)
No. and D(:G)h f"‘:ﬂln Recovery Change W ] u

ps » aerara | (Doptfiey| S04 Density s
Wu:nwmuu. ™ Lenpth ‘ or ! c-u:-q . : Remarks ; ; i é

Roelk
Intorval » i

gl e -/ R i g < — — il Bl
PRV S— 7 N —_ — —_
e e i 7 E— - - S, [N W P
PRSSERNY, p— 4 ——— ! — — .._.L_. S Ry—
— i § —— L — _— L_.L_r_. -
—_ e : I — t_ N N
S e 7 S N -~ —f—t—1—
__.._4._._ L S— _ — e —
T |FE—— 41 p— P 1— NN 'S WU —
S (A §.__ — — il
_____§+__ e | . A 75 (N
— b — L — o — RGN R S S
~When rock coring, emer rock
** Include manitor reading in 8 foot a reading fr if elevated road. Drilling Area
Remarks: Background (ppm):[ |
Converted to Well: Yes No Well I.D. #:
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521 USCS Classification

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of
classification is detailed in Figure 1 (Continued).
This method of classification identifies soil types on the basis of grain size and cohesiveness.

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C).
Some classification systems define size ranges for these soil particles, but for field classification
purposes, they are identified by their respective behaviors. Organic material (O) is a common component
of soil but has no size range,; it is recognized by its composition. The careful study of the USCS will aid in
developing the competence and consistency necessary for the classification of soils.

Coarse-grained soils shall be divided into rock fragments, sand, or gravel. The terms sand and gravel not
only refer to the size of the soil particles but also to their depositional history. To insure accuracy in
description, the term rock fragments shall be used to indicate angular granular materials resulting from the
breakup of rock. The sharp edges typically observed indicate little or no transport from their source area,
and therefore the term provides additional information in reconstructing the depositional environment of
the soils encountered. When the term "rock fragments” is used it shall be followed by a size designation
such as "(1/4 inch®-1/2 inch®)" or "coarse-sand size" either immediately after the entry or in the remarks
column. The USCS classification would not be affected by this variation in terms.

522 Color

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier
to denote variations in shade or color mixtures. A soil could therefore be referred to as "gray" or "light
gray" or "blue-gray." Since color can be utilized in correlating units between sampling locations, it is
important for color descriptions to be consistent from one boring to another.

Colors must be described while the sample is still moist. Soil samples shall be broken or split vertically to
describe colors. Samplers tend to smear the sample surface creating color variations between the
sample interior and exterior.

The term "mottled"” shall be used to indicate soils irregularly marked with spots of different colors. Mottling
in soils usually indicates poor aeration and lack of good drainage.

Soil Color Charts shall not be used unless specified by the project manager.

5.23 Relative Density and Consistency

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil type.
Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not adhere
well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together
when compressed).

The density of noncohesive, granular soils is classified according to standard penetration resistances
obtained from split-barrel sampling performed according to the methods detailed in Standard Operating
Procedures GH-1.3 and SA-1.3. Those designations are:

019611/P
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Designation Standard Penetration
Resistance
(Blows per Foot)

Very loose Oto4
Loose 5t0 10
Medium dense 11 to 30
Dense 31to 50
Very dense Over 50

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2-
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows is
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding the
number of blows required to penetrate the last 12 inches of each sample interval. It is important to note
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shall be
noted on the log and referenced to the sample number. Granular soils are given the USCS classifications
GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1).

The consistency of cohesive soils is determined by performing field tests and identifying the consistency
as shown in Figure 2.

Cohesive soils are given the USCS classifications ML, MH, CL, CH, OL, or OH (see Figure 1).

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted on
a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler. The
sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample to
determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment. If
the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard soil.
Consistency shall not be determined solely by blow counts. One of the other methods shall be used in
conjunction with it. The designations used to describe the consistency of cohesive soils are shown in
Figure 2.

5.24 Weight Percentages

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various
grain types. The following terms are useful in the description of soil:

Terms of Identifying Proportion of the Defining Range of
Component Percentages by Weight
Trace 0 - 10 percent
Some 11 - 30 percent
Adjective form of the soil type (e.g., "sandy") 31 - 50 percent

019611/P Tetra Tech NUS, Inc.
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FIGURE 2

CONSISTENCY FOR COHESIVE SOILS

Consistency [ Standard Unconfined Field Identification
Penetration Compressive
Resistance Strength
(Blows per (Tons/Sq. Foot by
Foot) pocket
penetration)
Very soft 7 Oto2 Less than 0.25 Easily penetrated several inches by fist
Soft 2to 4 0.2510 0.50 Easily penetrated several inches by
thumb
Medium stiff 4108 0.50t0 1.0 Can be penetrated several inches by
thumb with moderate effort
Stiff 8to 15 1.0t020 Readily indented by thumb but
penetrated only with great effort
Very stiff 1510 30 2.0t04.0 Readily indented by thumbnail
Hard Over 30 More than 4.0 Indented with difficulty by thumbnail

019611/P
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Examples:

¢ Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt.

¢ Medium to coarse sand, some silt. 70 to 80 percent medium to coarse sand, 11 to 30 percent silt.
¢ Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay.
¢ Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand.

525 Moisture

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated. In
dry soil, there appears to be little or no water. Saturated samples obviously have all the water they can
hold. Moist and wet classifications are somewhat subjective and often are determined by the individual's
judgment. A suggested parameter for this would be calling a soil wet if rolling it in the hand or on a porous
surface liberates water, i.e., dirties or muddies the surface. Whatever method is adopted for describing
moisture, it is important that the method used by an individual remains consistent throughout an entire
drilling job.

Laboratory tests for water content shall be performed if the natural water content is important.

5.2.6 Stratification

Stratification can only be determined after the sample barrel is opened. The stratification or bedding
thickness for soil and rock is depending on grain size and composition. The classification to be used for
stratification description is shown in Figure 3.

5.2.7 Texture/Fabric/Bedding

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative angularity of
the particles: rounded, subrounded, subanguiar, and angular. Fabric shall be noted as to whether the
particles are flat or bulky and whether there is a particular relation between particles (i.e., all the flat
particles are parallel or there is some cementation). The bedding or structure shall also be noted (e.g.,
stratified, lensed, nonstratified, heterogeneous varved).

5.2.8 Summary of Soil Classification

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project site. The
hierarchy of classification is as follows:

Density and/or consistency
Color

Plasticity (Optional)

Soil types

Moisture content
Stratification

Texture, fabric, bedding
Other distinguishing features

019611/P Tetra Tech NUS, Inc.
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FIGURE 3

BEDDING THICKNESS CLASSIFICATION

Thickness Thickness Classification
(metric) (Approximate
English Equivalent)
> 1.0 meter >33 Massive
30 cm - 1 meter 1.0'-3.3 Thick Bedded
10cm-30cm 4"-1.0 Medium Bedded
3cm-10cm 1" -4" Thin Bedded
1cm-3cm 2/5" - 1" Very Thin Bedded
3mm-1cm 1/8" - 2/5" Laminated
1mm-3mm 1/32" - 1/8" Thinly Laminated
<1 mm <1/32" Micro Laminated

(Weir, 1973 and Ingram, 1954)

L
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53 Classification of Rocks

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks
are by far the predominant type exposed at the earth's surface. The following basic names are applied to
the types of rocks found in sedimentary sequences:

e Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm in diameter.

e Siltstone - Made up of granular materials less than 1/16 to 1/256 mm in diameter. Fractures
irregularly. Medium thick to thick bedded.

o Claystone - Very fine-grained rock made up of clay and silt-size materials. Fractures irregularly. Very
smooth to touch. Generally has irregularly spaced pitting on surface of drilled cores.

e Shale - A fissile very fine-grained rock. Fractures along bedding planes.

« Limestone - Rock made up predominantly of calcite (CaCQ,). Effervesces strongly upon the
application of dilute hydrochloric acid.

e Coal - Rock consisting mainly of organic remains.

e Others - Numerous other sedimentary rock types are present in lesser amounts in the stratigraphic
record. The local abundance of any of these rock types is dependent upon the depositional history of
the area. Conglomerate, halite, gypsum, dolomite, anhydrite, lignite, etc. are some of the rock types
found in lesser amounts.

in classifying a sedimentary rock the following hierarchy shall be noted:

Rock type

Color

Bedding thickness
Hardness

Fracturing
Weathering

Other characteristics

5.31 Rock Type

As described above, there are numerous types of sedimentary rocks. In most cases, a rock will be a
combination of several grain types, therefore, a modifier such as a sandy silistone, or a silty sandstone
can be used. The modifier indicates that a significant portion of the rock type is composed of the modifier.
Other modifiers can include carbonaceous, calcareous, siliceous, etc.

Grain size is the basis for the classification of clastic sedimentary rocks. Figure 4 is the Udden-
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are slightly
different than the USCS subdivision for soil classification. For field determination of grain sizes, a scale
can be used for the coarse grained rocks. For example, the division between siltstone and claystone may
not be measurable in the field. The boundary shall be determined by use of a hand lens. If the grains
cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a siltstone. If the
grains are not distinguishable with a hand lens, the rock is a claystone.
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FIGURE 4

GRAIN SIZE CLASSIFICATION FOR ROCKS

Particle Name

Grain Size Diameter

Cobbles > 64 mm
Pebbles 4 -64 mm
Granules 2-4mm

Very Coarse Sand 1-2mm
Coarse Sand 0.5-1mm
Medium Sand 0.25-0.5mm
Fine Sand 0.125-0.25 mm
Very Fine Sand 0.0625-0.125 mm
Silt 0.0039 - 0.0625 mm

After Wentworth, 1922
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53.2 Color

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior to
color classifications. '

Rock color charts shall not be used unless specified by the Project Manager.

5.3.3 Bedding Thickness

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock
classification.

534 Hardness

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of the
rock. A relative scale for sedimentary rock hardness is as follows:

o Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by fingernail.
Soft rock crushes or deforms under pressure of a pressed hammer. This term is always used for the
hardness of the saprolite (decomposed rock which occupies the zone between the lowest soil horizon
and firm bedrock).

¢ Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly edges
from single hammer blow.

e Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges from
single hammer blow.

e Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot be
scratched with screwdriver.

Note the difference in usage here of the works "scratch”" and "gouge." A scratch shall be considered a
slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch in the
rock itself), while a gouge is much deeper.

5.3.5 Fracturing

The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint spacing.
After eliminating drilling breaks, the average spacing is calculated and the fracturing is described by the
following terms:

e Very broken (V. BR.) - Less than 2-inch spacing between fractures
* Broken (BR.) - 2-inch to 1-foot spacing between fractures
» Biocky (BL.) - 1- to 3-foot spacing between fractures
o Massive (M.) - 3 to 10-foot spacing between fractures
019611/P Tetra Tech NUS, Inc.
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The structural integrity of the rock can be approximated by calculating the Rock Quality Designation
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding
4 inches and dividing by the total length of the coring run, to obtain a percentage.

Method of Calculating RQD
(After Deere, 1964)

RQD % =/l x 100

r= Total length of all pieces of the lithologic unit being measured, which are greater than
4inches length, and have resulted from natural breaks. Natural breaks include
slickensides, joints, compaction slicks, bedding plane partings (not caused by drilling),
friable zones, etc.

I = Total length of the coring run.

53.6 Weathering

The degree of weathering is a significant parameter that is important in determining weathering profiles
and is also useful in engineering designs. The following terms can be applied to distinguish the degree of
weathering:

e Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no staining and rock
has a bright appearance.

« Slight - Rock has some staining which may penetrate several centimeters into the rock. Clay filling of
joints may occur. Feldspar grains may show some alteration.

s« Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened due to
weathering and can be easily broken with hammer.

« Severe - All rock including quartz grains is stained. Some of the rock is weathered to the extent of
becoming a soil. Rock is very weak.

5.3.7 Other Characteristics

The following items shall be included in the rock description:

Description of contact between two rock units. These can be sharp or gradational.

Stratification (parallel, cross stratified).

Description of any filled cavities or vugs.

Cementation (calcareous, siliceous, hematitic).

Description of any joints or open fractures.

Observation of the presence of fossils.

Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating, and
degree of weathering.

e & & o & o o

All information shown on the boring logs shall be neat to the point where it can be reproduced on a copy
machine for report presentation. The data shall be kept current to provide control of the drilling program
and to indicate various areas requiring special consideration and sampling.

019611/P
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5.3.8 Additional Terms Used in the Description of Rock

The following terms are used to further identify rocks:

e Seam - Thin (12 inches or less), probably continuous layer.

« Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For example, rock
composed of seams of sandstone (70 percent) and shale (30 percent) would be "sandstone — some
shale seams."

« Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material. For example, rock
composed of seam of sandstone (90 percent) and shaie (10 percent) would be "sandstone -- few
shale seams.”

« Interbedded - Used to indicate thin or very thin alternating seams of material occurring in
approximately equal amounts. For example, rock composed of thin alterating seams of sandstone
(50 percent) and shale (50 percent) would be "interbedded sandstone and shale."

+ Interlayered - Used to indicate thick altemating seams of material occurring in approximately equal
amounts.

The preceding sections describe the classification of sedimentary rocks. The following are some basic
names that are applied to igneous rocks:

¢ Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and pyroxene.

« Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The fine-grained
equivalent of a granite.

« Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz.
« Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagiociase and hornblende.

« Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene. Loosely
used for any coarse-grained dark igneous rock.

The following are some basic names that are applied to metamorphic rocks:

e Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage. Contains
predominantly chlorite, mica, quartz, and sericite.

e Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on cleavage
surface.

e Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the micaceous
minerals which dominate its composition.

_ e« Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals.

e Quartzite - A fine- to coarse-grained nonfoliated rock breaking across grains, consisting essentially of
quartz sand with silica cement.

018611/P Tetra Tech NUS, Inc.
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5.4

Abbreviations

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a minimum.
Following are some of the abbreviations that may be used:

55

C - Coarse T - Light Yl - Yellow T
Med - Medium I|BR - Broken Or - Orange

F - Fine 1BL - Blocky SS - Sandstone
V- Very IM - Massive Sh - Shale

Sl - Slight IBr - Brown LS - Limestone

Occ - Occasional Bl - Black Fgr - Fine-grained

Tr - Trace |

Boring Logs and Documentation

This section describes in more detail the procedures to be used in completing boring logs in the field.
Information obtained from the preceding sections shall be used o complete-the logs. A sample boring log
has been provided as Figure 5.

The field geologist/engineer shall use this example as a guide in completing each boring log. Each boring
log shall be fully described by the geologist/engineer as the boring is being drilled. Every sheet contains
space for 25 feet of log. Information regarding classification details is provided either on the back of the
boring log or on a separate sheet, for field use.

5.5.1 Soil Classification

Identify site name, boring number, job number, etc. Elevations and water level data to be entered
when surveyed data is available. '

Enter sample number (from SPT) under appropriate column. Enter depth sample was taken from
(1 black = 1 foot). Fractional footages, i.e., change of lithology at 13.7 feet, shall be lined off at the
proportional location between the 13- and 14-foot marks. Enter blow counts (Standard Penetration
Resistance) diagonally (as shown). Standard penetration resistance is covered in Section 5.2.3.

Determine sample recovery/sample length as shown. Measure the total length of sample recovered
from the split-spoon sampler, including material in the drive shoe. Do not include cuttings or wash
material that may be in the upper portion of the sample tube.

Indicate any change in lithology by drawing a line at the appropriate depth. For example, if clayey silt
was encountered from O to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall be drawn at this
increment. This information is helpful in the construction of cross-sections. As an alternative,
symbols may be used to identify each change in lithology.

The density of granular soils is obtained by adding the number of blows for the last two increments.
Refer to Density of Granular Soils Chart on back of iog sheet. For consistency of cohesive soils refer
also to the back of log sheet - Consistency of Cohesive Soils. Enter this information under the
appropriate column. Refer to Section 5.2.3.
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FIGURE 5
COMPLETED BORING LOG (EXAMPLE)
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e Enter color of the material in the appropriate column.

¢ Describe material using the USCS. Limit this column for sample description only. The predominant
material is described last. If the primary soil is silt but has fines (clay) - use clayey siit. Limit soil
descriptors to the following:
- Trace: 0-10 percent
- Some: 11 - 30 percent
- And/Or: 31 - 50 percent

« Also indicate under Material Classification if the material is fill or natural soils. Indicate roots, organic
material, etc.

e Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one of two basic
groups, a borderline symbol may be used with the two symbols separated by a slash. For example -
ML/CL or SM/SP.

* The following information shall be entered under the "Remarks" column and shall include, but is not
limited by, the following:

- Moisture - estimate moisture content using the following terms - dry, moist, wet and saturated.
These terms are determined by the individual. Whatever method is used to determine moisture,
be consistent throughout the log.

- Angularity - describe angularity of coarse grained particles using the terms angular, subangular,
subrounded, or rounded. Refer to ASTM D 2488 or Earth Manual for criteria for these terms.

- Particle shape - flat, elongated, or flat and elongated.
- Maximum particle size or dimension.
- Water level observations.
- Reaction with HCI - none, weak, or strong.
e Additional comments:

- Indicate presence of mica, caving of hole, when water was encountered, difficulty in drilling, loss
or gain of water.

- Indicate odor and Photoionization Detector (PID) or Flame lonization Detector (FID) reading if
applicable.

- Indicate any change in lithology by drawing a line through the lithology change column and
indicate the depth. This will help when cross-sections are subsequently constructed.

- At the bottom of the page indicate type of rig, drilling method, hammer size and drop, and any
other useful information (i.e., borehole size, casing set, changes in drilling method).
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- Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the bottom of each
sample to the top of the next sample to indicate consistency of material from sample to sample, if
the material is consistent. Horizontal lines shall be drawn if there is a change in lithology, then
vertical lines drawn to that point.

- Indicate screened interval of well, as needed, in the lithology column. Show top and bottom of
screen. Other details of well construction are provided on the well construction forms.

55.2 Rock Classification

* Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate core run
depths by drawing coring run lines (as shown) under the first and fourth columns on the log sheet.
Indicate RQD, core run number, RQD percent, and core recovery under the appropriate columns.

« Indicate lithology change by drawing a line at the appropriate depth as explained in Section 5.5.1.

¢ Rock hardness is entered under designated column using terms as described on the back of the log
or as explained earlier in this section.

* Enter color as determined while the core sample is wet; if the sampie is cored by air, the core shall be
scraped clean prior to describing color.

» Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use terms as
described in Section 5.3. Again, be consistent in classification. Use modifiers and additional terms
as needed. For igneous and metamorphic rock types use terms as described in Sections 5.3.8.

e Enter brokenness of rock or degree of fracturing under the appropriate column using symbols VBR,
BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the Boring Log.

» The following information shall be entered under the remarks column. Iltems shall include but are not
limited to the following:

- Indicate depths of joints, fractures and breaks and also approximate to horizontal angle (such as
high, low), i.e., 70° angle from horizontal, high angle.

- Indicate calcareous zones, description of any cavities or vugs.

- Indicate any loss or gain of drill water.

- Indicate drop of drill tools or change in color of drill water.

e Remarks at the bottom of Boring Log shall include:
- Type and size of core obtained.
- Depth casing was set.
- Type of rig used.

e As afinal check the boring log shall include the following:

- Vertical lines shall be drawn as explained for soil classification to indicate consistency of bedrock
material.

- If applicable, indicate screened interval in the lithology column. Show top and bottom of screen.
Other details of well construction are provided on the well construction forms.

019611/P Tetra Tech NUS, Inc.




Subject Number Page
GH-1.5 20 0f 20
BOREHOLE AND SAMPLE LOGGING [ rqision Effective Date
1 06/99
5.5.3 Classification of Soil and Rock from Drill Cuttings

The previous sections describe procedures for classifying soil and rock samples when cores are obtained.
However, some drilling methods (air/mud rotary) may require classification and borehole logging based on
identifying drill cuttings removed from the borehole. Such cuttings provide only general information on
subsurface lithology. Some procedures that shall be followed when logging cuttings are:

e Obtain cutting samples at approximately 5-foot intervals, sieve the cuttings (if mud rotary drilling) to
obtain a cleaner sample, place the sample into a small sample bottle or "zip lock" bag for future
reference, and label the jar or bag (i.e. hole number, depth, date, etc.). Cuttings shall be closely
examined to determine general lithology.

e Note any change in color of drilling fluid or cuttings, to estimate changes in lithology.

+ Note drop or chattering of drilling tools or a change in the rate of drilling, to determine fracture
locations or lithologic changes.

e Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify potential
fracture zones.

* Record this and any other useful information onto the boring log as provided in Figure 1.

This logging provides a general description of subsurface lithology and adequate information can be
obtained through careful observation of the drilling process. It is recommended that split-barrel and rock
core sampling methods be used at selected boring locations during the field investigation to provide
detailed information to supplement the less detailed data generated through borings drilled using air/mud
rotary methods.

56 Review

Upon compietion of the borings logs, copies shall be made and reviewed. items to be reviewed include:
« Checking for consistency of all logs.

e Checking for conformance to the guideline.

+ Checking to see that all information is entered in their respective columns and spaces.

6.0 REFERENCES

Unified Soil Classification System (USCS).
ASTM D2488, 1985.
Earth Manual, U.S. Department of the Interior, 1974.

7.0 RECORDS

Originals of the boring logs shall be retained in the project files.
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1.0 PURPOSE

The purpose of this procedure is to provide a basic understanding of developing contour maps and the

approaches used to identify and quantify the direction and rate of groundwater flow and contaminant
plume movement.

2.0 SCOPE

This procedure provides only a general overview of the field techniques, mathematical and physical
relationships and data handling procedures used for determining groundwater flow direction and rate.
The references identified herein can provide a more complete explanation of particular methods cited, as
well as a more comprehensive discussion on the interpretation of hydrogeologic data.

3.0 GLOSSARY

Aquifer - A geologic formation capable of transmitting usable quantities of groundwater to a well or other
discharge point.

Aquitard - A geologic formation which retards the flow of groundwater due to its low permeability.
Confined Aquifer - An aquifer that is overlain and underlain by zones of lower permeability (aquitards). If

the aquifer is "artesian," the potentiometric head of the aquifer at a given point is higher than the top of the
zone comprising the aquifer at that point.

Equipotential Line - A line connecting points of equal elevation of the water table or potentiometric
surface. Equipotential lines on the water table are also called water table contour lines.

Flow Line - A flow line indicates the direction of groundwater movement within the saturated zone. Flow
lines are drawn perpendicular to equipotential lines.

Flow Net - A diagram of groundwater flow showing flow lines and equipbtential fines.
Hydraulic Conductivity (K) - A quantitative measure of the ability of porous material to transmit water.

Volume of water that will flow through a unit cross sectional area of porous material per unit time under a
head gradient. Hydraulic conductivity is dependent upon properties of the medium and fluid.

Hydraulic Gradient (i) - The rate of change of hydraulic head per unit distance of flow at a given point and
in the downgradient direction.

Hydraulic Head - The height to which water will rise inside a well casing, equal to the elevation head plus
the pressure head. In a well screened across the water table, hydraulic head equals the elevation head,
as the pressure head equals 0. In wells screened below the water table in an unconfined aquifer or
screened at any interval within a confined aquifer, the head is the sum of the elevation of the aquifer (the
elevation head) and the fluid pressure of the water confined in the aquifer (the pressure head).

Potentiometric (piezometric) Surface - A hypothetical surface that coincides with the static level of the
water in an aquifer (i.e., the maximum elevation to which water will rise in a well or piezometer penetrating
the aquifer). The term "potentiometric surface" is usually applied to confined aquifers, although the water
table is the potentiometric surface of an unconfined aquifer.

Unconfined Aquifer - An aquifer in which the water table forms the upper boundary.
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Water Table - The surface in the groundwater system at which the fluid pressure is equal to atmospheric
pressure (i.e., the net pressure head is zero) and below which all strata are saturated with water.

4.0 RESPONSIBILITIES

Project Hydrogeologist - The project hydrogeologist has overall responsibility for obtaining water level
measurements and developing groundwater contour maps. The hydrogeologist (with the concurrence of
the Project Manager) shall specify the reference point from which water levels are measured (usually a
specific point on the upper edge of the inner well casing), the number of data points needed and which
wells shall be used for a contour map, and how many complete sets of water levels are required to
adequately define groundwater flow directions (e.g., if there are seasonal variations).

Field Personnel - All supporting field personnel must have a basic familiarity with the equipment and
procedures involved in obtaining water levels, and must be aware of any project-specific requirements.

5.0 PROCEDURES
51 Potentiometric Surface Mapping
511 Selection of Wells

All wells used to prepare a flow net in a plan or map view should represent the same hydrogeologic unit,
be it aquifer or aquitard. All water level measurements used shall be collected on the same day,
preferably within 2-3 hours. This is especially important when working in an area where groundwater
levels are tidally influenced or influenced by pumping.

The recorded water levels, monitoring-well construction data, site geology, and topographic setting must
be reviewed to ascertain that the wells are completed in the same hydrogeologic unit and to determine if
strong vertical hydraulic gradients may be present. Such conditions will be manifested by a pronounced
correlation between well depth and water level, or by a difference in water level between two wells located
near each other but set to different depths or having different screen lengths. Professional judgment of
the hydrogeologist is important in this determination. If vertical gradients are significant, the data to be
used must be limited vertically, and only wells finished in a chosen vertical zone of the hydrogeologic unit
can be used.

At least three wells must be used to provide an estimation of the direction of groundwater flow; information
from many more wells are needed to provide an accurate contour map. Generally, shallow systems
require data from more wells than deep systems for accurate contour mapping. Potentiometric surface
mapping for shallow flow systems also requires water level measurements from nearby surface water
bodies.

51.2 Water Level Measurements

After selection of the wells to be used for mapping, the next step in determining the direction of
groundwater flow is to obtain water level elevations from the selected points. In addition, any other readily
available wells/surface water bodies should be measured to ensure that sufficient data are available for
interpretation purposes.
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Elevations are obtained from measurements of the depth to water in a monitoring well or piezometer taken
from the top of the well casing (see SOP GH-1.2) and then referencing the elevation of the casing to a
chosen and consistent datum point, usually mean sea level. Subtracting the depth to water from the
casing elevation provides the elevation of the potentiometric surface. Elevations of points and areas of
groundwater discharge or recharge such as springs, seeps, streams, rivers, and lakes also need to be
determined, typically through staff gauge measurements. Comparison of these elevations, which

represent hydraulic heads, will reveal the direction of flow because groundwater flows from areas of high
head to areas of low head.

51.3 Construction of Equipotential Lines

Graphical methods available for depicting the flow of groundwater include the use of equipotential lines
and flow lines to construct potentiometric surface maps and vertical flow nets. If the hydrogeologic
system consists of a water table aquifer and one or more confined aquifers, separate contour maps
should be prepared for each aquifer system. Water table maps should be developed using water level
measurements obtained from monitoring wells screened at the unsaturated-saturated interface. Water
level measurements collected from monitoring wells screened in the deeper portions of an unconfined
aquifer should generally be contoured as a separate potentiometric surface map. Surface water
discharge or recharge features are contoured in the water table system. Vertical flow nets should be
constructed using a cross section aligned parallel to the direction of groundwater flow. All water level
measurements along this cross section, both deep and shallow, are used in developing equipotential lines
and flow lines for the flow net.

To construct equipotential lines, water level elevations in the chosen wells are plotted on a site map.
Other hydrogeologic features associated with the zone of interest-- such as seeps, wetlands, and
surface-water bodies — should also be plotted along with their elevations.

The data should then be contoured, using mathematically valid and generally accepted techniques.
Linear interpolation is the most commonly used technique. However, quadratic interpolation or any
technique of trend-surface analysis or data smoothing is acceptable. Computer-generated contour maps
may be useful rough mapping of large data sets; however, final, detailed mapping must always be
performed by hand by an experienced hydrogeologist. Contour lines shall be drawn as smooth,
continuous lines which never cross one another.

Inspect the contour map, noting known features, such as pumping wells and site topography. The contour
lines must be adjusted utilizing the professional judgment of the hydrogeologist in accordance with these
features. Closed contours should be avoided unless a known groundwater sink (i.e., pumping well) or
mound exists. Groundwater mounding is common under landfills and lagoons; if the data imply this, the
feature must be evident in the contour plot.

514 Determination of Groundwater-Flow Direction

~ Flow lines shall be drawn so that they are perpendicular to equipotential lines. Flow lines will begin at
high head elevations and end at low head elevations. Closed highs will be the source of additional flow
lines. Closed depressions (i.e., wells) will be the termination of some flow lines. Care must be used in
areas with significant vertical gradients to avoid erroneous conclusions concerning gradients and flow
directions.
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52 Groundwater Flow Considerations -

Groundwater movement is an integral part of the hydrologic cycle. Recharge to the shallow groundwater
environment generally occurs by infiltration of precipitation through an upper unsaturated soil zone.
Movement is downward under the force of gravity until the water reaches the saturated zone of the water
table aquifer. Once water is part of the water table aquifer, movement is controlled by differences in
hydraulic head, with movement from areas of high head to areas of low head. Areas of low head include
natural discharge areas such as springs, lakes, rivers, and, ultimately, the ocean. These features can be
considered as outcrops of the water table. Points of low head also are created by pumping wells.

Local head differences and consequent vertical flow patterns within an aquifer can be detected by well
clusters. A well cluster consists of several adjacent wells, generally installed within a few feet of each
other, and screened at different depths. Variations in water levels in these closely spaced wells indicates
the vertical component of groundwater flow within an aquifer, provided that the wells are all screened
within the same aquifer.

The number, location, and extent of geologic units and their properties with regard to aquifer or aquitard
characteristics must be understood to properly interpret water level data gathered from the monitoring
system. This firm understanding of the hydrogeologic system must be developed through a program of
borings, wells, and interpretation of subsurface geology. The adequacy of the positions and depths of
borings/wells used to define relevant subsurface hydrogeologic conditions must also be assessed. The
location of surface water discharge or recharge points must be considered. Surface water features
influence the system, as flow is most likely toward them (if they are discharge points) or away from them
(if they are recharge points). Man-made discharge or recharge features such as pumping or injection
wells, ditches, and trenches can also affect the flow of groundwater.

53 Determination of Flow Rate

Darcy’s Law states that the quantity of water flowing through a geologic material is dependent upon the
permeability of the material, the hydraulic gradient, and the cross sectional area through which the water
flows. This relation is expressed in the equation:

Q = KA
where:
Q = volume of water flowing through the cross sectional area of the formation (Lafl').
K = hydraulic conductivity (L/T).
i = hydraulic gradient (L/L, i.e., dimensionless).
A = cross sectional area of formation being considered (L2).

The relation is similar to one used in stream flow measurements where:

Q = VA
where:
Q = discharge from the cross sectional area of a stream or pipe (LT).
\' = average velocity of flowing water (L/T).
A = cross sectional area through which water flows (L?).
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The velocity of water movement in a geologic formation depends on the specific formation properties and
the head differences across the formation. This relation is defined in the equation:

V = .l_(!.
n
where:
\ = average linear velocity of groundwater through the formation (L/T)
K = hydraulic conductivity (L/T)
i = hydraulic gradient (dimensionless)
n = porosity (expressed as a fraction).

Values of porosity for several geologic materials are given in Attachment A. More accurate and specific
values of porosity can be obtained by laboratory analysis of a formation sampie or from an unconfined
aquifer pumping test.

Hydraulic conductivity is related to the permeability of the formation and depends on the size and
interconnection of the pore spaces. In isotropic and homogeneous formations, the hydraulic conductivity
will be the same vertically and horizontally. In anisotropic formations, horizontal and vertical conductivity
can be markedly different and the vertical hydraulic conductivity can be up to several orders of magnitude
lower than the horizontal hydraulic conductivity. Typically, most formations are anisotropic with horizontal
hydraulic conductivities at least several times as high as the vertical hydraulic conductivities.

Generally, hydraulic conductivities are high for sands, gravels, and limestone containing large solution
cavities and low for silts, clays, and tightly fractured rock. Afttachment A gives values of hydraulic
conductivity for several geologic materials. More accurate values can be obtained during field testing of
aquifers or from laboratory measurements on undisturbed cores. Results from field testing usually
provide higher (and more representative) hydraulic conductivities than laboratory testing because full-
scale field testing includes the effects of the formational macrostructure (i.e., secondary permeability due
to jointing or fractures) which is not reflected in the testing of a small sample in the laboratory.

The hydraulic gradient, i, is determined from field measurements of hydraulic head obtained from water
level measuring points. Do not measure gradient from well to well, measure across equipotential lines
that are drawn based on the well (and other) data. Once a potentiometric surface map has been
generated using the hydraulic head data, the hydraulic gradient can be calculated using the following

formula:
| = d_h
|
where:
dh = change in head (L)
di = distance between equipotential lines (L)

The hydraulic gradient along any flow line can be calculated from a potentiometric surface map by dividing
the change in head by the length of the flow fine, typically beginning and ending at equipotential lines.
The longer the distance over which the head change is measured, the more representative the gradient is
of overall conditions.
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When chemical solutes are traveling in groundwater, as in cases of groundwater contamination, the
calculated groundwater velocity may predict migration rates in excess of what is actually observed. The
difference in chemical versus water velocities may be due to attenuation or biodegradation of the chemical
species in the aquifer. Attenuation is most often caused by adsorption of the chemical contaminant onto
the formation grains or matrix. The result is that the chemical does not appear at the downgradient

sampling point as quickly as the velocity calculation predicts. An equation to correct for this attenuation
is:

Ve = Vw /(1+KqPs/n)

where:

V. = velocity of the chemical solute flow (L/T)

V, = velocity of groundwater flow (L/T)

P, = formation mass bulk density (M/L3)

n = formation porosity (expressed as a fraction)
Kq = distribution coefficient = (L3/M)

The K, is equal to the mass of solute per unit mass of solid phase divided by the concentration of solute in
solution. The term in the denominator is known as the retardation factor.

Density and/or viscosity differences between water and contaminants can also cause velocity
determination errors. Light hydrocarbons such as gasoline are less dense than water and consequently
float on the water table. These contaminants can migrate along the water table surface at rates faster or
slower than the rate of groundwater movement, depending on specific conditions, and may also volatilize
into unsaturated soil pore spaces. Oils are more viscous than water and will typically migrate more slowly
due to the viscosity difference. Contaminants denser than water such as heavy hydrocarbons (e.g., coal
tar) or chlorinated compounds (e.g., TCE, PCE) tend to sink to the bottom of an aquifer if present in
concentrations exceeding their solubility limit (these chemicals are often referred to as dense,
nonaqueous phase liquids, or DNAPLSs if present as a separate-phase liquid). Here, the contamination
may move at faster or slower rates than the overlying groundwater or may actually move in a direction

opposite to that of the groundwater, depending on the geologic characteristics of the aquifer base and
direction of dip of the underlying aquitard.

Other factors involving the physicochemical interaction between the chemical and the groundwater, such
as dilution (mixing contaminated water or chemicals with additional quantities of groundwater) and
dispersion (molecular diffusion of the chemical throughout the groundwater regime), can also affect the
observed rates of travel of contaminants in groundwater. In addition to such physicochemical
characteristics, all of the aquifer and aquitard properties and groundwater flow characteristics described
above must be known so that adequate and accurate estimations of the extent and rate of groundwater
contaminant migration can be developed.

6.0 REFERENCES
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New York. ‘
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ATTACHMENT A

GENERALIZED POROSITY AND HYDRAULIC CONDUCTIVITY

VALUES FOR GEOLOGIC MATERIALS

Material Porosity Hydraulic Conductivity Range
Range
(%)
cm/sec ft/day
Gravel 30-40 10" to 102 28010 2.8 x 10°
Coarse sand (clean) 30-40 10" to 1 " 280 to 2,800
Medium sand (clean) 3545 10%to 107 28 to 280
Fine sand (clean) 40-50 5x10%to0 107 1.4t0 28
Silty sand 25-40 10°%to0 102 0.03 to 280
Glacial Till Variable 10" to 10 3x107t00.3
Unweathered Clay/Shale 45-55 (clay) 107 to 10 3x10%t0 0.3
(horizontal)
10 to 10° 3x107to3x 103
(vertical)
Karst Limestone — 10*to 107 0.3 to 2,800
Fractured — 10%t0 107 3x10°to0 280
Igneous/Metamorphic Rocks
Sandstone 5-30 10®to 10 3x10°t00.3

Source: References 1 and 2
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1.0 PURPOSE

This procedure provides general guidance and information pertaining to proper monitoring well design,
installation, and development.

2.0 SCOPE

This procedure is applicable to the construction of monitoring wells. The methods described herein may
be modified by project-specific requirements for monitoring well construction. In addition, many regulatory
agencies have specific regulations pertaining to monitoring well construction and permitting. These
requirements must be determined during the project planning phases of the investigation, and any
required permits must be obtained before field work begins. Innovative monitoring well installation
techniques, which typically are not used, will be discussed only generally in this procedure.

3.0 GLOSSARY

Monitoring Well - A well which is screened, cased, and sealed which is capable of providing a
groundwater level and groundwater sample representative of the zone being monitored. Some monitoring
wells may be constructed as open boreholes.

Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the bottom
and to the atmosphere at the top, and used to measure water level elevations. Piezometers may range in
size from 1/2-inch-diameter plastic tubes to well points or monitoring wells.

Potentiometric Surface - The surface representative of the level to which water will rise in a well cased to
the screened aquifer.

Well Point (Drive Point) - A screened or perforated tube (Typically 1-1/4 or 2 inches in diameter) with a
solid, conical, hardened point at one end, which is attached to a riser pipe and driven into the ground with
a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater injection
and recovery, as piezometers (i.e., to measure water levels) or to provide groundwater samples for water
quality data.

4.0 RESPONSIBILITIES

Driller - The driller provides adequate and operable equipment, sufficient guantities of materials, and an
experienced and efficient labor force capable of performing all phases of proper monitoring well
installation and construction. The driller may also be responsible for obtaining, in advance, any required
permits for monitoring well installation and construction.

Field Geologist - The field geologist supervises and documents well instaliation and construction
performed by the driller, and insures that well construction is adequate to provide representative
groundwater data from the monitored interval. Geotechnical engineers, field technicians, or other suitable
trained personnel may also serve in this capacity.

019611/P

Tetra Tech NUS, Inc.



Subject Number Page

GROUNDWATER MONITORING GH-2.8 3of12
WELL INSTALLATION Revision Effective Date
3 09/03
5.0 PROCEDURES
5.1 Equipment/ltems Needed

Below is a list of items that may be needed when installing a monitoring well or piezometer:
¢ Health and safety equipment (hard hats, safety glasses, etc.) as required by the Site Safety Officer.
o Well drilling and installation equipment with associated materials (typically supplied by the driller).

¢ Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable engineers rule,
electronic calculator, clipboard, mirror and flashlight - for cbserving downhole activities, paint and ink
marker for marking monitoring wells, sample jars, well installation forms, and a field notebook).

o Drive point instailation tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, pipe
wrenches, drive points, riser pipe, and end caps).

52 Well Design

The objectives and intended use for each monitoring well must be clearly defined before the monitoring
system is designed. Within the monitoring system, different monitoring wells may serve different
purposes and, therefore, require different types of construction. During all phases of the well design,
attention must be given to clearly documenting the basis for design decisions, the details of well
construction, and the materials used. The abjectives for installing the monitoring wells may include:

* Determining groundwater flow directions and velocities.
s Sampling or monitoring for trace contaminants.
* Determining aquifer characteristics (e.g., hydraulic conductivity).

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow
direction. [n most cases, groundwater flow directions and potential well locations can be determined by an
experienced hydrogeologist through the review of geclogic data and the site terrain. In addition, data from
production wells or other monitoring wells in the area may be used to determine the groundwater flow
direction. If these methods cannot be used, piezometers, which are relatively inexpensive to install, may
have to be installed in a preliminary investigative phase to determine groundwater flow direction.

521 Well Depth, Diameter, and Monitored Interval

The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of each
investigation. Specification of these items generally depends on the purpose of the monitoring system
and the characteristics of the hydrogeologic system being monitored. Wells of different depth, diameter,
and monitored interval can be employed in the same groundwater monitoring system. For instance,
varying the monitored interval in several wells, at the same location (cluster wells) can help to determine
the vertical gradient and the depths at which contaminants are present. Conversely, a fully penetrating
well is usually not used to quantify or vertically locate a contaminant plume, since groundwater samples
collected in wells that are screened over the full thickness of the water-bearing zone will be representative
of average conditions across the entire monitored interval. However, fully penetrating wells can be used
1o establish the existence of contamination in the water-bearing zone. The well diameter desired depends
upon the hydraulic characteristics of the water-bearing zone, sampling requirements, drilling method and
cost.
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The decision concerning the monitored interval and well depth is based on the following (and possibly
other) information:

¢ The vertical location of the contaminant source in relation to the water-bearing zone.
e The depth, thickness and uniformity of the water-bearing zone.

e The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the
contaminant plume.

e Fluctuation in groundwater levels (due to pumping, tidal influences, or natural recharge/discharge
events).

e The presence and location of contaminants encountered during drilling.

e Whether the purpose of the installation is for determining existence or non-existence of contamination
or if a particular stratigraphic zone is being investigated.

e The analysis of borehole geophysical logs.

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (5 feet or less) are
usually required where flow lines are not horizontal, (i.e., if the wells are to be used for accurate
measurement of the potentiometric head at a specific point).

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well depends on
the application. In determining well diameter, the following needs must be considered:

¢ Adequate water volume for sampling.

e Drilling methodology.

e Type of sampling device to be used.

e Costs.

Standard monitoring well diameters are 2, 4, 6, or 8 inches. Drive points are typically 1-1/4 or 2 inches in
diameter. For monitoring programs which require screened monitoring wells, either a 2-inch or 4-inch-
diameter well is preferred. Typically, well diameters greater than 4 inches are used in monitoring
programs in which open-hole bedrock monitoring wells are used. With smaller diameter wells, the volume
of stagnant water in the well is minimized, and well construction costs are reduced; however, the sampling
devices that can be used are limited.

In specifying well diameter, sampling requirements must be considered (up to a total of 4 gallons of water
may be required for a single sample to account for full organic and inorganic analyses, and split samples),
particularly if the monitored formation is known to be a low-yielding formation. The unit volume of water
contained within a monitoring well is dependent on the well diameter as follows:

Casing Inside | Standing Water Length to Obtain
Diameter (Inch) 1 Gallon Water (Feet)
2 6.13
4 1.53
6 | 0.68

If a well recharges quickly after purging, then well diameter may not be an important factor regarding
sample volume requirements.
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Pumping tests for determining aquifer characteristics may require larger diameter wells (for installation of
high capacity pumps); however, in small-diameter wells in-situ permeability tests can be performed during
drilling or after well installation is completed.

5.2.2 Riser Pipe and Screen Materials

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require an
additional specification of slot size. Thickness of pipe is referred to as "Schedule" for polyvinyl chloride
(PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness is often
referred to as "Strength". Standard Strength is usually adequate for manitoring well purposes. With larger
diameter pipe, the wall thickness must be greater to maintain adequate strength. The required thickness
is also dependent on the method of installation; risers for drive points require greater strength than wells
installed inside drilled borings.

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface
materials the well penetrates, the type of contamination expected, and natural water quality and depth.
Cost and the level of accuracy required are also important. The materials generally available are Teflon,
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used
materials are PVC and stainless steel. Properties of these two materials are compared in Attachment B.
Stainless steel is a good choice where trace metals or organic sampling is required; however, costs are
high. Teflon materials are extremely expensive, but are relatively inert and provide the least opportunity
for water contamination due to well materials. PVC has many advantages, including low cost, excellent
availability, fight weight, ease of manipulation, and widespread acceptance. The crushing strength of PVC
may limit the depth of installation, but the use of Schedule 80 materials may overcome some of the
problems associated with depth. However, the smaller inside diameter of Schedule 80 pipe may be an
important factor when considering the size of bailers or pumps required for sampling or testing. Due to
this problem, the minimum well pipe size recommended for Schedule 80 wells is 4-inch 1.D.

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe may corrode
and release metal ions or chemically react with organic constituents, but this is considered a minor issue.
Galvanized steel is not recommended where samples may be collected for metals analyses, as zinc and
cadmium levels in groundwater samples may become elevated from leaching of the zinc coating.

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Teflon, and
steel can all be obtained with threaded joints. Welded-joint steel casing is also acceptable. Glued PVC
may release organic contaminants into the well, and therefore, should not be used if the well is to be
sampled for organic constituents.

When the water-bearing zone is in consolidated bedrock, such as limestone or fractured granite, a well
screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated materials,
such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0.020 inch is generally used
when a screen is necessary, and the annular borehole space around the screened interval is artificially
packed with an appropriately sized sand, selected based on formation grain size. The slot size controls
the quantity of water entering the well and prevents entry of natural materials or sand pack. The screen
shall pass no more than 10 percent of the pack material, or in-situ aquifer material. The site geologist
shall specify the combination of screen slot size and sand pack which will be compatible with the water-
bearing zone, to maximize groundwater inflow and minimize head losses and movement of fines into the
wells. For example, as a standard procedure, a Morie No. 1 or No. 10 to No. 20 U.S. Standard Sieve size
filter pack is typically appropriate for a 0.020-inch slot screen; however, a No. 20 to No. 40 U.S. Standard
Sieve size filter pack is typically appropriate for a 0.010-inch slot screen.
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5.2.3 Annular Materials

Materials placed in the annular space between the borehole and riser pipe and screen include a sand
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a medium-
to coarse-grained poorly graded, silica sand and should relate to the grain size of the aquifer sediments.
The quantity of sand placed in the annular space is dependent upon the length of the screened interval,
but shouid always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite
pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or equivalent) is then
placed to extent from the top of the bentonite peliets to the ground surface.

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be
packed naturally (i.e., no arificial sand pack installed). In this case, the natural formation material is
allowed to collapse around the well screen after the well is installed. This method has been used where
the formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible
due to borehole collapse.

Bentonite expands by absorbing water and provides a seal between the screened interval and the
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of the
bentonite pellets, extending to the surface. The grout effectively seals the remaining borehole annulus
and eliminates the possibility for surface infiltration reaching the screened interval. Grouting also replaces
material removed during drilling and prevents hole collapse and subsidence around the well. A tremie
pipe should be used to introduce grout from the bottom upward, to prevent bridging, and to provide a
better seal. In shallow boreholes that don't collapse, it may be more practical to pour the grout from the
surface without a tremie pipe.

Grout is a general term which has several different connotations. For all practical purposes within the
monitoring well installation industry, grout refers to the solidified material which is installed and occupies
the annular space abave the bentonite pellet seal. Grout, most of the time, is made up of one or two
assemblages of material, (e.g., cement and/or bentonite). A cement-bentonite grout, which is the most
common type of grout used in monitoring well completions, normally is a mixture of cement, bentonite,
and water at a ratio of one 90-pound bag of Portland Type | cement, plus 3 to 5 pounds of granular or
flake-type bentonite, and 6-7 gallons of water. A neat cement consists of one ninety-pound bag of
Portland Type | cement and 6-7 gallons of water. A bentonite slurry (bentonite and water mixed to a thick
but pumpable mixture) is sometimes used instead of grout for deep well installations where placement of
bentonite pellets is difficult. Bentonite chips are also occasionally used for annular backfill in place of
grout.

In certain cases, the borehole may be drilled to a depth greater than the anticipated well installation depth.
For these cases, the well shall be backfilled to the desired depth with bentonite pellets/chips or sand. A
short (1-to 2-foot) section of capped riser pipe sump is sometimes installed immediately below the
screen, as a silt reservoir, when significant post-development silting is anticipated. This will ensure that
the entire screen surface remains unobstructed.

5.2.4 Protective Casing

When the well is completed and grouted to the surface, a protective steel casing is typically placed over
the top of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. The
protective casing has a larger diameter than the well and is set into the wet cement grout over the well
upon completion. In addition, one hole is drilled just above the cement collar through the protective casing
which acts as a weep hole for the flow of water which may enter the annulus during well development,
purging, or sampling.
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A protective casing which is level with the ground surface (flush-mounted) is used in roadway or parking
lot applications where the top of a monitoring well must be below the pavement. The top of the riser pipe
is placed 4 to 5inches below the pavement, and a locking protective casing is cemented in place to
3 inches below the pavement. A large diameter, manhole-type protective collar is set into the wet cement
around the well with the top set level with or slightly above the pavement. An appropriately-sized id is
placed over the protective sleeve. The cement should be slightly mounded to direct pooled water away
from the well head.

53 Monitoring Well Installation

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction
of various types of monitoring wells.

5.3.1 Monitoring Wells in Unconsolidated Sediments

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well
installation will partially be dictated by the stability of the formation in which the well is being placed. If the
borehole collapses immediately after the drilling tools are withdrawn, then a temporary casing must be
installed and well instailation will proceed through the center of the temporary casing, and continue as the
temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the augers will
act to stabilize the borehole during well installation.

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be
measured with an engineer's rule to ensure proper placement. When measuring sections, the threads on
one end of the pipe or screen must be excluded while measuring, since the pipe and screen sections are
screwed flush together.

After the screen and riser pipe are lowered through the temporary casing, the sand pack can be installed.
A weighted tape measure must be used during the installation procedure to carefully monitor installation
progress. The sand is slowly poured into the annulus between the riser pipe and temporary casing, as the
casing is withdrawn. Sand should always be kept within the temporary casing during withdrawal in order
to ensure an adequate sand pack. However, if too much sand is within the temporary casing (greater than
1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe may occur.
Centralizers may be used at the geologist's discretion, one above and one below the screen, to assure
enough annular space for sand pack placement.

After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then the
bentonite pellet seal (or equivalent), can be installed in the same manner as the sand pack. At least
1 to 3 feet of bentonite pellets should be installed above the sand pack. Pellets should be added slowly
and their fall monitored closely to ensure that bridging does not occur.

The cement-bentonite grout is then mixed and tremied into the annulus as the temporary casing or augers
are withdrawn. Finally, the protective casing can be installed as detailed in Section 5.2.4.

5.3.2 Confining Layer Monitoring Wells

When drilling and installing a well in a confined aquifer, proper well installation techniques must be applied
to avoid cross contamination between aquifers. Under most conditions, this can be accomplished by
installing double-cased wells. This is accomplished by drilling a large-diameter boring through the upper
aquifer, 1 to 5 feet into the underlying confining layer, and setting and pressure grouting or tremie grouting
a large-diameter casing into the confining layer. The grout material must fill the space between the native
material and the outer casing. A smaller diameter boring is then continued through the confining layer for
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installation of the monitoring well as detailed for overburden monitoring wells. Sufficient time (determined
by the field geologist), must be allowed for setting of the grout prior to drilling through the confined layer.

5.3.3 Bedrock Monitoring Wells

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden and
approximately 5 —10 feet into bedrock. A casing (typically steel) is installed and either pressure grouted or
tremie grouted in place. After the grout has cured, a smaller diameter boring is continued into bedrock to
the desired depth. If the boring does not collapse, the well can be left open, and a screen is not
necessary. If the boring collapses, then a screen is required and can be installed as detailed for
overburden monitoring wells. If a screen is to be used, then the casing which is installed through the
overburden and into the bedrock does not require grouting and can be removed when the final well
installation is completed.

4 Drive Points Sgu/ ( };Dl\‘

Drive point3~ean be installed with either a sledge hammer, drop hammer, or a mechanigatvibrator. The
screen section is“threaded and tightened onto the riser pipe with pipe wrenches. The-drive point is simply
pounded into the sub3wface to the desired depth. If a heavy drop hammer is“Used, then a tripod and
pulley setup is required to Tift.the hammer. Drive points typically cannot-tfe manually driven to depths
exceeding 10 feet.

Direct push sampling/monitoring point instafiation methods] using a direct push rig or drilling rig, are
described in SOP SA-2.5.

5.3.5 Innovative Monitoring Well InStallation Techniques

Certain innovative sampling deviCes have proven advantageous. These teyjces are essentially screened
samplers installed in a beréhole with only smali-diameter tubes extending to the surface. This reduces
drilling costs, decreases the volume of stagnant water, and provides a sampling system that minimizes
cross-contamjnafion from sampling equipment. Four manufacturers of these samplers™inglude Timco
Manufacturing Company, Inc., of Prairie du Sac, Wisconsin, BARCAD Systems, Inc., of™~€gncord,
Massdachusetts, Westbay Instruments Ltd. of Vancouver, British Columbia, Canada and the Univers f
W aterloo at Waterloo, Ontario, Canada.. Each manufacturer offers various construction materials. M\K

5.4 Well Development Methods

The purpose of well development is to stabilize and increase the permeability of the gravel pack around
the well screen, and to restore the permeability of the formation which may have been reduced by drilling
opserations. Wells are typically developed until all fine material and drilling water is removed from the well.
Sequential measurements of pH, conductivity, turbidity, and temperature taken during development may
yield information (stabilized values) regarding whether sufficient development has been performed. The
selection of the well development method shall be made by the field geologist and is based on the drilling
methods, well construction and installation details, and the characteristics of the formation that the well is
screened in. The primary methods of well development are summarized below. A more detailed
discussion may be found in Driscoll (1986).

5.4.1 Overpumping and Backwashing

Wells may be developed by alternatively drawing the water level down at a high rate (by pumping or
bailing} and then reversing the flow direction (backwashing) so that water is passing from the well into the
formation. This back and forth movement of water through the well screen and gravel pack serves to
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remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging) of
sand grains. Backwashing can be accomplished by several methods, including pouring water into the well
and then bailing, starting and stopping a pump intermittently to change water levels, or forcing water into
the well under pressure through a water-tight fitting (“rawhiding"). Care should be taken when
backwashing not to apply too much pressure, which could damage or destroy the well screen.

54.2 Surging with a Surge Plunger

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and is
aggressively moved up and down within the well to agitate the water, causing it to move in and out of the
screens. This movement of water pulls fine materials into the well, where they may be removed by any of
several methods, and prevents bridging of sand particles in the gravel pack. There are two basic types of
surge plungers; solid and valved surge plungers. In formations with low yields, a valved surge plunger
may be preferred, as solid plungers tend to force water out of the well at a greater rate than it will flow
back in. Valved plungers are designed to produce a greater inflow than outflow of water during surging.

43 Compressed Air

Compress ir_can be used to develop a well by either of two methods: backwagshifg or surging.
Backwashing is do y forcing water out through the screens, using increasi ir pressure inside a
sealed well, then releasingthe pressurized air to allow the water to flow back irt6 the well. Care should be
taken when using this metho that the water level does not drop befow the top of the screen, thus
introducing air into the formation an ucing well yield. Surging;or the "open well® method, consists of
alternately releasing large volumes of air enly into an epen well below the water level to produce a
strong surge by virtue of the resistance of wa , friction, and inertia. Pumping of the well is
subsequently done using the air lift method. %

5.4.4 High Velocity Jettin 2/ of,
/

In the high velocity jefting method, water is forced at high velocities from a ger-type device and

through the well seréen to loosen fine particles from the sand pack and surrounding fo ion. The jetting

tool is slo rotated and raised and lowered along the length of the well screen to develop the entire

scre area. Jetting using a hose lowered into the well may also be effective. The fines was into
screen during this process can then be bailed or pumped from the well.

6.0 RECORDS

A critical part of monitoring well installation is recording of all significant details and events in the site
logbook or field notebook. The geologist must record the exact depths of significant hydrogeological
features, screen placement, gravel pack placement, and bentonite placement.

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed, ensuring the uniform
recording of data for each installation and rapid identification of missing information. Well depth, length,
materials of construction, length and openings of screen, length and type of riser, and depth and type of all
backfill materials shall be recorded. Additional information shall include location, installation date,
problems encountered, water levels before and after well installation, cross-reference to the geologic
boring log, and methods used during the installation and development process. Documentation is very
important to prevent problems involving questionable sample validity. Somewhat different information will
need to be recorded, depending on whether the well is completed in overburden (single- or double-cased),
as a cased well in bedrock, or as an open hole in bedrock.

The quantities of sand, bentonite, and grout placed in the well are also important. The geologist shall
calculate the annular space volume and have an idea of the quantity of material needed to fill the annular
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space. Volumes of backfill significantly higher than the calculated volume may indicate a problem such as
a large cavity, while a smaller backfill volume may indicate a cave-in or bridging of the backfill materials.
Any problems with rig operation or down-time shall be recorded and may affect the driller's final fee.
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ATTACHMENT A

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT)

Potentially-Deteriorating | Type of Casing Material
Substance
PVC 1| Galvanized | Carbon | Lo-carbon | Stainless | Stainless | Teflon*
Steel Steel Steel Steel 304 | Steel 316

Buffered Weak Acid 100 56 51 59 97 100 100
Weak Acid 98 59 43 47 96 100 100
Mineral Acid/ 100 48 57 60 80 82 100
| High Solids Content
Aqueous/Organic 64 69 73 73 98 100 100
Mixtures
Percent Overall Rating N 58 56 59 93 96 100
Preliminary Ranking of Rigid Materials:

1 Teflon® 5 Lo-Carbon Steel

2 Stainless Steel 316 6 Galvanized Steel

3. Stainless Steel 304 7 Carbon Steel

4 PVC1

* Trademark of DuPont
RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT)

Potentially- Type of Casing Material
Deteriorating )
Substance
PVC | PP | PE | PE |PMM] Viton™* | Silicone | Neoprene| Teflon™*
Flexible Conv.| Linear

Buffered Weak Acid 97 97 | 100 97 90 92 87 85 100
Weak Acid 92 90 94 96 78 78 75 75 100
Mineral Acid/ 100 100 | 100 | 100 95 100 78 82 100
| High Solids Content
Aqueous/Organic 62 71 40 60 49 78 49 44 100
Mixtures
Percent Overall 88 30 84 88 78 87 72 72 100
Rating
Preliminary Ranking of Semi-Rigid or Elastomeric Materials:

1 Teflon® 5 PE Conventional

2 Polypropylene (PP) 6 Plexiglas/Lucite (PMM)

3. PVC Flexible/PE Linear 7 Silicone/Neoprene

4 Viton®

* Trademark of DuPont

Source: Barcelona et al., 1983
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ATTACHMENT B

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION

Characteristic Stainless Steel PVC
Strength Use in deep wells to prevent Use when shear and compressive
compression and closing of strength are not critical.
screen/riser.
Weight Relatively heavier. Light-weight; floats in water.
Cost Relatively expensive. Relatively inexpensive.
Corrosivity Deteriorates more rapidly in corrosive | Non-corrosive -- may deteriorate in
water. presence of ketones, aromatics, alky!
sulfides, or some chlorinated
hydrocarbons.
Ease of Use Difficult to adjust size or length inthe | Easy to handle and work with in the

field.

field.

Preparation for
Use

Should be steam cleaned if organics
will be subsequently sampled.

Never use glue fittings -- pipes should
be threaded or pressure fitted. Should
be steam cleaned when used for
monitoring wells.

Interaction with
Contaminants™®

May sorb organic or inorganic
substances when oxidized.

May sorb or release organic
substances.

* See also Attachment A.
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1.0 PURPOSE

Utilities such as electric service lines, natural or propane gas lines, water and sewage lines,
telecommunications, and steam lines are very often in the immediate vicinity of work locations. Contact
with underground or overhead utilities can have serious consequences inciuding employee injury/fatality,
property and equipment damage, substantial financial impacts, and loss of utility service to users.

The purpose of this procedure is to provide minimum requirements and technical guidelines regarding the
appropriate procedures to be followed when performing subsurface and overhead utility locating services.
it is the policy of Tetra Tech NUS, Inc. (TINUS) to provide a safe and healthful work environment for the
protection of our employees. The purpose of this Standard Operating Procedure (SOP) is to aid in
achieving the objectives of this policy, to present the acceptable procedures pertaining to utility locating
and excavation clearance activities, and to present requirements and restrictions relevant to these types of
activities. This SOP must be reviewed by any employee potentially involved with underground or
overhead utility locating and avoidance activities.

2.0 SCOPE

This procedure applies to all TtNUS field activities where there may be potential contact with underground
or overhead utilities. This procedure provides a description of the principles of operation, instrumentation,
applicability, and implementability of typical methods used to determine the presence and avoidance of
contact with utility services. This procedure is intended to assist with work planning and scheduling,
resource planning, field implementation, and subcontractor procurement. Ultility locating and excavation
clearance requires site-specific information prior to the initiation of any such activities on a specific project.
This SOP is not intended to provide a detailed description of methodology and instrument operation.
Specialized expertise during both planning and execution of several of the methods presented may also
be required.

3.0 GLOSSARY

Electromagnetic Induction (EMI) Survey - A geophysical exploration method whereby electromagnetic
fields are induced in the ground and the resultant secondary electromagnetic fields are detected as a
measure of ground conductivity.

Magnetometer — A device used for precise and sensitive measurements of magnetic fields.

Magnetic Survey — A geophysical survey method that depends on detection of magnetic anomalies
caused by the presence of buried ferromagnetic objects.

Metal Detection — A geophysical survey method that is based on electromagnetic coupling caused by
underground conductive objects.

Vertical Gradiometer — A magnetometer equipped with two sensors that are vertically separated by a fixed
distance. It is best suited to map near surface features and is less susceptible to deep geologic features.

Ground Penetrating Radar — Ground Penetrating Radar (GPR) involves specialized radar equipment
whereby a signal is sent into the ground via a transmitter. Some portion of the signal will be reflected from
the subsurface material, which is then recorded with a receiver and electronically converted into a graphic
picture.
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4.0 RESPONSIBILITIES

Project Manager (PM)/Task Order Manager (TOM) - Responsible for ensuring that all field activities are
conducted in accordance with this procedure.

Site Manager (SM)/Field Operations Leader (FOL) - Responsible for the onsite verification that all field
activities are performed in compliance with approved SOPs or as otherwise directed by the approved
project plan(s).

Site Health & Safety Officer (SHSO) — Responsible to provide technical assistance and verify full
compliance with this SOP. The SHSO is also responsible for reporting any deficiencies to the Corporate

Health and Safety Manager (HSM) and to the PM/TOM.

Health & Safety Manager (HSM) — Responsible for preparing, implementing, and modifying corporate health
and safety policy and this SOP.

Site Personnel — Responsible for performing their work activities in accordance with this SOP and the TtNUS
Health and Safety Policy.

5.0 PROCEDURES

This procedure addresses the requirements and technical procedures that must be performed to minimize
the potential for contact with underground and overhead utility services. These procedures are addressed
individually from a buried and overhead standpoint.

5.1 Buried Utilities

Buried utilities present a heightened concern because their location is not typically obvious by visual
observation, and it is common that their presence and/or location is unknown or incorrectly known on
client properties. This procedure must be followed prior to beginning any subsurface probing or
excavation that might potentially be in the vicinity of underground utility services. In addition, the Utility
Clearance Form (Attachment 3) must be completed for every location or cluster of locations where
intrusive activities will occur.

Where the positive identification and de-energizing of underground utilities cannot be obtained and
confirmed using the following steps, the PM/TOM is responsible for arranging for the procurement of a
qualified, experienced, utility locating subcontractor who will accomplish the utility location and
demarcation duties specified herein.

1. A comprehensive review must be made of any available property maps, blue lines, or as-builts
prior to site activities. Interviews with local personnel familiar with the area should be performed
to provide additional information concerning the location of potential underground utilities.
Information regarding utility locations shall be added to project maps upon completion of this
exercise.

2., A visual site inspection must be performed to compare the site plan information to actual field
conditions. Any findings must be documented and the site plan/maps revised. The area(s) of
proposed excavation or other subsurface activities must be marked at the site in white paint or pin
flags to identify those locations of the proposed intrusive activities. The site inspection should
focus on locating surface indications of potential underground utilities. ltems of interest include
the presence of nearby area lights, telephone service, drainage grates, fire hydrants, electrical
service vaults/panels, asphalt/concrete scares and patches, and topographical depressions. Note
the location of any emergency shut off switches. Any additional information regarding utility
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locations shall be added to project maps upon completion of this exercise and returned to the
PM/TOM.

3. if the planned work is to be conducted on private property (e.g., military installations,
manufacturing facilities, etc.) the FOL must identify and contact appropriate facility personnel
(e.g., public works or facility engineering) before any intrusive work begins to inquire about (and
comply with) property owner requirements. It is important to note that private property owners
may require several days to several weeks advance notice prior to locating utilities.

4, If the work location is on public propenrty, the state agency that performs utility clearances must be
notified (see Attachment 1). State “one-call” services must be notified prior to commencing
fieldwork per their requirements. Most one-call services require, by law, 48- to 72-hour advance
notice prior to beginning any excavation. Such services typically assign a "ticket" number to the
particular site. This ticket number must be recorded for future reference and is valid for a specific
period of time, but may be extended by contacting the service again. The utility service will notify
utility representatives who then mark their respective lines within the specified time frame. It
should be noted that most military installations own their own utilities but may lease service and
maintenance from area providers. Given this situation, “ons call” systems may still be required to
provide location services on military installations.

5. Utilities must be identified and their locations plainly marked using pin flags, spray paint, or other
accepted means. The location of all utilities must be noted on a field sketch for future inclusion on
project maps. Utility locations are to be identified using the following industry-standard color code
scheme, unless the property owner or utility locator service uses a different color code:

white  excavation/subsurface investigation location
red  electrical
yellow  gas, oil, steam
orange telephone, communications
blue  water, irrigation, slurry
green  sewer, drain

6. Where utility locations are not confirmed with a high degree of confidence through drawings,
schematics, location services, etc., the work area must be thoroughly investigated prior to
beginning the excavation. in these situations, utilities must be identified using safe and effective
methods such as passive and intrusive surveys, or the use of non-conductive hand tools. Also, in
situations where such hand tools are used, they should always be used in conjunction with
suitable detection equipment, such as the items described in Section 6.0 of this SOP. Each
method has advantages and disadvantages including complexity, applicability, and price. It also
should be noted that in some states, initial excavation is required by hand to a specified depth.

7. At each location where trenching or excavating will occur using a backhoe or other heavy
equipment, and where utility identifications and locations cannot be confirmed prior to
groundbreaking, the soil must be probed using a device such as a tile probe which is made of
non-conductive material such as fiberglass. If these efforts are not successful in clearing the
excavation area of suspect utilities, hand shoveling must be performed for the perimeter of the
intended excavation.

8. All utilities uncovered or undermined during excavation must be structurally supported to prevent
potential damage. Unless necessary as an emergency corrective measure, TtINUS shall not
make any repairs or modifications to existing utility lines without prior permission of the utility
owner, property owner, and Corporate HSM. All repairs require that the line be
locked-outtagged-out prior to work.
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5.2 Overhead Power Lines

if it is necessary to work within the minimum clearance distance of an overhead power line, the overhead
line must be de-energized and grounded, or re-routed by the utility company or a registered electrician. if
protective measures such as guarding, isolating, or insulating are provided, these precautions must be
adequate to prevent employees from contacting such lines directly with any part of their body or indirectly
though conductive materials, tools, or equipment.

The following table provides the required minimum clearances for working in proximity to overhead power

lines.
Nominal Voltage  Minimum Clearance
0 -50 kV 10 feet, or one mast length; whichever is greater
50+ kV 10 feet plus 4 inches for every 10 kV over 50 kV or 1.5
mast lengths; whichever is greater
6.0 UNDERGROUND LOCATING TECHNIQUES

A variety of supplemental utility locating approaches are available and can be applied when additional
assurance is needed. The selection of the appropriate method(s) to employ is site-specific and should be
tailored to the anticipated conditions, site and project constraints, and personnel capabilities.

‘6.1 Geophysical Methods

Geophysical methods include electromagnetic induction, magnetics, and ground penetrating radar.
Additional details concerning the design and implementation of electromagnetic induction, magnetics, and
ground penetrating radar surveys can be found in one or more of the TtNUS SOPs included in the
References (Section 8.0).

Electromagnetic Induction

Electromagnetic Induction (EMI) line locators operate either by locating a background signal or by locating
a signal introduced into the utility line using a transmitter. A utility line acts like a radio antenna, producing
electrons, which can be picked up with a radiofrequency receiver. Electrical current carrying conductors
have a 60HZ signal associated with them. This signal occurs in all power lines regardless of voltage.
Utilities in close proximity to power lines or used as grounds may also have a 60HZ signal, which can be
picked up with an EM receiver. A typical example of this type of geophysical equipment is an EM-61.

EMI locators specifically designed for utility locating use a special signal that is either indirectly induced
onto a utility line by placing the transmitter above the line or directly induced using an induction clamp.
The clamp induces a signal on the specific utility and is the preferred method of tracing since there is little
chance of the resulting signals being interfered with. A good example of this type of equipment is the
Schonstedt® MAC-51B locator. The MAC-51B performs inductively traced surveys, simple magnetic
locating, and traced nonmetallic surveys.

When access can be gained inside a conduit to be traced, a flexible insulated trace wire can be used.
This is very useful for non-metallic conduits but is limited by the availability of gaining access inside the
pipe.
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Magnetics

Magnetic locators operate by detecting the relative amounts of buried ferrous metal. They are incapable
of locating or identifying nonferrous utility lines but can be very useful for locating underground storage
tanks (UST's), steel utility lines, and buried electrical lines. A typical example of this type of equipment is
the Schonstedt® GA-52Cx locator. The GA-52Cx is capable of locating 4-inch steel pipe up to 8 feet
deep.

Non-ferrous lines are often located by using a typical plumbing tool (snake) fed through the line. A signal
is then introduced to the snake that is then traced.

Ground Penetrating Radar

Ground Penetrating Radar (GPR) involves specialized radar equipment whereby a signal is sent into the
ground via a transmitter. Some portion of the signal will be reflected from the subsurface material, which
is then recorded with a receiver and electronically converted into a graphic picture. In general, an object
which is harder than the surrounding soil will reflect a stronger signal. Utilities, tunnels, UST's, and
footings will reflect a stronger signal than the surrounding soil. Although this surface detection method
may determine the location of a utility, this method does not specifically identify utilities (i.e., water vs. gas,
electrical vs. telephone); hence, verification may be necessary using other methods. This method is
somewhat limited when used in areas with clay soil types or with a high water table.

6.2 Passive Detection Surveys

Acoustic Surveys

Acoustic location methods are generally most applicable to waterlines or gas lines. A highly sensitive
Acoustic Receiver listens for background sounds of water flowing (at joints, leaks, etc.) or to sounds
introduced into the water main using a transducer. Acoustics may also be applicable to determine the
location of plastic gas lines.

Thermal Imaging

Thermal (i.e., infrared) imaging is a passive method for detecting the heat emitted by an object.
Electronics in the infrared camera convert subtle heat differentials into a visual image on the viewfinder or
a monitor. The operator does not look for an exact temperature; rather they look for heat anomalies
(either elevated or suppressed temperatures) characteristic of a potential utility line.

The thermal fingerprint of underground utilities results from differences in temperature between the
atmosphere and the fluid present in a pipe or the heat generated by electrical resistance. In addition,
infrared scanners may be capable of detecting differences in the compaction, temperature and moisture
content of underground utility trenches. High-performance thermal imagery can detect temperature
differences to hundredths of a degree.

6.3 Intrusive Detection Surveys

Vacuum Excavation

Vacuum excavation is used to physically expose utility services. The process involves removing the
surface material over approximately a 1' x 1' area at the site location. The air-vacuum process proceeds
with the simultaneous action of compressed air-jets to loosen soil and vacuum extraction of the resulting
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debris. This process ensures the integrity of the utility line during the excavation process, as no hammers,
blades, or heavy mechanical equipment comes into contact with the utility line, eliminating the risk of
damage to utilities. The process continues until the utility is uncovered. Vacuum excavation can be used
at the proposed site location to excavate below the "utility window" which is usually 8 feet.

Hand Excavation

When the identification and location of underground utilities cannot be positively confirmed through
document reviews and/or other methods, borings and excavations may be cleared via the use of non-
conductive hand tools. This should always be done in conjunction with the use of detection equipment.
This would be required for all locations where there is a potential to impact buried utilities. The minimum
hand-excavation depth that must be reached is to be determined considering the geographical location of
the work site. This approach recognizes that the placement of buried utilities is influenced by frost line
depths that vary by geographical region. Attachment 2 presents frost line depths for the regions of the
contiguous United States. At a minimum, hand excavation depths must be at least to the frost line depth
(see Attachment 2) plus two (2) feet, but never less than 4 feet below ground surface (bgs). For hand
excavation, the hole created must be reamed large enough to be at least the diameter of the drill rig auger
or bit prior to drilling. For soil gas surveys, the survey probe shall be piaced as close as possible to the
cleared hand excavation. 1t is important to note that a post-hole digger must not be used in this type of
hand excavation activity.

Tile Probe Surveys

For some soil types, site conditions, and excavation requirements, non-conductive tile probes may be
used. A tile probe is a “T"-handled rod of varying lengths that can be pushed into the soil to determine if
any obstructions exist at that location. Tile probes constructed of fiberglass or other nonconductive
material are readily-available from numerous vendors. Tile probes must be performed to the same depth
requirements as previously specified. As with other types of hand excavating activities, the use of a non-
conductive tile probe, should always be in conjunction with suitable utility locating detection equipment.

7.0 INTRUSIVE ACTIVITIES SUMMARY

The following list summarizes the activities that must be performed prior to beginning subsurface
activities:

1. Map and mark all subsurface locations and excavation boundaries using white paint or markers
specified by the client or property owner.

2. Notify the property owner and/or client that the locations are marked. At this point, drawings of
locations or excavation boundaries shall be provided to the property owner and/or client so they
may initiate (if applicable) utility clearance.

Note: Drawings with confirmed locations should be provided to the property owner and/or client
as soon as possible to reduce potential time delays.

3. Notify “One Call” service. I|f possible, arrange for an appointment to show the One Call
representative the surface locations or excavation boundaries in person. This will provide a better
location designation to the utilities they represent. You should have additional drawings should
you need fo provide plot plans to the One Call service.

4, Implement supplemental utility detection techniques as necessary and appropriate to conform
utility locations or the absence thereof.

019611/P

Tetra Tech NUS, inc.



Subject Number Pagse
HS-1.0 8 of 15
UTILITY LOCATING AND Revision Effective Date
EXCAVATION CLEARANCE 2 12/03
5. Complete Attachment 3, Utility Clearance Form. This form should be completed for each
excavation location. In situations where multiple subsurface locations exist within the close
proximity of one another, one form may be used for multiple locations provided those locations
are noted on the Utility Clearance Form. Upon completion, the Utility Clearance Form and
revised/annotated utility location map becomes part of the project file.
8.0 REFERENCES
OSHA Letter of Interpretation, Mr. Joseph Caldwell, Attachment 4
OSHA 29 CFR 1926(b)(2)
OSHA 29 CFR 1926(b)(3)

TtNUS Utility Locating and Clearance Policy

TNUS SOP GH-3.1; Resistivity and Electromagnetic Induction
TtNUS SOP GH-3.2; Magnetic and Metal Detection Surveys
TINUS SOP GH-3.4; Ground-penetrating Radar Surveys
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ATTACHMENT 1

LISTING OF UNDERGROUND UTILITY CLEARANCE RESOURCES

=TT

ONE-CALL SYSTEMS INTERNATIONAL

Alabama
Alabama One-Call
1-800-292-8525

Alasks
Locate Cail Center of Alaska, Inc.
1-800-478-3121

Arizona
Arizona Biua Stake
1-800-782-5348

Arkansas
Arkansas One Call System, Inc.
1-800-482-3983

Callfornia

Underground Sesvice Alert North

1-800-227-2600

Underground Sarvica Alert of Southern
Calfornia

1-800-227-2600

Colorado
Uity Notification Center of Colorado
1-800-922-1987

Connecticut
Cail Before You Dig
1.800-922-4455

Delaware
Miss Uttty of Dekmarva
1-800-282-8555

Florida
Sunshine Stats One-Call of Florida, Inc.
1-800-432-4770

Georgla
Underground Protection Csnter, inc.
1-800-282-7411

Hawal
Underground Service Alert North
1-800-227-2600

ldaho

Dig Line Inc.

1-800-342-1585

Kootenal Caunty One-Call
1-800-4268-4950

Shoshone - Benewah One-Call
1-800-398-3285

lfinois

JULIE, inc.

1-800-892-0123

Digger (Chicage Utliity Alert Network)
312-744-7000

Indiana

indiana Underground Ptant Protecticn
Service

1-800-382-5544

CONDENSED DIRECTORY

lowa
lowa One-Csfl
1-800-202-8089

Kansas
Kansas One-Call System, Inc,
1-800-344-7233

Kentucky
Kentucky Underground Protection Inc.
1-800-752-6007

Louisiana
Louisiana One Call System, [nc.
1-800-272-3020

Vaine

Dig Safe System, Inc.
1-888-344-7233

Maryiand

Miss Utility
1-800-287-1777

Misa Utiity of Deimarva
1-800-282-8565

Michigan

Miss Dig System, Inc.
1-800-482-7171

Minnesota
Gopher State One Cail
1-800-262-1168

Missicsippl
Hississippi One-Call Systam, Inc
1-800-227-6477

Missouri
Missouri One-Cail System, Inc.
1-800-344-7483

Montana

Utilities Undarground Protection Canter
1-800-424-3555

Montana One Call Center
1-800-551-8344

Nebraska
Diggers Hotline of Nebraska
1-800-331-5668

Nevada
Underground Service Alert North
1-800-227-2600

New Hampshire
Dig Safe System, Inc.
1-888-344-7233

American Public Works Assaoclation

2345 Grand Boulevard, Suits 500, Kansas City, MO 84108-2625
Phone (818) 472-6100 » Fax (818) 472-1610

Web www.apwa.net ¢ E-mail apwa@@apwa.net

New Jorsey
New Jorsey One Call
1-800-272-1000

New Mexico

New Mexico One Call System, inc.
1-800-321-2537

Las Cruces- Dona Ana Blue Stakss
1-888-528-0400

New York

Dig Safety New York

1-800-862-7962

New York City- Long Isiand One Cali
Center

1-800-272-4480

North Carolina

The North Carofina One-Calk Canter,
inc.

1-800-832-4940

North Dakota
North Dakota One-Gall
1-800-765-0565

Ohio

Ohio Utiities Protection Service

1-800-362-2764

Oil & Gas Producers Underground
Proteci'n Sve

1-800-925-0088

Oklahoma
Cail Okie
1-800-522-6543

QOregon

Oregon Utlity Motiication Centar/Ons
Call Concepts

1-800-332-2344

Pennsyivania
Pennsylvania One Call System, inc.
1-800-242-1776

Rhode istand
Dig Safe System, Inc.
1-888-344-7233

South Carofina
Palmetto Utility Protection Service Inc.
1-888-721-7877

South Dakota
South Dakota One Call
1-800-781-7474

Tennesses
Tannassee One-Call System, Inc.
1-800-351-1111
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Texas Washington District of Columbia
Texas One Call System Utilties Underground Location Center Miss Utliity
1-800-245-4545 1-800-424-5555 1-800-257-7777
Texas Excavation Safety System, Inc. Northwest Utllity Notification Center
1-800-344-8377 1-800-653-4344 Alberta
Lone Star Notification Center Inland Empire Utility Coordinating Alberta One-Calk Corporation
1-800-669-8344 Councit 1-800-242-3447
509-458-8000
Utah British Columbia
Blue Stakes of Lkah West Virginia BC One Calt
1-800-662-4111 Miss Utilty of West Virginia, Inc. 1-800-474-6888
1-800-245-4848
Vermont Ontario
Dig Safe System, Inc. Wisconsin Ontario One-Call Systam
1-888-344-7233 Diggers Hotline, Inc. 1-800-400-2255
1-800-242-8511
Virginia Quebec
Miss Utility of Virginia Wyoming Info-Excavation
1-800-552-7001 Wyoming One-Call System, Inc. 1-800-663-9228
Miss Utility (Northern Virginta) 1-800-348-1030
1-800-257-7777 Cali Before You Dig of Wyoming

1-800-849-2476
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ATTACHMENT 2

FROST LINE PENETRATION DEPTHS BY GEOGRAPHIC LOCATION

FROST PENETRATION

Average Depth In Inches

100" 90"

Courtesy U.S. Department Of Commerce
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ATTACHMENT 3
UTILITY CLEARANCE FORM
Client: Project Name:
Project No.: Completed By:
Location Name: Work Date:
Excavation Method/Overhead Equipment:
1. Underground Utilities Circle One
a) Review of existing maps? yes no N/A
b) Interview local personnel? yes no N/A
c) Site visit and inspection? yes no N/A
d) Excavation areas marked in the field? yes no N/A
e) Utilities located in the field? yes no N/A
f) Located utilities marked/added to site maps? yes no N/A
Q) Client contact nctified yes no N/A
Name Telephone: Date:
a) State One-Call agency called? yes no N/A
Caller:
Ticket Number: Date:
h) Geophysical survey performed? yes no N/A
Survey performed by:
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