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ACRONYMS AND ABBREVIATIONS

OF degrees Fahrenheit
# number
% percent
AF Air Force
AFB Air Force Base
AFCEC Air Force Civil Engineer Center
AFFF aqueous film forming foam
amsl above mean sea level
ANG Air National Guard
ANGB Air National Guard Base
AW Airlift Wing
bgs below ground surface
B.S. Bachelor of Science
CEG Certified Engineering Geologist
CHG Certified Hydrogeologist
CHMM Certified Hazardous Materials Manager
CIH Certified Industrial Hygienist
COR Contracting Officer’s Representative
CPR cardiopulmonary resuscitation
CSM conceptual site model
Ccsp Certified Safety Professional
CZTE Environmental Restoration Technical Support Branch
DAF Department of the Air Force
DBF Demolition and Burn Facility
DoD Department of Defense
EPA United States Environmental Protection Agency
FD field duplicate
ft feet or foot
FTL Field Team Lead
GIS geographical information systems
HAZWOPER  Hazardous Waste Operations and Emergency Response
HEF high expansion foam
ID identification
IDQTF Intergovernmental Data Quality Task Force
IDW Investigation-derived waste
IRP Installation Restoration Program
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MMYY month and year of sample collection

M.S. Master of Science

MS matrix spike

MSD matrix spike duplicate

N/A not applicable

No. number

OASD Office of the Assistant Secretary of Defense
OESC Oneida Engineering, Science, and Construction Group
Oneida Refers to SRS and OTIE in this UFP-QAPP
OPSEC Operations Security

OSHA Occupational Safety and Health Administration
OTIE Oneida Total Integrated Enterprises, LLC
OWS oil/water separator

PE Professional Engineer

PFAS per- and polyfluoroalkyl substances

PG Professional Geologist

PgM Program Manager

PM Project Manager

PMP Project Management Professional

POC Point of Contact

PRL Potential Release Location

QA quality assurance

QC quality control

RI Remedial Investigation

RPM Restoration Program Manager

SHM Safety and Health Manager

Sl Site Inspection

SOP standard operating procedure

SRS Sustainment and Restoration Services, LLC
SSHO Site Safety and Health Officer

TBD to be determined

TOC total organic carbon

UFP-QAPP Uniform Federal Policy — Quality Assurance Project Plan

u.s. United States
USACE United States Army Corps of Engineers
VAP vertical aquifer profile
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INTRODUCTION

This installation-specific Uniform Federal Policy Quality Assurance Project Plan (UFP-QAPP) Addendum
was prepared to support per- and polyfluoroalkyl substances (PFAS) fingerprinting and background
studies at Stewart Air National Guard Base (ANGB) to discriminate among potential aqueous film
forming foam (AFFF) and other PFAS sources and evaluate the anthropogenic background PFAS
concentrations.

This UFP-QAPP Addendum will be used in tandem with the Final Programmatic UFP-QAPP (Attachment
A) to execute the performance objectives by Sustainment and Restoration Services, LLC (SRS) with
support provided by sister company Oneida Total Integrated Enterprises (OTIE). Both OTIE and SRS are
wholly owned subsidiaries of the Oneida Engineering, Science and Construction (OESC) Group and are
referred to herein as Oneida. Oneida will be supported by subcontractor Battelle, together referred to
herein as the Oneida Team.

This installation-specific UFP-QAPP Addendum has been prepared to provide installation-specific details
including background information, conceptual site models (CSMs), data quality objectives, sampling
locations, and installation-specific requirements.

ScopPE OF WORK

The overall scope of this project is to provide the United States Army Corps of Engineers (USACE) and
the Department of the Air Force (DAF) support in conducting PFAS fingerprinting analyses and
background studies at the following DAF installations:

e Des Moines ANGB, lowa

e Dover Air Force Base (AFB), Delaware

e Eielson AFB, Alaska

e Stewart ANGB, New York

e Travis AFB, California

e Wright Patterson AFB, Ohio

e Tucson Area, including Morris ANGB, Air Force Plant 44, and Tucson International Airport.

DAF installations may contain several different types of PFAS sources. PFAS fingerprinting studies are
being conducted to discriminate between multiple potential PFAS sources including but not limited to
various AFFF formulations; various municipal/industrial wastes; and PFAS originating from commercial
products and metal plating facilities. Both target and non-target analytes will be analyzed using
Battelle’s PFAS Signature® analysis. Background studies are being conducted to evaluate the
anthropogenic background concentrations at each installation. The fingerprint studies will include
sampling and evaluation of soil, surface water, and groundwater. The background studies will include
sampling of soil both within and outside of installation boundaries to evaluate the anthropogenic PFAS
background concentrations detected at each installation. These studies are intended to support CSM
understanding and provide information to assess preliminary background (anthropogenic) PFAS soil
concentrations at each installation.

Installation-specific investigation strategy, field methodology, screening criteria, and other detailed
information outlining the approach for completion of the fingerprinting analyses and background
studies at Stewart ANGB will be provided in this installation-specific UFP-QAPP Addendum, the Final
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Programmatic UFP-QAPP (Attachment A), and other planning documents. One combined fingerprinting
and Background Study Report will be prepared for Stewart ANGB.

PLAN ORGANIZATION

This UFP-QAPP Addendum is organized with the original 37 worksheets consolidated into optimized
UFP-QAPP worksheets (Intergovernmental Data Quality Task Force [IDQTF] 2012). For ease of reference,
the revised worksheets are named to reflect the original worksheets on which they are based (IDQTF
2012). The UFP-QAPP Addendum is intended to provide, in an orderly fashion, the problem definition;
approach to resolving the problem; and quality assurance (QA)/quality control (QC) activities, such that
the data collected are useable. The table of contents of this document presents a listing of all the
UFP-QAPP worksheets. Several worksheets from the Programmatic UFP-QAPP are not included in this
UFP-QAPP Addendum. A crosswalk for worksheets included in the UFP-QAPP Addendum vs the
Programmatic UFP-QAPP is included below.

Attachments to this UFP-QAPP Addendum, provided as separate tabs, are as follows:

Attachment A Final Programmatic UFP-QAPP

Attachment B Kickoff and Scoping Meeting Minutes
Attachment C Installation-specific Site Safety and Health Plan
Attachment D Responses to Regulatory Comments

Crosswalk of Worksheets included in Programmatic UFP-QAPP vs. Installation-Specific UFP-QAPP Addendum

Included in Included in
Worksheet Programmatic UFP- | Installation-Specific
QAPP UFP-QAPP Addenda
UFP-QAPP Worksheet #1 & 2 — Title and Approval Page X X
UFP-QAPP Worksheet #3 & 5 — Project Organization and QAPP X X
Distribution
UFP-QAPP Worksheet #4, 7 & 8 — Personnel Qualifications and Sign-off X X
Sheet
UFP-QAPP Worksheet #6 — Communication Pathways X X
UFP-QAPP Worksheet #9 — Project Planning Session Summary X X
UFP-QAPP Worksheet #10 — Conceptual Site Model X X
UFP-QAPP Worksheet #11 — Project/Data Quality Objectives X
UFP-QAPP Worksheet #12 — Measurement Performance Criteria X
UFP-QAPP Worksheet #13 — Secondary Data Uses and Limitations X X
UFP-QAPP Worksheet #14 & #16 — Project Tasks & Schedule X X
UFP-QAPP Worksheet #15 — Project Screening Limits and Laboratory- X
Specific Detection/Quantitation Limits
UFP-QAPP Worksheet #17 — Sampling Design and Rationale X X
UFP-QAPP Worksheet #18 — Sampling Locations and Methods X X
UFP-QAPP Worksheet #19 & 30 — Sample Containers, Preservation, and X
Hold Times
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Included in Included in
Worksheet Programmatic UFP- | Installation-Specific
QAPP UFP-QAPP Addenda
UFP-QAPP Worksheet #20 — Field Quality Control Summary X X
UFP-QAPP Worksheet #21 — Field Standard Operating Procedures X
UFP-QAPP Worksheet #22 — Field Equipment Calibration, Maintenance, X
Testing and Inspection
UFP-QAPP Worksheet #23 — Analytical Standard Operating Procedures X
UFP-QAPP Worksheet #24 — Analytical Instrument Calibration X
UFP-QAPP Worksheet #25 — Analytical Instrument and Equipment X
Maintenance, Testing and Inspection
UFP-QAPP Worksheet #26 & 27 — Sample Handling System, Custody, X
and Disposal
UFP-QAPP Worksheet #28 — Analytical Quality Control and Corrective X
Action
UFP-QAPP Worksheet #29 — Project Documents and Records X
UFP-QAPP Worksheet #31, 32 & 33 — Assessments and Corrective X
Action
UFP-QAPP Worksheet #34 — Data Verification and Validation Inputs X
UFP-QAPP Worksheet #35 — Data Verification Procedures X
UFP-QAPP Worksheet #36 — Data Validation Procedures X
UFP-QAPP Worksheet #37 — Data Usability Assessment X

October 2024 3
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UFP-QAPP Worksheet #1 & #2 — Title and Approval Page
(UFP-QAPP Manual Section 2.1) (EPA 2106-G-05 Section 2.2.1)

Project Identifying Information

a. Project Name: Per- and Polyfluoroalkyl Substances (PFAS) Fingerprinting and Background
Study at Multiple Air Force Bases
b. Site Location Stewart ANGB, Newburgh, New York

c. Contract/Task Order:  W91238-23-D-0023 / W91238-23-F-0086

Review Signatures:

Sustainment and Restoration Services, LLC (SRS)

Megan Duiey — Project Manager

Pt Upn Bak.

Matthew Van Beek — Corporate QC Manager

ST,

-5 .
Jacques Marcillac — Program Manager

United States Army Corps of Engineers (USACE) — Sacramento District
ESTEY.AMY.LO oigialy signeaby

ESTEY.AMY.LOW.1550425030

W.155042503(0 Date: 2024.10.16 14:53:14 -04'00'

Amy Estey — Project Manager/ Task Order Contracting Officer’s
Representative

Air Force Civil Engineer Center (AFCEC)

Digitally signed by

CASH.CYNTHIA.JO CASH.CYNTHIA.JOYCE. 152041
YCE.1520412197 g;?:: 2024.10.11 12:14:33 -05'00"

Cynthia Cash — Program Manager (PgM)

Air National Guard (ANG)

FRE'HOFERKE'TH Digitally signed by
.EDWIN.139457294 [ZCHOFERKETHEDWINA39

9 Date: 2024.10.22 17:35:51 -04'00"

Keith Freihofer — PgM ANG Installations

1. This UFP-QAPP Addendum was prepared in accordance with the following guidance and additional
applicable guidance listed in the Programmatic UFP-QAPP (Attachment A):

e Uniform Federal Policy for Quality Assurance Project Plans, Optimized UFP-QAPP Worksheets.
(IDQTF, 2012).
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e Intergovernmental Data Quality Task Force, Uniform Federal Policy for Implementing
Environmental Quality Systems. Evaluating, Assessing, and Documenting Environmental Data
Collection/Use and Technology Programs, Parts 1 and 2A: UFP-QAPP Manual and UFP-QAPP
Workbook (IDQTF, 2005).

2. This UFP-QAPP Addendum complies with the Department of Defense (DoD) Quality Systems Manual
for Environmental Laboratories Version 5.4 (DoD, 2021).

3. Thisis a project-specific UFP-QAPP Addendum.

4. A programmatic project kick-off meeting was held on 19 October 2023 to review project tasks, lines
of communication, and roles and responsibilities (summarized in the programmatic UFP-QAPP;
Attachment A). Installation-specific kickoff meetings were held for each installation included on this
contract. The installation-specific kickoff meeting for Stewart ANGB was held on 20 November 2023
and an in-person scoping session was held on 7 March 2024. Meeting information is summarized in
Worksheet #9 and meeting minutes are provided in Attachment B.

5. The organizational partners (stakeholders) and their connection with the lead organization are the
USACE Sacramento District, and the DAF, which includes AFCEC and the Air National Guard (ANG).
The agency representatives have been provided a copy of this UFP-QAPP Addendum for review and
comment. USACE is the lead agency responsible for the work described in this UFP-QAPP
Addendum.

6. The data users for this UFP-QAPP Addendum include the USACE Sacramento District, DAF,
regulatory stakeholders, and the Oneida Team.

7. Allrequired elements under the UFP-QAPP template are applicable to this installation-specific UFP-
QAPP Addendum and each element is included. None of the required UFP-QAPP elements has been
omitted from this document.
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UFP-QAPP Worksheet #3 & #5 — Project Organization and UFP-QAPP

Distribution

(UFP-QAPP Manual Sections 2.3 — 2.4) (EPA 2106-G-05 Section 2.2.3 and 2.2.4)

The programmatic project organizational chart and distribution list are provided in the programmatic
UFP-QAPP (Attachment A). The Stewart ANGB project organizational chart and UFP-QAPP distribution
list are provided below. This UFP-QAPP Addendum will be provided to those listed on both the

programmatic and installation-specific distribution lists.

Stewart ANGB Project Organization

USACE/AFCEC Regulatory Oversight Stewart ANGB Team Oneida Team

PM/Task Order COR EPA Region 2 Restoration Program Project Manager
- Jessica Faragalli New York State Department of | Manager (RPM) - Megan Duley

(USACE) Environmental Conservation - William Myer Deputy Project Manager
PgM Active ANG Environmental - Lauren Idleman
Installations Manager Corporate Health and
- Keith Freihofer - Michael Oettinger Safety Manager (SHM)
PgM Active AF Environmental - Bradley Kuntz
Installations Specialist SSHO/ FTL
- Cynthia Cash (AFCEC) - Alekzander Obry - Mark Wanek

Field Geologists

- Richard Klamm

- John Kelley

- Kevin Engle (Alternate
SSHO/FTL)

- Brandon Womack

NOTES

AF Air Force

COR Contracting Officer’s Representative
EPA U.S. Environmental Protection Agency
FTL Field Team Lead

PgM

SSHO

Stewart ANGB UFP-QAPP Addendum Distribution ListUFP- QAPP

Program Manager
Project Manager
Site Safety and Health Officer

Recipient Title/Role Organization Email
Jessica Faragalli PM/Task Order COR USACE jessica.w.faragalli@usace.army.mil
Daniel Czech Contracting Officer USACE daniel.e.czech@usace.army.mil
Mike Riggle Contract COR USACE michael.A.riggle@usace.army.mil
icholas.d. .
Nicholas Montgomery Technical Lead USACE nic o.as d-montgomery@usace.ar
my.mil
Cynthia Cash PgM Act.lve AF AFCEC cynthia.cash.1@us.af.mil
Installations
. Deputy PgM AF . .
Alecia George eputy 'g AFCEC alecia.george.1@us.af.mil
Installations
Anne (Kathleen) Bradle Technical Support AFCEC/CZTE anne.bradley.1@us.af.mil
¥ (hydrogeologist) ' v o
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Recipient Title/Role Organization Email
Richard (Hunter) Technical Support (subject . .
AFCEC/CZTE hard. . .af.mil
Anderson matter expert — PFAS) CEC/C richard.anderson.55@us.af.mi
. Technical Support . . .
| FCEC/CZTE .gil i .af.mil
John (Seb) Gillette (Chemist) AFCEC/CZT john.gillette.1@us.af.mi
Keith Freihofer PgM ANG Installations ANG keith.freihofer.1@us.af.mil
William Myer Stewart ANGB RPM ANG william.myer.2@us.af.mil
Michael Oettinger Ste\{vart ANGB ANG michael.oettinger.2@us.af.mil
Environmental Manager
Jacques Marcillac, PG, . . .
CHG, CEG PgM Oneida jmarcillac@oescgroup.com
Matthew Van Beek Corporate QC Manager Oneida mvanbeek@oescgroup.com
Megan Duley, PE PM Oneida mduley@oescgroup.com
D P
Kevin Engle, PG Inif;TZtioMns()AF Oneida kengle@oescgroup.com
Deputy PM .
L Idl PG . dl .
auren Idleman, (ANG Installations) Oneida dleman@oescgroup.com
Bob Mallisee, PG Senior Hydrogeologist Oneida rmallisee@oescgroup.com
Kristen Carylon Peyt . . . .
C:?\/IeMn arylon reyton, Senior Project Chemist Oneida kcarlyonpeyton@oescgroup.com
Bradley Kuntz, CIH, CSP, | Corporate Health and .
CHMM, SMS Safety Manager Oneida bkuntz@oescgroup.com
Pamela Chang, PMP PM Battelle changp@battelle.org
Kavitha Dasu, PhD Senior Chemist Battelle dasu@battelle.org
Rick Wice, PG Senior Geologist Battelle wice@battelle.org
B -
Franco Pala, PhD Laboratory Director attel.le Analytllcal palaf@battelle.org
Chemistry Services
Eurofins Lancaster
Nicole Brown Laboratory PM Laboratories nicole.brown@et.eurofinsus.com
Environmental
Environmental
Evin McKinney Data Validator Synectics, Inc. evin.mckinney@synectics.net
(Synectics)
NOTES
CEG Certified Engineering Geologist CZTE Environmental Restoration Technical Support Branch
CHG Certified Hydrogeologist PE Professional Engineer
CHMM Certified Hazardous Materials Manager PMP Project Management Professional
CIHH Certified Industrial Hygienist PG Professional Geologist
CcsP Certified Safety Professional
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UFP-QAPP Worksheet #4, #7 & #8 — Personnel Qualifications and Sign-off Sheet
(UFP-QAPP Manual Sections 2.3.2 — 2.3.4) (EPA 2106-G-05 Section 2.2.1 and 2.2.7)

Organization: SRS

Name

Project Role/Title

Education/Experience

Specialized Training/Certifications

Signature/Date

Megan Duley, PE

PM

B.S. Chemical
Engineering / 23 years

Minnesota PE, Naval Facilities Engineering Systems
Command Geographical Information Systems (GIS)
Certification, 40-hour Occupational Safety and Health
Administration (OSHA) Hazardous Waste Operations and
Emergency Response training (HAZWOPER), Antiterrorism
Level | Training, Operations Security (OPSEC) training

Refer to signature
on Worksheet #18&2

Jacques Marcillac,
PG, CHG, CEG

PgM

B.S. Geological Sciences
/ 27 years

40-hour OSHA HAZWOPER, USACE Construction Quality
Management for Contractors, Antiterrorism Level |
Training, OPSEC training

Refer to signature
on Worksheet #1&2

Matthew Van Beek,

Corporate QC

M.S., Engineering

OSHA 10-Hour Construction Safety and Health, USACE

Refer to signature

PE Manager Management / 20 years Con'structlion Quiality I\/Ia.négement for Cc')n'tractors, on Worksheet #18.2
Antiterrorism Level | Training, OPSEC training
Kevin Engle, PG Deputy PM M.S. Geology/ 10 years Wyoming PG, 40-hour OSHA HAZWOPER, USACE
(AF)/Alternate Construction Quality Management for Contractors, 30-
SSHO/FTL hour OSHA Construction Supervisor, Antiterrorism Level |

Training, OPSEC training

Lauren Idleman, PG

Deputy PM (ANG)

M.S. Geology/ 10 years

Minnesota PG, 40-hour OSHA HAZWOPER, USACE
Construction Quality Management for Contractors,
Antiterrorism Level | Training, OPSEC training

Bob Mallisee, PG

Sr. Hydrogeologist

B.S. Geology / 32 years

40-hour OSHA HAZWOPER, OSHA 8-Hour HAZWOPER
Supervisor, Antiterrorism Level | Training, OPSEC training

Mark Wanek, PG

SSHO/ Project
Geologist/ FTL

B.S. Environmental
Geology/Geohydrology /
22 years

California PG No. 9271, 40-hour HAZWOPER, 8-hour
HAZWOPER Supervisor, 30-hour OSHA Construction
Supervisor, USACE Construction Quality Management for
Contractors, Excavation Competent Person Training,
Antiterrorism Level | Training, First Aid/ Cardiopulmonary
Resuscitation (CPR) training, OPSEC training

Kristen Carlyon
Peyton, CHMM

Senior Project
Chemist

B.S. Chemistry / 28
years

Certified Hazardous Materials Manager (CHMM) #18310,
40-hour HAZWOPER, Antiterrorism Level | Training, OPSEC
training

October 2024
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Organization: Battelle

Name Project Role/Title | Education/Experience Specialized Training/Certifications Signature/Date
. PMP, 40-hr HAZWOPER, 8-hr Annual HAZWOPER, 30-hr
B.S. Chemical . . . .
Pamela Chang, PMP PM Engineering / 25 years OSHA Construction, 8-hr OSHA Supervisor, First Aid/CPR,
& & y OPSEC training
Kavitha Dasu, PhD Senior Chemist PhD E.nV|ronmentaI OPSEC training
Chemistry/12 years
PG (Pennsylvania, Texas, Indiana, Delaware), 40-hours
. . . . OSHA HAZWOPER, OSHA 8- Hour Site Supervisor Training,
Rick Wice, PG Senior Geologist M.S. Geology / 37 years 30-Hour OSHA Construction Supervisor, OSHA 8-Hour
refresher, OPSEC training, First Aid/CPR
. PhD Environmental
Franco Pala, PhD Laboratory Director Chemistry/25 years -
Organization: Eurofins Lancaster
Name Project Role/Title | Education/Experience Specialized Training/Certifications Signature/Date

Laboratory

Nicole Brown PM/Senior PM

B.S. Biological Sciences
/ 16 years

Organization: Synectics

Name Project Role/Title

Education/Experience

Specialized Training/Certifications

Signature/Date

Data Validator /

Evin McKinney Senior Scientist

B.S. Chemistry / 15
years laboratory
experience/20 years
validation experience

NOTES
B.S. Bachelor of Science
M.S. Master of Science
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UFP-QAPP Worksheet #6 — Communication Pathways
(UFP-QAPP Manual Sections 2.4.2) (EPA 2106-G-05 Section 2.2.4)

In addition to the communications pathways found in Worksheet #6 in the Programmatic UFP-QAPP (Attachment A), the following

communication pathways are applicable to Stewart ANGB.

Oneida Team — PgM
Oneida Team- SHM
USACE - PM

USACE — COR

USACE Field Oversight
AFCEC-PM

ANG - PM

Installation POCs
NYSDEC

Jacques Marcillac
Bradley Kuntz
Jessica Faragalli
Daniel Czech
TBD

Cynthia Cash
Keith Freihofer
(see below)
Justin Starr

805-797-0021
704-907-5115
916-710-1889
916-557-7012
TBD
210-367-1511
240-612-8762

518 402-9543

jmarcillac@oescgroup.com
bkuntz@oescgroup.com
jessica.w.faragalli@usace.army.mil
daniel.e.czech@usace.army.mil
TBD

cynthia.cash.1@us.af.mil
keith.freihofer.1@us.af.mil

justin.starr@dec.ny.gov

Communication Phone
Drivers Organization Name Number Email Address Procedure
Stop work due | Oneida Team — FTL/ Mark Wanek 805-705-8017 | mwanek@oescgroup.com Oneida PM informs USACE/AFCEC
to safety issues | SSHO/Project Geologist PM via phone or e-mail
(dependent on cause of stop
Oneida Team — PM Megan Duley 651-775-7870 | mduley@oescgroup.com work) within 24 hours of stop

work event.

Installation Stewart ANGB RPM William Myer 240-612-8473 | william.myer.2@us.af.mil E-mail/phone communication
POCs Stewart ANGB Michael Oettinger | 845-563-2383 | michael.oettinger.2@us.af.mil with POC at Stewart ANGB (as
Environmental needed).
Manager
Daily Field Oneida — FTL Mark Wanek 805-705-8017 | mwanek@oescgroup.com Oneida FTL will receive e-mail field
Progress Oneida — Field Richard Klamm 210-394-0744 | rklamm@oescgroup.com progress from field staff (daily).
Reports Geologists John Kelley 925-239-0865 | jkelley@oescgroup.com
Kevin Engle 720-390-9747 | kengle@oescgroup.com
Brandon Womack | 801-200-4561 bwomack@oescgroup.com
NOTES

NYSDEC New York State Department of Environmental Conservation

POC point of contact
TBD to-be-determined
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UFP-QAPP Worksheet #9 — Project Planning Session Summary
(UFP-QAPP Manual Section 2.5.1 and Figures 9-12) (EPA 2106-G-05 Section 2.2.5)

A kickoff meeting teleconference was held on 11 November 2023 to introduce the project team, discuss
roles and responsibilities, establish project communication, discuss project objectives and schedule, and
identify next steps for successful project execution at Stewart ANGB. Following the kickoff meeting, an
in-person scoping session was held on 7 March 2024 to meet the project team, present and discuss the
preliminary sampling plan, tour Stewart ANGB, and identify next steps for successful project execution.

Meeting minutes and attendees for the kickoff and scoping meetings are included in Attachment B.
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UFP-QAPP Worksheet #10.1 — Conceptual Site Model
(UFP-QAPP Manual Sections 2.5.2) (EPA 2106-G-05 Section 2.2.5)

Facility Profile

Physical Profile

Release Profile

Fate and Transport

Installation Description:

Site Characteristics:

e Stewart Municipal Airport

was established in 1930,
transferred to the Air
Force in 1947, and
operated as Stewart AFB
until 1969.

e Stewart AFB was
deactivated in 1970 and
the aviation facilities
were transferred to the
State of New York.

e The Stewart ANG 105"
Air Support Group
relocated from
Westchester County
Airport to the current
267-acre facility at
Stewart International
Airport in 1983.

e The Stewart ANG 105"
Air Support Group was
renamed to the 105t

Airlift Wing (AW) in 1995.

The primary mission of
the 105th AW is to
provide peacetime and
wartime inter-theater
airlift operations.

e Stewart ANGB encompasses approximately 280 acres 2.5 miles
west of the city of Newburgh in Orange County, New York.

Topography:

e The topography of Stewart ANGB is relatively flat, with
significant slopes on the southern and eastern sides.
Throughout most of the installation, surface elevations range
from 440 to 450 feet (ft) above mean sea level (amsl), with lows
of 340 ft amsl on the eastern property line and 400 ft amsl on
the southern property line.

Surface Water:

e Recreation Pond

e Lake Washington

o Silver Stream

e Patton Brook

Soils:

e Unconsolidated deposits in the area are well-graded glacial tills
consisting of sand, silty sand, gravels, cobbles and boulders. The
soils are primarily gravelly, sandy loam.

Geology: See Worksheet #10.2 below.

Hydrogeology: See Worksheet #10.2 below.

Meteorology/Climate:

e Average annual precipitation is 44.6 inches, generally evenly
distributed throughout the year (Weatherbase, April 2024).

e Average temperature is 49.2 degrees Fahrenheit (°F). The
coldest month is January (average temperature of 25.3° F) and
the warmest month is July (average temperature of 71.8° F)
(Weatherbase, April 2024).

Sensitive cultural/ecological resources; other features of note

e Historic (Revolutionary War-era) homesteads

Media of Potential Concern:

Soil, groundwater, and surface water

Confirmed AFFF Releases: (Site

Inspection [SI] Report and Summary of
Findings):

PRL 1: Building 104, Current Fire
Station

PRL 2: Nozzle Testing Area

PRL 3: Building 105, Former Fire
Station

PRL 4: Hangar 100

PRL 5: Hangar 101

PRL 6: Hangar 102

PRL 7: Hangar 300

PRL 8: Hangar 301

PRL 9: Building 108, Pump House
PRL 10: Building 200

PRL 11: Apron

PRL 15: Retention Basin

PRL 16: Former Nozzle Testing Area

PRLs 12, 13, and 14 (Outfalls 002, 003
and 006, respectively) were included in
the Sl and SI Addendum. The outfall and
drainage ditch are not primary source
areas and are not investigated as
separate PRLs.

Other Potential PFAS Sources:

Landfills

Vehicle and equipment wash areas
Oil/water separators (OWS)

Former Demolition and Burn Facility

Migration Pathways:
e Infiltration into

groundwater
(unconsolidated material,
fracture flow, etc.)

Soil (surface and
subsurface) and sediment
Stormwater sewer
collection systems
Adsorption to soil matrix
near source

Surface water
Topographically controlled
migration

Primary Transport
Mechanisms:

e Groundwater and surface

water at the base
generally flow towards
Lake Washington via Silver
Stream and other
tributaries

The stormwater sewer
system generally directs
surface water to the south.
Cracks/leaks in piping may
allow groundwater
infiltration into sewer
and/or stormwater
infiltration out of sewer to
soil/groundwater

e Wetlands (DBF)
NOTE
PRL Potential Release Location
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UFP-QAPP Worksheet #10.2 — Expanded Conceptual Site Model and Site Profiles

10.1 BACKGROUND

Stewart ANGB (Figure 1) encompasses approximately 280 acres adjacent to Stewart International
Airport about 2.5 miles west of Newburgh in Orange County, New York (AECOM, 2022). Since 1983,
Stewart ANGB has been home to the 105™ Airlift Wing, whose primary mission is to provide peacetime
and wartime inter-theater airlift operations using the Boeing C-17 Globemaster Il (AECOM, July 2015).
The base is bound to the north, east and south by industrial and interchange business zones and to the
west by Stewart International Airport (AECOM, 2022).

10.2 GEOLOGY

The bedrock underlying Stewart ANGB is the Martinsburg Shale, which is a member of the Normanskill
Formation (Wood, 2020a). The shale is thinly bedded, highly fractured, and highly weathered in the
upper portions. Bedrock is generally found at depths of approximately 45 to 50 ft below ground surface
(bgs) at the base. The bedrock east of Stewart ANGB and underlying Lake Washington is the Wappinger
Group and is composed of carbonate rocks including limestone and/or dolostone. The deposits overlying
the weathered bedrock at the base are glacial till which is composed of sand, silty sand, pebble, gravel,
cobbles, and boulders (AECOM, 2022).

10.3 HYDROGEOLOGY

There are two primary water-bearing units in the Stewart ANGB area. The first is the coarse-grained
sediments within the unconsolidated glacial tills, through which groundwater can move both vertically
and horizontally at a rate of approximately 13 ft per year. The second is horizontal groundwater flow
along the top of consolidated bedrock, primarily through the weathered bedrock zone at a rate of
approximately 1.6 ft per year (Wood, 2020a).

10.4 HYDROLOGY

Groundwater in the Stewart ANGB area generally flows to the south-southeast and is generally
encountered at depths ranging between 15 to 40 ft bgs on average. However, groundwater was
encountered at 3.49 ft bgs in the northeastern section of the base during a synoptic water level event in
2019 (AECOM, 2022).

Surface water in the vicinity of Stewart ANGB generally flows in the direction of Lake Washington,
located 0.5 miles southeast of the base. Surface water at the base includes Recreation Pond, located just
south of the base’s southern border. Recreation Pond is the catchment for Stewart ANGB stormwater
outfall discharges; Recreation pond discharges to Silver Stream, which flows into Lake Washington.
Surface water along the eastern boundary of Stewart ANGB flows into a ditch known as Murphy’s Gulch,
which flows east under Interstate 87 to wetlands that discharge to Patton Brook and eventually into
Quassaick Creek.

10.5 EcoLoGgy
Stewart ANGB may host several threatened or endangered species:

e Indiana bat — Mammal, state, and federally endangered
e Northern long-eared bat — Mammal, federally threatened
e Bog turtle — Reptiles, state endangered and federally threatened

¢ Small whorled pogonia — Plant, state endangered and federally threatened
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These species may be present at Stewart ANGB. Rare animal habitats also occur in the areas around
Stewart ANGB, including the red-headed woodpecker, northern harrier, northern long-eared bat, little
brown bat, and the wood turtle. Wetlands were identified in the vicinity of Stewart ANGB, but not
within the base boundaries (AECOM, 2022).

10.6 POTENTIAL RELEASE LOCATIONS (PRLS) AND OTHER POTENTIAL PFAS SOURCES

There are a total of 16 AFFF Areas at Stewart ANGB, most of which are currently subject to further
investigation for PFAS. Descriptions for these areas are provided below. PRL Areas 12, 13, and 14, which
encompass Outfall 002, 003, and 006, respectively, were included in the Sl and SI Addendum. The outfall
and drainage ditch are not considered primary sources areas and are not investigated as separate PRLs.
Recent PFAS results for groundwater, surface water, and soil are shown on Figures 3a, 3b, and 3c
respectively.

PRL 1: Building 104- Current Fire Station

Building 104 was constructed in 2007. AFFF is stored on site in totes and drums, and is also present in
the fire department vehicles, including a foam trailer. Floor drains in the building are connected to an
OWS which discharges through Outfall 002 into Recreation Pond. There is no record of a release of AFFF
at Building 104. (BB&E, 2016; Wood, 2020a).

PRL 2: Nozzle Testing Area

The concrete pad to the west of Building 104 has been used annually for vehicle nozzle testing since
2007. This is the only known location of current nozzle testing and no records of the testing are
available. Cracks have been observed in the concrete at the site, indicating a potential for infiltration
into the soil below the pad (BB&E, 2016).

PRL 3: Building 105- Former Fire Station

Prior to 2007, Building 105 was the base fire department occupied Building 105, which was built in 1988.
There are no documented releases of AFFF. Historical practices are unknown but are assumed to be
similar to those conducted at the current fire station. It is also unknown whether nozzle testing was
conducted. Floor drains are located on both ends of the building and discharge into the industrial waste
line, which would capture accidental discharges or spills (BB&E, 2016).

PRL 4: Hangar 100

Hangar 100 contained an AFFF fire suppression system from 1987 to 2006, after which the system was
retrofitted for use of high expansion foam (HEF). Prior to retrofitting, three AFFF supply tanks of
unknown capacity were located in the boiler room of the building. There is no official record of an
accidental AFFF release at Hangar 100. A newspaper article reportedly described an AFFF spill from
Hangar 100 which discharged directly into New Windsor’s sanitary sewer system (BB&E, 2016).

PRL 5: Hangar 101

Hangar 101 contained an AFFF fire suppression system from 1987 to 2009, after which the system was
retrofitted for use of HEF. The AFFF storage tanks were kept on the floor of the main hangar when in
use. There is no record of accidental AFFF release, and it is not known whether the fire suppression
system was tested. Hangar 101 contains trench drains that discharge to an OWS through the industrial
waste system and into the Retention Basin. Base personnel indicated that several accidental AFFF fire
suppression system releases had occurred; however, no accidental full-system releases occurred (BB&E,
2016).
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PRL 6: Hangar 102

Hangar 102 contained an AFFF fire suppression system from 1988 to 2006, after which the system was
retrofitted for use of HEF. The two AFFF supply tanks were located in the Electrical and Fire Protection
Equipment Room, where staining was observed on the floor and wall. There are no floor drains in that
room, but trench drains in the hangar bay discharge to an OWS through the industrial waste system and
then to the Retention Basin (BB&E, 2016).

PRL 7: Hangar 300

Hangar 300 contained an AFFF fire suppression system from 1989/1990 to 2004, when the system was
retrofitted for use of HEF. An 1,800-gallon AFFF supply tank was located in the Sprinkler/Mechanical
Room in the hangar. The hangar has trench drains, which discharge through an OWS through the
industrial waste system and into the Retention Basin. It is unknown if the fire suppression systems were
tested. There is no record of accidental AFFF release (BB&E, 2016).

PRL 8: Hangar 301

Hangar 301 is a maintenance facility and is used for maintenance of aircraft fuel cells and washing and
corrosion control of aircraft. The hangar contained an AFFF fire suppression system from 1992 to 2004,
when the system was retrofitted for use of HEF. Two 1,300 gallon AFFF supply tanks were located in the
Mechanical Room of the hangar to supply the system. It is unknown whether the fire suppression
system at Hangar 301 was tested. There is no official record of accidental AFFF release; however, base
personnel identified at least one accidental release (BB&E, 2016). The hangar contains trench drains,
which discharge to an OWS through the industrial waste system and flow to the Retention Basin (BB&E,
2016).

PRL 9: Building 109- Pump House

Building 109 was built in 1988 and historically stored AFFF for the base. Dates and amounts of AFFF
stored at the building are unknown, and there is no record of accidental AFFF release. The building
contains floor drains that discharge to Outfall 006 via the storm sewer system (BB&E, 2016).

PRL 11: Apron

The Stewart ANGB apron is a paved area that covers approximately 75 acres on the west side of the
flight line. The apron is used for parking, fueling, de-icing, and minor aircraft maintenance. Drain inlets
installed on the apron discharge through the storm sewer system to Outfall 002. Drainage normally
flows through the Diversion Valve Chamber, which includes a large filtration system and control system.
However, if needed, the storm sewer system can be redirected at the Diversion Valve Chamber and
diverted to the Retention Basin (BB&E, 2016).

PRL 15: Retention Basin

The retention basin is composed of two lined lagoons, east and west, built in 1986 and 1992,
respectively. Both of the lagoons were relined in 2011. Releases from the base buildings ultimately
discharge into the lagoons via the industrial waste system. Similarly, discharge from the apron can be
rerouted to the Retention Basin if a spill occurs (BB&E, 2016).

PRL 16: Former Nozzle Testing Area

The former nozzle testing area was identified after the conclusion of the SI. The area is located to the
northeast of the apron, on the airport side of the northern base boundary. In the past, fire suppression
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equipment would park at the end of the taxiway and discharge into the grassy area. The dates of use
and amount of AFFF discharged in the area are unknown (Wood, 2019).

Former Demolition and Burn Facility

The former Demolition and Burn Facility (DBF) is a former fire training area/rifle range northwest of
Stewart ANGB. This area was used by Stewart ANGB and other entities until some time between 1978
and 1980, when its utilization reportedly ceased. PFAS have been detected in groundwater at the DBF
(HDR, 2016).
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UFP-QAPP Worksheet #11 — Project/Data Quality Objectives
(UFP-QAPP Manual Section 2.6.1) (EPA 2106-G-05 Section 2.2.6)

Refer to Worksheet #11 in the Programmatic UFP-QAPP (Attachment A).
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UFP-QAPP Worksheet #12 — Measurement Performance Criteria
(UFP-QAPP Manual Section 2.6.2) (EPA 2106-G-05 Section 2.2.6)

Refer to Worksheet #12 in the Programmatic UFP-QAPP (Attachment A)
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UFP-QAPP Worksheet #13 — Secondary Data Uses and Limitations
(UFP-QAPP Manual Section 2.7) (EPA 2106-G-05 Chapter 3: QAPP Elements for Evaluating Existing

Data)
The following worksheet identifies data used in the generation of this installation-specific UFP-QAPP
Addendum.
Data Source (Originating Data Uses . s e
Data Type Organization, Report Title, and Relative to Factors Affecting the Reliability of Data

Date)

Current Project

and Limitations on Data Use

Historical AFFF
release
locations

Final Perfluorinated Compounds
Preliminary Assessment Site Visit
Report, New York Air National
Guard, Stewart Air National Guard
Base, Newburgh, New York (BB&E,
2016)

Identification of
AFFF release
sites.

Some locations are based on
eyewitness accounts; written
documentation is not available to verify
information for all sites. No limitations
to final, validated data.

Historical AFFF
release
locations

Revised Final Report FY16 Phase |
Regional Site Inspections Per- and
Polyfluoroalkyl Substances, New
York Air National Guard — 105t
Airlift Wing, Stewart Air National
Guard Base, Newburgh, New York
(Wood, 2020a)

Identification of
AFFF release
sites.

Some locations are based on
eyewitness accounts; written
documentation is not available to verify
information for all sites. No limitations
to final, validated data.

Historical AFFF

Final Expanded Site Inspection

Identification of

Some locations are based on

release Report for Per- and Polyfluoroalkyl | AFFF release sites | eyewitness accounts; written
locations and | Substances, 105%™ Airlift Wing, and transport off- | documentation is not available to verify
sampling off New York Air National Guard, site information for all sites. No limitations
site Stewart Air National Guard Base, to final, validated data.
Newburgh, NY (Wood, 2020b)
Validated Environmental Resources Program | Updating the Some data have yet to undergo final
data, GIS files | Info Management System, CSM approval.
installation GIS and geodatabase
files
Preliminary Phase | Remedial Investigation Updating the Still in development.
Remedial Report, New York Air National CSM
Investigation | Guard, Stewart Air National Guard
(Rl) Data Base, Newburgh, New York
(AECOM, in progress)
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UFP-QAPP Worksheet #14 & #16 — Project Tasks & Schedule
UFP-QAPP Manual Section 2.8.2) (EPA 2106-G-05 Section 2.2.4)

A general schedule for the primary project tasks is included in the programmatic UFP-QAPP (Attachment
A). An installation-specific schedule for Stewart ANGB is presented below.

Task Start Finish
Project Planning and Scoping September 26, 2023 May 2024
Draft UFP-QAPP Addendum April 2024 May 2024
Draft Final UFP-QAPP Addendum June 2024 August 2024
Final UFP-QAPP Addendum August 2024 September 2024
Fieldwork October 2024 October 2024
Data Analysis and Reporting October 2024 May 2025
Draft Fingerprinting and Background Study Report May 2025 July 2025
Draft Final Fingerprinting and Background Study Report July 2025 October 2025
Final Fingerprinting and Background Study Report October 2025 February 2026
14.1 PROJECT PLANNING

Initial planning included preparation of project planning documents and a programmatic kickoff meeting
with the USACE and DAF project team members to discuss the overall project scope, schedule, and
planning required for the sites investigated as part of this Task Order. The notes from the kickoff
meeting are presented in Worksheet #9 of the Programmatic UFP-QAPP (Attachment A).

Installation-specific kickoff meetings were held for each installation under this contract. Participants and
notes from the Stewart ANGB kickoff and scoping meeting are provided in Attachment B.

14.1.1 Permits and Notifications

The necessary installation-specific permits and notifications will be obtained prior to initiating field
activities. For sites located within airfield areas, this will include coordination with Stewart ANGB
personnel prior to necessary field activities to facilitate required reviews, approvals, and escort.
Minimizing the effect on mission operations may require adjusting normal working hours to capitalize
on limited closure time frames. Oneida will coordinate with the Stewart AGB RPM to confirm all safety
requirements are complied with. Oneida will also work with the subcontracted drillers to coordinate the
necessary permitting required for drilling.

Utility Locating and Permitting

Prior to drilling or digging activities Oneida will mark boring locations in the field in accordance with
Standard Operating Procedure (SOP) OESCOO01A (refer to the Programmatic UFP-QAPP in Attachment A),
and notify Utility Notification Center, a communication center that provides notice to utility owners that
may potentially have underground utilities traversing the proposed drilling locations. Off-base utilities
will be located and USA Dig Safe practices will be completed. Oneida will submit appropriate dig
permitting forms and contact appropriate departments within Stewart ANGB for on-base utility location
and marking. Soil boring and temporary well locations will be cleared using a private utility line locator
before beginning drilling activities.
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14.1.2 Pre-Field Activities

Oneida will coordinate all on-site activities sufficiently in advance with the Stewart ANGB RPM to
determine that all installation and access requirements are identified and completed prior to
mobilization of personnel and equipment. All activities will be conducted in accordance with the
Programmatic Accident Prevention Plan and the Installation-Specific Site Safety and Health Plan
(Attachment C).

Oneida will coordinate with the USACE, Stewart ANGB POCs, and the Stewart ANGB security section in
order to obtain access to project work sites. The Oneida Team will work with installation personnel to
determine and comply with right of entry requirements for off-installation property access if necessary.

A pre-planning meeting will be held on-site at each installation with the SSHO, FTL, and installation RPM.
The on-site meeting will identify drilling locations for the utility location survey and coordinate
permitting /update installation planning as needed. The Oneida Team and drilling subcontractors will
also participate in an orientation for field activities prior to initiating work at Stewart ANGB, either in
person or via telephone.

A PFAS- free water source will be provided by the installation for use during drilling and initial
equipment decontamination. This type of water is typically obtained from a tap or spigot on the
installation, and the location will be selected in consultation with the RPM. If necessary, a sample from
the water source will be tested to document that it is not impacted with PFAS (PFAS-free is defined
below). Preference will be given to a source that has previously been tested for PFAS and/or utilized in
prior investigations at the installation. If this source is still available, analytical results will be obtained
and verified by the Oneida Team for acceptability. If water testing results are not available, a local water
sample will be collected prior to investigation activities for evaluation of suitability as a decontamination
water source. Laboratory certified PFAS-free water will be brought onsite to perform final rinse
decontamination procedures on sampling equipment.

For this project, PFAS-free is defined as follows:

e Water used for decontamination must be less than or equal to the project screening levels for all
PFAS chemicals (see Worksheet #15 of the Programmatic UFP-QAPP) and laboratory-verified
PFAS-free water must be used for the final rinse.

e Water introduced into a borehole during drilling must be less than or equal to one half the
project screening levels for all PFAS chemicals (see Worksheet #15).

If PFAS-free source water cannot be identified, the decision for how to meet the above PFAS-free
criteria will be made based on logistics and cost. The options for meeting the PFAS-free criteria will be
presented to the stakeholders prior to making a final decision.

14.2 FIELD ACTIVITIES

Soil, groundwater, and surface water samples will be collected at Stewart ANGB and submitted for the
analyses listed in Worksheet #15 of the Programmatic UFP-QAPP (Attachment A). Groundwater samples
will be collected from existing monitoring and vertical aquifer profiling (VAP) wells. Samples will be
collected at Stewart ANGB in accordance with the procedures and rationale described in Worksheet #17
and general types and quantities specified in Worksheet #18. Sample methodologies will follow the
Oneida field SOPs listed in Worksheet #21 of the Programmatic UFP-QAPP (provided in Attachment A)
which include methods that address the potential for false positive detections of PFAS.
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14.3 INVESTIGATION-DERIVED WASTE SAMPLING

Investigation-derived waste (IDW) sampling will be completed at the conclusion of sampling activities at
Stewart ANGB. All solid and liquid IDW will be containerized in Department of Transportation-approved
55-gallon steel drums and staged in an area designated by Stewart ANGB personnel. Following data and
waste profile evaluation, the IDW drums will be removed from the site and transported to an off-site
disposal facility. Alternate disposal methods may be considered if available at the time of sampling. All
IDW will be disposed of in compliance with Air Force and DoD guidance and policies, specifically DoD
Interim Guidance on Destruction or Disposal of Materials Containing Per- and Polyfluoroalkyl Substances
in the United States (OASD, 2023a). An IDW management plan is included with the Programmatic UFP-
QAPP (Attachment A).

14.4 LABORATORY ANALYSIS

All samples will be submitted for laboratory analysis of the constituents and following the methods
listed in Worksheet #15 of the programmatic UFP-QAPP (Attachment A).

14.5 DATA MANAGEMENT AND DATA VALIDATION

Data management and data validation will be conducted in accordance with procedures outlined in
Worksheets #14 & #16 of the programmatic UFP-QAPP (Attachment A).

14.6 DATA ANALYSIS AND EVALUATION

Data analysis and evaluation will be conducted in accordance with procedures outlined in Worksheets
#14 & #16 and Worksheet #36 of the programmatic UFP-QAPP (Attachment A).

14.7 REPORTING

Reporting will be conducted in accordance with procedures outlined in Worksheets #14 & #16 of the
programmatic UFP-QAPP (Attachment A).
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UFP-QAPP Worksheet #15 — Project Screening Limits and Laboratory-Specific
Detection/Quantitation Limits

(UFP-QAPP Manual Section 2.6.2.3 and Figure 15) (EPA 2106-G-05 Section 2.2.6)

Refer to Worksheet #15 in the Programmatic UFP-QAPP (Attachment A).
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UFP-QAPP Worksheet #17 — Sampling Design and Rationale
(UFP-QAPP Manual Section 3.1.1) (EPA 2106-G-05 Section 2.3.1)

A summary of the general sampling design and rationale for the collection of environmental samples to
support the PFAS fingerprinting and background study investigations is presented in the Programmatic
UFP-QAPP (Attachment A). The specific sampling design and rationale for Stewart ANGB is presented
below and in Worksheet #18. Field methodologies will follow the Oneida field SOPs referenced herein
and provided as Attachment A of the Programmatic UFP-QAPP (provided in Attachment A of this UFP-
QAPP Addendum).

To satisfy the overall project objectives (Step 2, Worksheet #11 of the Programmatic UFP-QAPP in
Attachment A), field activities will be conducted in accordance with Step 4 of the Project Quality
Objectives established in Worksheet #11 of the Programmatic UFP-QAPP and project tasks outlined in
Worksheet #14 of both this and the Programmatic UFP-QAPP. Field activities include collection of
groundwater, soil, and surface water samples at Stewart ANGB. If feasible, an AFFF sample
(approximately 5 milliliters) will also be collected from the AFFF currently stored at Stewart ANGB to
support the machine learning analysis involved in the PFAS fingerprinting method. The collection of this
sample will be coordinated with Stewart ANGB personnel.

Data generated from the PFAS background and fingerprinting studies will be used to clarify
understanding of existing site CSMs and will be evaluated to determine if it provides clarification on
types, strengths, and potential co-mingling of various PFAS sources at Stewart ANGB. Results from the
PFAS background study will provide preliminary information to assess background (anthropogenic) PFAS
soil concentrations at and surrounding the installation. The data generated during these studies may be
used to support remedial investigations efforts that are underway at Stewart ANGB.

A list of sampling locations and detailed rationale is provided in Worksheet #18. The design and
rationale for groundwater, surface water, and soil sample collection is described in the following
sections.

17.1 GROUNDWATER

Forty-four groundwater samples will be collected to support the PFAS fingerprinting study at Stewart
ANGB. Proposed groundwater sampling locations include existing monitoring wells as well as monitoring
wells and VAP wells that will be installed to support the PFAS RI currently underway at Stewart ANGB. In
the event that Rl wells are not available, alternate sampling locations have been identified. Alternate
locations that satisfy project technical objectives were identified for eight of the eleven PFAS RI wells
(refer to Table 18.2a). One groundwater sample may be collected from a former DBF located to the
northwest of Stewart ANGB and historically used by Stewart ANGB as well as other entities. This sample
will be collected from an existing permanent monitoring well, dependent on well condition and
accessibility as noted on Table 18.2a. Groundwater sampling will be performed using low-flow purging
techniques in accordance with SOP OESCOOS8F.

Sampling sites were selected within each PRL to determine concentrations/PFAS fingerprints specific to
each area, and to conduct groundwater monitoring at base perimeters and at off-base sites in close
proximity to the base, particularly those identified in earlier studies with elevated PFAS concentrations
(Figure 3a). Total organic carbon (TOC) and total metals data will be collected at half of the groundwater
sampling locations (Worksheet #18); these locations were selected to provide good spatial coverage
with preference given to areas where these data would be particularly useful (i.e., suspected non-AFFF
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PFAS source areas, locations with loamy or high organic soils, and locations suspected to have multiple
PFAS sources). Rationales for each sampling location are provided in Worksheet #18.

17.2 SURFACE WATER

Forty-seven surface water samples are proposed to be collected to support the PFAS fingerprinting
study at Stewart ANGB (Figure 5). Sampling locations were chosen at on- and off-base locations
upgradient, cross gradient, and/or downgradient of AFFF areas, as well as at locations with known PFAS
impacts (Figure 3b). Sample locations were also selected along base boundaries. TOC and total metals
data will be collected at half of the surface water sampling locations (Worksheet #18); these locations
were selected to achieve good spatial coverage with preference given to areas where these data would
be particularly useful (i.e., suspected non-AFFF PFAS source areas, locations with loamy or high organic
soils, and locations suspected to have multiple PFAS sources). Rationales for each sampling location are
provided in Worksheet #18. Surface water samples will be collected following guidance in SOP
OESC006D.

17.3 SoiL

A total of 54 soil samples are proposed to be collected at Stewart ANGB (Figure 6). Of these, 18 will be
used to support the PFAS background study, and the remaining 36 will be used to support the PFAS
fingerprinting study (refer to Worksheet #18). Background study soil samples will be collected from the
0.0-0.5 ft bgs interval to evaluate background anthropogenic PFAS concentrations (deposited via
precipitation, aeolian transport, etc.). The 36 samples allocated for the fingerprinting study are
distributed between multiple PRLs, with an intent to collect fingerprinting data from multiple potential
PFAS source types (Figure 3c). In general, a surface soil sample collected from the 0-0.5 ft bgs interval
was chosen for the PFAS fingerprinting study. However, in some cases (e.g. areas with higher PFAS
concentrations observed at depth) a deeper sample is also proposed to determine if relative strength of
different PFAS sources changes with depth. These subsurface samples are limited to the 4-6 ft bgs
interval. All soil samples will be collected from the unsaturated zone. TOC and total metals data will be
collected at half of the soil sampling locations included in the fingerprinting study (Worksheet #18);
these locations were selected to achieve good spatial coverage with preference given to areas where
these data would be particularly useful (i.e., suspected non-AFFF PFAS source areas, locations with
loamy or high organic soils, and locations suspected to have multiple PFAS sources). All soil samples will
be collected via hand auger following guidance in SOP OESC007C.
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Multiple Air Force Bases

UFP-QAPP Worksheet #18 — Sampling Locations and Methods
(UFP-QAPP Manual Sections 3.1.1 and 3.1.2) (EPA 2106-G-05 Sections 2.3.1 and 2.3.2)

Table 18.1: Sampling Methods

Analytical Tool

Analytical Methods Included

PFAS Analytes

PFAS Fingerprinting
Study/PFAS Signature®

EPA 1633 Targeted analysis — Quantitative Analysis

40 target analytes

High Resolution Mass Spectral Method — Suspect Screening Analysis -
Qualitative

520 Suspect screening analytes

Machine Learning Analysis using Suspect screening data

520 Suspect screening analytes

TOC and Total Metals*

N/A

PFAS Background Study

EPA 1633 Targeted analysis — Quantitative Analysis

40 target analytes

High Resolution Mass Spectral Method — Suspect Screening Analysis —
Semi-quantitative

520 Suspect screening analytes

NOTES:

* Samples will be analyzed for geochemical parameters (TOC and Total Metals) at a rate of 50 percent (%).

N/A not applicable
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Table 18.2a: Groundwater Sample Rationale (Page 1 of 4)

Sample Sample
Study Area p Sample ID Depth/Screen| Analytical Tool Rationale
Location
Interval
ST-SFHGWO02- PFAS Signature/ | Evaluate PFAS signature in groundwater adjacent to former
Off-Base SFHGW02 MMYY TBD TOC/ Total Metals | Building 142, a satellite fire house and nozzle training area.
PRLs 1, 2, and 11 MW- ST-MW-101BR- 18D PFAS Signature/ | Evaluate PFAS signature in groundwater in bedrock between PRLs
101BR* MMYY TOC/ Total Metals | 1, 2, and 11.
Off-Base OBGWOS ST-OBGWO08- 18D PFAS Signature Evaluate PFAS signature in groundwater upgradient from northern
MMYY base boundary.
ST-OBGWO06- . Evaluate PFAS signature in groundwater adjacent to PRL 16 and
*
PRL 16 OBGWO6 MMYY TBD PFAS Signature upgradient from northern base boundary.
ST-OBGW11- PFAS Signature/ | Evaluate PFAS signature in off-base groundwater side gradient from
_ *
Off-Base OBGWI1 MMYY TBD TOC/ Total Metals | western base boundary.
N/A MW- ST-MW-116BR- 8D PFAS Signature/ | Evaluate PFAS signature in groundwater along western base
116BR* MMYY TOC/ Total Metals | boundary.
N/A MW-21BR ST-MW-21BR- 14-24 PFAS Signature Evaluate PFAS signature in groundwater in bedrock along eastern
MMYY base boundary.
ST-MW-20BR- . Evaluate PFAS Signature in the groundwater in bedrock upgradient
N/A MW-20BR MMYY 30-40 PFAS Signature from IRP Site 3.
. PFAS Signature/ | Evaluate PFAS Signature in the groundwater downgradient of IRP
IRP Site 3 MW-18 ST-MW-18-MMYY | 17.1-22.1 TOC/ Total Metals | Site 3.
ST-MW-22BR- . Evaluate PFAS Signature in groundwater along eastern base
N/A MW-228R MMYY 1727 PFAS Signature boundary, downgradient of IRP Site 3.
Off-Base MW- ST-MW-115BR- N/A PFAS Signature/ | Evaluate PFAS Signature in groundwater in bedrock upgradient of
115BR* MMYY TOC/ Total Metals | Recreation Pond.
Recreation Pond RPMW- ST-RPMW-01BR- 40-50 PFAS Signature/ | Evaluate PFAS Signature in groundwater in bedrock adjacent to
01BR MMYY TOC/ Total Metals | Recreation Pond.
ST-LF20CGW- . Evaluate PFAS Signature in groundwater on eastern side of base,
N/A LF20c6W MMYY TBD PFAS Signature downgradient from PRLs 7 and 10.
ST-15GW13- PFAS Signature/ | Evaluate PFAS Signature in groundwater downgradient from
-B 1 13* BD
Off-Base SGW13 MMYY T TOC/ Total Metals | Retention Basins and upgradient from Recreation Pond.
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Table 18.2a: Groundwater Sample Rationale (Page 2 of 4)

Sample Sample
Study Area p Sample ID Depth/Screen| Analytical Tool Rationale
Location
Interval
. PFAS Signature/ . . .
IRP Site 3 MW-10 ST-MW-10-MMYY 4-9 TOC/ Total Metals Evaluate PFAS Signature in groundwater at IRP Site 3.
ST-MW-113- PFAS Signature/ . .
PRL 15 MW-113 MMYY 4-14 TOC/ Total Metals Evaluate PFAS Signature in groundwater at PRL 15.
. ST-RPMW-01- PFAS Signature/ Evaluate PFAS Signature in groundwater adjacent to Recreation
Recreation Pond | RPMW-01 MMYY 5-10, 14-19 TOC/ Total Metals | Pond.
Off-Base SLMW- ST-SLMW- 515 PFAS Signature/ | Evaluate PFAS Signature in groundwater along Silver Stream,
21S(wt) 21S(wt)-MMYY TOC/ Total Metals | downstream from Recreation Pond.
N/A MW-107 ST-MW-107- 53153 PFAS Signature Evaluate PFAS Signature in groundwater along eastern base
MMYY boundary.
Off-Base SSMW-01 ;F;\S{:\(/IW-OL 6-16 PFAS Signature Evaluate PFAS Signature in groundwater side-gradient from base.
ST-LWMW-03- . . : i
Off-base LWMW-03 MMYY 6-16 PFAS Signature Evaluate PFAS Signature in groundwater south of Lake Washington.
. PFAS Signature/ | Evaluate PFAS Signature in groundwater east of IRP Site 3 and along
IRP Site 3 MW-08 ST-MW-08-MMYY | 17.89-17.9 TOC/ Total Metals | southern base boundary.
ST-MW-101- PFAS Signature/ . .
PRLs 1, 2, and 11 | MW-101 MMYY 7-17 TOC/ Total Metals Evaluate PFAS Signature in groundwater between PRLs 1, 2, and 11.
N/A MW-106 ST-MW-106- 8.35-18.35 | PFAS Signature Evaluate PFAS Signature in groundwater along eastern boundary of
MMYY base.
. ST-MW-112- PFAS Signature/ | Evaluate PFAS Signature in groundwater on northern side of
Recreation Pond | MW-112 MMYY 4-19 TOC/ Total Metals | Recreation Pond.
ST-MW-102- . . :
PRL 2 MW-102 MMYY 10-20 PFAS Signature Evaluate PFAS Signature in groundwater at PRL 2.
ST-LWMW-02- PFAS Signature/ | Evaluate PFAS Signature in groundwater on western side of Lake
N/A LWMW-02 MMYY 10-20 TOC/ Total Metals | Washington.
. PFAS Signature/ . . .
IRP Site 3 MW-09 ST-MW-09-MMYY 17.5-22.5 TOC/ Total Metals Evaluate PFAS Signature in groundwater at IRP Site 3.
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Table 18.2a: Groundwater Sample Rationale (Page 3 of 4)

Sample Sample
Study Area p Sample ID Depth/Screen| Analytical Tool Rationale
Location
Interval
Lake ST-LWMW-01- . Evaluate PFAS Signature in groundwater on northwestern side of
Washington LWMW-01 MMYY 14-24 PFAS Signature Lake Washington.
PRL 8 MW-103 i;ll";/ll\/\l(\\l(v-lo& 14-24 PFAS Signature Evaluate PFAS Signature in groundwater adjacent to PRL 8.
ST-MW-104- . . . .
PRL 7 MW-104 MMYY 16-26 PFAS Signature Evaluate PFAS Signature in groundwater downgradient of PRL 7.
. PFAS Signature/ | Evaluate PFAS Signature in groundwater east of IRP Site 3 and along
IRP Site 3 MW-07 ST-MW-07-MMYY | 24.62-24.63 TOC/ Total Metals | southern base boundary.
ST-04GWO01- . Evaluate PFAS Signature in groundwater downgradient of PRL 11
PRL11 04GWO01 MMYY 19-24, 30-35 | PFAS Signature and side-gradient of PRL 4.
PFAS Signature/ | Evaluate PFAS Signature in groundwater downgradient of PRLs 3, 4,
PRL3 MW-111 ST-MW-11-MMYY 30-40 TOC/ Total Metals | 5, and 6.
ST-MW-111BR- PFAS Signature/ | Evaluate PFAS Signature in groundwater in bedrock downgradient
PRL 3 MW-LL1BR | Vimvy 5363 TOC/ Total Metals | of PRLs 3, 4, 5, and 6.
Off-Base SLMW-20D ST-SLMW-20D- 18.54-18.55 | PFAS Signature Evaluate PFAS Signature |n.groundwater along Silver Stream,
MMYY downstream from Recreation Pond.
PRL 11 SDPGWO03 ST-SDPGWO3- 8-13, 2328, PFAS Signature Evaluate PFAS Signature in groundwater downgradient of PRL 11.
MMYY 38-43
ST-11GWO04- . Evaluate PFAS Signature in groundwater downgradient and side-
Ls 2 11 11 25- 2-
PRLs 2 and GWO04 MMYY 5-30, 42-47 | PFAS Signature gradient from PRLs 2 and 11.
ST-10GWO01- 13-18, 33-38, . Evaluate PFAS Signature in groundwater downgradient from PRL
PRL 10 10GW01 MMYY 47-52 PFAS Signature 10,
ST-PFC-MWO03- . . . .
PRL 4 PFC-MWO03 MMYY 46.29-46.3 | PFAS Signature Evaluate PFAS Signature in groundwater downgradient from PRL 4.
PFAS Signature/ . . . .
N/A MW-04 ST-MW-04-MMYY 51-56 TOC/ Total Metals Evaluate PFAS Signature in groundwater upgradient from IRP Site 3.
DBF-MW- | ST-DBF-MW-03- PFAS Signature/ . .
* 3k
DBF 03 MMYY Unknown TOC/ Total Metals Evaluate PFAS Signature in groundwater at the former DBF.
October 2024 29 W91238-23-D-0023 / W91238-23-F-0086



Stewart ANGB UFP-QAPP Addendum
PFAS Fingerprinting and Background Study
Multiple Air Force Bases

Table 18.2a: Groundwater Sample Rationale (Page 4 of 4)

Sample Sample
Study Area p Sample ID Depth/Screen| Analytical Tool Rationale
Location
Interval

Alternate Groundwater Sample Locations*
ST- SDPGWO01- PFAS Signature/ .

PRLs 1, 2, and 11 | SDPGWO01 MMYY 57-62 TOC/ Total Metals Alternate sample location for well MW-101BR.

PRL 16 11Gwo01 S|\/1|-|-\:$$W01- 42-47 PFAS Signature Alternate sample location for well OBGWO06.
ST-WBBGWO01- PFAS Signature/ .

Off-Base WBBGWO01 MMYY 25-30 TOC/ Total Metals Alternate sample location for well OBGW11.
ST-WBBGWO02- PFAS Signature/ .

N/A WBBGWO02 MMYY 32-37 TOC/ Total Metals Alternate sample location for well MW-116BR.
ST-SDPGWO5- PFAS Signature/ .

Off-Base SDPGWO05 MMYY 48-53 TOC/ Total Metals Alternate sample location for well MW-115BR.

- -10D-
Off-Base MW-10D SI\;II—MN\L\\,(V 0 51-60 PFAS Signature Alternate sample location for well MW-23BR.
- -6D-

Off-Base MW-6D SI\;II—MN\L\\/(V 6 83-93 PFAS Signature Alternate sample location for well MW-117BR.
ST-15GWO06- PFAS Signature/ .

Off-Base 15GW06 MMYY 15-20 TOC/ Total Metals Alternate sample location for well 15GW13.

NOTES:

1Sampling IDs have been assighed only to the primary samples. Field QC samples (field duplicate [FD], matrix spike/matrix spike duplicate [MS/MSD], and equipment blank)
will be taken at random at the frequency specified on Worksheet #20 and identified using the nomenclature provided on Worksheet #27 of the Programmatic UFP-QAPP.

IRP
MMYY
N/A

* Sample locations have an alternate location assigned (as noted in “Alternate Groundwater Sample Locations” section of table) in the event that these monitoring wells have
not yet been installed at the time of sampling.

Installation Restoration Program
Month and year of sample collection

not applicable

** Sample will be collected dependent on monitoring well condition and accessibility.
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Table 18.2b: Surface Water Sample Rationales (page 1 of 3)

S |
Study Area Sample ID am? € Analytical Tool Rationale
Location

PFAS Signature/ : .
N/A ST-SW01-MMYY ST-SWO01 TOC/ Total Metals Evaluate PFAS Signature in OWS.
Outfalls 003 PFAS Signature/ Evaluate PFAS Signature in northern area of Recreation Pond, where Outfalls
and 17K ST-SW02-MMYY ST-SW02 TOC/ Total Metals | 003 and 17K enter the pond.
Outfalls 002 PFAS Signature/ | Evaluate PFAS Signature in northern area of Recreation Pond, where Outfalls
and A ST-SW03-MMYY ST-5W03 TOC/ Total Metals | 002 and A enter the pond.
PRL 15 ST-SW04-MMYY sTswoq | PFASSiBnature/ . te PFAS Signature in eastern Retention Basin.

TOC/ Total Metals

PFAS Signature/ . . . .
PRL 15 ST-SWO05-MMYY ST-SWO05 TOC/ Total Metals Evaluate PFAS Signature in western Retention Basin.

PFAS Signature/ | Evaluate PFAS Signature in water flowing out of Recreation Pond in Silver
N/A ST-SW06-MMYY ST-SW06 TOC/ Total Metals | Stream.
Recreation PFAS Signature/ . . . . .
Pond ST-SWO07-MMYY ST-SWQ7 TOC/ Total Metals Evaluate PFAS Signature in water of main portion of Recreation Pond.

PFAS Signature/ | Evaluate PFAS Signature in surface water flowing off northwest corner of
N/A ST-SW08-MMYY STSWO8 | 10¢/ Total Metals | Stewart ANGB.
N/A ST-SW09-MMYY ST-SW09 PFAS Signature Evaluate PFAS Signature in surface water to the north of base.
N/A ST-SW10-MMYY ST-SW10 PFAS Signature Evaluate PFAS Signature in storm water outfall at base entrance.
N/A ST-SW11-MMYY ST-SW11 PFAS Signature Evaluate PFAS Signature in storm water outfall along entrance road.
PRL 11 ST-SW12-MMYY ST-SW12 PFAS Signature Evaluate PFAS Signature in storm water culvert northeast of PRL 11.
PRL7 and 8 ST-SW13-MMYY ST-SW13 . Evaluate PFAS Signature in culvert northeast of parking lot adjacent to PRLs 7

PFAS Signature and 8.
PRL7 ST-SW14-MMYY ST-SW14 PFAS Signature Evaluate PFAS Signature in culvert southeast of PRL 7.
PRL4 and 11 ST-SW15-MMYY ST-SW15 PFAS Signature Evaluate PFAS Signature in swale between PRLs 4 and 11.

Evaluate PFAS Signature in culvert southeast of parking lot southeast of PRL 6
PRL3and 6 ST-SW1e-MMYY ST-SW16 PFAS Signature and northeast of PRL 3.
PRL3 and 6 ST-SW17-MMYY ST-SW17 PFAS Signature Evaluate PFAS Signature in culvert south of PRL 3.
N/A ST-SW18-MMYY ST-SW18 PFAS Signature Evaluate PFAS Signature in culvert to the west of the western base boundary.
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Table 18.2b: Surface Water Sample Rationales (page 2 of 3)

S |
Study Area Sample ID am? € Analytical Tool Rationale
Location
N/A ST-SW19-MMYY ST-SW19 . Evaluate PFAS Signature in culvert to the wes.t of old Southeastern Landfill Area
PFAS Signature 7, located on current Stewart International Airport property.
Evaluate PFAS Signature in Silver Stream, downstream from Stewart ANGB and
N/A ST-SW20-MMYY ST-SW20 Recreation Pond, just upstream from convergence with second Silver Stream
PFAS Signature branch.
Evaluate PFAS Signature in Silver Stream branch coming from Silver Stream
N/A ST-SW21-MMYY ST-SW21 reservoir. Just upstream from where it converges with Silver Stream branch
PFAS Signature flowing from the base.
Evaluate PFAS Signature in Silver Stream, downstream from Stewart ANGB and
N/A ST-SW22-MMYY ST-SW22 PFAS Signature Recreation Pond and where the branches converge.
Evaluate PFAS Signature in Silver Stream, just upstream from convergence with
N/A ST-SW23-MMYY ST-SWa3 PFAS Signature Lake Washington.
N/A ST-SW24-MMYY ST-SW24 PFAS Signature Evaluate PFAS Signature in Lake Washington at Silver Stream outlet.
N/A ST-SW25-MMYY ST-SW25 PFAS Signature Evaluate PFAS Signature in marsh southeast of base across Interstate 87.
N/A ST-SW26-MMYY ST-SW26 PFAS Signature Evaluate PFAS Signature in marsh east of the base, across interstate 87.
N/A ST-SW27-MMYY ST-SW27 PFAS Signature/ | Evaluate PFAS Signature in stream running along eastern edge of base, at base
TOC/ Total Metals | of slope.
Evaluate PFAS Signature in stream flowing off base and downstream from
N/A ST-5W28-MMYY ST-5W28 PFAS Signature marsh off east side of base.
N/A ST-SW29-MMYY ST-SW29 PFAS Signature Evaluate PFAS Signature downstream from Browns Pond.
PFAS Signature/ .
N/A ST-SW30-MMYY ST-SW30 TOC/ Total Metals Evaluate PFAS Signature upstream, to the north of the base.
N/A ST-SW31-MMYY ST-SW31 . Evaluat§ PFAS Signature in stream downstream from discharge area from
PFAS Signature under airport.
PFAS Signature/ . . .
N/A ST-SW32-MMYY ST-SW32 TOC/ Total Metals Evaluate PFAS Signature in stream northwest of the airport.
PFAS Signat
N/A ST-SW33-MMYY ST-SW33 TOC/ Tlogtr: I\L;Ireet/als Evaluate PFAS Signature in discharge pipe south of the retention pond.
N/A ST-SW34-MMYY ST-SW34 PFAS Signature Evaluate PFAS Signature along southeast edge of the base.
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Table 18.2b: Surface Water Sample Rationales (page 3 of 3)

S |
Study Area Sample ID am? € Analytical Tool Rationale
Location
PFAS Signature/ , .
N/A ST-SW35-MMYY ST-SW35 TOC/ Total Metals Evaluate PFAS Signature on northern end of Lake Washington.
Outfall 002 ST-SW36-MMYY sTsw3g | PFASSiBnature/ . . -te PFAS Signature in Outfall 002,
TOC/ Total Metals
Outfall 003 ST-SW37-MMYY sT.sw3y | PFASSignature/ . . te PFAS Signature in Outfall 003,
TOC/ Total Metals
Outfall 17K ST-SW38-MMYY sT.sw3g | PFASSignature/ . o te PFAS Signature in Outfall 17K,
TOC/ Total Metals
PFAS Signature/ . .
Outfall A ST-SW39-MMYY ST-SW39 TOC/ Total Metals Evaluate PFAS Signature in Outfall A.
N/A ST-SW40-MMYY ST-SW40 PFAS Signature Evaluate PFAS Signature on eastern end of Lake Washington.
N/A ST-SW41-MMYY ST-SW41 PFAS Signature Evaluate PFAS Signature in river prior to flowing onto base.
PFAS Si t
Site 3 Landfill |  ST-SW42-MMYY ST-SW42 SSignature/ . ate PFAS Signature in leachate sample for Site 3 Landfill.
TOC/ Total Metals
N/A ST-SWA3-MMYY ST-SW43 PFAS Signature/ Evaluate PFAS Signature in marsh south of the base, east of the retention
TOC/ Total Metals | pond.
N/A ST-SW44-MMYY sT.swaq | PFASSignature/ . o te PFAS in stream adjacent to Vails Gate Firehouse.
TOC/ Total Metals
PFAS Signature/ . . . .
N/A ST-SW45-MMYY ST-SW45 TOC/ Total Metals Evaluate PFAS Signature in stream flowing south onto airport.
PFAS Signature/ . . . . .
N/A ST-SW46-MMYY ST-SW46 TOC/ Total Metals Evaluate PFAS Signature in stream discharging from under airport.
N/A ST-SWA7-MMYY ST-SWa7 PFAS Signature/ Evaluat_e PFAS Signature in stream just prior to flowing under the airport on the
TOC/ Total Metals | north side.
NOTES:

MMYY  Month and year of sample collection
N/A not applicable
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Table 18.2c: Soil Sample Rationales (page 1 of 3)

Sample Sample
Study Area Sample ID p Depth/Screen Analytical Tool Rationale
Location
Interval
PRL 2, Nozzle PFAS Signature/ . .
Testing Area ST-SBO1-FP-MMYY ST-SBO1-FP 0-0.5 TOC/ Total Metals Evaluate PFAS signature at Nozzle Testing Area.
PRL 16, Former
Nozzle Testing ST-SB02-FP-MMYY ST-SBO2-FP 0-0.5 PFAS Signature Evaluate PFAS signature at Former Nozzle Testing Area.
Area
PRL 11, Apron ST-SB03-FP-MMYY ST-SB03-FP 0-0.5 PFAS Signature Evaluate PFAS Signature on north side of the Apron.
PRL 4, Hangar 100 | ST-SB04-FP(0-.5)-MMYY ST.SBOA.FP 0-0.5 PFAS Signature Evaluate PFAS signature in soil southwest of Hangar 100 and
PRL 4, Hangar 100 | ST-SBO4-FP(4-6)-MMYY 4-6 PFAS Signature southeast of the Apron.
PRL.15, Retention ST-SBOS-FP(0-.5)-MMYY 0-0.5 PFAS Signature/
Basin ST_SBOS.FP TOC/ Total Metals Evaluate PFAS Signature in soil on the south side of the
PRL 15, Retention PFAS Signature/ Retention Basins.
Basin ST-SBO5-FP(4-6)-MMYY 4-6 TOC/ Total Metals
PRL 7, Hangar 300 . Evaluate PFAS signature in soil northwest of Hangar 300 and
and PRL 11, Apron ST-SBO6-FP-MMYY ST-SBO6-FP 0-0.5 PFAS Signature southeast of the Apron.
PFAS Signature/ . L
L -SBO7-FP- -SBO7- -0. E )
PRL 7, Hangar 300 | ST-SBO7-FP-MMYY ST-SBO7-FP 0-0.5 TOC/ Total Metals valuate PFAS Signature in soil northeast of Hangar 300
Oil/ Water ST-SBOS-FP(0-.5)-MMYY 0-0.5 PFAS Signature/
Separator ST-SBOS.FP TOC/ Total Metals Evaluate PFAS signature in soil at oil/water separator on west
0il/ Water PFAS Signature/ side of base.
Separator ST-SBO8-FP(4-6)-MMYY 4-6 TOC/ Total Metals
PRL 11, Apron ST-SB09-FP-MMYY ST-SB09-FP 0-0.5 PFAS Signature Evaluate PFAS signature in soil southwest of the Apron.
PRL 5, Hangar 101 | ST-SB10-FP-MMYY ST-SB10-FP 0-0.5 PFAS Signature Evaluate PFAS signature in soil northeast of Hangar 5.
PRL 6, Hangar 102 | ST-SB11-FP-MMYY ST-SB11-FP 0-0.5 PFAS Signature Evaluate PFAS Signature in soil on the westside of Hangar 102.
Outfall 17K ST-SB12-FP-MMYY ST-SB12-FP 0-0.5 PFAS Signature/ Evaluate PFAS signature in soil adjacent to Outfall 17K.
TOC/ Total Metals
PRL 3, Building .
105, Former Fire | ST-SB13-FP(0-.5)-MMYY 0-0.5 PFAS Signature/
Station TOC/ Total Metals
ST-SB13-FP Evaluate PFAS signature in soil at the former fire station.
PRL 3, Building PFAS Signature/
105,. Former Fire ST-SB13-FP(4-6)-MMYY 4-6 TOC/ Total Metals
Station
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Table 18.2c: Soil Sample Rationales (page 2 of 3)

Sample Sample
Study Area Sample ID p Depth/Screen Analytical Tool Rationale
Location
Interval
PFAS Signature/
PRL5, H 101 T-SB14-FP(0-.5)-MMYY -0.
> Hangar 101 | ST-S (0-5) 0-0.5 TOC/ Total Metals
ST-SB14-FP ASS y Evaluate PFAS signature in soil at Hangar 101.
PF ignature
PRL 5, Hangar 101 | ST-SB14-FP(4-6)-MMYY 46 TOC/ Total Metals
PRL 4, Hangar 100, PFAS Signature/ Evaluate PFAS Signature in soil between the Apron and Hangar
and PRL 11, Apron ST-SB15-FP-MMYY ST-SB1>-FP 0-0.5 TOC/ Total Metals 100.
Old Pesticide PFAS Signature/
Burial Pit ST-SB16-FP(0-.5)-MMYY 0-0.5 TOC/ Total Metals
o1d Pesticid ST-SB16-FP bFAS S ; Evaluate PFAS signature in soil at Old Pesticide Burial Pit.
esticide ignature
Burial Pit ST-5B16(4-6)-FP-MMYY 4-6 TOC/ Total Metals
PRL 1, Current Fire
station, and PRL2, | 1 <517 £p(0- 5)-MMYY 0-0.5 PFAS Signature
Nozzle Testing
Area . . . . .
ST-SB17-EP Evaluate PFAS §|gnature in soil At the current fire station and
PRL 1, Current Fire the nozzle testing area.
station, and PRL 2, | o1 <517 £p(4.6)-MMYY 4-6 PFAS Signature
Nozzle Testing
Area
PRL 11, Apron ST-SB18-FP(0-.5)-MMYY 0-0.5 PFAS Signature
ST-SB18-FP Evaluate PFAS signature in soil northeast of the Apron.
PRL 11, Apron ST-SB18-FP(4-6)-MMYY 4-6 PFAS Signature
. PFAS Signature/ Evaluate PFAS signature in soil at AFFF Area 8, Hangar 715 AFFF
R P T-SB19-FP-MMYY T-SB19-FP -0.
ecreation Pond ST-5B19 ST-5B19 0-05 TOC/ Total Metals Release. southeast of the Recreation Pond.
Storm Sewer ST-SB20-FP-MMYY ST-SB20-FP 0-0.5 PFAS Signature/ Fvaluatfa PEAS signature in soil adjacent to stormwater
TOC/ Total Metals inspection in RI.
N/A ST-SB21-FP(0-.5)-MMYY ST.SBILFP 0-0.5 PFAS Signature Evaluate PFAS signature in soil south of base border, above
N/A ST-SB21-FP(4-6)-MMYY 4-6 PFAS Signature Outfall 002 and Outfall A.
PRL.15, Retention ST-SB22-FP(0-.5)-MMYY 0-0.5 PFAS Signature/
Basin ST-SB22.FP TOC/ Total Metals Evaluate PFAS Signature in soil on the north side of the
PRL 15, Retention PFAS Signature/ Retention Basins.
Basin ST-5B22-FP(4-6)-MMYY 4-6 TOC/ Total Metals
N/A ST-SB23-FP-MMYY ST-SB23-FP 0-0.5 PFAS Signature Evaluate PFAS signature in soil southeast of the base.
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Table 18.2c: Soil Sample Rationales (page 3 of 3)

Sample Sample . .
Study Area Sample ID Location Depth/Screen Analytical Tool Rationale
Interval

N/A ST-SB24-FP-MMYY ST-SB24-FP 0-0.5 PFAS Signature Evaluate PFAS signature in soil northeast edge of the base.
N/A ST-SB25-FP-MMYY ST-SB25-FP 0-0.5 PFAS Signature :‘;?::iitge 1P ES signature in soil at potential spray area for
N/A ST-SB26-FP-MMYY ST-SB26-FP 0-0.5 PFAS Signature Evaluate PFAS signature in soil for Building 142.
N/A ST-SB27-BG-MMYY ST-SB27-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB28-BG-MMYY ST-SB28-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB29-BG-MMYY ST-SB29-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB30-BG-MMYY ST-SB30-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB31-BG-MMYY ST-SB31-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB32-BG-MMYY ST-SB32-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB33-BG-MMYY ST-SB27-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB34-BG-MMYY ST-SB28-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB35-BG-MMYY ST-SB29-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB36-BG-MMYY ST-SB30-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB37-BG-MMYY ST-SB31-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB38-BG-MMYY ST-SB32-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB39-BG-MMYY ST-SB27-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB40-BG-MMYY ST-SB28-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB41-BG-MMYY ST-SB29-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB42-BG-MMYY ST-SB30-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB43-BG-MMYY ST-SB31-BG 0-0.5 Background Support determination of background soil PFAS concentrations.
N/A ST-SB44-BG-MMYY ST-SB32-BG 0-0.5 Background Support determination of background soil PFAS concentrations.

NOTES:

MMYY  Month and year of sample collection

N/A not applicable
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Multiple Air Force Bases

UFP-QAPP Worksheet #19 & #30 — Sample Containers, Preservation, and Hold
Times

(UFP-QAPP Manual Section 3.1.2.2) (EPA 2106-G-05 Section 2.3.2)

Refer to Worksheets #19 & 30 in the Programmatic UFP-QAPP (Attachment A).
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UFP-QAPP Worksheet #20 — Field Quality Control Summary
(UFP-QAPP Manual Section 3.1.1 and 3.1.2) (EPA 2106-G-05 Section 2.3.5)

Matrix Analytical Nur:fber Numb?r Numbe;r Numberzof EN:l:?pbr:L:: l::::':ﬁ; NuIr?l:fZL of
Group Samples of FD of MS MSbs Blanks®* Blanks3* Samples
PFAS 44 5 3 3 55
Groundwater | TOC 22 3 2 2 825 PEC | N/A 29
Total Metals 22 3 2 2 29
PFAS 47 5 3 3 58
\SAL/‘::ZCre TOC 23 3 2 2 N/A ggj per 30
Total Metals 23 3 2 2 30
PFAS 54 6 3 3 66
Soil TOC 18 2 1 1 825 PEC I /A 22
Total Metals 18 2 1 1 22
NOTES:

*Samples analyzed for TOC and Total Metals at a rate of 50% (soil samples collected in support of the background study are not
analyzed for TOC and Total Metals)

1. FDs will be collected at a frequency of 1 for every 10 primary samples collected.

2. MS/MSD samples will be collected at a frequency of 1 for every 20 primary samples collected.

3. Equipment blanks will be collected by each sampling team at a minimum frequency of 1 per day and for each equipment
type. When disposable or dedicated sampling equipment is used, equipment blank samples will not be collected (i.e.
surface water sampling). Field blanks will be collected by each sampling team at a minimum frequency of one per day for
surface water sampling only. Since equipment blanks are not needed during surface water sampling, field blanks will serve
as QC for demonstrating proper sample handling. Equipment blanks and field blanks are not included in sample totals.

4. Equipment blanks will be analyzed for the following analytical groups: PFAS, TOC, and Total Metals. Field blanks will be

analyzed for PFAS only.
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Multiple Air Force Bases

UFP-QAPP Worksheet #21 - Field Standard Operating Procedures
(UFP-QAPP Manual Section 3.1.2) (EPA 2106-G-05 Section 2.3.2)

Refer to Worksheet #21 in the Programmatic UFP-QAPP (Attachment A).
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UFP-QAPP Worksheet #22 - Field Equipment Calibration, Maintenance, Testing,
and Inspection
(UFP-QAPP Manual Section 3.1.2.4) (EPA 2106-G-05 Section 2.3.6)

Refer to Worksheet #22 in the Programmatic UFP-QAPP (Attachment A).
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Multiple Air Force Bases

UFP-QAPP Worksheet #23 — Analytical Standard Operating Procedures
(UFP-QAPP Manual Section 3.2.1) (EPA 2106-G-05 Section 2.3.4)

Refer to Worksheet #23 in the Programmatic UFP-QAPP (Attachment A).
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UFP-QAPP Worksheet #24 — Analytical Instrument Calibration
(UFP-QAPP Manual Section 3.2.2) (EPA 2106-G-05 Section 2.3.6)

Refer to Worksheet #24 in the Programmatic UFP-QAPP (Attachment A).
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UFP-QAPP Worksheet #25 — Analytical Instrument and Equipment Maintenance,
Testing and Inspection

(UFP-QAPP Manual Section 3.2.3) (EPA 2106-G-05 Section 2.3.6)

Refer to Worksheet #25 in the Programmatic UFP-QAPP (Attachment A).
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UFP-QAPP Worksheet #26 & #27 — Sample Handling System, Custody, and
Disposal

(UFP-QAPP Manual Section 3.3) (EPA 2106-G-05 Section 2.3.3)

Refer to Worksheets #26 and #27 in the Programmatic UFP-QAPP (Attachment A).
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UFP-QAPP Worksheet #28 — Analytical Quality Control and Corrective Action
(UFP-QAPP Manual Section 3.4 and Tables 4, 5, and 6) (EPA 2106-G-05 Section 2.3.5)

Refer to Worksheet #28 in the Programmatic UFP-QAPP (Attachment A).
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UFP-QAPP Worksheet #29 — Project Documents and Records
(UFP-QAPP Manual Section 3.5.1) (EPA 2106-G-05 Section 2.2.8)

Refer to Worksheet #29 in the Programmatic UFP-QAPP (Attachment A)
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UFP-QAPP Worksheet #31, #32 & #33 — Assessments and Corrective Action
UFP-QAPP Manual Sections 4.1.1 and 4.1.2) (EPA 2106-G-05 Sections 2.4 and 2.5.5)

Refer to Worksheets #31, 32, & 33 in the Programmatic UFP-QAPP (Attachment A).
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UFP-QAPP Worksheet #34 — Data Verification and Validation Inputs
UFP-QAPP Manual Section 5.2.1 and Table 9) (EPA 2106-G-05 Section 2.5.1)

Refer to Worksheet #34 in the Programmatic UFP-QAPP (Attachment A).
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UFP-QAPP Worksheet #35 — Data Verification Procedures
(UFP-QAPP Manual Section 5.2.2) (EPA 2106-G-05 Section 2.5.1)

Refer to Worksheet #35 in the Programmatic UFP-QAPP (Attachment A).
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UFP-QAPP Worksheet #36 — Data Validation Procedures
(UFP-QAPP Manual Section 5.2.2) (EPA 2106-G-05 Section 2.5.1)

Refer to Worksheet #36 in the Programmatic UFP-QAPP (Attachment A).

October 2024 50 W91238-23-D-0023 / W91238-23-F-0086



Stewart ANGB UFP-QAPP Addendum
PFAS Fingerprinting and Background Study
Multiple Air Force Bases

UFP-QAPP Worksheet #37 — Data Usability Assessment
(UFP-QAPP Manual Section 5.2.3 including Table 12) (EPA 2106-G-05 Sections 2.5.2, 2.5.3, and 2.5.4)

Refer to Worksheet #37 in the Programmatic UFP-QAPP (Attachment A).
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NOTES:

Results are from ERPIMS (2017-2019).
Most recent results are shown.

This figure shows results for the following 5 PFAS
compounds: PFOS, PFOA, PFBS, PFNA, and
PFHxS. There are no results for PFBA, PFHXA,
HFPO-DA, and PFPrA.
Data is preliminary and has not undergone final
validation/approval by the Air Force.
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NOTES:

Results are from ERPIMS (2017-2019).

Most recent results are shown.

This figure shows results for the following 5 PFAS
compounds: PFOS, PFOA, PFBS, PFNA, and
PFHxS. There are no results for PFBA, PFHXA,
HFPO-DA, and PFPrA.

Data is preliminary and has not undergone final
validation/approval by the Air Force.
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NOTES:

Results are from ERPIMS (2017-2019).

Most recent results are shown.

This figure shows results for the following 5 PFAS
compounds: PFOS, PFOA, PFBS, PFNA, and
PFHxS. There are no results for PFBA, PFHXA,
HFPO-DA, and PFPrA.

Data is preliminary and has not undergone final
validation/approval by the Air Force.

Figure 3c
PFAS Soil and

Sediment Results
Stewart ANGB
UFP-QAPP Addendum

PFAS Fingerprinting and Background
Studies at Multiple Air Force and Air
National Guard Installations

U.S. Army Corps of Engineers
Sacramento District
for
Air Force Civil Engineer Center

Legend

B

D Stewart ANGB Installation Boundary
PFAS Results in Soil (See Notes)
[] NoPFAS detected

I:l One or more PFAS detected at
concentrations less than respective RSLs

- One or more PFAS detected at
concentrations exceeding respective RSLs

One or more PFAS detected at
. concentrations exceeding 100x respective
RSLs

PROJECT SCREENING LEVELS:

PFOS - 0.013 mg/kg

PFOA - 0.019 mg/kg

PFBS - 1.9 mg/kg

PFNA - 0.019 mg/kg

PFHxS - 0.13 mg/kg

PFBA - 7.8 mg/kg

PFHXxA - 3.2 mg/kg

HFPO-DA - 0.023 mg/kg

PFPrA - 3.9 mg/kg

Screening Levels from: Selected PFAS in SO USEPA RSL
for Soil (THQ 0.1) per OASD 2023 and DoD 2024.

ABBREVIATIONS:

ANGB - Air National Guard Base

DoD - Department of Defense

EPA - U.S. Environmental Protection Agency
ERPIMS - Environmental Resources Program Information
Management System

HFPO-DA - Hexafluoropropylene oxide dimer acid
OASD - Office of the Assistant Secretary of Defense
PFAS - per-and polyfluoroalkyl substances

PFOA - Perfluorooctanoic acid

PFOS - Perfluorooctanesulfonic acid

PFBA - Perfluorobutanoic acid

PFBS - Perfluorobutanesulfonic acid

PFHXA - Perfluorohexanoic acid

PFHXS - Perfluorohexanesulfonic acid

PFNA - Perfluorononanoic acid

PFPrA - Perfluoropropanoic acid

RSL - EPA Regional Screening Level

SO - Soil

THQ - target hazard quotient

mg/kg - milligrams per kilogram

By: NMS 4/29/2024

0 550 1,100 2,200
[ ———— ]
Feet

X:\OESC GIS - Documents\PFAS Finger Printing\Figures\QAPP\StewartANGB\StewartANGB.aprx

Service Layer Credits: World Imagery (Firefly): Source: Esri, Maxar, Earthstar Geographics, and the GIS User Community




This page intentionally left blank.



DBF-MW-3

OBGW06@ m

@ 0BGWo08 11GW01

A4

n MW-101BR

€& mw-101
' MW-103
7-17 8 L P
@ SFHGW02 102 SDPGWO01
Bldg 142 10 20 7 MW-104
e 11GWo4 7] ' MW-106
16-26 b
25-30, 42 - 47 m 8/35 - 18.35
10GW01
SDPGW03 13-18, 33 - 38, 47 - 52 .
8-13, 23 -28, 38 - 43 LF20CGW
WBBGW01 W17
53-153
4 MW-20BR MW-21BR
AR CLa L s R
- 24, 30%, 46.29 - 46.3 MW-22BR
MW-18
\ B wwries 17.1-221 MW-10
MW-116BR @ B 53 - 63 fic o
WBBGW02 MW-111 MW-04 MW-09
30 - 40 51 - 56 T 5.225
SDPGWOS
MW;08
MW-11SBR‘ MW-113 17879 17.9
15GW06 4-14 MW-07
ww-112/ 1sc;w13 2462 - 24.63
4-19
RPMW-01 "MW-10D
5-10,14-19
RPMW-01BR
40 - 50
@ MW-6D
@ StMW-21S(wy
SLMW-20D 5-15
7 18.54 - 18.55
7
S
LWMW-02
10-20
SSMW-01
6-16
LWMW-03
6-16

Figure 4
Proposed Groundwater

Sampling Locations
Stewart ANGB
UFP-QAPP Addendum

PFAS Fingerprinting and Background
Studies at Multiple Air Force and Air
National Guard Installations

U.S. Army Corps of Engineers
Sacramento District
for
Air Force Civil Engineer Center

Legend
B r

‘ Proposed Groundwater Sample -
Existing Monitoring Well

‘ Proposed Groundwater Sample - RI
MOB 2 Installation (Not Yet Installed)

Proposed Groundwater Sample -
‘ Alternate Monitoring Well Sample
Locations

m Demolition and Burn Facility Area

D Stewart ANGB Installation Boundary

LWMW-01
14 -24
Lele
Washington
NOTES:
Well labeled with Well ID and Screen Interval (if
available).
ABBREVIATIONS:
ANGB - Air National Guard Base
- Identification

MOB - Mobilization

PFAS - per-and polyfluoroalkyl substances
PRL - Potential Release Location

RI - Remedial Investigation

By: NMS 10/9/2024

0 500 1,000 2,000
[ ———— ]
Feet

X:\OESC GIS - Documents\PFAS Finger Printing\Figures\QAPP\StewartANGB\StewartANGB.aprx

Service Layer Credits: World Imagery (Firefly): Source: Esri, Maxar, Earthstar Geographics, and the GIS User Community




This page intentionally left blank.



ST-SW45
A ST-SW32 ¢

ST-SW47

Bldg 142+

ST-SW46

A ST-SW31

\\\

®r

A ST-SW30

A ST-SW09

A sT-sSW12
B
m A ST-SW13

nA ST-SW14

A ST-SW11

ST-SW41

ST-SW08

A ST:SW10

A ST-SW(J8
A ST-SW15
4] ST-SW27A A ST-SW26
B stswie
ST-SW17 ST-SW05
Tt s
ST-SW02 w13 ). oY
ST-SW36 3 >ST:5W43 |
ST.SW19 A ST-SW33 —=ST-SW34
ST-SW39 Reereefep  ST-SW07 ST-SW25

2017 ST-SW06

ST-SW03

|

ST-SW20
ST-SW21 \ST-SW22
\
ST-SW29
ST-SW44

~ \

/!

ST-SW23

%

\S‘/f@

Figure 5
Proposed Surface Water

Sampling Locations
Stewart ANGB
UFP-QAPP Addendum

PFAS Fingerprinting and Background
Studies at Multiple Air Force and Air
National Guard Installations

U.S. Army Corps of Engineers
Sacramento District
for
Air Force Civil Engineer Center

A Proposed Surface Water Sample Location

—— Surface Flow Direction

Stream/River

- Lake/Pond
//// Reservoir

m Demolition and Burn Facility Area

D Stewart ANGB Installation Boundary

ST-SW35

IYake ST-SW40
Washington

NOTES:
Hydrology layers are from the USGS National
Hydrography Dataset.

ABBREVIATIONS:

ANGB - Air National Guard Base

PFAS - per-and polyfluoroalkyl substances
PRL - Potential Release Location

@ By: NMS 9/16/2024
N
-
0 700 1,400 2,800

Feet

X:\OESC GIS - Documents\PFAS Finger Printing\Figures\QAPP\StewartANGB\StewartANGB.aprx

Service Layer Credits: World Imagery (Firefly): Source: Esri, Maxar, Earthstar Geographics, and the GIS User Community




This page intentionally left blank.



ST-SB44-BG
O

ST-SB43-BG
O

Bldg 142,
\ ST-SB25-FP

L]
ST-SB26-FP

ST-SB42-BG Sacramento District
for
Air Force Civil Engineer Center
Legend
ST-SB41-BG (1 G
- ] Proposed Fingerprinting Soil Sample
Location
= Proposed Fingerprinting Soil Sample
Location (Multiple Depths)
ST-SB40-BG 0 Proposed Background Soil Sample
Location
m Demolition and Burn Facility Area
D Stewart ANGB Installation Boundary
ST-SB27-BG
ST-SB29-BG ST-SB30-BG,
w l:]ST-SB28-BG O
f/ST-SBOZ-FP
2 -E (5]
STSBO3-FP ST-SB18-FP
ST-SB39-BG
[] =
(] ST-SB38-BG
2| ST-SB17-FP 8| | }
- 11] - ST-SB24-FP
ST-SB01-FP ST-SB0G-FP M ST-SBO7-FP ST-SB31 -BGD

ST-SB20-FP
ST-SB15-FP ST-SB33-BG
ST-SB09-FP. - - O
(=] ST-SB10-FP
X - ST-SB04-FP = ST-SB16-FP
ST-SB32-8G ST-SB14-FP, —ST-SB37-8G
ST-SB36-BG ABBREVIATIONS:
ANGB - Air National Guard Base
E PFAS - per-and polyfluoroalkyl substances
ST-SB11-FP PRL - Potential Release Location
ST-3B0s-FPH ST-SB13-FP
ST-SB22-FP ﬂ ST-SB35-BG By: NMS 9/16/2024
O
ST-SB21-FP 14 N
ST:SB05:EP ParN
| W E
[ sTsBiz2FP A
ST-SB34-BG b
Femd [ | 0 400 800 1,600
[ | ST-SB23-FP
ST-SB19-FP Foet

Figure 6
Proposed Soil

Sampling Locations
Stewart ANGB
UFP-QAPP Addendum

PFAS Fingerprinting and Background
Studies at Multiple Air Force and Air
National Guard Installations

U.S. Army Corps of Engineers

X:\OESC GIS - Documents\PFAS Finger Printing\Figures\QAPP\StewartANGB\StewartANGB.aprx

Service Layer Credits: World Imagery (Firefly): Source: Esri, Maxar, Earthstar Geographics, and the GIS User Community



This page intentionally left blank.



O]
A

A

A
Veew
Lefe A

\\\

Bldg 142
[¢] ;.‘

Figure 7

Sampling Summary
Stewart ANGB
UFP-QAPP Addendum

PFAS Fingerprinting and Background
Studies at Multiple Air Force and Air
National Guard Installations

U.S. Army Corps of Engineers
Sacramento District
for
Air Force Civil Engineer Center

Legend
PRL

Proposed Surface Water Sample
Location

Proposed Fingerprinting Soil Sample
Location

Proposed Fingerprinting Soil Sample
Location (Multiple Depths)

Proposed Background Soil Sample
Location

Proposed Groundwater Sample -
Existing Monitoring Well

Proposed Groundwater Sample - R
MOB 2 Installation (Not Yet Installed)

Proposed Groundwater Sample -
Alternate Monitoring Well Sample
Locations

Demolition and Burn Facility Area

D§¢¢¢DII>=

Stewart ANGB Installation Boundary

Leto A

ABBREVIATIONS:

ANGB - Air National Guard Base

MOB - Mobilization

PFAS - per-and polyfluoroalkyl substances
PRL - Potential Release Location

RI - Remedial Investigation

By: NMS 9/16/2024
N
X s ¢
0 700 1,400 2,800
Feet

X:\OESC GIS - Documents\PFAS Finger Printing\Figures\QAPP\StewartANGB\StewartANGB.aprx

Service Layer Credits: World Imagery (Firefly): Source: Esri, Maxar, Earthstar Geographics, and the GIS User Community




This page intentionally left blank.



Attachment A

Final Programmatic UFP-QAPP



This page intentionally left blank.



Final
Programmatic Uniform Federal Policy
Quality Assurance Project Plan

PFAS Fingerprinting and Background Study
Multiple Air Force Bases

April 2024

Prepared for:

U.S. Army Corps of Engineers
Sacramento District

1325 J Street

Sacramento, CA 95814

Under Contract No./ Task Order No.
W91238-23-D-0023 / W91238-23-F0086

Prepared by:

Sustainment and Restoration Services, LLC
209 E. Victoria Street

Santa Barbara, California 93101



This page intentionally left blank.



Final

Programmatic Uniform Federal Policy
Quality Assurance Project Plan

Project Title:

Contractor:
Submitted to:
Contract Number:
Task Order

Contract Name:

Prepared for:

Delivery Order Period:

Date of Award:

April 2024

Per- and Polyfluoroalkyl Substances (PFAS) Fingerprinting and Background
Study at Multiple Air Force Bases

Sustainment and Restoration Services, LLC (SRS)
U.S. Army Corps of Engineers, Sacramento District
W91238-23-D-0023

W91238-23-F-0086

PFAS Fingerprinting and Background Study

U.S. Army Corps of Engineers Sacramento District
26 September 2023 to 25 September 2026
26 September 2023




This page intentionally left blank.




Programmatic UFP-QAPP
PFAS Fingerprinting and Background Study
Multiple Air Force Bases

TABLE OF CONTENTS

INTRODUCTION 1...uuuutneeeesssssessussseeessssesssssssssssssssessssssssssssssssssssssssssssessssssssssssssseesssssssssssssssssssssessssssssnsessss 1
UFP-QAPP Worksheet #1 & 2 — Title and Approval PAge ........coccuviiiiciiiii ettt esvree e 3
UFP-QAPP Worksheet #3 & 5 — Project Organization and QAPP Distribution .........cccceiivvieiiiiiiiiiiiiieees 5
UFP-QAPP Worksheet #4, 7 & 8 — Personnel Qualifications and Sign-off Sheet..........ccccvvveeeiiiiicciiiiennn. 7
UFP-QAPP Worksheet #6 — Communication PatiWays .........ccceiiiiiiiiiiieicciiie sttt sevre e sevae e e esvne e 9
UFP-QAPP Worksheet #9 — Project Planning Session SUMMAIy........ccccceeeiecciiiieeeee e eccireere e e e eecenvneeeee e 10
UFP-QAPP Worksheet #10 — Conceptual Sit€ MOdEL.......ccccuviiiiiiiiieeeieee et 12
UFP-QAPP Worksheet #11 — Project/Data Quality ObJECLIVES ...c...ccveeciieiieieeiiecee ettt 14
UFP-QAPP Worksheet #12A — Measurement Performance Criteria, Aqueous Samples.........cccccvvvveeennn. 18
UFP-QAPP Worksheet #12B — Measurement Performance Criteria, Soil Samples ........cccocovvevvicieeencnnnenn. 19
UFP-QAPP Worksheet #12C — Measurement Performance Criteria, Aqueous Samples........cccccveerrcuneenn. 20
UFP-QAPP Worksheet #12D — Measurement Performance Criteria, Soil Samples ........cccocovveeevciieeennnnnn. 21
UFP-QAPP Worksheet #12E — Measurement Performance Criteria, Aqueous Samples ........ccccccoveeernnnenn. 22
UFP-QAPP Worksheet #12F — Measurement Performance Criteria, Soil Samples.......ccccccceeeeivicciiinennenn. 23
UFP-QAPP Worksheet #12G — Measurement Performance Criteria, Soil Samples ........cccccvveveeivveeeicnnnnn. 24
UFP-QAPP Worksheet #12H — Measurement Performance Criteria, Aqueous Samples........ccccccvveerrcunnenn. 25
UFP-QAPP Worksheet #13 — Secondary Data Uses and Limitations ........cccccccvvveeeiiiiicccciieeee e, 26
UFP-QAPP Worksheet #14 & #16 — Project Tasks & Schedule ..........ccouvvieiciieiicciiieecceee e 27
UFP-QAPP Worksheet #15A — Project Screening Limits and Laboratory-Specific

DeteCtioN,/QUANTIEATION LiMITS . cccuueieieeeeeieeeeeee ittt et e eeeseeeteeeesseeeseeereeessseaassreeeeeessseaassseeereeesssenannneeees 31
UFP-QAPP Worksheet #15B — Project Screening Limits and Laboratory-Specific

DetectioN/QUANTITATION LiMITS ..ccccuvveieeeeeiiiieretieeeeeseeesreereeeeeseessarerreeesssaassrreseeesssssssssrsreseesssssnssrreeees 34
UFP-QAPP Worksheet #15C — Project Screening Limits and Laboratory-Specific

Detection/QUAaNntitation LIMITS........iccvieiiiiiiieeiiiiieeisiteeeestteeesstreessstaeesssbseesssstaeessssaseesssssssesssssseesssns 36
UFP-QAPP Worksheet #15D — Project Screening Limits and Laboratory-Specific

DetectioN/QUANTITATION LiMITS..ccccuvveieeeeeiiiiiieeieeeeeseeesreereeeeeseessarerreeessseassrreseeessssssssssssereesssssnssrseees 38
UFP-QAPP Worksheet #15E — Project Screening Limits and Laboratory-Specific

Detection/QUAaNntitation LIMItS........iciieiiiiiiieeiiiiieeisiteeeestreeessbreeesstseessssbaeessstaeessssaseesssssssessssrseessns 40
UFP-QAPP Worksheet #15F — Project Screening Limits and Laboratory-Specific

DeteCtioN,/QUANTIEATION LiMITS . coceueeeieeeeeieeeeeee ittt e e e e e eeeeeteeeesseeeseerreeessseeasaaeeeeeessseaasrseaereessssenansseeees 41
UFP-QAPP Worksheet #15G — Project Screening Limits and Laboratory-Specific

Detection/QUAaNTITATION LIMITS..ccccuvveieeeeiiiicietieee e e eeeeeree e e e e e e seeaarereeeeesssssaaaeeeeeeessssssrareereesesssnssrreeees 42
UFP-QAPP Worksheet #15H — Project Screening Limits and Laboratory-Specific

DeteCtioN/QUANTIEATION LIiMITS . cccueeeeieeeeeieeeeeeeeeeeeeeeeseereeeeeseeeseeeeeeessseaasseeteeeesssaaassseeereessssenansneeees 43
UFP-QAPP Worksheet #17 — Sampling Design and Rationale ..........ccceveeiiicciiieee e, 44
UFP-QAPP Worksheet #18 — Sampling Locations and Methods.........cccccevciiiiiiciiieecciiee e 46
UFP-QAPP Worksheet #19 & 30 — Sample Containers, Preservation, and Hold Times......cccccceeecvvvvveneennn. 47
UFP-QAPP Worksheet #20 — Field Quality Control SUMMary........ccceecvieeiiiiiee e eccieeeesreee e e e avnee s 50

April 2024 iii W91238-23-D-0023 / W91238-23-F-0086



Programmatic UFP-QAPP
PFAS Fingerprinting and Background Study
Multiple Air Force Bases

UFP-QAPP Worksheet #21 — Field Standard Operating Procedures.........cocccuvvvveeieiieecciiiieeee e eeeciiveeeeeen 51
UFP-QAPP Worksheet #22 — Field Equipment Calibration, Maintenance, Testing and Inspection............ 52
UFP-QAPP Worksheet #23 — Analytical Standard Operating Procedures.........cccccceeeeeccnviiereeeeeeecciieeeeeenn, 53
UFP-QAPP Worksheet #24 — Analytical Instrument Calibration..........ccccceeeveiiiciii e, 55
UFP-QAPP Worksheet #25 — Analytical Instrument and Equipment Maintenance, Testing and

INSPECLION it e e e e e e e e e e e e e e e e e e e e e e e e e eeeees 63
UFP-QAPP Worksheet #26 & 27 — Sample Handling System, Custody, and Disposal .......cccccceevecvrvvnennnnn. 66
UFP-QAPP Worksheet #28 — Analytical Quality Control and Corrective ACtion .........cccceeeveveeeeeivieeeccnnnen. 68
UFP-QAPP Worksheet #29 — Project Documents and RECOIdS .......coccuiiiiriiieeiiiiiieeiieee e sreee e eneee s 82
UFP-QAPP Worksheet #31, 32 & 33 — Assessments and Corrective ACHION ..........ueveveveveveveeeveeeveeererereeannnns 84
UFP-QAPP Worksheet #34 — Data Verification and Validation INputs........ccccceeeiiieiiciieiicciee e, 86
UFP-QAPP Worksheet #35 — Data Verification ProCedUIres........cuuiiiiciiiiiiiiiiie et 87
UFP-QAPP Worksheet #36 — Data Validation ProCEAUIES ........cocvieicieiiriie e cte st ste e ste e st 89
UFP-QAPP Worksheet #37 — Data Usability ASSESSMENt........ccoviiiiiiiiiiieieiiee e 91
REFERENCES «evveeteeetsesssesessssssessssssssssessssssssssssessessssssssssseesseesseesseeseeeeeeesseeeeeeeeeeseeteeeeseeeeseesseesseessesssessessenes 93
FIGURES
Figure 1 Des Moines Air National Guard (ANGB) Location Map
Figure 2 Dover Air Force Base (AFB) Location Map
Figure 3 Eielson AFB Location Map
Figure 4 Stewart ANGB Location Map
Figure 5 Travis AFB Location Map
Figure 6 Wright-Patterson AFB Location Map
Figure 7 Tucson Area Installations Location Map
APPENDICES

Appendix A Oneida Standard Operating Procedures (SOPs)
Appendix B Laboratory Accreditation

Appendix C Quality Management Plan

Appendix D Field Forms

Appendix E Waste Management Plan

Appendix F PFAS Signature ® Brochure

April 2024 iv W91238-23-D-0023 / W91238-23-F-0086



Programmatic UFP-QAPP
PFAS Fingerprinting and Background Study
Multiple Air Force Bases

ACRONYMS AND ABBREVIATIONS

< less than

> greater than

< less than or equal to

* plus or minus

# number

% percent

ug/L micrograms per liter

°C degrees Celsius

AF Air Force

AFB Air Force Base

AFP Air Force Plant

AFCEC Air Force Civil Engineer Center
AFCEC/CZTE  AFCEC Environmental Restoration Technical Support Branch
AFFF aqueous film forming foam

ANG Air National Guard

ANGB Air National Guard Base

B.S. Bachelor of Science

bgs below ground surface

oA corrective action

CAS Chemical Abstract Service

ccv continuing calibration verification
CVAA cold vapor atomic absorption

CEG Certified Engineering Geologist

CHG Certified Hydrogeologist

CHMM Certified Hazardous Materials Manager
CIH Certified Industrial Hygienist

CL confidence level

COR Contracting Officer’s Representative
CPR cardiopulmonary resuscitation
CQcCs Contractor Quality Control Supervisor
CSM conceptual site model

Csp Certified Safety Professional

DAF Department of the Air Force

DL detection limit

DoD Department of Defense
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DQl data quality indicator

DQO data quality objective

DUA data usability assessment

EDD electronic data deliverables

EIS extracted internal standard

ELAP Environmental Laboratory Accreditation Program
ELLE Eurofins Lancaster Laboratories Environmental
EPA United States Environmental Protection Agency
ERPIMS Environmental Resources Program Information Management System
FTL Field Team Lead

FTS fluorotelomer sulfonate

GIS geographical information systems

HAZWOPER  Hazardous Waste Operations and Emergency Response

HDPE high density polyethylene

HFPO-DA hexafluoropropylene oxide dimer acid

HSP Health and Safety Plan

ICAL initial calibration

ICC initial calibration check

ICP inductively coupled plasma

ICP/MS inductively coupled plasma-mass spectrometry
ICV initial calibration verification

ISC instrument sensitivity check

ID identification

IDQTF Intergovernmental Data Quality Task Force
IDW investigation derived waste

LC/MS/MS liquid chromatography-tandem mass spectroscopy

LCS laboratory control sample

LCSD laboratory control sample duplicate
LOD limit of detection

LOQ limit of quantitation

MAD Median Absolute Deviation

mg/kg milligrams per kilogram

mg/L milligrams per liter

mL milliliter

MPC measurement performance criteria
M.S. Master of Science

MS matrix spike
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ng/L
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PG
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Professional Engineer

per- and polyfluoroalkyl substances
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perfluorononanoic acid

perfluorooctanoic acid

perfluorooctane sulfonate

Professional Geologist

Program Manager

Project Manager

project screening limit

quality assurance

Quality Assurance Project Plan

quality control

Quality Management Plan

quality systems manual
coefficient of determination

Resource Conservation and Recovery Act
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SvVOoC semi-volatile organic compound

SVS system verification standard

TAL Target analyte list

TCLP toxicity characteristic leaching procedure
TIA Tucson International Airport

TDCA taurodeoxycholic acid

TO task order

TOC total organic carbon

UFP-QAPP Uniform Federal Policy — Quality Assurance Project Plan

ug/kg microgram per kilogram

u.s. United States

USAF United States Air Force

USACE United States Army Corps of Engineers
VOC volatile organic compound

WRS Wilcoxon Rank Sum
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INTRODUCTION

This Programmatic Uniform Federal Policy (UFP)-Quality Assurance Project Plan (QAPP) was prepared to
support per- and polyfluoroalkyl substances (PFAS) fingerprinting and background studies at multiple
Department of Air Force (DAF) installations to discriminate among potential aqueous film forming foam
(AFFF) and other PFAS sources and evaluate anthropogenic background PFAS concentrations at each
installation.

This UFP-QAPP will be used to execute the performance objectives by Sustainment and Restoration
Services, LLC (SRS) with support provided by sister company Onieda Total Integrated Enterprises (OTIE).
Both OTIE and SRS are wholly owned subsidiaries of the Oneida Engineering, Science and Construction
(OESC) Group and are referred to herein as Oneida. Oneida will be supported by subcontractor Battelle,
together referred to herein as the Oneida Team.

An installation-specific addendum to this Programmatic UFP-QAPP will be prepared for each installation
included on this contract to provide site-specific details including background information, conceptual
site models (CSMs), data quality objectives (DQOs), sampling locations, and site-specific requirements.

ScopPe oF WORK

The scope of this project is to provide the United States Army Corps of Engineers (USACE) and DAF
support in conducting PFAS fingerprint analyses and background studies at the following DAF
installations:

e Des Moines Air National Guard Base (ANGB), lowa
e Dover Air Force Base (AFB), Delaware

e Eijelson AFB, Alaska

e Stewart ANGB, New York

e Travis AFB, California

e Wright Patterson AFB, Ohio

e Tucson Area, including Morris ANGB, Air Force Plant (AFP) 44, and Tucson International Airport
(TIA).

The scope of this project is to provide the USACE and DAF support in conducting PFAS fingerprinting
analyses and background studies at multiple DAF installations. The goal of the PFAS fingerprinting
studies is to potentially discriminate among PFAS sources, including but not limited to various AFFF
formulations; various municipal/industrial wastes (e.g., landfill leachates, municipal wastewater, paper
mill wastewater, waste water treatment facilities, and compost); a wide variety of commercial products;
and metal plating. Both target and non-target analytes will be analyzed using Battelle’s PFAS Signature®
analysis, and background studies are being conducted to evaluate the anthropogenic background
concentrations at each installation. The fingerprinting studies will include sampling and evaluation of
soil, surface water, and groundwater; porewater may also be collected at installations with lysimeters
available for sampling. The background studies will include sampling of soil both within and outside of
installation boundaries to evaluate the anthropogenic PFAS background concentrations detected at each
installation. These studies are intended to support CSM understanding and provide preliminary
background (anthropogenic) PFAS soil concentrations at each installation.

Under the task order (TO), the Oneida Team will conduct one PFAS fingerprinting and background study
at each of the installations listed above. Installation-specific investigation strategy, field methodology,
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screening criteria, and other detailed information outlining the approach for completion of the
fingerprinting analyses and background studies are provided in this UFP-QAPP, with additional details to
be provided in the installation-specific UFP-QAPP addenda, and other planning documents. One
combined Fingerprinting and Background Study Report will be prepared for each installation. The
Tucson Area properties will be addressed collectively.

PLAN ORGANIZATION

This UFP-QAPP is organized with the original 37 worksheets consolidated into optimized UFP-QAPP
worksheets (Intergovernmental Data Quality Task Force [IDQTF] 2012). For ease of reference, the
revised worksheets are named to reflect the original worksheets on which they are based (IDQTF 2012).
The UFP-QAPP is intended to provide, in an orderly fashion, the problem definition; approach to
resolving the problem; and quality assurance (QA)/quality control (QC) activities, such that the data
collected are usable. The table of contents of this document presents a listing of all the UFP-QAPP
worksheets.

Appendices to this UFP-QAPP, provided as separate tabs, are as follows:
e Appendix A Oneida Standard Operating Procedures (SOPs)
e Appendix B Laboratory Accreditation

e Appendix C Quality Management Plan (QMP)
Attachment A-1 Authorization Letter to Project Quality Control Manager
Attachment A-2 Resumes and Certifications
Attachment B Checklists for Preparatory and Initial Phases

Attachment C Contractor Quality Control Forms (Daily Contractor
Production and Quality Control Report, and Deficiency
Reporting)

Attachment D Test Report Form
Attachment E Materials Tracking Log
Attachment F Amendments to the Quality Management Plan

e AppendixD Field Forms
e Appendix E Waste Management Plan

e Appendix F PFAS Signature ® Brochure

April 2024 2 W91238-23-D-0023 / W91238-23-F-0086



Programmatic UFP-QAPP
PFAS Fingerprinting and Background Study
Multiple Air Force Bases

UFP-QAPP Worksheet #1 & 2 - Title and Approval Page
(UFP-QAPP Manual Sections 2.1) (EPA 2106-G-05 Section 2.2.1)

Project Identifying Information

a. Project Name: Per- and Polyfluoroalkyl Substances (PFAS) Fingerprinting and Background
Study at Multiple Air Force Bases

b. Site Location: Multiple Air Force Bases
c. Contract/Task Order: W9123823D0023 / W91238-23-F-0086

Review Signatures:

1. This UFP-QAPP was prepared in accordance with the following guidance:

e Uniform Federal Policy for Quality Assurance Project Plans (United States Environmental
Protection Agency [EPA], 2012a).

o Office of The Assistant Secretary of Defense (OASD). 2023. Investigating Per- And Polyfluoroalkyl
Substances within the Department of Defense Cleanup Program (OASD, 2023).

e Department of Defense (DOD) Update to Assistant Secretary of Defense for Energy, Installations,
and Environment Memorandum, “Investigating Per- and Polyfluoroalkyl Substances within the
Department of Defense Cleanup Program,” August 24, 2023 (DoD, 2024)
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e Intergovernmental Data Quality Task Force, Uniform Federal Policy for Implementing
Environmental Quality Systems. Evaluating, Assessing, and Documenting Environmental Data
Collection/Use and Technology Programs, Part 2A: UFP-QAPP Workbook (EPA, 2012b).

2. This UFP-QAPP complies with the DoD Quality Systems Manual (QSM) for Environmental
Laboratories Version 5.4 (DoD, 2021).

3. Thisis a project-specific UFP-QAPP.

4. A programmatic project kickoff meeting was held on 19 October 2023 to review project tasks, lines
of communication, and roles and responsibilities. Installation-specific kickoff meetings were held for
each installation included on this contract and will be documented in installation-specific UFP-QAPP
Addenda (provided under separate cover).

5. The organizational partners (stakeholders) and their connection with lead organization are the
USACE Sacramento District, and the DAF, which includes the AFCEC and Air National Guard (ANG).
The agency representatives have been provided a copy of this UFP-QAPP for review and comment.
USACE is the lead agency responsible for the work described in this UFP-QAPP.

6. The data users for this UFP-QAPP include the USACE Sacramento District, DAF, SRS, sister company
OTIE, and Battelle.

7. All required elements under the UFP-QAPP template are applicable to the project-specific UFP-QAPP
and each element is included. None of the required UFP-QAPP elements has been omitted from this
document.

8. Plans and reports from previous investigations relevant to this project will be listed in installation-
specific UFP-QAPP addenda.
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PFAS Fingerprinting and Background Study

Multiple Air Force Bases

UFP-QAPP Worksheet #3 & 5 — Project Organization and QAPP Distribution
(UFP-QAPP Manual Sections 2.3 — 2.4)3-10 (EPA 2106-G-05 Section 2.2.3 and 2.2.4)

QAPP Recipient Title/Role Organization Email
Jessica Faragalli PM/Task Order COR USACE jessica.w.faragalli@usace.army.mil
Daniel Czech Contracting Officer USACE daniel.e.czcech@usace.army.mil
Mike Riggle Contract COR USACE michael.A.riggle@usace.army.mil
Jolie Higgins Technical Lead USACE jolie.l.higgins@usace.army.mil
Cynthia Cash PgM Active AF Installations  |AFCEC cynthia.cash.1@us.af.mil
Alecia George Deputy PgM AF Installations |AFCEC alecia.george.1@us.af.mil
Q:andele(tathleen) :—:;:?;;253;28” AFCEC/CZTE anne.bradley.1@us.af.mil
iir::g:rrjo(nHunter) ::tflzirczj(s:a?ort (Subject IAFCEC/CZTE richard.anderson.55@us.af.mil
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QAPP Recipient

Title/Role

Organization

Email

John (Seb) Gillette ITechnical Support (Chemist) |AFCEC/CZTE john.gillette.1@us.af.mil
Keith Freihofer PgM ANG Installations ANG keith.freihofer.1@us.af.mil
Laé]:'qg:;wcaEréillac, PgM Oneida imarcillac@oescgroup.com
Matthew Van Beek [Corporate QC Manager Oneida mvanbeek@oescgroup.com
Megan Duley, PE PM Oneida mduley@oescgroup.com
Kevin Engle, PG aanﬁ\tzc;?gtions) Oneida kengle@oescgroup.com
Lauren Idleman, PG :Dnesf:l’chtIiDoMns()ANG Oneida Ildleman@oescgroup.com
Bob Mallisee, PG Senior Hydrogeologist Oneida rmallisee@oescgroup.com
Kristen Carylon Senior Project Chemist Oneida kcarlyonpeyton@oescgroup.com
Peyton, CHMM

Egielgm&wfzs’l\jl:’ E/Ioarrp:;)grzte Health and Safety Oneida bkuntz@oescgroup.com
Pamela Chang, PMP PM Battelle changp@battelle.org
Kavitha Dasu, PhD Senior Chemist Battelle dasu@battelle.org

Rick Wice, PG Senior Geologist Battelle wice@battelle.org

Franco Pala, PhD

Laboratory Director

Battelle Analytical
Chemistry Services

palaf@battelle.org

Nicole Brown

Laboratory PM

ELLE

nicole.brown@et.eurofinsus.com

Evin McKinney

Data Validator

Environmental
Synectics, Inc.

evin.mckinney@synectics.net

(Synectics)
NOTES
AF Air Force ELLE Eurofins Lancaster Laboratories Environmental
CEG Certified Engineering Geologist PE Professional Engineer
CHG Certified Hydrogeologist PG Professional Geologist
CHMM Certified Hazardous Materials Manager PgM Program Manager
COR Contracting Officer Representative PM Project Manager
CZTE Environmental Restoration Technical Support Branch

April 2024
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UFP-QAPP Worksheet #4, 7 & 8 — Personnel Qualifications and Sign-off Sheet
(UFP-QAPP Manual Sections 2.3.2 — 2.3.4) (EPA 2106-G-05 Section 2.2.1 and 2.2.7)

Organization: SRS

Name Project Role/Title Education/Experience Specialized Training/Certifications Signature/Date
Megan Duley, PE PM B.S. Chemical Minnesota PE, Naval Facilities Engineering Systems
Engineering / 22 years Command Geographical Information Systems (GIS)
Certification, 40-hour Occupational Safety and Health
Administration (OSHA) Hazardous Waste Operations and
Emergency Response training (HAZWOPER), Antiterrorism
Level | Training
Jacques Marcillac, PgM B.S. Geological Sciences | 40-hour OSHA HAZWOPER, USACE Construction Quality
PG, CHG, CEG / 25 years Management for Contractors, Antiterrorism Level |
Training
Kevin Engle, PG Deputy PM M.S. Geology/ 9 years Wyoming PG, 40-hour OSHA HAZWOPER, USACE
(AF)/Alternate Site Construction Quality Management for Contractors, 30-
Safety and Health hour OSHA Construction Supervisor, Antiterrorism Level |
Officer (SSHO)/ Training
Field Team Lead
(FTL)
Lauren Idleman, PG | Deputy PM (ANG) M.S. Geology/ 10 years Minnesota PG, 40-hour OSHA HAZWOPER, USACE
Construction Quality Management for Contractors,
Antiterrorism Level | Training
Bob Mallisee, PG Sr. Hydrogeologist | B.S. Geology / 32 years 40-hour OSHA HAZWOPER, OSHA 8-Hour HAZWOPER
Supervisor, Antiterrorism Level | Training
Mark Wanek, PG SSHO/ Project B.S. Environmental California PG No. 9271, 40-hour HAZWOPER, 8-hour
Geologist/ FTL Geology/Geohydrology / | HAZWOPER Supervisor, 30-hour OSHA Construction
22 years Supervisor, USACE Construction Quality Management for
Contractors, Excavation Competent Person Training,
Antiterrorism Level | Training, First Aid/ Cardiopulmonary
Resuscitation (CPR) training
Kristen Carlyon Senior Project B.S. Chemistry / 28 Certified Hazardous Materials Manager (CHMM) #18310,
Peyton, CHMM Chemist years 40-hour HAZWOPER, Antiterrorism Level | Training
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Organization: Battelle

Name

Project Role/Title

Education/Experience

Specialized Training/Certifications Signature/Date

Pamela Chang, PMP

PM

B.S. Chemical
Engineering / 25 years

Kavita Dasu, PhD

Senior Chemist

PhD Environmental
Chemistry/12 years

Rick Wice, PG

Senior Geologist

M.S. Geology / 37 years

Franco Pala, PhD

Laboratory Director

PhD Environmental
Chemistry/25 years

Organization: Eurofins Lancaster

Name

Project Role/Title

Education/Experience

Specialized Training/Certifications Signature/Date

Nicole Brown

Laboratory
PM/Senior PM

B.S. Biological Sciences
/ 16 years

Organization: Synectics

Name

Project Role/Title

Education/Experience

Specialized Training/Certifications Signature/Date

Evin McKinney

Data Validator /
Senior Scientist

B.S. Chemistry / 15
years laboratory
experience/20 years
validation experience

April 2024
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Multiple Air Force Bases

UFP-QAPP Worksheet #6 — Communication Pathways

(UFP-QAPP Manual Sections 2.4.2) (EPA 2106-G-05 Section 2.2.4)

Communication Responsible Entity Name Phone Number Role/Procedure
Drivers

Contractual Oneida PgM Jacques Marcillac 805-797-0021 | Communicates with USACE Contracting Officer and other USACE

modification and/or personnel at the programmatic level regarding overall

program performance.

performance

Manage all project Oneida PM Megan Duley 651-775-7870 | Overall contractor management and execution of the project.

phases/overall Maintains lines of communication with USACE and DAF.

technical lead Communicates field changes to the USACE and DAF PMs and
discusses options prior to implementation. Receives direction
from the USACE and DAF regarding communications with
stakeholders. Deputy PMs serve as secondary points of contact.

Project Safety Oneida Bradley Kuntz 704-907-5115 | Communicates with Battelle and other subcontractors regarding
safety issues. Reviews and approves safety plans, conducts audits,
and exercises stop-work authority, if needed.

Project QA/QC and Oneida Contractor | Matthew Van Beek 414-67-6790 Communicates with Battelle PM regarding QC/QA issues. Reviews

Cas Quality Control and approves corrective action plans.

Supervisor (CQCS)

Modifications to
Analytical corrective
actions (Cas)

Oneida Senior
Program Chemist

Kristen Carlyon Peyton

510-517-8113

Report on the adequacy, status and effectiveness of the QA
program by phone or emails during weekly progress calls and as
needed.

Modifications to
analytical
responsibilities

Eurofins Lab PM
Battelle Lab PM

Nicole Brown
Franco Pala

717-471-3265
718-681-5400

Report project nonconformance issues within 1 week to the
Program Chemist by phone, or email.

Modifications to data
validation
responsibilities

Data Validator

Evin McKinney

916-737-4016

Report project nonconformance issues within 1 week to the
Program Chemist by phone, or email.

April 2024
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Programmatic UFP-QAPP
PFAS Fingerprinting and Background Study
Multiple Air Force Bases

UFP-QAPP Worksheet #9 — Project Planning Session Summary
(UFP-QAPP Manual Sections 2.5.1 and Figures 9-12) (EPA 2106-G-05 Section 2.2.5)

Title: Kickoff Meeting
Meeting Location: Teleconference
Date of Session: 19 October 2023

Scoping Session Purpose: Introduce the project team, discuss roles and responsibilities, establish
project communication, discuss project objectives and schedule, and identify next steps for successful
project execution.

Name Organization Project Role
Jessica Faragalli USACE PM
Harvey Jones USACE PgM
Jolie Higgins USACE Technical Lead
Johnnie Terry USACE Contracting
Amy Estey USACE USACE Support
Monique Osterman USACE USACE Support
Cynthia Cash AFCEC AF PgM
Chin Zen Plotner AFCEC DAF Litigation Center Support
Alecia George AFCEC Deputy PM — AF Installations
Brian Howard Secretary of the Air | Tucson Area Support
Force for
Environment,
Safety, and
Infrastructure
Keith Freihofer ANG ANG PgM
Wendell Williams ANG Des Moines ANGB Restoration Project Manager (RPM)
Jose Hurtado ANG Morris ANGB RPM
Bill Myer ANG Stewart ANGB RPM
Jacques Marcillac Oneida PgM
Megan Duley Oneida PM
Kevin Engle Oneida Deputy PM — Air Force (AF) Installations
Lauren Idleman Oneida Deputy PM — ANG Installations
Kristen Carlyon Peyton Oneida Senior Program Chemist
Mark Wanek Oneida Project Geologist
Nicole Cook Oneida Project Geologist
Rachel Ofili Oneida Project Geologist
Sam Santoso Oneida Project Geologist
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Name Organization Project Role
Pamela Chang Battelle Battelle PM
Kavitha Dasu Battelle Battelle Lead Chemist
Amy Dindal Battelle Technical Support
Rick Wice Battelle Battelle Geologist
Steve Verdibello Battelle Battelle Hydrogeologist
Allen Davis Battelle Technical Support

Meeting Summary and Key Points:

Introduced the project team, organization, and scope of the TO. Discussion also included project
planning, project coordination, and generalized schedule, including installation priorities and timing of
in-person scoping meetings to avoid winter accessibility issues.

The team discussed project documents. Installation-specific UFP-QAPP addenda will undergo regulatory
review, and the fingerprinting and background studies will be submitted as a single report for each
installation.

The project schedule will be refined as kickoff and scoping meetings are scheduled; the team will
identify schedule options for these meetings. Project website access will be coordinated for key users.
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UFP-QAPP Worksheet #10 — Conceptual Site Model
(UFP-QAPP Manual Sections 2.5.2) (EPA 2106-G-05 Section 2.2.5)

Brief descriptions of each installation included in this contract are provided below. Detailed site
background, descriptions, and CSMs for each installation will be provided in installation-specific
UFP-QAPP addenda provided under separate cover. Figures 1 through 7 show the locations of the
installations/areas where the work will be performed.

Des Moines ANGB is located in Polk County, lowa, approximately 5 miles south of downtown Des
Moines. The ANGB is located on the west side of the Des Moines International Airport. It comprises
approximately 165 acres and is the home of the 132" Wing. A PFAS Preliminary Assessment (PA)
performed in 2016 evaluated 15 potential release areas as well as potential PFAS impacts along the
installation boundary. Fourteen potential release areas were investigated in a 2019 Site Inspection (Sl)
and all were recommended for further evaluation in an expanded Sl or Remedial Investigation (RI)
(Leidos, 2019).

Dover AFB is located in Kent County, Delaware, about 4 miles southeast of the city of Dover. It is
bounded to the southwest by the St. Jones River. Dover AFB comprises approximately 4,000 acres and is
the home of the 436™ Airlift Wing. PFAS SIs were completed at Dover AFB in 2014 and 2017 (SES 2014;
Aerostar SES, 2017). AFFF releases were confirmed at two areas located near installation boundaries and
an expanded Sl was completed at these locations in 2022 (AECOM, 2022). An Rl is under way to
investigate PFAS impacts to off-base drinking water sources.

Eielson AFB is located 6 miles southeast of the community of Moose Creek, Alaska. Eielson AFB
comprises approximately 19,790 acres and is bounded to the north by Moose Creek and on all other
sides by undeveloped military reservation lands. 3,651 acres of the installation are improved or partially
improved and the remainder are undeveloped. PFAS were initially detected in groundwater and surface
water at Eielson AFB in 2014 (AFCEC, 2015); quarterly groundwater monitoring was conducted from
2015-2020. Granular activated carbon treatment was added to the installation water treatment plant in
2016 (United States Air Force [USAF], 2017). Sls were completed at 15 AFFF release areas in 2015-16 as
well as at other installation monitoring wells; PFAS were detected at all 15 release areas (AFCEC, 20173;
AFCEC, 2017b; AFCEC, 2018). An expanded Sl was conducted in 2022 (Sundance-EA 1l, 2022) and
recommended further investigation in an RI, which started in 2020 and is currently underway.

Stewart ANGB is located at Stewart International Airport, 2.5 miles west of the city of Newburgh, New
York. It comprises 280 acres and is the home of the 105™ Airlift Wing. Lake Washington is located to the
southeast of the Stewart ANGB and forms part of the reservoir system used by the City of Newburgh
Water Department. Brown’s Pond, located to the south-southwest of the Stewart ANGB, has been used
as a backup source of water supply. A PFAS PA was conducted in 2016 (BB&E, 2016), an Sl in 2018
(Wood, 2018), and an expanded Sl in 2020 (Wood, 2020). The Sl investigations found PFAS impacts in
on- and off-base groundwater and off-base surface water and recommended further investigation in an
RI, which is currently underway.

Travis AFB is located in Solano County, California, approximately 3 miles east of downtown Fairfield and
8 miles south of downtown Vacaville. It comprises approximately 6,383 acres. A limited SI conducted in
2014 (SES, 2015) evaluated seven locations. A PA was completed in 2015 that identified and assessed 26
potential source areas; it recommended 20 for further investigation (CH2M, 2015a). Following additional
site visits and scoping, Sls were completed at 17 areas in 2017 (OTIE, 2018a), seven of which were
recommended for further evaluation. Following the SI, an expanded Sl was conducted to assess
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potential off-base drinking water impacts at 10 off-base wells. Three wells had PFAS impacts at
concentrations exceeding the EPA Lifetime Health Advisories (EPA, 2016a and 2016b) and were outfitted
with point of entry treatment systems (OTIE, 2018b). A PFAS Phase | Rl was initiated in July 2020 and is
currently underway at Travis AFB.

Wright Patterson AFB is located in Greene and Montgomery Counties, Ohio, in between the cities of
Dayton and Fairborn. It comprises 7,630 acres that make up two areas: Area A (Patterson Field) and
Area B (Wright Field). The city of Dayton drinking water well field is immediately downgradient of
Wright Patterson AFB. A PFAS PA was conducted in 2015 (CH2M Hill, 2015b) and an Sl in 2016 (Aerostar
SES LLC, 2018). The Sl recommended 15 areas for additional investigation. Groundwater PFAS
monitoring has been conducted since 2016 to fill data gaps identified in the PFAS Sl and evaluate if PFAS
are moving off-base towards the city of Dayton’s Huffman Dam well field. An expanded S| was
conducted at four AFFF areas previously investigated in the Sl as well as three additional investigation
areas (Aerostar SES LLC, 2020). The expanded Sl recommended that two areas undergo groundwater
evaluation, and five areas undergo further investigation in an Rl, which is currently underway.

Tucson Area Installations (Morris ANGB, AFP 44, and TIA) are located in Tucson, Arizona. The three
properties are located adjacent to each other immediately south of Tucson. Morris ANGB/TIA is the
northernmost property. The ANGB comprises 94 acres on the northwestern portion of the TIA and is
home to the 162" Wing. AFP 44, a government-owned, contractor-operated defense industrial plant,
adjoins Morris ANGB/TIA. Historical industrial processes conducted at AFP 44 in conjunction with the
production, maintenance, and modification of weapons systems included cleaning and degreasing,
plating, anodizing, chemical milling, chemical etching, printed circuit board production, heat treating,
and painting. PFAS investigations are underway at these and other nearby facilities. The DAF oversees
investigations at Morris ANGB and AFP 44; EPA is overseeing investigations at the TIA (Ayuda
Companies, 2021; AECOM, 2019; USACE, 2023).
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UFP-QAPP Worksheet #11 — Project/Data Quality Objectives
(UFP-QAPP Manual Sections 2.6.1) (EPA 2106-G-05 Section 2.2.6)

The DQOs for the project are outlined below. Specific DQOs will be established for each site and will be
described in the UFP-QAPP Addendum for each installation. All DQOs will follow EPA’s seven-step
iterative process for DQO development (EPA, 2006). DQOs are influenced by the ongoing project
planning discussions with stakeholders and will be updated if new consensus decisions materialize.

DQO Step Description

Step 1 PFAS constitute a large family exceeding several thousand fluorinated chemicals that may be

State the in commercial use or the environment, that vary widely in their chemical and physical

Problem properties. The persistence and mobility of some PFAS, combined with decades of
widespread use in industrial processes, certain types of firefighting foams, and consumer
products, have resulted in their presence in environmental media such as soil, groundwater,
and surface water at trace levels across the globe (ITRC, 2023), including in and around USAF
and ANGB installations. In many instances, the types and compositions of PFAS impacts both
in the vicinity of and originating from USAF and ANGB installations are not yet fully
understood, leading to a potential data gap that may affect completion of future risk
assessments and feasibility studies.

Step 2 The goal of the fingerprinting study is to potentially discriminate among potential PFAS

Identify the sources. The goal of the background study is to establish preliminary anthropogenic

Goals of the background concentrations at each installation. Samples for the fingerprinting and

Study background study will be analyzed by Draft Method 1633 and also using the PFAS Signature®
analysis, which can identify up to 520 distinct PFAS compounds. The data generated using
PFAS Signature® will be evaluated alongside data generated by Method 1633 and additional
lines of evidence (such as geochemical parameters and current site CSMs) to evaluate if/how
they may be used to inform site understanding.
Installation-specific UFP-QAPP addenda will be prepared for each installation or study area.
The UFP-QAPP addenda will detail installation-specific sampling and analysis plans, data
quality objectives, procedures, and documentation necessary to achieve the study goals

Step 3 The following data and informational needs for each study (fingerprinting and background)

Identify are required to achieve project goals using a multiple line of evidence approach:

Information i L

Inputs Background Study Fingerprinting Study

o Analytical results from surface soil samples e Analytical results from surface soil,
collected and analyzed for PFAS, and subsurface soil, groundwater, surface
geochemical parameters for selected water, and potentially porewater samples
samples, in accordance with this collected and analyzed for PFAS, and
Programmatic UFP-QAPP and installation- geochemical parameters for selected
specific addenda. samples, in accordance with this

Programmatic UFP-QAPP and installation-
specific addenda.

Results from a chemical forensic technique,
PFAS Signature®, which uses a combination
of high-resolution mass spectrometry and
statistical analysis for PFAS source
differentiation and tracking (refer to table
in Worksheets #14 & 16, Section 14.4 for
additional information on the analytical
methods that comprise PFAS Signature®).

Results from a chemical forensic technique,
PFAS Signature®, which uses a combination
of high-resolution mass spectrometry and
statistical analysis for PFAS source
differentiation and tracking (refer to table
in Worksheets #14 & 16, Section 14.4 for
additional information on the analytical
methods that comprise PFAS Signature®).
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DQO Step

Description

e Installation-specific information obtained e Installation-specific information obtained
through historical document reviews, site through historical document reviews, site
visits, record reviews, public GIS databases, visits, record reviews, public GIS databases,
and conference calls. and conference calls.

o Off-installation information obtained o Off-installation information obtained
through historical document reviews, site through historical document reviews, site
visits, record reviews, public GIS databases, visits, record reviews, public GIS databases,
and conference calls with installation and conference calls with installation
personnel who live locally. personnel who live locally.

e Data analysis and evaluation as described e Data analysis and evaluation as described
on Worksheet #14 on Worksheet #14

Step 4
Define the
Boundaries
of the Study

Specific sampling locations at each installation will be determined based on site visits and
site-specific conditions such as topography, groundwater flow and surface water runoff
direction, the results of previous investigations, and consultation with USACE and DAF.
Specific sampling locations will be included in the installation-specific addenda, but in
general samples will be collected within installation borders with samples collected off-
installation as needed to meet project objectives.

The locations and quantities of off-base fingerprinting samples will be developed on an
installation-specific basis. Samples will be collected on- and off-installation to support the
background studies and the fingerprinting studies. The locations of off-base fingerprinting
samples will be selected to provide information regarding potential PFAS migrating onto an
installation (upgradient) as well as migrating off of an installation (downgradient), and
potentially comingling with off-base sources. The goal of off-base fingerprinting sampling is
not to search for other potential contributors to identified PFAS impacts, but rather to
achieve acceptable lateral distribution of sample locations. Off-base background study
sample locations will be selected as appropriate in consideration of suitability for use in the
background study (as removed from known/suspected PFAS sources and other
environmental contaminants to the extent practicable) while also considering location safety,
access, and sensitive natural resources. Temporal boundaries are described in the schedule
presented in Worksheets #14 & 16.

Step 5
Develop the
Analytic
Approach

Background Study
If PFAS are detected at concentrations greater than their respective limits of quantitation
(LOQs), then installation-specific background levels will be statistically developed.

Statistical analysis will include data collected from both the concentrations of targeted
analytes measured using Draft Method 1633 and the semi-quantitative concentrations
calculated from the Suspect Screening Responses. The background samples will be assessed
for outliers, i.e. samples with high PFAS concentrations such that they are likely not actual
background samples. The Median Absolute Deviation (MAD) approach will be used to
identify potential outliers, selecting the median £ 2.5 times the MAD as the criterion. This
approach is applicable when the data are not normally distributed, as is likely to be the case
for the background samples in the presence of non-detects.

Outlier detection will be performed for each site. The Wilcoxon Rank Sum (WRS) test will be
used to compare background sample PFAS concentrations to test site samples (EPA Guidance
EPA 540-R-01-003). The WRS test is non-parametric, robust to outliers, and robust in the
presence of up to 40% non-detects in either set of samples.

The WRS test will be used to test the null hypothesis HO: A < S vs. HA: A > S, where A is the

difference in distribution of PFAS concentrations between the test site and the background,
and S is an a priori specified substantial difference. This test assumes that the difference is
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DQO Step

Description

< S and rejects that assumption if there is statistically significant evidence that the difference
is > S. The test for each site will be performed with a significance level of 0.05. If more than
40% non-detects are observed in either set of samples, then alternative statistical methods
will be considered. Proportionality tests will be used to compare PFAS detection rates across
land use categories, if the data are amenable. Each sample will be classified as either PFAS
detected (at any concentration) or PFAS not detected. A chi-squared test will be performed
to test the null hypothesis of equal PFAS detection rates across land use categories.

If the semiquantitative suspect screening analysis detects the presence of PFAS compounds,
then further evaluation or future investigation may be warranted to understand the
presence/absence of and determine the semi-quantitative concentrations of the suspect
screening analytes. This approach will be informative for future investigations. This study
provides the development and proof of concept data to understand the background levels of
the suspect analytes. The USACE and AFCEC may consider further investigations after
reviewing the study results. Results may be used to clarify the installation-specific CSMs.
Fingerprinting Study

If suspect screening results achieve a confidence level of 1, 2, or 3, then the results are
suitable for use in fingerprinting analysis via machine learning.

Following machine learning analysis, AFFF/non-AFFF source classification confidence levels
will be reported. Confidence levels for machine learning analysis results will be assessed as
follows:

e A confidence level greater than 0.5 (> 0.5) means that PFAS contamination is likely due
to an AFFF source. Determination will be supported by evaluation of additional lines of
evidence.

e A confidence level less than 0.5 (< 0.5) means that PFAS contamination may be due to
a mixture of AFFF and non-AFFF sources or may be non-AFFF in origin. Determination
will be supported by evaluation of additional lines of evidence.

e In both instances, further lines of evidence will be evaluated and may include:

0 Target analysis data, which provides quantitative data for 40 PFAS analytes.

0 Evaluation of PFAS precursors and metabolites in the suspect screening data at
known AFFF source areas and downgradient locations. If the comparison of the
data from the source and downgradient shows the data to be similar, then the
concentrations can be considered to originate from the same source (AFFF). If the
comparison shows that the data are different, then an AFFF source is unlikely.

0 Evaluation of total organic carbon (TOC) and total metals concentrations at known
AFFF source areas and downgradient locations. If concentrations of TOC and/or
total metals provide evidence that source area AFFF has migrated downgradient or
is from another source, then the information will be used as an additional line of
evidence.

Step 6

Specify
Performance or
Acceptance
Criteria

To limit uncertainty in obtained environmental data, project-specific measurement
performance criteria (MPC) have been developed and are presented in Worksheet #12.
Measurement errors will be controlled by using appropriate sampling and analytical
methods, adhering to the DoD/Department of Energy Consolidated QSM (version 5.4), having
independent data validation to verify laboratory processes for definitive data, and by
following established SOPs. The field team will review the UFP-QAPP and site-specific
addenda before sample collection to limit sample collection errors. The subcontract
laboratories will be provided with a copy of the UFP-QAPP for review and will adhere to the
guidance herein to limit measurement errors.

April 2024
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DQO Step Description

Step 7 As described in Worksheet #17, sampling locations at each installation may include shallow
Develop the Plan | and deep soil borings, temporary monitoring wells, surface water locations, lysimeters, and
for existing on-base monitoring wells.

Obtaining Data A field QC sample summary is provided in Worksheet #20; field SOPs are identified in
Worksheet #21 and provided in Appendix A; and field equipment calibration, maintenance,
testing, and inspection procedures are provided in Worksheet #22. Worksheets #23, #24, and
#25 provide analytical SOPs, instrument calibration, and analytical equipment maintenance,
testing and inspection. Worksheets #26 and #27 provide sample handling, custody, and
disposal procedures. Worksheet #28 provides the analytical QC and corrective action.
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UFP-QAPP Worksheet #12A — Measurement Performance Criteria, AQueous

Samples

(UFP-QAPP Manual Sections 2.6.2) (EPA 2106-G-05 Section 2.2.6)

This worksheet documents the project specific MPC in terms of data quality indicators (DQI) (i.e.,
precision, accuracy, sensitivity, representativeness, completeness, and comparability).

Analyte/Method

PFAS by Third Draft Method 1633 compliant with QSM 5.4 Table B-24/SOP 5-381

Matrix

Groundwater/Surface Water

Concentration Level

Low

Sampling procedure

Groundwater/Surface Water Sampling; Oneida SOP OESCO08F/OESC006D

Data Quality Indicators

Quality Control Sample

Measurement Performance Criteria

Bias Contamination

Field Blank/Equipment Blank

<1/2 Limit of Quantitation (LOQ)

Overall Precision

Field Duplicate

Relative Percent Difference (RPD) < 35 percent
(%)

Accuracy/Bias
Contamination

Method blank

<1/2 LOQ or <1/10 the amount measured in field
samples, or <1/10 the regulatory limit,
whichever is greater

Accuracy/Method bias in
ideal matrix

Laboratory Control Sample (LCS),
spiked at mid-to-low range

Laboratory-derived statistical limits (Table 28-1a)

Precision and Accuracy in
ideal matrix

Laboratory Control Sample
Duplicate (LCSD)

RPD <30%

Accuracy in project
matrix

Matrix Spike (MS)

Laboratory-derived statistical limits (Table 28-1a)

Precision and Accuracy in
project matrix

Matrix Spike Duplicate (MSD)

RPD <30%

Accuracy in individual
samples

Extracted Internal Standards (EIS)

Laboratory-derived statistical limits (Table 28-1a)

Accuracy in individual
samples

Non-extracted Internal Standards
(NIS)

Peak area > 30% of average peak area from the
initial calibration (ICAL)

Sensitivity

Instrument Sensitivity Check (I1SC)

All analyte concentrations must be within +30%
of their true values. Analyte concentrations must
be at LOQ.

Representativeness

Temperature blanks, Laboratory
sample receipt checklists

Samples met preservation requirements
discussed in Worksheets #19 & #30

Comparability

Standardized field and laboratory
SOPs

Based on accuracy and media comparison

Completeness

See Worksheet #34 and #37

90%

April 2024
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UFP-QAPP Worksheet #12B — Measurement Performance Criteria, Soil Samples

Analyte/Method PFAS by Third Draft Method 1633 compliant with QSM 5.4 Table B-24/SOP 5-381
Matrix Soil
Concentration Level Low

Sampling procedure

Soil Sampling; Oneida SOP OESC006B and OESC007D

Data Quality Indicators

Quality Control Sample

Measurement Performance Criteria

Bias Contamination

Field Blank/Equipment Blank

<1/2 LOQ

Overall Precision

Field Duplicate

RPD <50 %

Accuracy/Bias
Contamination

Method blank

<1/2 LOQ or <1/10 the amount measured in field
samples, or <1/10 the regulatory limit, whichever
is greater

Accuracy/Method bias in
ideal matrix

LCS spiked at mid-to-low range

Laboratory-derived statistical limits (Table 28-1b)

Precision and Accuracy in | LCSD RPD <30%

ideal matrix

Accuracy in project MS Laboratory-derived statistical limits (Table 28-1b)
matrix

Precision and Accuracy in | MSD RPD <30%

project matrix

Accuracy in individual EIS Laboratory-derived statistical limits (Table 28-1b)
samples

Accuracy in individual NIS Peak area > 30% of average peak area from the
samples ICAL

Sensitivity ISC All analyte concentrations must be within +30% of

their true values.
Analyte concentrations must be at LOQ.

Representativeness

Temperature blanks, Laboratory
sample receipt checklists

Samples met preservation requirements
discussed in Worksheets #19 & #30

Comparability

Standardized field and laboratory
SOPs

Based on accuracy and media comparison

Completeness

See Worksheet #34 and #37

90%

April 2024
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UFP-QAPP Worksheet #12C — Measurement Performance Criteria, AqQueous

Samples
Analyte/Method Total Metals by EPA Methods 6020B/7470A
Matrix Groundwater/Surface Water

Concentration Level

Low

Sampling procedure

Groundwater/Surface Water Sampling; Oneida SOP OESCO08F/OESC006D

Data Quality Indicators

Quality Control Sample

Measurement Performance Criteria

Bias Contamination

Field Blank/Equipment Blank

<1/2 LOQ

Overall Precision

Field Duplicate

RPD < 35%

Accuracy/Bias
Contamination

Method blank

<1/2 LOQ or <1/10 the amount measured in field
samples

Accuracy/Method bias in

. . LCS QSM 5.4 Table C-6 and C-12
ideal matrix

!Drecmon aTnd Accuracy in LCSD RPD <20%

ideal matrix

Accuracy in project MS QSM 5.4 Table C-6 and C-12
matrix

Precision and Accuracy in MSD RPD <20%

project matrix

Accuracy in individual
samples

Internal Standards (ICP/MS only)

Must be 30%-120% of the calibration blank

Sensitivity

Low Level Check (ICP/MS only)

+20% True Value

Representativeness

Temperature blanks, Laboratory
sample receipt checklists

Samples met preservation requirements
discussed in Worksheets #19 & #30

Comparability

Standardized field and laboratory
SOPs

Based on accuracy and media comparison

Completeness

See Worksheet #34 and #37

90%

NOTE

ICP/MS = inductively coupled plasma / mass spectrophotometer

April 2024
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UFP-QAPP Worksheet #12D — Measurement Performance Criteria, Soil Samples

Analyte/Method Total Metals by EPA Methods 6020B/7471B
Matrix Soil
Concentration Level Low

Sampling procedure

Soil Sampling; Oneida SOP OESC006B and OESC007D

Data Quality Indicators

Quality Control Sample

Measurement Performance Criteria

Bias Contamination

Field Blank/Equipment Blank

<1/2 LOQ

Overall Precision

Field Duplicate

RPD <50 %

Accuracy/Bias
Contamination

Method blank

<1/2 LOQ or <1/10 the amount measured in field
samples

Accuracy/Method bias in

. . LCS QSM 5.4 Table C-5 and C-11
ideal matrix

Precmon aTnd Accuracy in LCSD RPD <20%

ideal matrix

Accuracy in project MS QSM 5.4 Table C-5 and C-11
matrix

Precision and Accuracy in MSD RPD <20%

project matrix

Accuracy in individual
samples

Internal Standards (ICP/MS only)

Must be 30%-120% of the calibration blank

Sensitivity

Low Level Check (ICP/MS only)

+20% True Value

Representativeness

Temperature blanks, Laboratory
sample receipt checklists

Samples met preservation requirements
discussed in Worksheets #19 & #30

Comparability

Standardized field and laboratory
SOPs

Based on accuracy and media comparison

Completeness

See Worksheet #34 and #37

90%

April 2024

21

W91238-23-D-0023 / W91238-23-F-0086



Programmatic UFP-QAPP

PFAS Fingerprinting and Background Study

Multiple Air Force Bases

UFP-QAPP Worksheet #12E — Measurement Performance Criteria, Aqueous

Samples
Analyte/Method Total Organic Carbon by EPA Method 9060A
Matrix Groundwater/Surface Water

Concentration Level

Low

Sampling procedure

Groundwater/Surface Water Sampling; Oneida SOP OESCO08F/OESC006D

Data Quality Indicators

Quality Control Sample

Measurement Performance Criteria

Bias Contamination

Field Blank/Equipment Blank

<1/2 LOQ

Overall Precision

Field Duplicate

RPD<35%

Accuracy/Bias
Contamination

Method blank

<1/2 LOQ or <1/10 the amount measured in field
samples

Accuracy/Method bias in

‘ . LCS 80-120 %R
ideal matrix
!Drecmon aTnd Accuracy in LCSD RPD <20%
ideal matrix
Accuracy in project

: MS 75-125 %R
matrix
Precision and Accuracy in MSD RPD <20%

project matrix

Representativeness

Temperature blanks, Laboratory
sample receipt checklists

Samples met preservation requirements
discussed in Worksheets #19 & #30

Comparability

Standardized field and laboratory
SOPs

Based on accuracy and media comparison

Completeness

See Worksheet #34 and #37

90%

NOTES:

1. EPA Method 9060A does not have QSM limits. Limits provided are in accordance with the precision and
accuracy guidance provided in EPA Method 9060A for aqueous matrices.

April 2024
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UFP-QAPP Worksheet #12F — Measurement Performance Criteria, Soil Samples

Analyte/Method Total Organic Carbon by EPA Method 9060A
Matrix Soil
Concentration Level Low

Sampling procedure

Soil Sampling; Oneida SOP OESC006B and OESC007D

Data Quality Indicators

Quality Control Sample

Measurement Performance Criteria

Bias Contamination

Field Blank/Equipment Blank

<1/2 LOQ

Overall Precision

Field Duplicate

RPD <50 %

Accuracy/Bias
Contamination

Method blank

<1/2 LOQ or <1/10 the amount measured in field
samples

Accuracy/Method bias in

/ . LCS 36-163%R
ideal matrix
Precmon aTnd Accuracy in LCSD RPD <20%
ideal matrix
Accuracy in project

: MS 36-163%R
matrix
Precision and Accuracy in MSD RPD <20%

project matrix

Representativeness

Temperature blanks, Laboratory
sample receipt checklists

Samples met preservation requirements
discussed in Worksheets #19 & #30

Comparability

Standardized field and laboratory
SOPs

Based on accuracy and media comparison

Completeness

See Worksheet #34 and #37

90%

NOTES:

1. EPA Method 9060A does not have QSM limits; therefore, statistically-derived laboratory control limits will be

used for soil.
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UFP-QAPP Worksheet #12G — Measurement Performance Criteria, Soil Samples

PFAS by Liquid Chromatography — Quadrupole Time-of-Flight Mass Spectrometry (LC-

Analyte/Method QTOF MS) (PFAS Signature® analysis)/SOP 5-382
Matrix Soil
Concentration Level Low

Sampling procedure

Soil Sampling; Oneida SOP OESC006B and OESC007D

Data Quality Indicators

Quality Control Sample

Measurement Performance Criteria

Accuracy/Bias
Contamination (Sample)

Method blank

< 5x the response of the response measures in
the field samples for any analyte detected in
method blank

Bias Contamination
(Instrument)

Instrument Blank analyzed prior
to the batch sequence run to
assess an instrument’s
cleanliness

< 5x the response of the response measures in
the field samples for any analyte detected in the
instrument blank.

Bias Contamination
(Instrument)

System Blank analyzed during the
batch sequence run to assess an
instrument’s cleanliness

None of the system verification standard (SVS),
calibration curve, or positive control analytes
should be detected at greater than 3:1 signal-to-
noise ratio in the instrument blanks.

Accuracy in project
samples

Internal/Surrogate Standard
Spikes

In negative mode analysis, at least 70% spiked
internal and surrogate standards are expected to
be detected. If that criterion fails, samples need
to be reanalyzed. There are no labeled positive
mode analytes commercially available. Therefore,
this criterion is not applicable for positive mode
detections.

Confidence Level
Assignment

Confidence Level 1 (CL 1)

The retention time has previously been
determined from the analysis of authentic
reference material. The mass error of the
detection is < 3 mDa. The detection contains at
least one logical high-energy product ion.

Confidence Level

Confidence Level 2a (CL 2a)

Each peak will be given a confidence level which

Assignment Confidence Level 2b (CL 2b) are modified from Schymanski et al (2014)*
Confidence Level 3 (CL 3)
Confidence Level 4 (CL 4)

NOTES:

1. Laboratory SOPs available for review upon request.

April 2024
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UFP-QAPP Worksheet #12H — Measurement Performance Criteria, AqQueous

Samples
PFAS by Liquid Chromatography — Quadrupole Time-of-Flight Mass Spectrometry (LC-
Analyte/Method QTOF MS) (PFAS Signature® analysis)/SOP 5-382
Matrix Groundwater/Surface Water

Concentration Level

Low

Sampling procedure

Groundwater/Surface Water Sampling; Oneida SOP OESCO08F/OESC006D

Data Quality Indicators

Quality Control Sample

Measurement Performance Criteria

Accuracy/Bias
Contamination (Sample)

Method blank

Analytes detected in method blank must be < 3x
the response measured in the field samples for
any analyte

Bias Contamination
(Instrument)

Instrument Blank analyzed prior
to the batch sequence run to
assess an instrument’s
cleanliness

< 3x the response of the response measures in
the field samples for any analyte detected in the
instrument blank.

Bias Contamination
(Instrument)

System Blank analyzed during the
batch sequence run to assess an
instrument’s cleanliness

None of the SVS, calibration curve, or positive
control analytes should be detected at greater
than 3:1 signal-to-noise in the instrument blanks.

Accuracy in project
samples

Internal/Surrogate Standard
Spikes

In negative mode analysis, at least 70% spiked
internal and surrogate standards are expected to
be detected. If that criterion fails, samples need
to be reanalyzed. There are no labeled positive
mode analytes commercially available. Therefore,
this criterion is not applicable for positive mode
detections.

Confidence Level
Assignment

Confidence Level 1 (CL 1)

The retention time has previously been
determined from the analysis of authentic
reference material. The mass error of the
detection is < 3 mDa. The detection contains at
least one logical high-energy product ion.

Confidence Level

Confidence Level 2a (CL 2a)

Each peak will be given a confidence level which

Assignment Confidence Level 2b (CL 2b) are modified from Schymanski et al (2014)*
Confidence Level 3 (CL 3)
Confidence Level 4 (CL 4)

NOTES

1. Laboratory SOPs available for review upon request.
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UFP-QAPP Worksheet #13 — Secondary Data Uses and Limitations
(UFP-QAPP Manual Sections 2.7) (EPA 2106-G-05 Chapter 3: QAPP Elements for Evaluating Existing

Data)

The following worksheet will be included in the installation-specific UFP-QAPP addenda and will identify
data used in the generation of the installation-specific UFP-QAPP addenda.

Data Source (Originating
Organization, Report Title, and
Data Type Date)

Data Uses
Relative to
Current Project

Factors Affecting the Reliability of
Data and Limitations on Data Use

April 2024
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UFP-QAPP Worksheet #14 & #16 — Project Tasks & Schedule
UFP-QAPP Manual Sections 2.8.2) (EPA 2106-G-05 Section 2.2.4)
A general schedule for the primary project tasks is presented below and represents the anticipated

schedule for programmatic activities to be completed at the installations. The specific procedures to be
completed at each installation and schedule will be provided in installation-specific UFP-QAPP addenda.

Task Start Finish
Project Planning and Scoping September 26, 2023 October 2024
Fieldwork and Laboratory Analysis June 2024 February 2025
Data Analysis and Reporting October 2024 March 2026
14.1 PROJECT PLANNING

Initial planning included preparation of project planning documents (including this programmatic
UFP-QAPP) and a programmatic kickoff meeting with the USACE and DAF project team members to
discuss the overall project scope, schedule, and planning required for the sites investigated as part of
this TO. The notes from the kickoff meeting are presented in Worksheet #9.

Installation-specific kickoff meetings were also held for each installation under this contract. Meeting
participants were identified and meeting notes provided under separate cover; these will also be
summarized in the installation-specific UFP-QAPP addenda. In-person scoping sessions also will be
conducted for each installation. A Programmatic Accident Prevention Plan is provided under separate
cover and site-specific safety and health plans will be prepared for each installation.

14.1.1 Permits and Notifications

The necessary installation-specific permits and notifications will be identified in the UFP-QAPP addenda.
The Oneida Team and drilling subcontractors (where utilized) will participate in an orientation for field
activities prior to initiating work at an installation, either in person or via telephone. All fieldwork will be
coordinated with the RPM for each installation. The Oneida Team will work with installation personnel
to determine and comply with right of entry requirements for off-installation property access if
necessary.

Utility clearance will be conducted for soil boring and temporary well locations (if installed) following
installation-specific procedures. Oneida will ensure that a thorough mark-out at each site is completed
to locate electrical, gas, telephone, water, sewer, low voltage electric lines, product delivery pipelines,
fiber optic, and other subsurface utilities/services. The subcontracted drillers will coordinate the
necessary permitting required for drilling.

14.1.2 Pre-Field Activities

A pre-planning meeting will be held onsite at each installation with the SSHO, field team lead, and
installation RPM. The onsite meeting will identify drilling locations for the utility location survey and
coordinate permitting /update installation planning as needed.

The site preparation activities for the PFAS fingerprinting and background study field investigations
include mobilization of field team personnel and equipment to each installation. Installation-specific
access and fieldwork requirements will be coordinated with installation RPMs prior to initiating field
activities.
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A water source will be provided by each installation for use during drilling and initial equipment
decontamination. This type of water is typically obtained from a tap or spigot on the installation, and
the location will be selected in consultation with the RPM. If necessary, a sample from the water source
will be tested to ensure that it is not impacted with PFAS (does not contain PFAS concentrations equal to
or greater than the project screening levels (PSLs) listed in Worksheet #15). Preference will be given to a
source that has previously been tested for PFAS and/or utilized in prior investigations at the installation.
If this source is available, analytical results will be obtained from the RPM and results verified by the
Oneida Team for acceptability. If water testing results are not available, a local water sample will be
collected during investigation activities for subsequent evaluation of decontamination water during the
data usability assessment. Laboratory certified PFAS-free water will be brought onsite to perform final
rinse decontamination procedures on sampling equipment.

14.2 FIELD ACTIVITIES

Soil, groundwater, and surface water samples will be collected at each installation and submitted for the
analyses listed in Worksheet #15. Groundwater samples may be collected from existing monitoring
wells; temporary monitoring wells may also be installed and sampled as needed. Lysimeter samples may
be collected on an installation-specific basis from installations with existing lysimeters. Samples will be
collected at each installation in accordance with the general types and quantities specified in Worksheet
#18; specific sampling plans will be presented in the installation-specific UFP-QAPP addenda. Sample
methodologies will follow the Oneida field SOPs listed in Worksheet 21 and provided in Appendix A,
which include methods that address the potential for false positive detections of PFAS. Proposed sample
locations and fieldwork schedules will be presented in the installation-specific UFP-QAPP addenda.

14.3 INVESTIGATION-DERIVED WASTE SAMPLING

Investigation-derived waste (IDW) sampling will be completed at the conclusion of sampling activities at
each installation, following procedures outlined in the Waste Management Plan (Appendix E) and as
required by each installation. Specific IDW handling procedures will be documented in the installation-
specific UFP-QAPP addenda. All IDW will be disposed of in accordance with Federal, State, and local
regulations.

14.4 LABORATORY ANALYSIS

All samples will be submitted for laboratory analysis of the constituents and following the methods
listed in Worksheet #15. Samples are analyzed for TOC and TAL metals to support PFAS fingerprinting
analysis; as noted on Worksheet #15, results for these analyses will not be compared to screening
criteria and will be used to support PFAS fingerprinting only. Installation-specific sampling plans will be
described in the UFP-QAPP addenda.

Battelle will analyze samples for PFAS using Draft Method 1633, liquid chromatography with tandem
mass spectrometry (LC/MS/MS) in accordance with DoD QSM version 5.4, Table B-24. Battelle will also
analyze samples for PFAS fingerprinting using high resolution fingerprinting analysis (PFAS Signature®).
Eurofins Lancaster will analyze samples for non-PFAS analytes.

Analytical Tool Analytical Methods Included PFAS Analytes
PFAS EPA 1633 Targeted analysis — Quantitative Analysis 40 target analytes
Signature® High Resolution Mass Spectral Method — Suspect Screening .
- - . . 520 suspect screening analytes
(Fingerprinting | Analysis -Qualitative
Stud
udy) Machine Learning Analysis using Suspect screening data 520 suspect screening analytes
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Analytical Tool Analytical Methods Included PFAS Analytes

PEAS EPA 1633 Targeted analysis — Quantitative Analysis 40 target analytes

Background High Resolution Mass Spectral Method — Suspect Screening

Study Analysis — Semi-quantitative 520 suspect screening analytes

14.5 DATA MANAGEMENT AND DATA VALIDATION

Data management and data validation services will be provided by Synectics of Sacramento, California.
Data generated by the analytical laboratory will be recorded in electronic copies and in electronic data
deliverables (EDDs) after completion of sample analysis. With the exception of the IDW data, the
laboratory will upload both to the Oneida database where they will undergo automated data validation.
PFAS data will be validated by Synectics at 100% Stage 2B and at least 10% Stage 4, by sample delivery
group. Results for at least one sample in each sample delivery group will receive Stage 4 validation. Non-
PFAS data (geotechnical/geochemical) will be validated at 100% Stage 2A. Data verification and
validation details are in Worksheets #34 through Worksheet #36. Data validation results will be provided
15 business days from receipt of analytical data.

Data generated during field activities will be recorded using field forms provided in Appendix D. These
forms will be reviewed for completeness and accuracy by the Oneida FTL. The Oneida database contains
data for (1) summarizing observations on PFAS constituents and site conditions, (2) preparing reports
and graphics, and (3) transmitting data in an electronic format. Synectics will export approved data for
upload to the Environmental Resources Program Information Management System (ERPIMS). PFAS
Signature® data will not be uploaded to ERPIMS.

14.6 DATA ANALYSIS AND EVALUATION

Results of the PFAS Signature® analysis will be processed based on high-resolution mass spectrometric
data. Suspect screening analysis and machine learning analysis are complementary analyses providing
different lines of evidence. Application of a high-resolution, mass spectral suspect screening method
reveals non-target PFAS precursor information, which facilitates comparison of similarities and
differences among AFFF source samples and groundwater samples.

All of the samples in the source library will be processed to extract distinct analytes. The labeled samples
will be further processed using supervised machine learning techniques to generate a predictive model
that processes an unknown sample and predicts the source classification, based on the sample signature
matches to the source library. Model predictions are supported with additional evidence from
diagnostic measures, which include: (i) a confusion matrix that diagnoses predicted model classes versus
known model classes, (ii) confidence levels in individual predictions, (iii) similarity metrics between
different samples, (iv) hierarchical clustering, and (v) the importance of analytes in the model’s decision-
making process (refer to Appendix F for additional details). Site-specific information used to verify
model predictions includes site history, sample locations/distance from the known source, and
groundwater flow /potential PFAS migration pathways.

The data also will be evaluated considering TOC and metals results obtained for a subset of samples to
understand the partitioning and transport of different PFAS analytes and potential co-mingling with non-
AFFF related sources. TOC and metals data provide another line of evidence in understanding potential
PFAS sources. For example, the presence of high concentrations of chromium in a sample in addition to
PFOS/ 6:2 fluorotelomer sulfonate (FTS) potentially indicates a metal plating source, while the presence
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of high TOC may suggest a low likelihood of downgradient migration (potentially indicating that any
observed downgradient PFAS impacts may be attributable to a different source or source area).

14.7 REPORTING

A PFAS Fingerprinting and Background Study Report will be generated for each installation included
under this TO. The report will describe the completed field sampling, laboratory analysis, and data
validation, and include figures and tables that present the findings. It will describe potential PFAS
sources identified at each installation (such as AFFF releases, contributions from municipal/industrial
wastes, and PFAS impacts from commercial products and metal plating operations). It will also present
the preliminary upper limits of the anthropogenic background concentration for PFAS in soils at each
installation. The background study will be prepared in general accordance with the EPA Guidance on
conducting background studies (EPA, 2002).
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UFP-QAPP Worksheet #15A — Project Screening Limits and Laboratory-Specific Detection/Quantitation Limits
(UFP-QAPP Manual Sections 2.6.2.3 and Figure 15) (EPA 2106-G-05 Section 2.2.6)

Matrix: Water
Analytical Group: PFAS
Laboratory: Battelle

Method: PFAS by Third Draft Method 1633 compliant with QSM 5.4 Table B-24/SOP 5-381

Project Project Practical Battelle Laboratory Limits
Analyte CAs sc{fﬂi?ti)"g Scﬁ:ﬂlng Qﬂiﬂ??ﬁ:“ Loq | Lop DL

(ng/L)* | Reference? (ng/L) (ng/L) | (ng/L) | (ng/L)
Perfluorobutanoic acid (PFBA) 375-22-4 1,800 DoD, 2024 600 6.40 1.25 0.597
Perfluoropentanoic acid (PFPeA) 2706-90-3 --- -—- 3.2 3.20 1.25 0.563
Perfluorohexanoic acid (PFHxA) 307-24-4 990 DoD, 2024 330 1.60 1.00 0.412
Perfluoroheptanoic acid (PFHpA) 375-85-9 - --- 1.6 1.60 0.50 0.173
Perfluorooctanoic acid (PFOA) 335-67-1 6.0 DoD, 2024 2.0 1.60 0.75 0.290
Perfluorononanoic acid (PFNA) 375-95-1 5.9 DoD, 2024 2.0 1.60 0.50 0.250
Perfluorodecanoic acid (PFDA) 335-76-2 - --- 1.6 1.60 0.50 0.223
Perfluoroundecanoic acid (PFUnA) 2058-94-8 --- --- 1.6 1.60 0.50 0.203
Perfluorododecanoic acid (PFDoA) 307-55-1 1.6 1.60 0.75 0.301
Perfluorotridecanoic acid (PFTrDA) 72629-94-8 --- -—- 1.6 1.60 0.75 0.363
Perfluorotetradecanoic acid (PFTeDA) 376-06-7 --- --- 1.6 1.60 1.00 0.429
Perfluorobutanesulfonic acid (PFBS) 375-73-5 600 DoD, 2024 200 1.60 0.50 0.177
Perfluoropentanesulfonic acid (PFPeS) 375-22-4 --- -—- 1.6 1.60 0.50 0.129
Perfluorohexanesulfonic acid (PFHXxS) 355-46-4 39 DoD, 2024 13 1.60 0.75 0.291
Perfluoroheptanesulfonic acid (PFHpS) 375-92-8 - --- 1.6 1.60 0.50 0.204
Perfluorooctanesulfonic acid (PFOS) 1763-23-1 4.0 DoD, 2024 1.6 1.60 0.50 0.248
Perfluorornonanesulfonic acid (PFNS) 68259-12-1 -—- - 1.6 1.60 0.50 0.249
Perfluorordecaanesulfonic acid (PFDS) 335-77-3 --- - 1.6 1.60 0.50 0.162
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Project Project Practical Battelle Laboratory Limits
as | Sreenine | sereeing | oot 0 T vom | o
(ng/L)* | Reference? (ng/L) (ng/L) | (ng/L) | (ng/L)
Perfluorododecanesulfonic acid (PFDoS) 79780-39-5 1.6 1.60 0.50 0.180
1H,1H,2H,2H-Perfluorohexane sulfonic acid (4:2FTS) 757124-72-4 --- - 6.4 6.40 2.75 1.32
1H,1H,2H,2H-Perfluorooctane sulfonic acid (6:2FTS) 27619-97-2 -—- - 6.4 6.40 3.00 1.48
1H,1H,2H,2H-Perfluorodecane sulfonic acid (8:2FTS) 39108-34-4 - - 6.4 6.40 2.00 0.916
Perfluorooctanesulfonamide (PFOSA) 754-91-6 --- -—- 1.6 1.60 0.50 0.188
N-methylperfluorooctanesulfonamide (NMeFOSA) 31506-32-8 --- -- 1.6 1.60 0.50 0.199
N-ethylperfluorooctanesulfonamide (NEtFOSA) 4151-50-2 --- --- 1.6 1.60 0.25 0.0998
N-methyl perfluorooctanesulfonamidoacetic acid (NMeFOSAA) 2355-31-9 --- -—- 1.6 1.60 1.50 0.655
N-ethyl perfluorooctanesulfonamidoacetic acid (NEtFOSAA) 2991-50-6 --- -- 1.6 1.60 1.25 0.571
N-methyl perfluorooctanesulfonamidoethanol (NMeFOSE) 24448-09-7 --- - 16 16.0 3.50 1.65
N-ethyl perfluorooctanesulfonamidoethanol (NEtFOSE) 1691-99-2 --- -—- 16 16.0 3.00 1.45
Hexafluoropropylene oxide dimer acid (HFPO-DA) 13252-13-6 1.53 DoD, 2024 6.4 6.40 1.50 0.748
4,8-dioxa-3H-perfluorononanoic acid (ADONA) 919005-14-4 --- - 6.4 6.40 1.50 0.694
Perfluoro-3-methoxypropanoic acid (PFMPA) 377-73-1 --- -—- 3.2 3.20 1.50 0.628
Perfluoro-4-methoxybutanoic acid (PFMBA) 863090-89-5 3.2 3.20 1.25 0.600
Nonafluoro-3,6-dioxaheptanoic acid (NFDHA) 151772-58-6 --- - 3.2 3.20 1.75 0.760
2::3h(|)c’)\;’:)hexadecafluoro-3-oxanonane-l-sulfonic acid (9Cl- 756426-58-1 . . 6.4 6.40 1.50 0.699
IiI{;}%mtjodns))eicosaﬂuoro-.’-}-oxaundecane—l-sulfonic acid (11Cl- 763051-92-9 . . 6.4 6.40 5 95 1.09
Perfluoro (2-ethoxyethane) sulfonic acid (PFEESA) 113507-82-7 - --- 3.2 3.20 0.50 0.212
3-perfluoropropyl propanoic acid (3:3 FTCA) 356-02-5 --- -—- 8 8.00 3.50 1.67
2H,2H,3H,3H-perfluorooctanoic acid (5:3 FTCA) 914637-49-3 40 40.0 9.00 4.46
3-perfluoroheptyl propanoic acid (7:3 FTCA) 812-70-4 --- - 40 40.0 10.50 5.22
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NOTES:
1. Project screening levels (PSLs) are provided for reference. Data will be screened against PSLs for informational purposes only.

2. Screening levels are based on residential scenario and calculated using the EPA Regional Screening Level calculator (hazard quotient = 0.1), as presented by Office of the
Assistant Secretary of Defense (OASD, 2024) and updated by the DoD (DoD, 2024).

3. The LOQ does not meet the comparison criterion; however, the DL and the LOD are sufficient to meet the comparison criterion. Non-detects will be reported to the LOD.

CAS Chemical Abstracts Service Registry Number
DL detection limit

ng/L nanograms per liter

LOD limit of detection
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UFP-QAPP Worksheet #15B — Project Screening Limits and Laboratory-Specific Detection/Quantitation Limits

Matrix: Soil
Analytical Group: PFAS
Laboratory: Battelle

Method: PFAS by Third Draft Method 1633 compliant with QSM 5.4 Table B-24/SOP 5-381

Project Project Practical Battelle Laboratory Limits
Screening | Screening | Quantitation
Limit Limit Limit Goal | LOQ | LOD bL

Analyte CAS (ng/kg) | Reference? (ng/kg) (ne/kg) | (ne/kg) | (ne/ke)
Perfluorobutanoic acid (PFBA) 375-22-4 7,800 DoD, 2024 2,600 0.640 0.250 | 0.0872
Perfluoropentanoic acid (PFPeA) 2706-90-3 --- -—- 0.32 0.320 0.250 | 0.0842
Perfluorohexanoic acid (PFHxA) 307-24-4 3,200 DoD, 2024 1,100 0.160 0.150 | 0.0375
Perfluoroheptanoic acid (PFHpA) 375-85-9 --- - 0.16 0.160 0.150 | 0.0675
Perfluorooctanoic acid (PFOA) 335-67-1 19 DoD, 2024 6.3 0.160 0.100 | 0.0315
Perfluorononanoic acid (PFNA) 375-95-1 19 DoD, 2024 6.3 0.160 0.100 | 0.0459
Perfluorodecanoic acid (PFDA) 335-76-2 --- -—- 0.16 0.160 0.150 | 0.0618
Perfluoroundecanoic acid (PFUnA) 2058-94-8 --- --- 0.16 0.160 0.050 | 0.0240
Perfluorododecanoic acid (PFDoA) 307-55-1 --- - 0.16 0.160 0.150 | 0.0648
Perfluorotridecanoic acid (PFTrDA) 72629-94-8 --- -—- 0.16 0.160 0.100 | 0.0339
Perfluorotetradecanoic acid (PFTeDA) 376-06-7 --- --- 0.16 0.160 0.100 | 0.0408
Perfluorobutanesulfonic acid (PFBS) 375-73-5 1,900 DoD, 2024 630 0.160 0.150 | 0.0624
Perfluoropentanesulfonic acid (PFPeS) 2706-91-4 --- -—- 0.16 0.160 0.150 | 0.0690
Perfluorohexanesulfonic acid (PFHXxS) 355-46-4 130 DoD, 2024 43 0.160 0.0800 | 0.0363
Perfluoroheptanesulfonic acid (PFHpS) 375-92-8 --- - 0.16 0.160 0.100 | 0.0483
Perfluorooctanesulfonic acid (PFOS) 1763-23-1 13 DoD, 2024 43 0.160 0.100 | 0.0426
Perfluorornonanesulfonic acid (PFNS) 68259-12-1 --- - 0.16 0.160 0.100 | 0.0495
Perfluorordecaanesulfonic acid (PFDS) 335-77-3 --- -—- 0.16 0.160 0.125 | 0.0597
Perfluorododecanesulfonic acid (PFDoS) 79780-39-5 --- -- 0.16 0.160 0.100 | 0.0309
1H,1H,2H,2H-Perfluorohexane sulfonic acid (4:2FTS) 757124-72-4 -—- - 0.64 0.640 0.500 0.238
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Project Project Practical Battelle Laboratory Limits
Screening | Screening | Quantitation
Limit Limit Limit Goal | LOQ | LOD bL
Analyte CAS (ng/kg) | Reference!? (ng/kg) (ne/kg) | (ne/kg) | (ng/ke)
1H,1H,2H,2H-Perfluorooctane sulfonic acid (6:2FTS) 27619-97-2 - - 0.64 0.640 0.500 0.193
1H,1H,2H,2H-Perfluorodecane sulfonic acid (8:2FTS) 39108-34-4 --- - 0.64 0.640 0.250 0.102
Perfluorooctanesulfonamide (PFOSA) 754-91-6 --- -- 0.16 0.160 0.100 | 0.0273
N-methylperfluorooctanesulfonamide (NMeFOSA) 31506-32-8 --- - 0.16 0.160 0.100 | 0.0468
N-ethylperfluorooctanesulfonamide (NEtFOSA) 4151-50-2 --- - 0.16 0.160 0.100 | 0.0417
N-methyl perfluorooctanesulfonamidoacetic acid (NMeFOSAA) 2355-31-9 --- -- 0.16 0.160 0.100 | 0.0318
N-ethyl perfluorooctanesulfonamidoacetic acid (NEtFOSAA) 2991-50-6 --- - 0.16 0.160 0.150 | 0.0510
N-methyl perfluorooctanesulfonamidoethanol (NMeFOSE) 24448-09-7 --- -—- 0.16 1.60 0.750 0.290
N-ethyl perfluorooctanesulfonamidoethanol (NEtFOSE) 1691-99-2 --- -- 0.16 1.60 0.750 0.309
Hexafluoropropylene oxide dimer acid (HFPO-DA) 13252-13-6 23 DoD, 2024 7.6 0.640 0.250 0.125
4,8-dioxa-3H-perfluorononanoic acid (ADONA) 919005-14-4 --- -—- 0.64 0.640 0.250 0.110
Perfluoro-3-methoxypropanoic acid (PFMPA) 377-73-1 --- - 0.32 0.320 0.250 0.103
Perfluoro-4-methoxybutanoic acid (PFMBA) 863090-89-5 --- - 0.32 0.320 0.250 | 0.0788
Nonafluoro-3,6-dioxaheptanoic acid (NFDHA) 151772-58-6 --- -—- 0.32 0.320 0.250 | 0.0911
9-chlorohexadecafluoro-3-oxanonane-1-sulfonic acid (9CI-PF30ONS) | 756426-58-1 0.64 0.640 0.250 | 0.0986
Fl);cohllJodr;))eicosaﬂuoro-3-oxaundecane—l-sulfonic acid (11Cl- 763051-92-9 0.64 0.640 0.250 0.118
Perfluoro (2-ethoxyethane) sulfonic acid (PFEESA) 113507-82-7 --- -—- 0.32 0.320 0.150 | 0.0378
3-perfluoropropyl propanoic acid (3:3 FTCA) 356-02-5 0.80 0.800 0.500 0.165
2H,2H,3H,3H-perfluorooctanoic acid (5:3 FTCA) 914637-49-3 - - 4.0 4.00 1.500 0.645
3-perfluoroheptyl propanoic acid (7:3 FTCA) 812-70-4 --- --- 4.0 4.00 1.500 0.741

NOTES:

1. Project screening levels are based on residential scenario and calculated using the EPA Regional Screening Level calculator (hazard quotient = 0.1), consistent with OASD, 2023

and DoD, 2024
ng/g nanograms per gram
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UFP-QAPP Worksheet #15C — Project Screening Limits and Laboratory-Specific Detection/Quantitation Limits

Matrix: Water
Analytical Group: Total Metals

Laboratory: Eurofins Lancaster Laboratories Environmental

Method: EPA Methods 6020B/7470A

Practical Eurofins Lancaster
Analyte cAs Project Screening Limit Scre::\ci’izc:imit Quantitation Laboratory Limits

(ke/L) Reference Himit LoqQ LOD DL
(ng/L) (ng/L) | (ug/L) | (mg/L)

Aluminum 7429-90-5 NE NA? 30 30.0 24.0 12.0
Antimony 7440-36-0 NE NA 1 1.00 0.500 0.200
Arsenic 7440-38-2 NE NA 2 2.00 1.70 0.680
Barium 7440-39-3 NE NA 2 2.00 1.60 0.746
Beryllium 7440-41-7 NE NA 0.5 0.500 0.300 0.119
Cadmium 7440-43-9 NE NA 0.5 0.500 0.400 0.151
Calcium 7440-70-2 NE NA 120 120 100 50.0
Chromium 7440-47-3 NE NA 2 2.00 1.10 0.550
Cobalt 7440-48-4 NE NA 0.5 0.500 0.400 0.156
Copper 7440-50-8 NE NA 1.0 1.00 0.900 0.362
Iron 7439-89-6 NE NA 50 50.0 40.0 20.0
Lead 7439-92-1 NE NA 0.5 0.500 0.240 0.120
Magnesium 7439-95-4 NE NA 50 50.0 32.0 16.0
Manganese 7439-96-5 NE NA 2.0 2.00 1.90 0.950
Nickel 7440-02-0 NE NA 15 1.50 0.800 0.400
Potassium 7440-09-7 NE NA 200 200 180 65.0
Selenium 7782-49-2 NE NA 1.0 1.00 0.600 0.278
Silver 7440-22-4 NE NA 0.5 0.500 0.300 0.100
Sodium 7440-23-5 NE NA 200 200 180 90.0
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) Practical Eurofins Lancaster
Project Screening Limit Prc.)ject. .| Quantitation Laboratory Limits
Analyte CAS (ug/L) Screening Limit Limit
HE Reference LoqQ LOD DL
(ng/L) (g/L) | (ue/L) | (we/V)
Thallium 7440-28-0 NE NA 0.5 0.500 0.300 0.130
Zinc 7440-66-6 NE NA 15 15.0 8.00 4.00
Vanadium 7440-62-2 NE NA 4.0 4.00 2.00 0.794
Mercury 7439-97-6 NE NA 0.2 0.200 0.160 0.0790
NOTES:
1. Total Metals are being collected as part of the geophysical/geochemical suite to be used in the background analysis. No project screening criteria are applicable.
pg/L micrograms per liter
NA not applicable
NE not established
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UFP-QAPP Worksheet #15D — Project Screening Limits and Laboratory-Specific Detection/Quantitation Limits

Matrix: Soil

Analytical Group: Total Metals
Laboratory: Eurofins Lancaster Laboratories Environmental
Method: EPA Methods 6020B/7471B

Practical Eurofins Lancaster
Analyte cas Project Screening Limit Scre::\ci’izc:imit Quantitation Laboratory Limits
(mg/ke) Reference Limit Goal LoQ LOD DL

(mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)

Aluminum 7429-90-5 NA NA? 10 10.0 9.90 4.95
Antimony 7440-36-0 NE NA 0.1 0.100 0.0800 | 0.0400
Arsenic 7440-38-2 NE NA 0.2 0.200 0.160 0.0670
Barium 7440-39-3 NE NA 0.2 0.200 0.184 0.0920
Beryllium 7440-41-7 NE NA 0.05 0.0500 | 0.0250 | 0.0120
Cadmium 7440-43-9 NE NA 0.05 0.0500 | 0.0400 | 0.0200

Calcium 7440-70-2 NE NA 20 20.0 19.6 9.80
Chromium 7440-47-3 NE NA 0.2 0.200 0.190 | 0.0950
Cobalt 7440-48-4 NE NA 0.1 0.100 0.0800 | 0.0400
Copper 7440-50-8 NE NA 0.2 0.200 0.180 0.0900

Iron 7439-89-6 NE NA 10 10.0 9.22 4.61
Lead 7439-92-1 NE NA 0.1 0.100 0.0800 | 0.0380

Magnesium 7439-95-4 NE NA 5 5.00 4.90 2.45

Manganese 7439-96-5 NE NA 0.25 0.250 0.200 0.100
Nickel 7440-02-0 NE NA 0.2 0.200 0.190 0.0950

Potassium 7440-09-7 NE NA 20 20.0 16.0 8.00
Selenium 7782-49-2 NE NA 0.2 0.200 0.100 0.0500
Silver 7440-22-4 NE NA 0.05 0.0500 | 0.0400 | 0.0200

Sodium 7440-23-5 NE NA 25 25.0 24.0 12.0
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Practical Eurofins Lancaster
Analyte CAS Project (S:qreening Limit Screz:\ci):':gctimit Qﬁaqti?ti?n Laboratory Limits
g/kg) Reference imitGoal |\ 10q | 0D DL
(mg/kg) | (mg/kg) | (mg/ke) | (me/kg)
Thallium 7440-28-0 NE NA 0.05 0.0500 | 0.0400 | 0.0200
Zinc 7440-66-6 NE NA 15 15.0 4.00 2.00
Vanadium 7440-62-2 NE NA 0.4 0.400 0.200 0.100
Mercury 7439-97-6 NE NA 0.06 0.0600 | 0.0400 | 0.0200
NOTES:

1. Total Metals are being collected as part of the geophysical/geochemical suite to be used in the background analysis. No project screening criteria are applicable.

mg/kg  milligram per kilogram
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UFP-QAPP Worksheet #15E — Project Screening Limits and Laboratory-Specific Detection/Quantitation Limits

Matrix: Water
Analytical Group: Total Organic Carbon

Laboratory: Eurofins Lancaster Laboratories Environmental

Method: EPA Methods 9060A

Project Practical Eurofins Lancaster
i Quantitation Laboratory Limits
Analyte CAS Scr(-.:erjlng Project Screening Limit Reference -
Limit Limit Goal LoQ LOD bL
(me/t) (me/l) | (mg/t) | (mg/1) | (mg/)
Total Organic Carbon 7440-44-0 NE NA? 2.0 2.00 1.00 0.500

NOTES:

1. Total organic carbon is being collected as part of the geophysical/geochemical suite to be used in the background analysis.

mg/L milligrams per liter

No project screening criteria are applicable.
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UFP-QAPP Worksheet #15F — Project Screening Limits and Laboratory-Specific Detection/Quantitation Limits

Matrix: Soil
Analytical Group: Total Organic Carbon

Laboratory: Eurofins Lancaster Laboratories Environmental

Method: EPA Methods 9060A

Project Practical Eurofins Lancaster Laboratory
i Quantitation Limits
Analyte CAS Scrc_eer]mg Project Screening Limit Reference Limit Goal
Limit Loq LoD DL
(mg/ke) (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
Total Organic Carbon 7440-44-0 NE Not Applicable! 300 300 200 100

NOTES:

1. Total organic carbon is being collected as part of the geophysical/geochemical suite to be used in the background analysis. No project screening criteria are applicable.
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UFP-QAPP Worksheet #15G — Project Screening Limits and Laboratory-Specific Detection/Quantitation Limits
Matrix: Soil

Analytical Group: PFAS Signature Analysis (LC-QTOF MS)

Laboratory: Battelle

Method: LC/QTOF-MS)/SOP 5-382

Project Practical Battelle Laboratory Limits?
Screenin . . L. Quantitation
Analyte CAS Limit & Project Screening Limit Reference Limit Goal LoQ LOD DL
(ng/kg) (ng/ke) (ng/kg) | (me/kg) | (ns/ks)
Up to 520 PFAS Compounds (SOP 5-382)3 Various NE Not Applicable! N/A N/A N/A N/A

NOTES:
1. LC/TOF-MS will provide qualitative and semiquantitative values. No project screening criteria are applicable.

2. Quantitation limits are not applicable to the LC/TOF-MS method. The results will be evaluated with confidence levels as described in Worksheet 12 in lieu of traditional
guantitation limits.

3. Additional detail provided in Appendix F.
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UFP-QAPP Worksheet #15H — Project Screening Limits and Laboratory-Specific Detection/Quantitation Limits
Matrix: Groundwater/Surface Water

Analytical Group: PFAS Signature Analysis (LC/QTOF-MS)

Laboratory: Battelle

Method: LC/QTOF-MS)/SOP 5-382

Project Practical Battelle Laboratory Limits?
Screening . . L. Quantitation
Analyte CAS Limit Project Screening Limit Reference Limit Goal LoQ LOD DL
(ng/L) (ng/L) (ng/L) (ng/L) | (ng/L)
Up to 520 PFAS Compounds (SOP 5-382)3 Various NE Not Applicable! N/A N/A N/A N/A

NOTES:
1. LC/TOF-MS will provide qualitative and semiquantitative values. No project screening criteria are applicable.

2. Quantitation limits are not applicable to the LC/TOF-MS method. The results will be evaluated with confidence levels as described in Worksheet 12 in lieu of traditional
guantitation limits.

3. Additional detail provided in Appendix F.
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UFP-QAPP Worksheet #17 — Sampling Design and Rationale
(UFP-QAPP Manual Section 3.1.1) (EPA 2106-G-05 Section 2.3.1)

This worksheet summarizes the general sampling design and rationale for the collection of
environmental samples to support the PFAS fingerprinting and background study investigations.
Installation-specific UFP-QAPP addenda will be completed prior to sampling and will provide a detailed
presentation of the proposed sampling locations for each site. Surface and subsurface soil, groundwater,
and surface water samples will be collected at each installation to support PFAS fingerprinting; surface
soil samples will be collected at each installation to support PFAS background determination. Lysimeter
samples may be collected to support PFAS fingerprinting; this determination will be made on an
installation-by-installation basis and will be documented in installation-specific UFP-QAPP addenda as
appropriate.

Sampling tasks are described in Worksheets #14 & 16 and will be conducted in accordance with the
SOPs identified in Worksheet #21. Wherever possible, existing groundwater monitoring wells will be
utilized for sampling. Temporary monitoring wells will be installed if needed to ensure adequate
sampling to support the PFAS fingerprinting investigation.

The general approach to sampling design development will be as follows:

Step 1: Understand the current CSM. Review available information such as existing site/installation
CSMs (including lithology, groundwater flow, etc.); historical documents; and analytical data for PFAS
and supporting geochemical data. Review available environmental data for non-PFAS contaminants that
might impact PFAS fate and transport. Assess if mixing of surface water and groundwater may be
occurring by evaluating factors such as stream type (gaining vs. losing), recharge sources, and seasonal
impacts/episodic events (at installations in arid climates, surface water features may be ephemeral).

Step 2: Evaluate AFFF and non-AFFF PFAS source areas. Work with each installation team to evaluate
potential AFFF- and non-AFFF PFAS sources on-installation as well as those nearby. Common PFAS
contributors include metal plating, landfills, fire training areas, crash sites, burn pits, water treatment
facilities, and fire stations.

Step 3: Develop the sampling plan for the PFAS Background Study. The PFAS background studies will
focus on soils only. The PFAS background studies are limited in scope and are intended to establish
preliminary PFAS soil background concentrations. Data generated from the background studies will be
evaluated to assess if/how they may be used to inform site understanding and may be used to begin
developing a wider-scale (multi-installation) understanding of background PFAS concentrations at DoD
installations.

Sample locations will be chosen in coordination with USACE/DAF and installation personnel as
applicable. Soil samples will be collected from within installation boundaries in areas where no previous
PFAS releases have been identified and may also be collected from along installation boundaries or off-
installation. Sample locations will be selected to ensure good spatial coverage and, to the extent
possible, a representative distribution of land use types. If possible, samples will not be collected from
current or former environmental investigation sites. These sites have a higher likelihood of fill materials,
re-worked soils, known or unknown PFAS constituents or other contaminants, and land use that is
incompatible with background sampling (for instance, current or historical industrial use). Samples will
be collected from 0.0-0.5 foot below ground surface (bgs) or from the depth interval that matches the
surface soil interval identified in the Rl sampling plans, if plans are available. If the planned number of
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sample locations cannot be identified, then samples may be collected from additional depth intervals at
fewer locations instead (i.e., from 0.0-0.5 foot bgs and 0.5-1.0 foot bgs at a given location) to provide
adequate data for the background study.

Step 4: Develop the sampling plan for the PFAS Fingerprinting study. The approach for each media is as

follows:

Soil: Sample locations will be targeted at known source areas within each installation and along
installation boundaries. Areas with potential comingling of PFAS sources may also be targeted.
Source areas will be chosen to ensure that a representative spread of different potential sources
is selected for sampling. Soil samples may be collected from multiple depth intervals based on
information gathered from the installation CSMs, site personnel, or other pertinent sources.
Sample locations and depths (if necessary) will be chosen in coordination with the USACE/DAF
and installation personnel.

Groundwater: Inputs to the groundwater sampling plans will include locations, screen intervals,
and lithology (if available) of the existing monitoring well network. The uppermost aquifer will
generally be targeted for sampling. Groundwater samples will be primarily focused on the
installation. Off-installation groundwater samples may be collected upgradient, side-gradient,
and downgradient from installation boundaries. Drinking water wells may also be sampled on an
installation-specific basis. Wherever possible, existing monitoring wells will be sampled. If these
do not provide adequate vertical or horizontal coverage, then temporary monitoring wells will
be installed, sampled, and abandoned in accordance with state regulations. Temporary well
locations and sampling depths will be chosen in coordination with the project team and
installation personnel in accordance with the scope of work. Groundwater samples will be
collected using low-flow purging.

Surface Water: Surface water samples will be collected from surface water bodies present at
each installation. When sampling flowing surface water, samples will be collected in sequence
from downstream to upstream to avoid introducing sediment into the samples. To the extent
practicable, field events will be scheduled to coincide with times when surface water is present
and flow is considered average. Surface water samples may be collected upgradient and
downgradient of installation boundaries; however, it is anticipated that the bulk of surface
water samples will be collected within installation boundaries. Sample locations will be chosen
in coordination with the USACE/DAF and installation personnel.

Porewater: Porewater samples may be collected at installations with existing lysimeters.
Lysimeter sampling will be evaluated on an installation-by-installation basis; lysimeters located
outside of PFAS soil source areas or those with limited porewater may not be candidates for
sampling. All lysimeter sampling will be coordinated with the project team, installation
personnel and contractors.
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UFP-QAPP Worksheet #18 — Sampling Locations and Methods
(UFP-QAPP Manual Sections 3.1.1 and 3.1.2) (EPA 2106-G-05 Sections 2.3.1 and 2.3.2)

Sampling locations, sample types (PFAS background vs. fingerprinting) and sample identifying
nomenclature will be presented in the installation-specific UFP-QAPP addenda. All samples will be
analyzed for PFAS Signature® and PFAS using EPA Method 1633; half of all samples will also be analyzed
for TOC using EPA methods 9060A and total metals using EPA methods 6020B/7471B.Sample
methodologies will follow Oneida SOPs (Appendix A). Unique sample identifiers for each sample will be
assigned and used for sample labels, chain of custody forms, field logbooks, and sampling field forms
(Appendix D).

Required QC samples will be collected at the same time as the original samples. Samples will be placed
in sample coolers with wet ice that is double bagged to maintain the samples at or less than 6 degrees
Celsius (°C) and shipped overnight to Battelle Analytical Chemistry Services or Eurofins Lancaster
Laboratories Environmental. If samples are not shipped the same day they are collected, the samples
will be placed on ice or refrigerated in a secure area to maintain temperature and custody until
shipment. QC sample quantities and types will be presented in the installation-specific UFP-QAPP
addenda.
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UFP-QAPP Worksheet #19 & 30 — Sample Containers, Preservation, and Hold Times

PFAS Laboratory:

Battelle Analytical Chemistry Services, 141 Longwater Drive, Suite 202, Norwell, MA 02061

Phone

781-681-5565

Contact

Franco Pala, palaf@battelle.org

Accreditations/Expiration Date:

DoD Environmental Laboratory Accreditation Program (ELAP) # 91667 Exp: 30 Apr 2025

Sample Delivery Method:

Overnight Courier Service

Non-PFAS Laboratory:

Eurofins Lancaster Laboratories Environmental

Phone

718-681-5400

Contact

Nicole Brown, Nicole.Brown@et.eurofinsus.com

Accreditations/Expiration Date:

DoD ELAP # 1.01 Exp 30 Nov 2024

Sample Delivery Method:

Overnight Courier Service

Preservation Requirements

Analytical Container(s) (number, (chemical, temperature, Maximum Holding Time Data Package
Group Matrix Method size, & type per sample) light protected) (preparation / analysis) Turnaround
PFAS/Signature| Water |Draft EPA 1633 2 x 500 milliliter (mL) high |Temperature must be 28 days! from sampling to 15 business
Analysis PFAS by LC/MS/MS density polyethylene above freezing and less extraction stored 0-6 °C, 90 days
Compliant with QSM 5.4 [(HDPE) bottle than or equal to 6 °C when |days if stored <-20 °C/
Table received at the laboratory.
B-24 / 5-381-03 1 x 125 mL HDPE bottle Samples stored in the lab at [Up to 90 days from extraction
0-6 °C or at less than or to analysis if stored in the dark
equal to 20 °C (£-20 °C) and|< 0 2C?
protected from light until
sample preparation
PFAS/Signature Soil Draft EPA 1633 1 x 8 oz HDPE jar Temperature must be Up to 90 days from sampling to |15 business
Analysis PFAS by LC/MS/MS above freezing and less extraction3/ days

Compliant with QSM 5.4
Table

B-24 / 5-381-03

than or equal to 6 °C when
received at the laboratory.

Samples stored in the lab at
0-6 °Corat<-20°Cand
protected from light until
sample preparation.

Up to 90 from extraction to
analysis if stored in the dark at
<0ec?
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Preservation Requirements

Analytical Container(s) (number, | (chemical, temperature, Maximum Holding Time Data Package
Group Matrix Method size, & type per sample) light protected) (preparation / analysis) Turnaround
TOC Solid/ |EPA 9060A Glass for Solids: One 4-oz |Stored at < 62C 28 days to analysis 15 business
Water jar days
For Water: Stored at < 62C, H3PO,4 to
Five 40-mL amber VOA pH<?2
vials
Target Analyte Soil/ |6020B/7471B/ 7470A  |Polyethylene, glass for Stored at < 62C 180 days (28 days for mercury) |15 business
List (TAL) Water Solids: One 4-oz jar days
and/or RCRA
Metals For Water: Polyethylene, |stored at < 62C, HNO; to pH
One 250-mL bottle <2
Volatile Organic| Solid/ |EPA 8260D Glass for Soils: One 4-0z. |Stored at < 62C For Soil: 14 days to analysis 15 business
Compounds | Waters jar For Water: 14 days to analysis |days
(VOCs) For Water: Three 40-mL  |Stored at < 62C, HCl to pH < |preserved; 7 days to analysis
VOA vials 2 unpreserved
Semi-volatile Solid/ |EPA 8270E Glass for Solids: One 8-0z |[Stored at < 62C For Solids: 14 days to 15 business
Organics Water jar extraction, 40 days to analysis |days
(SVOCs) For Water: One 1,000-mL For Water: 7 days to extraction
bottle 40 days to analysis
Pesticides Solid/ |EPA 8081B Glass for Solids: One 8-0z |Stored at < 62C For Solids: 14 days to 15 business
Water jar extraction, 40 days to analysis |days
For Water: One 1,000-mL For Water: 7 days to extraction
bottle 40 days to analysis
Herbicides Solid/ |EPA 8151A Glass for Solids: One 8-0z |Stored at < 62C For Solids: 14 days to 15 business
Water jar extraction, 40 days to analysis |days

For Water: One 1,000-mL
bottle

For Water: 7 days to extraction
40 days to analysis
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Preservation Requirements
Analytical Container(s) (number, | (chemical, temperature, Maximum Holding Time Data Package
Group Matrix Method size, & type per sample) light protected) (preparation / analysis) Turnaround
Toxicity Solid |EPA 1311/ 6020B/7470A|Polyethylene or glass: One|Stored at < 62C 180 days (28 days for mercury) |15 business
Characteristic 8-0z. jar days
Leaching
Procedure
(TCLP) Metals
pH Solid/ |EPA 9045D/ 9040C Polyethylene, Glass for None As soon as possible 15 business
Water Solids: One 2-oz. jar days
For Water: One 250-mL
bottle
Ignitability Solid |40 Code of Federal Glass For Solids: One 4-0z |None Not specified 15 business
Regulations 261.21 jar days
Ignitability Water |EPA 1010B Polyethylene, Glass For  [<28°C, not frozen Not specified 15 business
Water: One 250-mL bottle days
Reactivity/ Solid/ |SW-846 Chapter 7, EPA |Polyethylene, Glass for Cool to 0-6°C Solid: 28 days 15 business
Cyanide Water |9012B Solids: One 4-oz jar For water, NaOH to pH>12 |Water: 14 days days
For Water: One 500-mL
bottle
Reactivity/ Solid/ |SW-846 Chapter 7, EPA |Polyethylene, Glass for Cool to 0-6°C Solid: 28 days 15 business
Sulfide Water [9034/SM 4500 S2F Solids: One 4-0z jar Water: 7 days days
For Water: One 500-mL
bottle
NOTES:

1- Issues were observed with certain perfluorooctane sulfonamide ethanols and perfluorooctane sulfonamidoacetic acids after 7 days if stored 0-6 °C.
2 - Stored at 0-4 °C, issues were observed for some ether sulfonates after 28 days.

3 - Samples may need to be extracted as soon as possible if NFDHA is an important analyte, preferred storage method is < -20 °C.

4 — DoD ELAP certificates are found in Appendix B.

RCRA Resource Conservation and Recovery Act

TAL Target analyte list
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UFP-QAPP Worksheet #20 - Field Quality Control Summary
(UFP-QAPP Manual Section 3.1.1 and 3.1.2) (EPA 2106-G-05 Section 2.3.5)

. Analytical Concentration . Field Equipment Total Number of
Matrix Group Level Field Samples Duplicates MS/MSD Blank? Samples to Lab?
PFAS Low/Medium Installation specific 10% 5% Installation specific
TOC Unknown Installation specific 10% 5% Installation specific
Groundwater
Total . . Installati ifi
MZt:Is Unknown Installation specific 10% 5% nstaflation specific
PFAS Low/Medium Installation specific 10% 5% Installation specific
0 d
Surface Water TOC Unknown Installation specific 10% 5% pzrepF:EZe 2:: Installation specific
Total Unknown Installation specific 10% 5% equipment Installation specific
Metals
PFAS Low/Medium Installation specific 10% 5% Installation specific
Soil TOC Unknown Installation specific 10% 5% Installation specific
,\;Z:::S Unknown Installation specific 10% 5% Installation specific

NOTES:

1-Number of samples collected will vary by installation.

2-Equipment blanks are anticipated to be collected from rinse water for non-dedicated sampling equipment. One equipment blank per day will be collected from each piece of

non-dedicated (reusable) sampling equipment.
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UFP-QAPP Worksheet #21 — Field Standard Operating Procedures
(UFP-QAPP Manual Section 3.1.2) (EPA 2106-G-05 Section 2.3.2)

SOP
Reference Equipment
Number |SOP Owner Title, Revision Date and/or Number Type Comments

Site Access, Dig Permits, and Utility Clearance

OESCO001A OESC Procedures NA See Note 1
OESC002A OESC Field Records and Documentation NA See Note 1
OESCO05A OESC Field Parameter Measurements in Water Horiba See Note 1
OESCO06B OESC SMa;r;sllir;iof Surface Soils and Other Surficial NA See Note 1
OESC006D OESC Surface Water Sampling NA See Note 1
OESCO007A OESC Drilling Methods and Procedures NA See Note 1
OESCO007B OESC Soil and Rock Geologic Logging and Classification NA See Note 1
OESC007C OESC Hand Auger Borings NA See Note 1
OESC007D OESC Subsurface Soil Sampling NA See Note 1
OESCO07E OESC Direct Push Technologies NA See Note 1
OESC0071 OESC Lysimeter Sampling NA See Note 1
OESC008D OESC Monitoring and Extraction Well Installation and NA See Note 1

Development

OESCO0S8E OESC Fluid Level Measurement in Wells Manual Water See Note 1
Level Indicator

QED MicroPurge®

OESCO08F OESC Monitoring Well Sampling bladder pump See Note 1
OESCO008I OESC Borehole Abandonment and Well Destruction NA See Note 1
OESC010C OESC Sampling Labeling, Control and Shipping NA See Note 1
OESCO11A OESC Sampling Equipment Decontamination NA See Note 1
Procedures
OESC011B OESC Calibration Procedures for Field Equipment NA See Note 1
OESCO12A OESC Investigative Derived Materials Management NA See Note 1
Procedures
Addendum
No. 1 for . .
PEAS OESC PFAS Sampling Instructions NA See Note 1
Sampling
NOTES:

1. The procedures in the referenced SOP are modified by the requirements for PFAS sampling described in SOP Addendum
No. 1 where applicable.
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UFP-QAPP Worksheet #22 - Field Equipment Calibration, Maintenance, Testing
and Inspection
(UFP-QAPP Manual Section 3.1.2.4) (EPA 2106-G-05 Section 2.3.6)

This worksheet provides procedures for performing testing, inspections, and QC for all field equipment.
References to the applicable activity and SOPs are included. Where appropriate, the failure response will
prescribe a corrective action (described in Appendix C).

Measurement Responsible
Quality Activity/ SOP Person/ Report Acceptance
Objective Reference Frequency Method Verified By Criteria Failure Response
Prior to use and , .
Depth to Water OESCOOSE at the end of Oneida FTL Man'ufact.urer s |Recalibrate or
Probe specifications replace
each day
Prior to pump
. Manufacturer’s |installation or if
MicroPurge® . ! . ! . Manufacturer’s | Replace rubber
instruction pump not Oneida FTL e -
Pump L specifications parts and fittings
manual functioning
properly
Manufacturer’s
Pump Control |, . . . Manufacturer’s
instruction Prior to use Oneida FTL e L. Replace
Box specifications
manual
Prior to use,
Photoionization change in field . Manufacturer’s .
OESC011B g Oneida FTL e Repair or replace
Detector conditions, and specifications
as needed
Prior to use,
YSI DSS Pro1l (or change in field . Manufacturer’s .
. ( OESC011B g Oneida FTL e Repair or replace
equivalent) conditions, and specifications
as needed
Positional error
Hand-hel
and-held Manufacturer’s | Prior to use and for the Global -
Global . . . . Reposition,
e instruction at the end of Oneida FTL Positioning
Positioning replace battery
. manual each day System less
System Unit
than £1 meter
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UFP-QAPP Worksheet #23 — Analytical Standard Operating Procedures
(UFP-QAPP Manual Section 3.2.1) (EPA 2106-G-05 Section 2.3.4)

Definitive Modified
or Matrix and for
Lab SOP Title, Revision Date, and/or Screening Analytical SOP Option or Project
Number?! Number Data Group Equipment Type Work?

Battelle Analysis of Poly and Definitive Extraction, LC/MS/MS N
5-381-03 Perfluoroalkyl Substances in non-potable

Agueous, Solid, Biosolid, and water / solid

Tissue Samples by Liquid

Chromatography and Tandem PFAS

Mass Spectrometry (LC-

MS/MS) Following EPA Draft

Method 1633, 5/2023, Version

3
Battelle PFAS by Liquid Screening non-potable | LC-QTOF MS N
5-382 Chromatography — Quadrupole water / solid

Time-of-Flight Mass

Spectrometry (LC-QTOF MS)
Battelle Sample Receipt, Custody, and NA Sample NA N
6-010-20 Handling, 10/2018, revision 20, Receipt

6/2/2023
Battelle The Storage and Disposal of NA Sample NA N
5-114-11 Regulated and Non-Regulated Disposal

Waste, 2/2021, Revision 11

(last reviewed 7/2022)
Battelle Determination of Method NA DL/LOD/LOQ. | NA N
5-291-18 Detection Limits in the

Analytical Laboratory, 10/2021,

revision 18 (last reviewed

11/2022)
ELLE Metals by ICP/MS by Methods Definitive Solid, liquid, ICP/MS N
WI111933 SW-846 6020/6020A/6020B tissues

(waters, solid, tissue) and EPA Metals

200.8 (waters)and EPA 200.8

(aqueous), Version 13,

effective 07/27/2022 (last

reviewed 07.19.2023)
ELLE Sample Prep of Sediments, NA Liquid NA N
WI18639 Sludges, Soils, and Tissues by Inorganic

SW846 30508 for ICP and Preparation

ICP/MS, Version 28, effective SW-846

07/11/2023 3005A
ELLE Instrument Maintenance for NA Maintenance | NA N
WI21590 Agilent 7900, Version 2,

effective 02/21/2021 (Last

reviewed 04.20.2023)
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Definitive Modified
or Matrix and for
Lab SOP Title, Revision Date, and/or Screening Analytical SOP Option or Project
Number?! Number Data Group Equipment Type Work?

ELLE Mercury in Aqueous, Solid and | Definitive Solid, liquid, | CVAA N
WI7965 Tissue Samples by EPA 7471A, tissues

7471B, 7470A, and 245.1 rev 3 Metals

by Cold Vapor AA, Version 21,

effective 4/30/2023
ELLE Digestion of Aqueous Samples NA Liquid NA N
WwWi11924 by SW-846 Method 7470A, Inorganic

Version 23, effective Preparation

05/20/2022
ELLE Preparation of Solids by EPA NA Solid, tissue, | NA N
WI111948 7471A or B for Mercury and oil

Analysis, Version 23, effective Inorganic

07/26/2023 Preparation
ELLE Total Organic Carbon in Water | Definitive Water TOC Analyzer N
WI110038 by SW-846 9060/9060A

(Quadruplicate Studies),

Version 14, effective

07/13/2023
ELLE TOC and TC in Solids and Definitive Solid, TOC Analyzer N
WI11627 Sludges by Combustion by SM Instrumental

53108, EPA 415.1, SW-846 Wet

9060/9060A, Lloyd Kahn, Chemistry

Version 18, effective

11/04/2022
ELLE Laboratory Support Equipment | NA Maintenance | Balance N
SOP11880 - Calibrations, Verifications,

and Maintenance, Version 15,

effective 08/04/2023

NOTES:

1 - Laboratory SOPs contain proprietary information and are provided for review upon request.

ELLE Eurofins Lancaster Laboratories Environmental
CVAA cold vapor atomic absorption
ICP inductively coupled plasma
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UFP-QAPP Worksheet #24 — Analytical Instrument Calibration
(UFP-QAPP Manual Section 3.2.2) (EPA 2106-G-05 Section 2.3.6)

The calibration procedures, criteria, and corrective actions specified in this worksheet are in compliance with Table B-24 of the DoD QSM
Version 5.4. The analytical SOPs referenced below are available for review upon request. Methods represent those currently certified by the
laboratory and may undergo revision during periodic UFP-QAPP review. UFP-QAPP revisions will be submitted for approval.

Calibration Personnel SOP
Instrument | Procedure Frequency of Calibration Acceptance Criteria Corrective Action Responsible | Reference
LC/MS/MS | Mass Instrument must have a Calibrate the mass scale of the MS with Consult manufacturer | Analyst/ SOP 5-381
Calibration |valid mass calibration calibration compounds and procedures instructions on Laboratory
before any sample analysis, |described by the manufacturer. corrective PM
performed annually at a maintenance. Analysis
minimum. may not proceed
without passing Mass
Calibration.
Flagging is not
appropriate.
LC/MS/MS | Mass Mass calibration is verified | Check the instrument mass resolution to If the peak apex has Analyst/ SOP 5-381
Calibration |after each mass calibration, |ensure that it is at least unit resolution. shifted more than Laboratory
Verification |before ICAL. Check the mass calibration by measuring the |approximately 0.2 Da, |PM
amount of peak drift from the expected then the instrument
masses. If the peak apex has shifted more will need to be
than approximately 0.2 Da, then the recalibrated following
instrument will need to be recalibrated the manufacturer’s
following the manufacturer’s instructions. instructions.
LC/MS/MS | ICAL At instrument set-up, Performed with a minimum of six calibration | Correct problem, then | Analyst/ SOP 5-381
whenever laboratory takes | points, including native PFAS, EIS, and NIS repeat ICAL Laboratory
action that changes the compounds. PM

chromatographic
conditions, if either the
calibration verification, ICV,
or ISC acceptance criteria
have not been met.

Peak S/N ratio > 3:1, S/N > 10:1 for analytes
that do not have a suitable confirmatory
transition ion.

The RSD of the response factors for each
native PFAS and EIS compound must be <
20%.
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Calibration Personnel SOoP
Instrument | Procedure Frequency of Calibration Acceptance Criteria Corrective Action Responsible | Reference
LC/MS/MS |lon Every field sample, In addition to the requirements of EPA Draft | NA Analyst/ SOP 5-381
Transitions | standard, blank, and QC Method 1633, the following must be met: Laboratory
(Precursor ->| sample 1) If a qualitative or quantitative standard PM
Product) containing an isomeric mixture (branched
and linear isomers) of an analyte is
commercially available for an analyte, the
guantification ion used must be the
quantification ion identified in Table 2 of
EPA Draft Method 1633 unless interferences
render the product ion unusable as the
quantification ion.
2) In cases where interferences render the
product ion unusable as the quantification
ion, project approval is required before using
the alternative product ion.
LC/MS/MS |Instrument | Daily. At the beginning of All analyte concentrations must be within Correct problem, rerun | Analyst/ SOP 5-381
sensitivity each analytical sequence, +30% of their true values. Instrument Sensitivity | Laboratory
check (ISC) | prior to sample analysis. Analyte concentrations must be at LOQ. Check. If problem PM
persists, repeat ICAL.
LC/MS/MS | Initial After each ICAL, prior to Analyte concentrations must be within +30% | Correct problem, rerun | Analyst/ SOP 5-381
Calibration |sample analysis. of their true value. ICV. If problem persists, | Laboratory
Verification Must be made from a second source repeat ICAL. PM
(ICV or ICC) standard.
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Calibration Personnel SOoP
Instrument | Procedure Frequency of Calibration Acceptance Criteria Corrective Action Responsible | Reference
LC/MS/MS | Calibration | Analysis of mid-level Recovery of native compounds must be Run anew CCV, if the | Analyst/ SOP 5-381
Verification | calibration solution. within £30 % of their true value. CCV passes, reanalyze |Laboratory
(CV or CCV) | After a passing ISC, at the If the analyte failed high and was not the sample extracts PM
beginning of each analytical | detected in the bracketed samples, bracketed by the CCV
sequence, after every 10 reanalysis is not needed. with exceedances and
samples, and at the end of report the data.
the analytical sequence. If the CCV continues to
fail, recalibrate, then
reanalyze all associated
samples since the last
acceptable CCV.
LC/MS/MS |Retention Every field sample, standard, | Retention time of each analyte and EIS NA Analyst/ SOP 5-381
Time blank, and QC sample for|analyte must fall within 0.4 minute of the Laboratory
Window each analyte and EIS. predicted retention times from the daily PM
calibration verification or, on days when
ICAL is performed, from the midpoint
standard of the ICAL or initial daily CCV. All
branched isomer peaks identified in either
the calibration standard or the qualitative
(technical grade) standard must fall within
the retention time window for that analyte.
LC/MS/MS | Retention Each analyte that has a Analytes must elute within 0.1 minute of the | Correct problem and Analyst/ SOP 5-381
Time labeled EIS analog. associated EIS. This criterion applies only to | reanalyze samples Laboratory
Window (EIS analyte and labeled analog pairs. PM
RRT)
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Calibration Personnel SOoP
Instrument | Procedure Frequency of Calibration Acceptance Criteria Corrective Action Responsible | Reference
LC/MS/MS | Bile Salt Daily, prior to the analysis Retention time of bile salt (TDCA) must fall | If this requirement is Analyst/Labor | SOP 5-381
Interference | of all matrix types (aqueous, | at least one minute outside the RT window | not met, the atory PM
Check solid, tissue, and AFFF) of the branched and linear isomers of PFOS | chromatographic
conditions must be
adjusted to meet the
requirement and the
initial calibration must
be repeated before any
field sample are
analyzed.
LC-QTOF Mass Instrument must have a Calibrate the mass scale of the MS with Consult manufacturer | Analyst/ SOP 5-382
MS Calibration | valid mass calibration calibration compounds and procedures instructions on Laboratory
before any sample analysis, |described by the manufacturer. corrective PM

performed annually at a
minimum.

maintenance. Analysis
may not proceed
without passing Mass
Calibration.

Flagging is not
appropriate.
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Calibration Personnel SOoP
Instrument | Procedure Frequency of Calibration Acceptance Criteria Corrective Action Responsible | Reference
LC-QTOF SVS Before and after samples, Target analytes detected with precursor ion | Criteria not met, Analyst/ SOP 5-382
MS and during the run mass accuracy < 5 millidaltons (mDa) and at | notified appropriate Laboratory
sequence with no more least one expected/ theoretical product ion. |project lead and results | PM
than 15 injections Additional Negative Polarity Criteria assessed for potential
separating SVSs i.The chromatographic peak width at half impact. Appropriate
height for PFOS is less than 0.1 min. corrective action will be
ii.The mass resolution of PFOS is greater determined in
than 20,000. consultation with the
iii. The following pairs of analytes project lead.
demonstrate at least partial
chromatographic resolution: 4:2 FTS from
PFHxA, 6:2 FTS from PFOA, L-PFDS from N-
EtFOSAA.
iv. Detection of PFBA indicates acceptable
system sensitivity.
Additional Positive Polarity Criteria.
i.The chromatographic peak width at half
height for n-2 FtSaB C6 is less than 0.1 min
ii.The mass resolution of n-2 FtSaB C6 is
greater than 20,000.
iii. N-TAmP FASA C6 and PFASAAm C6
demonstrate at least partial
chromatographic separation.
iv. Detection of N-TAmP FASA C6 indicates
acceptable system sensitivity.
ICP/MS Tuning Daily No AMU difference of >0.1 AMU. Perform mass ELLE Analyst |WI11933

Peak Width < 0.9 AMU at 10% height.
%RSD < 5 for masses used for tuning.

calibration for AMU.
Adjust mass calibration
for peak width
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Calibration Personnel SOoP
Instrument | Procedure Frequency of Calibration Acceptance Criteria Corrective Action Responsible | Reference
ICP/MS Initial Each new run Passing ICV and ICB Recalibrate, perform ELLE Analyst |WI11933
Calibration instrument
consists of maintenance if
Blank and 1 calibration cannot
point conform to criteria,
recalibrate
ICP/MS ICV After each calibration +10% of true value Reanalyze ELLE Analyst |WI11933
ICP/MS ICB Immediately after the ICV No analytes > LOD Reanalyze ELLE Analyst |WI11933
ICP/MS cev Immediately after the ICSAB | +10% of true value Reanalyze ELLE Analyst |WI11933
and every 10 samples
ICP/MS CCB Immediately after the CCV | No analytes > LOD Reanalyze ELLE Analyst |WI11933
and every 10 samples
ICP/MS Interference | At the beginning of each run | Absolute value of concentration for all non- | Recalibrate ELLE Analyst |WI11933
Check immediately following the |spiked project analytes <1/2 LOQ
Sample-A LLC
ICP/MS Interference | At the beginning of each run | £ 20% of the true value for each analyte Recalibrate ELLE Analyst |WI11933
Check immediately following the
Sample-AB | LLC
ICP/MS Low Level Beginning of each sequence |+ 20% True Value Reanalyze the sample |ELLE Analyst |[WI11933
Check (LLC) |and before the interference
check samples
ICP/MS Linear Quarterly +10% of true value Samples > 90% of the ELLE Analyst |WI11933
Dynamic linear range must be
Range (LDR) reanalyzed as a dilution
Check
CVAA Initial Each new run Correlation coefficient (r) >0.995 Recalibrate, perform ELLE Analyst | WI7965
Calibration instrument
consists of a maintenance if
Blank and 5 calibration cannot
points conform to criteria,
ranging from recalibrate
0.2 ppbto5
ppb

April 2024

60

W91238-23-D-0023 / W91238-23-F-0086



Programmatic UFP-QAPP
PFAS Fingerprinting and Background Study
Multiple Air Force Bases

Calibration Personnel SOoP
Instrument | Procedure Frequency of Calibration Acceptance Criteria Corrective Action Responsible | Reference
CVAA ICV After each calibration 1+10% of true value Reanalyze ELLE Analyst | WI7965
CVAA ICB Immediately after the ICV No analytes > LOD Reanalyze ELLE Analyst | WI7965
CVAA ccv Immediately after the CRA | £10% of true value Reanalyze ELLE Analyst | WI7965
and every 10 samples
CVAA CCB Immediately after the CCV | No analytes > LOD Reanalyze ELLE Analyst | WI7965
and at a frequency of every
10 samples
CVAA Low level Immediately after the ICB +20% True Value Reanalyze ELLE Analyst | WI7965
Check (CRA)
TOC Initial Monthly or after continuing | r? >0.995. %Relative Error for low and mid- | Perform more ELLE Analyst |WI11627
Analyzer - |calibration |calibration fails point calibration standards must meet lab aggressive instrument
Soil with a criteria maintenance and
minimum 4 recalibrate
points
TOC Initial Monthly or after continuing | r? >0.995. Perform more ELLE Analyst |WI10038
Analyzer - |calibration |calibration fails aggressive instrument
Water with a maintenance and
minimum 6 recalibrate
points
TOC ICB Standard | After each initial calibration | No analytes detected > 1/2 RL Perform more ELLE Analyst |WI11627
Analyzer aggressive instrument WI110038
maintenance and
recalibrate
TOC ICV Standard | After each initial calibration |Laboratory Acceptance Criteria Reanalyze the ICV. If ELLE Analyst |WI11627
Analyzer ICV fails again do WI110038
system maintenance
and recalibrate.
TOC Total Daily Laboratory Acceptance Criteria All affected samples are | ELLE Analyst | WI10038
Analyzer - |Inorganic reanalyzed
Water Check
Standard
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Calibration Personnel SOoP
Instrument | Procedure Frequency of Calibration Acceptance Criteria Corrective Action Responsible | Reference
TOC ccv After every 10 analyses, and | Manufacturer acceptance limits All affected samples are | ELLE Analyst | WI11627
Analyzer Standard at the end of the sequence reanalyzed WI110038
TOC CCB After every 10 analyses, and | No analytes detected > RL All affected samples are | ELLE Analyst | WI11627
Analyzer Standard at the end of the sequence reanalyzed WI110038
NOTES:
ICC initial calibration check

ICSAB interference check standard AB
r2 coefficient of determination

TDCA Taurodeoxycholic Acid
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UFP-QAPP Worksheet #25 — Analytical Instrument and Equipment Maintenance, Testing and Inspection
(UFP-QAPP Manual Section 3.2.3) (EPA 2106-G-05 Section 2.3.6)

The analytical SOPs referenced below are available for review upon request. Methods represent those currently certified by the laboratory and
may undergo revision during periodic UFP-QAPP review. QAPP revisions will be submitted for approval.

Instrument/ Maintenance Testing Inspection Acceptance Responsible soP
Equipment Activity Activity Activity Frequency Criteria Corrective Action Person Reference
LC/MS/MS Preventative PFAS NA 6 Months NA NA Analyst / 3-200-03
Maintenance supervisor
LC/MS/MS Clean Curtain PFAS Visual inspection | As needed when | No visible residue | NA Analyst / 3-200-03
Plate of curtain plate |curtain plate has |on curtain plate supervisor
for residue. visible residue
present
LC/MS/MS Replace PFAS Review peak Performed when |Acceptable initial | NA Analyst / 3-200-03
analytical shape, retention |chromatography | calibration supervisor
column times, and peak |deteriorates
separation on
ICAL, ICC, and
CCV samples.
LC-QTOF Preventative PFAS NA As needed, NA Refer to Analyst / KAC-
Maintenance minimally manufacturer’s supervisor | DCAL.IV-
(seal/gasket annually instruction manual 057-00
from LC pump,
needle from
autosampler)
LC-QTOF Replace PFAS Review peak Performed when | Acceptable initial | Refer to Analyst / 5-382-02
analytical shape, retention |chromatography |SVS manufacturer’s supervisor
column times, and peak |deteriorates instruction manual

separation
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Instrument/ Maintenance Testing Inspection Acceptance Responsible soP
Equipment Activity Activity Activity Frequency Criteria Corrective Action Person Reference
Mass Preventative PFAS NA As needed, NA Refer to Analyst / 5-382-02 /
Spectrometer | Maintenance minimally manufacturer’s supervisor | KAC.I-011-
(MS) (cleaning of annually instruction manual 04
source, changing
pump oil,
LC-QTOF MS |Clean/replace PFAS Reduced When sensitivity |Improved Refer to Analyst / 5-382-02
probes/tips or sensitivity decreases to sensitivity manufacturer’s supervisor
other ion unacceptable instruction manual
source/optic levels.
parts
Agilent 7900 |As needed Calibration | Visual inspection | As needed 90-110% for the | Recalibration ELLE Analyst | WI21590
ICP/MS replacement of | checks of components | maintenance/ calibration checks
components calibration
checks every 10
injections
Leeman Labs |As needed Calibration | Visual inspection | As needed 90-110% for the | Recalibration ELLE Analyst | WI7965
Hydra Il replacement of | checks of components | maintenance/ calibration checks
Mercury components calibration
Analyzer checks every 10
injections
TOC Analyzer |As needed Calibration | Visual inspection | As needed Manufacturer Recalibration ELLE Analyst |WI11627
replacement of | checks of components | maintenance/cali | acceptance limits
components bration checks
every 10
injections
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Instrument/ Maintenance Testing Inspection Acceptance Responsible soP
Equipment Activity Activity Activity Frequency Criteria Corrective Action Person Reference
Analytical Assure the Verification |Visual inspection | Each day of use |The reading must |1) verify cleanliness | ELLE analyst |SOP11880
balance balanceisina with ASTM | and weight be +0.1% or of weights 2) remove
vibration-free certified verification +0.5mg, balance from service
area, is level, and | weights whichever is and place a call to
the interior greater. service firm 3)
housing is clean. management must
evaluate data
generated since last
acceptable reading to
determine any
potential impacts to
data quality
Balance Verification Weight NA Daily +/-0.02 gramor |Refer to Analyst / 3-160-09
+/- 0.1% of manufacturer’s supervisor
calibration weight |instruction manual
used (whichever
is greater)
Balance Calibration Weight NA Annually Per manufacturer |Remove from service, | Analyst / 3-160-09
repair, replace supervisor
Pipette Verification Volume NA Daily +/- 2% difference |Remove from service, | Analyst / 3-181-09
from true value, < | repair, replace supervisor
1% relative
standard
deviation (n=3)
Pipette Calibration Volume NA Quarterly Per manufacturer |Remove from service, | Analyst / 3-181-09
repair, replace supervisor
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UFP-QAPP Worksheet #26 & 27 — Sample Handling System, Custody, and
Disposal
(UFP-QAPP Manual Section 3.3) (EPA 2106-G-05 Section 2.3.3)

Sampling Organization Oneida Team

Laboratory Battelle Analytical; Eurofins Lancaster

Method of sample delivery

(shipper/carrier) Overnight/FedEx or UPS

Number of days from reporting

until sample disposal: 60 days

Organization and title or position of
Activity person responsible for the activity SOP reference
Oneida Team - FTL OESCO010C

Oneida Team - FTL

Sample labeling

Chain-of-custody form

. OESCo010C
completion
Sample packing and packaging Oneida Team - FTL OESC010C
Shipping coordination Oneida Team - FTL OESC010C

Sample receipt, inspection, and
log-in

Eurofins, Battelle Analytical —
Laboratory Sample Custodians

Battelle: 6-010-19
Eurofins: 10725, 10723

Sample custody and storage

Eurofins, Battelle Analytical —
Laboratory Sample Custodians

Battelle: 6-010-19
Eurofins: 12042, 10725

Sample disposal

Eurofins, Battelle Analytical —
Laboratory Sample Custodians

Battelle: 5-114-11
Eurofins: 12042

Sample Number

All samples submitted to an analytical laboratory will be uniquely numbered. The sample number will
be recorded on the field forms, labels, and chain-of-custody form when the sample is collected. Specific
sample nomenclature will be presented in Worksheet #18 of each installation-specific Addendum and
will adhere to the formats described below.

Parent Samples

Unless otherwise required by the individual installation, soil sample designation will adhere to the
following format: XX-SBYY-ZZ-MMYY, where XX indicates the abbreviation for the installation name, SB
indicates soil boring, YY represents the next sequential number, ZZ represents either BG (background) or
FP (fingerprint) sample, and MMYY indicates the date of sample collection.

Unless otherwise required by the individual installation, groundwater samples from existing monitoring
wells will generally adhere to the following format: XX-WWWW-MMYY, where XX indicates the
abbreviation for the installation name, WWWW is the name of the well, and MMYY is the date of
sample collection. Lysimeter samples, if collected, will follow a similar format. This nomenclature may
change slightly based on pre-existing naming conventions at individual installations; any such changes
will be documented in the installation-specific UFP-QAPP addenda.
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Unless otherwise required by the individual installation, groundwater boring and grab sample
designations will adhere to the following format: XX-TMWYY-MMYY, where XX indicates the
abbreviation for the installation name, TMW indicates temporary monitoring well, YY represents the
next sequential number, and MMYY represents the date of sample collection.

Unless otherwise required by the individual installation surface water sample designations will adhere to
the following format: XX-SWYY-MMYY, where XX represents indicates the abbreviation for the
installation name, SW indicates surface water, YY represents the next sequential number, and MMYY
represents the date of sample collection.

Field QC Samples

Field QC samples will be named using the following convention: XX(QC type)YY-MMYY, where XX
indicates the site name, QC type will indicate either TB, FB, or EB, and YY represents the next sequential
number. Field duplicates will be identified with the site name, “FD” and sequential number. The
original sample corresponding to each field duplicate will be noted on the field forms or in a field
logbook.
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UFP-QAPP Worksheet #28 — Analytical Quality Control and Corrective Action
(UFP-QAPP Manual Section 3.4 and Tables 4, 5, and 6) (EPA 2106-G-05 Section 2.3.5)

Matrix

Soil/Water

Analytical Group

PFAS

Analytical Method / SOP

PFAS by Third Draft Method 1633 compliant with Table B-24/SOP 5-381

Method/SOP Person Data Quality Project-

QC Sample Number/ Frequency | Acceptance Criteria Corrective Action Responsible Indicators Specific MPC
lon Ratio All Samples Recalculated for If acceptance criteria are not met, Analyst/ Laboratory lon ratio for
each calibration. reanalyze a fresh aliquot of extract. If Laboratory PM | Accuracy peak not to

Expected lon Ratio
set for all analytes
with two transitions,
using the weighted
average of the
calibration curve or
the L4 of the
calibration curvel.

lon ratio for peak
not to exceed 50%
of expected ratio.

reanalysis passes, report reanalysis. If
reanalysis confirms original result,
report original result and “I” qualify the
result. Document exceedance in the
case narrative.

exceed 50% of
expected ratio.

1 Sciex MultiQuant uses the average of the calibration curve’s ion ratios; Sciex-OS programmed to use the ion ratio of the L4 of the calibration curve.
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Matrix

Soil/Water

Analytical Group

PFAS

Analytical Method / SOP

PFAS by Third Draft Method 1633 compliant with Table B-24/SOP 5-381

Method/SOP Person Data Quality Project-
QC Sample Number/ Frequency | Acceptance Criteria Corrective Action Responsible Indicators Specific MPC

Instrument Immediately Each analyte <1/2 If acceptance criteria not met after the | Analyst, Bias/ No analytes

Blanks following the LOQ Instrument highest calibration standard, calibration |Supervisor, QA | contamination detected > 1/2
highest standard Blank must contain | must be performed using a lower Manager LOQ
analyzed; daily EIS and NIS. concentration for the highest standard
before sample until acceptance criteria is met. If
analysis; and sample concentrations exceed the
immediately highest allowed standard and the
following samples sample(s) following exceed this
with PFAS acceptance criteria (>1/2 LOQ), they
concentrations must be reanalyzed. Flag results only if
exceeding the samples cannot be reanalyzed.
guantification
range.

Method Blank |1 per extraction Each analyte <1/2 Correct problem. If required, re-extract |Analyst, Absence of <1/2L0Qor
batch of no more LOQ or <1/10th the |and reanalyze method blank and all QC | Supervisor, QA |interference/ <1/10 the
than 20 samples. amount measured |samples and field samples processed Manager contamination amount

in field samples or < | with the contamination blank. Samples measured in
1/10 the amount may be re-extracted and analyzed field samples,
measured in any outside of hold times, as necessary for or <1/10 the
sample, or < 1/10 corrective actions associated with QC regulatory
the regulatory limit | samples. If continued retesting results in limit,
whichever is repeated blank contamination, the whichever is
greater. laboratory must document and report greater

the failures. Contact the client for
additional measures that need to be
taken.
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Matrix

Soil/Water

Analytical Group

PFAS

Analytical Method / SOP

PFAS by Third Draft Method 1633 compliant with Table B-24/SOP 5-381

Method/SOP Person Data Quality Project-
QC Sample Number/ Frequency | Acceptance Criteria Corrective Action Responsible Indicators Specific MPC
LCS 2 per extraction Within statistically | Source of poor recovery is investigated | Analyst, Laboratory Meet
batch of no more derived laboratory |and eliminated before proceeding with | Supervisor, QA | Accuracy/ laboratory
than 20 samples limits (Table 28-1) further analysis, corrective actions are: | Manager Method bias in derived limits
Biased high, samples ND — report with ideal matrix (Table 28-1)
qualifications. Biased low —re-extracted
and reanalyzed. Insufficient volume —
qualify and document.
MS/MSD 1 per 20 samples or | Within LCS criteria, [If the recoveries indicate that the Analyst, Precision and Within LCS
one for each RSD <30 problem is procedure related, re- Supervisor, QA | Accuracy in field | criteria, RSD <
extraction batch extraction and re-analysis is required. If | Manager samples 30
the recoveries indicate that the failures
are matrix-related, refer to LCS as
measure of method performance in
clean matrix. The Project Chemist will be
contacted and a decision will be made
to either report the data as is with a
notation in the analytical narrative or to
re-extract and re-analyze the sample.
NIS All Samples Peak area > 30% of |If peak areas are unacceptable, analyze |Analyst, Laboratory Area > 30% of
average peak area | a second aliquot. If second analysis Supervisor, QA | Accuracy average peak
from the ICAL meets criteria, report it. Insufficient Manager area from the

volume — qualify and document.

ICAL
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Matrix

Soil/Water

Analytical Group

PFAS

Analytical Method / SOP

PFAS by Third Draft Method 1633 compliant with Table B-24/SOP 5-381

Method/SOP Person Data Quality Project-
QC Sample Number/ Frequency | Acceptance Criteria Corrective Action Responsible Indicators Specific MPC
EIS All Samples Within statistically | If failure is due to instrument Analyst/ Laboratory Within
derived laboratory | performance issues, the problem must | Laboratory PM | Accuracy in field | statistically
limits (Table 28-1) be identified, corrected, and the sample samples derived

must be re-analyzed. If no instrument laboratory

problem is found and if matrix limits (Table

interference is suspected or if the data 28-1)

is not impacted by the variance the data

is qualified and reported. Sample may

be re-analyzed depending on the

severity of issue and backup availability.

Table 28-1a. Laboratory Derived QC Acceptance Limits for PFAS in Non-Potable Water (per 1633 Draft Method 4, Tables 5 and 6)
Lower Upper
Control Control
Analyte CAS Number Type Limit (%) | Limit (%) RPD

Perfluorobutanoic acid (PFBA) 375-22-4 Target 70 140 30
Perfluoropentanoic acid (PFPeA) 2706-90-3 Target 65 135 30
Perfluorohexanoic acid (PFHxA) 307-24-4 Target 70 145 30
Perfluoroheptanoic acid (PFHpA) 375-85-9 Target 70 150 30
Perfluorooctanoic acid (PFOA) 335-67-1 Target 70 150 30
Perfluorononanoic acid (PFNA) 375-95-1 Target 70 150 30
Perfluorodecanoic acid (PFDA) 335-76-2 Target 70 140 30
Perfluoroundecanoic acid (PFUnA) 2058-94-8 Target 70 145 30
Perfluorododecanoic acid (PFDoA) 307-55-1 Target 70 140 30
Perfluorotridecanoic acid (PFTrDA) 72629-94-8 Target 65 140 30
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Lower Upper
Control Control
Analyte CAS Number Type Limit (%) | Limit (%) RPD
Perfluorotetradecanoic acid (PFTeDA) 376-06-7 Target 60 140 30
Perfluorobutanesulfonic acid (PFBS) 375-73-5 Target 65 145 30
Perfluoropentanesulfonic acid (PFPeS) 2706-91-4 Target 65 140 30
Perfluorohexanesulfonic acid (PFHxS) 355-46-4 Target 65 145 30
Perfluoroheptanesulfonic acid (PFHpS) 375-92-8 Target 70 150 30
Perfluorooctanesulfonic acid (PFOS) 1763-23-1 Target 55 150 30
Perfluorornonanesulfonic acid (PFNS) 68259-12-1 Target 65 145 30
Perfluorordecaanesulfonic acid (PFDS) 335-77-3 Target 60 145 30
Perfluorododecanesulfonic acid (PFDoS) 79780-39-5 Target 50 145 30
1H,1H,2H,2H-Perfluorohexane sulfonic acid (4:2FTS) 757124-72-4 Target 70 145 30
1H,1H,2H,2H-Perfluorooctane sulfonic acid (6:2FTS) 27619-97-2 Target 65 155 30
1H,1H,2H,2H-Perfluorodecane sulfonic acid (8:2FTS) 39108-34-4 Target 60 150 30
Perfluorooctanesulfonamide (PFOSA) 754-91-6 Target 70 145 30
N-methylperfluorooctanesulfonamide (NMeFQOSA) 31506-32-8 Target 60 150 30
N-ethylperfluorooctanesulfonamide (NEtFOSA) 4151-50-2 Target 65 145 30
N-methyl perfluorooctanesulfonamidoacetic acid (NMeFOSAA) 2355-31-9 Target 50 140 30
N-ethyl perfluorooctanesulfonamidoacetic acid (NEtFOSAA) 2991-50-6 Target 70 145 30
N-methyl perfluorooctanesulfonamidoethanol (NMeFOSE) 24448-09-7 Target 70 145 30
N-ethyl perfluorooctanesulfonamidoethanol (NEtFOSE) 1691-99-2 Target 70 135 30
Hexafluoropropylene oxide dimer acid (HFPO-DA) 13252-13-6 Target 70 140 30
4,8-dioxa-3H-perfluorononanoic acid (ADONA) 919005-14-4 Target 65 145 30
Perfluoro-3-methoxypropanoic acid (PFMPA) 377-73-1 Target 55 140 30
Perfluoro-4-methoxybutanoic acid (PFMBA) 863090-89-5 Target 60 150 30
Nonafluoro-3,6-dioxaheptanoic acid (NFDHA) 151772-58-6 Target 50 150 30
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Lower Upper
Control Control

Analyte CAS Number Type Limit (%) | Limit (%) RPD
9-chlorohexadecafluoro-3-oxanonane-1-sulfonic acid (9CI-PF30ONS) 756426-58-1 Target 70 155 30
11-chloroeicosafluoro-3-oxaundecane-1-sulfonic acid (11CI-PF30UdS) 763051-92-9 Target 55 160 30
Perfluoro (2-ethoxyethane) sulfonic acid (PFEESA) 113507-82-7 Target 70 140 30
3-perfluoropropyl propanoic acid (3:3 FTCA) 356-02-5 Target 65 135 30
2H,2H,3H,3H-perfluorooctanoic acid (5:3 FTCA) 914637-49-3 Target 70 135 30
3-perfluoroheptyl propanoic acid (7:3 FTCA) 812-70-4 Target 50 145 30
13C4-PFBA NA EIS 5(10)? 130 NA
13C5-PFPeA NA EIS 40 130 NA
13C5-PFHxA NA EIS 40 130 NA
13C4-PFHpA NA EIS 40 130 NA
13C8-PFOA NA EIS 40 130 NA
13C9-PFNA NA EIS 40 130 NA
13C6-PFDA NA EIS 40 130 NA
13C7-PFUnA NA EIS 30 13 NA
13C2-PFDoA NA EIS 10 130 NA
13C2-PFTeDA NA EIS 10 130 NA
13C3-PFBS NA EIS 40 135 NA
13C3-PFHxS NA EIS 40 130 NA
13C8-PFOS NA EIS 40 130 NA
13C2-4:2FTS NA EIS 40 200 NA
13C2-6:2FTS NA EIS 40 200 NA
13C2-8:2FTS NA EIS 40 300 NA
13C8-PFOSA NA EIS 40 130 NA
d3-MeFOSA NA EIS 10 130 NA
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Lower Upper

Control Control
Analyte CAS Number Type Limit (%) | Limit (%) RPD
d5-EtFOSA NA EIS 10 130 NA
d3-MeFOSAA NA EIS 40 170 NA
d5-EtFOSAA NA EIS 25 135 NA
d7-MeFOSE NA EIS 10 130 NA
d9-EtFOSE NA EIS 10 130 NA
13C3-HFPO-DA NA EIS 40 130 NA

NOTES:

1 - Recovery of 13C4-PFBA can be problematic in some field samples. Although the lower limit for recovery is set below 10%, laboratories should routinely track recovery and

take reasonable steps to ensure recovery is at least 10% in the majority of samples.

Table 28-1b. Laboratory Derived QC Acceptance Limits for PFAS in Solids

Lower Upper
Control Control
Analyte CAS Number Type Limit (%) | Limit (%) RPD
Perfluorobutanoic acid (PFBA) 375-22-4 Target 70 140 30
Perfluoropentanoic acid (PFPeA) 2706-90-3 Target 60 50 30
Perfluorohexanoic acid (PFHxA) 307-24-4 Target 65 140 30
Perfluoroheptanoic acid (PFHpA) 375-85-9 Target 70 150 30
Perfluorooctanoic acid (PFOA) 335-67-1 Target 70 150 30
Perfluorononanoic acid (PFNA) 375-95-1 Target 70 155 30
Perfluorodecanoic acid (PFDA) 335-76-2 Target 70 155 30
Perfluoroundecanoic acid (PFUnA) 2058-94-8 Target 70 155 30
Perfluorododecanoic acid (PFDoA) 307-55-1 Target 70 150 30
Perfluorotridecanoic acid (PFTrDA) 72629-94-8 Target 65 150 30
Perfluorotetradecanoic acid (PFTeDA) 376-06-7 Target 65 150 30
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Lower Upper
Control Control
Analyte CAS Number Type Limit (%) | Limit (%) RPD
Perfluorobutanesulfonic acid (PFBS) 375-73-5 Target 65 145 30
Perfluoropentanesulfonic acid (PFPeS) 2706-91-4 Target 55 160 30
Perfluorohexanesulfonic acid (PFHxS) 355-46-4 Target 60 150 30
Perfluoroheptanesulfonic acid (PFHpS) 375-92-8 Target 656 155 30
Perfluorooctanesulfonic acid (PFOS) 1763-23-1 Target 65 160 30
Perfluorornonanesulfonic acid (PFNS) 68259-12-1 Target 55 140 30
Perfluorordecaanesulfonic acid (PFDS) 335-77-3 Target 40 155 30
Perfluorododecanesulfonic acid (PFDoS) 79780-39-5 Target 25 160 30
1H,1H,2H,2H-Perfluorohexane sulfonic acid (4:2FTS) 757124-72-4 Target 60 150 30
1H,1H,2H,2H-Perfluorooctane sulfonic acid (6:2FTS) 27619-97-2 Target 55 200 30
1H,1H,2H,2H-Perfluorodecane sulfonic acid (8:2FTS) 39108-34-4 Target 70 150 30
Perfluorooctanesulfonamide (PFOSA) 754-91-6 Target 70 140 30
N-methylperfluorooctanesulfonamide (NMeFOSA) 31506-32-8 Target 70 155 30
N-ethylperfluorooctanesulfonamide (NEtFOSA) 4151-50-2 Target 70 140 30
N-methyl perfluorooctanesulfonamidoacetic acid (NMeFOSAA) 2355-31-9 Target 65 155 30
N-ethyl perfluorooctanesulfonamidoacetic acid (NEtFOSAA) 2991-50-6 Target 65 165 30
N-methyl perfluorooctanesulfonamidoethanol (NMeFOSE) 24448-09-7 Target 70 140 30
N-ethyl perfluorooctanesulfonamidoethanol (NEtFOSE) 1691-99-2 Target 70 135 30
Hexafluoropropylene oxide dimer acid (HFPO-DA) 13252-13-6 Target 70 145 30
4,8-dioxa-3H-perfluorononanoic acid (ADONA) 919005-14-4 Target 70 160 30
Perfluoro-3-methoxypropanoic acid (PFMPA) 377-73-1 Target 30 140 30
Perfluoro-4-methoxybutanoic acid (PFMBA) 863090-89-5 Target 60 150 30
Nonafluoro-3,6-dioxaheptanoic acid (NFDHA) 151772-58-6 Target 60 155 30
9-chlorohexadecafluoro-3-oxanonane-1-sulfonic acid (9CI-PF30ONS) 756426-58-1 Target 70 150 30
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Lower Upper
Control Control

Analyte CAS Number Type Limit (%) | Limit (%) RPD
11-chloroeicosafluoro-3-oxaundecane-1-sulfonic acid (11CI-PF30UdS) 763051-92-9 Target 45 160 30
Perfluoro (2-ethoxyethane) sulfonic acid (PFEESA) 113507-82-7 Target 70 140 30
3-perfluoropropyl propanoic acid (3:3 FTCA) 356-02-5 Target 45 130 30
2H,2H,3H,3H-perfluorooctanoic acid (5:3 FTCA) 914637-49-3 Target 60 130 30
3-perfluoroheptyl propanoic acid (7:3 FTCA) 812-70-4 Target 60 150 30
13C4-PFBA NA EIS 8 (10)} 130 NA
13C5-PFPeA NA EIS 35 130 NA
13C5-PFHxA NA EIS 40 130 NA
13C4-PFHpA NA EIS 40 130 NA
13C8-PFOA NA EIS 40 130 NA
13C9-PFNA NA EIS 40 130 NA
13C6-PFDA NA EIS 40 130 NA
13C7-PFUNnA NA EIS 40 130 NA
13C2-PFDoA NA EIS 40 130 NA
13C2-PFTeDA NA EIS 20 130 NA
13C3-PFBS NA EIS 40 135 NA
13C3-PFHxS NA EIS 40 130 NA
13C8-PFOS NA EIS 40 130 NA
13C2-4:2FTS NA EIS 40 165 NA
13C2-6:2FTS NA EIS 40 215 NA
13C2-8:2FTS NA EIS 40 275 NA
13C8-PFOSA NA EIS 40 130 NA
d3-MeFOSA NA EIS 40 135 NA
d5-EtFOSA NA EIS 40 150 NA
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Lower Upper

Control Control
Analyte CAS Number Type Limit (%) | Limit (%) RPD
d3-MeFOSAA NA EIS 40 135 NA
d5-EtFOSAA NA EIS 40 150 NA
d7-MeFOSE NA EIS 20 130 NA
d9-EtFOSE NA EIS 15 130 NA
13C3-HFPO-DA NA EIS 40 130 NA

1 - Recovery of 13C4-PFBA can be problematic in some field samples. Although the lower limit for recovery is set below 10%, laboratories should routinely track recovery and
take reasonable steps to ensure recovery is at least 10% in the majority of samples.
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Matrix

Soil/Water

Analytical Group

Total Organic Carbon

Analytical Method / SOP

EPA 9060A / WI110038

Method/SOP Person Data Quality Project-Specific
QC Sample Number/ Frequency | Acceptance Criteria Corrective Action Responsible Indicators MPC
Method blanks |1 per prep batch of |No analytes Reanalyze the blank to confirm ELLE Analyst |Accuracy/ No analytes
up to 20 samples detected > 1/2 LOQ  |detections. If detects confirm, reprep Laboratory detected > 1/2 LOQ
or >1/10th the samples that are not ND or not >10x Contamination or >1/10th the

amount measured
in any sample

the blank value.

amount measured
in any sample

MS/MSD 1 per 10 samples Laboratory Flag outliers ELLE Analyst | Accuracy/ Results within
(batch not to exceed | statistical limits for Bias/Precision acceptance limits
20 samples) compounds and
RPD
LCS/LCSD 1 per prep batch of |Laboratory Correct problem, reprepare and ELLE Analyst |Accuracy/ Results within
up to 20 samples statistical limits for | reanalyze the LCS and all sample Bias/Precision acceptance limits
compounds and associated
RPD
Quadruplicate |1 per 20 samples Laboratory Flag data ELLE Analyst | Precision Results within

statistical limits for
RPD

acceptance limits
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Matrix

Solid/Water

Analytical Group

Total Metals

Analytical Method / SOP

EPA 6020B and 7471B / ELLE WI111933 and WI17965

Method/SOP Person Data Quality Project-Specific
QC Sample Number/ Frequency | Acceptance Criteria Corrective Action Responsible Indicators MPC
Method Blank |1 per extraction Each analyte <1/2 Reanalyze the blank to confirm ELLE Analyst |Absence of 1/2 LOQ or >1/10th
batch of no more LOQ or >1/10th the |detections. If detects confirm, interference/ the amount

than 20 samples.

amount measured
in field samples

redigest samples that are not ND or
not >10x the blank value.

contamination

measured in field
samples

LCS/LCSD 1 per prep batch of |Recovery limits per |Analytes in the LCS that fail high and | ELLE Analyst |Accuracy/Bias/Pr | Results within
up to 20 samples QSM 5.4. RPD <£20% |are ND in the samples can be ecision acceptance limits
reported. All others are re-digested
and reanalyzed.
MS/MSD 1 per prep batch of |Recovery limits per |Flag outliers ELLE Analyst |Accuracy/Bias/Pr | Results within
up to 20 samples QSM 5.4. RPD £20% ecision acceptance limits
Matrix 1 per prep batch of |RPD must be <20% | Flag data ELLE Analyst | Precision Results within
Duplicate up to 20 samples acceptance limits
Serial Dilutions | Must be prepared The percent Flag data ELLE Analyst |Precision Results within

(60208 only)

with each
background sample,
evaluated only
when analyte
concentrations are
>50x the LOQ

difference must be
<10%

acceptance limits

Post Digestion

One per prep batch

+ 20% of True Value

None, unless required by project

ELLE Analyst

Accuracy/Bias

Results within

Spike (PDS) if MS/MSD fails acceptance criteria.
Report PDS in data
package

Internal Every sample and Must be 30%-120% |Reanalyze at a dilution ELLE Analyst |Precision Results within

Standard Qc of the calibration acceptance criteria

(60208 only) blank
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Matrix

Solid/Water

Analytical Group

PFAS

Analytical Method / SOP

PFAS by LC-QTOF MS/SOP 5-382

Method/SOP Person Data Quality Project-Specific
QC Sample Number/ Frequency | Acceptance Criteria Corrective Action Responsible Indicators MPC

Instrument Analyzed prior to None of the SVS If acceptance criteria are not met Analyst/ Same as Method | < 3:1 signal to noise

Blanks (IB) analysis of initial analytes should be | maintenance should be performed to |Laboratory / SOP QC ratio
SVS or standards in | detected at greater |eliminate the contamination, PM Acceptance
the sequence than 3:1 signal-to- |including but not limited to replacing Limits

noise the column, acquiring a new
instrument blank, replacing the
mobile phase, and/or flushing the LC
system.

Method Blank |1 per extraction Analytes detected in | Correct problem. Analyst/ Same as Method | < 5x the response

(mMB) batch of no more the MB must be less | Examine the project-specific Laboratory / SOP QC in associated
than 20 samples than 5 times the requirements for the analytes that PM Acceptance samples

response in samples | fail. Reanalysis of MB and all QC Limits
samples and field samples will be
assessed based on the level of
contamination.

Solvent Blank 1 per extraction Analytes detected in | Correct problem. Analyst/ Same as Method | < 5x the response

(SB) batch of no more the SB must be less | Examine the project-specific Laboratory |/ SOP QC in associated
than 20 samples than 5 times the requirements for the analytes that PM Acceptance samples

response in samples | fail. Reanalysis of SB and all QC Limits
samples and field samples will be
assessed based on the level of
contamination.

System Blank Analyzed after SVS, |None of the SVS, Analyze a freshly prepared system Analyst/ Same as Method | < 3:1 signal to noise
calibration curve, or | calibration curve, or | blank and/or reduce the Laboratory / SOP QC in associated SVS,
positive control positive control concentration of the calibration PM Acceptance calibration curve,
samples and before |analytes should be |standard or positive control. Limits or positive control

field samples.

detected at greater
than 3:1 signal-to-
noise

analytes
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Matrix Solid/Water
Analytical Group PFAS
Analytical Method / SOP PFAS by LC-QTOF MS/SOP 5-382
Method/SOP Person Data Quality Project-Specific
QC Sample Number/ Frequency | Acceptance Criteria Corrective Action Responsible Indicators MPC
Negative mode: at
least 70% spiked 70 % of
internal/surrogate
/ & Same as Method IS/surrogéte
Internal/ standards are Analyst/ standard in
/ SOP QC .
Surrogate All Samples detected. Reanalyze samples Laboratory negative mode are
Acceptance
Standards Note: there are no PM Limits detected. No
positive mode criteria apply to
analytes — criteria positive mode.

does not apply
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UFP-QAPP Worksheet #29 — Project Documents and Records
(UFP-QAPP Manual Section 3.5.1) (EPA 2106-G-05 Section 2.2.8)

See additional information in the QMP provided in Appendix C to this QAPP.

Sample Collection and Field Records

Record

Generation

Verification

Storage
location/archival*

Sample Collection and Field Records

Field notes/logbook Field personnel Oneida Team FTL Project file
idaT FTL and Project
Chain of custody forms Field personnel Oneld.a eam and Frojec Project file
Chemist
Shipping Records Field personnel Oneida team FTL Project file
Daily QC reports Field personnel Oneida Team QCM (Office) Project file
Deviations/ Field Change Field personnel Oneida Team Deputy PM/QCM Project file

Request forms

(Office)

Corrective Action (CA)
Reports

Oneida Team PM

cQcs

Project file/reports

Correspondence Field personnel Oneida Team Deputy PM/PM | Project file
Laboratory Records
Laboratory sample receipt Synectics Data Manager/ Laboratory

logs

Laboratory check-in staff

Oneida Team Project Chemist

Files/Project files

Chain of custody forms

Laboratory check-in staff

Synectics Data Manager/
Oneida Team Project Chemist

Project file/reports

Instrument maintenance and
calibration logs

Laboratory analyst

Laboratory QA Manager

Laboratory Files

Sample Preparation Analysis

Laboratory analyst

Worksheets/Logs Laboratory QA Manager Laboratory Files
Chromatograms/Raw Data Laboratory analyst Laboratory QA Manager Project file/reports
Laboratory analyst Laboratory QA Project file/reports

Sample and QC Sample
Results

Manager/Oneida Team Project
Chemist

Correspondence

Laboratory PM

Oneida Team Project Chemist

Project file

Project Assessments

Data validation report

Data Validator

Oneida Team Project Chemist/
data usability assessment
(DUA) Team (Worksheet #37)

Project file/reports

. Oneida Team Deputy . Project file
CA documentation PM)/Project Chemist Oneida Team PM/CQCS
Inspection checklists Oneida Team Deputy PMs | Oneida Team QCM (Office) Project file
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Sample Collection and Field Records

Record Generation Verification .Storage o n
location/archival
Non-conformance Form Oneida Team PM Oneida Team PgM Project file

Oneida Team Deputy Project file/reports

PMs/Project Chemist DUA Team (Worksheet #37)

Data usability report

Laboratory Data Deliverable

Record Analytical Data
Narrative X
Chain-of-custody form X
Summary results X
Quality control results X
Level IV data package X
Synectics’ Fixed-Width Laboratory Electronic Data Deliverable X
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UFP-QAPP Worksheet #31, 32 & 33 — Assessments and Corrective Action
UFP-QAPP Manual Sections 4.1.1 and 4.1.2) (EPA 2106-G-05 Sections 2.4 and 2.5.5)

Assessments

Person(s)
Person(s) Responsible Responsible for
Internal | Organization | Person(s) Responsible | Person(s) Responsible | for Identifying and Monitoring
or Performing for Performing for Responding to Implementing Effectiveness of

Assessment Type | Frequency External | Assessment Assessment Assessment Findings Corrective Action Corrective Action
Field Sampling 1/ atsampling |Internal Oneida Team | Megan Duley, PM, Installation-specific FTL, |Installation-specific FTL, | Megan Duley, PM,
Technical Systems | startup Oneida Team Oneida Team Oneida Team Oneida Team
Audit
Data Review During field Internal Oneida Team | Installation-specific Installation-specific Installation-specific Installation-specific
Technical Systems | sampling and QCM, Oneida Team QCM, Oneida Team QCM, Oneida Team QCM, Oneida Team
Audit analysis Kristen Carlyon Peyton, |Kristen Carlyon Peyton, | Kristen Carlyon Peyton, |Kristen Carlyon Peyton,

through Senior Project Chemist, | Senior Project Chemist, | Senior Project Chemist, |Senior Project Chemist,

validation Oneida Team Oneida Team

Oneida Team

Evin McKinney, Data
Validation PM, Synectics

Oneida Team

Evin McKinney Data
Validation PM, Synectics

Franco Pala, Battelle PM
Nicole Brown, ELLE PM

Evin McKinney, Data
Validation PM, Synectics

Franco Pala, Battelle PM
Nicole Brown, ELLE PM

Evin McKinney, Data
Validation PM,
Synectics

Franco Pala, Battelle
PM

Nicole Brown, ELLE PM

April 2024

84

W91238-23-D-0023 / W91238-23-F-0086



Programmatic UFP-QAPP
PFAS Fingerprinting and Background Study
Multiple Air Force Bases

Assessment Response and Corrective Action

Nature of Nature of Corrective Individual(s)
Assessment Deficiencies Individual(s) Timeframe of Action Response Receiving Corrective Timeframe for

Type Documentation | Notified of Findings Notification Documentation Action Response Response
Field Sampling Written Audit Megan Duley, PM, 24 Hours after audit Letter Megan Duley, PM, 24 Hours after
Technical Report Oneida Team Oneida Team notification
Systems Audit
Off-site Per DoD ELAP DoD ELAP Laboratory 21 Days after audit Letter Franco Pala, Battelle 30 days
Laboratory Evaluator PM
Technical Nicole Brown, ELLE PM
Systems Audit -
DoD ELAP
Laboratory AFCEC Oneida Team 7 Days Report Oneida Team/AFCEC 30 days
Performance Performance
Evaluation Evaluation

Results Report

Laboratory Data Data Validation Evin McKinney, Data 15 days after Report Kristen Carlyon Peyton, | 48 hours after

Review

Report

Validation PM,
Synectics

submittal of data for
validation

Senior Project Chemist,
Oneida Team

Evin McKinney, Data
Validation PM,
Synectics

Franco Pala, Battelle
PM

Nicole Brown, ELLE PM

notification
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UFP-QAPP Worksheet #34 — Data Verification and Validation Inputs
UFP-QAPP Manual Section 5.2.1 and Table 9) (EPA 2106-G-05 Section 2.5.1)

This worksheet is used to list the inputs that will be used during data verification, validation, and
usability assessment. Inputs include all requirements documents (e.g. contracts, SOPs, planning
documents), field records (both hard-copy and electronic), and interim and final reports. Data
verification is a completeness check that all specified activities involved in data collection and processing
have been completed and recorded and that the necessary records (objective evidence) are available to
proceed to data validation. Data validation is the evaluation of conformance to stated requirements.

Validation Usability
Verification (conformance to (achievement of

Item Description (completeness) specifications) DQOs and MPCs)
Planning Documents/Records

1 Approved QAPP X

2 Contract

3 Field SOPs X

4 Laboratory SOPs X
Field Records

5 Field logbooks/notes X X

6 Daily and weekly QC reports X X

7 Chain-of-custody records X X

8 Calibration records X X

9 Change orders/deviations X X

10 Field CA reports X X
Electronic Data

11 Photographs X

12 | Sampling surveys X X

13 | Analytical sampling data X X
Final Report / Deliverables

14 | Communication Records X

15 QC sample results X X X

16 Final CA reports X X

17 LOD/LOQ Establishment and Verification X X X

18 | Sample receipt records X X X
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UFP-QAPP Worksheet #35 — Data Verification Procedures
(UFP-QAPP Manual Section 5.2.2) (EPA 2106-G-05 Section 2.5.1)

This worksheet documents procedures that will be used to verify project data. Data verification is a completeness check to confirm that all
required activities were conducted, all specified records are present, and the contents of the records are complete. The referenced Oneida
SOPs are provided in Appendix A and the QMP is provided in Appendix C.

Records Reviewed

Requirement
Documents

Process Description

Responsible Person,
Organization

Field records

SOP OESC002A

Verify that records are present and complete for each day of field
activities.

Verify that all planned samples including field QC samples were
collected and that sample collection locations are recorded.

Verify that meteorological data were provided for each day of field
activities. Verify that required field monitoring was performed, and
results are recorded.

Verify that changes/exceptions are recorded and were reported in
accordance with requirements set forth in SOP.

Oneida Team FTLs
Oneida Team Deputy PMs

Daily and Weekly QC
Report

QMP, UFP-QAPP

Verify that all QC reports are complete for each field day/week.

Oneida Team QCM (Office)

Chain-of-custody SOP OESC002A Verify the completeness of chain-of-custody records. Oneida Team Project
forms Examine entries for consistency with the field records. Chemist

Check that appropriate methods and sample preservation have been

recorded. Synectics Data Manager

Verify that the required volume of sample has been collected.

Verify that all required signatures and dates are present.

Check against the laboratory sample receipt documentation for

transcription errors.
Calibration records SOP OESC011B Verify that all instrument/meter calibrations are recorded. Oneida Team FTLs

Verify that the form is complete and signed. Oneida Team QCM (Office)
Change Orders/ QMmPp Verify that changes/exceptions are recorded in and were reported in Oneida Team PM
Deviations accordance with requirements.
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Requirement

Responsible Person,

Records Reviewed Documents Process Description Organization
Field CA Reports QMP Verify that CA was implemented according to procedures specified in Oneida Team Deputy PMs
the project plan. Oneida Team QCM (Office)
Electronic data UFP-QAPP Verify that electronic laboratory data is consistent with expected data Synectics Data Manager
based on field records.
Analytical Sampling UFP-QAPP Verify that the laboratory deliverable contains all records specified in Laboratory QA Manager

Data

the UFP-QAPP. Check sample receipt records to ensure sample condition
upon receipt was noted, and any missing/broken sample containers
were noted and reported.

Compare the data package with the chain of custody forms to verify that
results were provided for all collected samples.

Review the narrative to ensure all QC exceptions are described.

Check for evidence that any required notifications were provided to
project personnel as specified in the UFP-QAPP.

Verify that necessary signatures and dates are present.

Oneida Team Project
Chemist

Audit reports, CA UFP-QAPP, QMIP

Verify that all planned audits were conducted.

Oneida CQCS

reports Examine audit reports. For any deficiencies noted, verify that CA was
implemented according to plan.
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UFP-QAPP Worksheet #36 — Data Validation Procedures
(UFP-QAPP Manual Section 5.2.2) (EPA 2106-G-05 Section 2.5.1)

The PFAS sample data will be validated to a 100% Stage 2B and a 10% Stage 4 standard, including DoD
QSM Version 5.4, Table B-24 requirements. Supporting geochemical data will be validated to 100% Stage
2A. Results from analyses conducted for characterization of IDW will not be validated.

There are no data validation criteria for liquid chromatography/time-of-flight mass spectrometry data.
Once the data is processed by a primary experienced HRMS analyst, an independent second review of all
the detections will be performed by a second HRMS analyst. Each analytical batch will receive at a
minimum a 10% review of all data by a quality assurance officer, or designee. The review will consist of
tracing samples from receipt through extraction, analysis, and final reporting. Any discrepancies found
will be reported to the project manager and any that could affect the integrity or quality of the results
will have the root cause determined and appropriate corrective action documented. All quality
assurance reviews will be approved by management and stored as part of the project’s records.

Data Validator:

Analytical Group/Method PFAS (Draft EPA Method 1633); Geochemical (EPA Methods
9060A, 6020B, 7470A, 7471B)

Data deliverable requirements Enhanced ERPIMS EDDs and Stage 4 Type Portable Document
Format Data Package

Analytical specifications Analytical Quality Control Worksheets #24 and #28

MPC Worksheet #12

Percent of data packages to be validated 100%

Percent of raw data reviewed 10%

Percent of results to be recalculated 10%

Validation procedure DoD General Data Validation Guidelines, Rev. 1 (DoD, 2019);

DoD Validation Guidelines Module 6: Procedure for PFAS
Analysis by QSM Table B-24 (DoD, 2022a); DoD Validation
Guidelines Module 5: Data Validation Procedure for Metals by
ICP/MS (DoD, 2022b)

Validation code 100% S2BVEM/10% S4VEM (PFAS - Draft EPA Method 1633);
100% S2A (Geochemical - EPA Methods 9060A, 60208, 7470A,
7471B)

Electronic validation program/version Synectics’ EDMS ADR

The following qualifiers will be used to indicate QC deficiencies and will be defined in the data tables:

Qualifier Definition

U The analyte was not detected and was reported as less than the LOD or as defined by the customer.
The LOD has been adjusted for any dilution or concentration of the sample.

J The reported result was an estimated value with an unknown bias.

J+ The result was an estimated quantity, but the result may be biased high.

J- The result was an estimated quantity, but the result may be biased low.

U The analyte was not detected and was reported as less than the LOD or as defined by the
laboratory. However, the associated numerical value is approximate.

X The sample results (including non-detects) were affected by serious deficiencies in the ability to
analyze the sample and to meet published method and project QC criteria. The presence or
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absence of the analyte cannot be substantiated by the data provided. Acceptance or rejection of
the data should be decided by the project team (which should include a project chemist), but
exclusion of the data is recommended.
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UFP-QAPP Worksheet #37 — Data Usability Assessment
(UFP-QAPP Manual Section 5.2.3 including Table 12) (EPA 2106-G-05 Sections 2.5.2, 2.5.3, and 2.5.4)

This worksheet documents procedures that will be used to perform the data usability assessment (DUA).
The DUA is performed at the conclusion of data collection activities, using the outputs from data

verification and data validation (Worksheets #35 and #36).

Identify personnel (organization and position/title) responsible for participating in the DUA:

Name Position/Title Organization

Megan Duley, PE PM Onieda
Kevin Engle, PG Deputy PM (AF) Oneida
Lauren Idleman, PG Deputy PM (ANG) Oneida
Robert Price, PG, CEG Project QC Manager Oneida
Kristen Carlyon Peyton, CHMM Senior Project Chemist Oneida
Pamela Chang, PMP PM Battelle
Kavitha Dasu, PhD Senior Chemist Battelle
Jessica Faragalli PM USACE
Cynthia Cash Program Manager DAF
Keith Freihofer Program Manager ANG
John (Seb) Gillette Chemist CZTE
Hunter Anderson Subject matter expert CZTE

A third-party data validation will be performed on the data set. The steps included in performing an
assessment of the data usability will include the following:

Step 1 Review the project’s objectives and sampling design:

e Review the key outputs defined during systematic planning (i.e., DQOs and MPCs) and make sure
they are still applicable. Review the sampling design for consistency with stated objectives. This
provides the context for interpreting the data in subsequent steps.

Step 2 Review the data verification and data validation outputs:

e Review available QA reports, including the data verification and data validation reports. Look for
patterns, trends, and anomalies.

e Review sample collection parameters to identify any possible sources of inconsistencies in
reported PFAS concentrations.

e Review deviations from planned activities (e.g., number and locations of samples, damaged
samples, and SOP deviations) and determine their impacts on the data usability.

e Identify those data that are not acceptable for use. Determine the cause, evaluate the effects on
the project, and take appropriate corrective action (e.g., resample or limit the use of data).

e Review any “X” qualifiers and determine whether the data are accepted or rejected and change
to the appropriate final qualifier.

Step 3 Verify the assumptions of the selected statistical method.

e Verify whether underlying assumptions for the selected statistical methods (i.e., PFAS
Signature®) are valid. Common assumptions include the distributional form of the data,
independence of the data, dispersion characteristics, homogeneity, etc. Depending on the
robustness of the statistical method, minor deviations from assumptions usually are not critical
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to statistical analysis and data interpretation. If serious deviations from assumptions are
discovered, the resulting uncertainty will be discussed in the final report. .

Step 4 Implement the statistical method.
e Analyze the data using PFAS Signature® methodologies as described in the UFP-QAPP and review
underlying assumptions. Consider the tolerance for uncertainty in measurements.
Step 5 Record data usability and draw conclusions.

e Determine if the data can be used as intended, considering implications of deviations and
corrective actions. Discuss DQls. Assess the performance of the sampling design and identify
limitations on data use. Update the CSM and record conclusions. Prepare the data usability
summary report, which will be in the form of a checklist with supporting text and tables.

Project Completeness—The evaluation of planned versus actual data will determine project
completeness. Consideration will be given to project changes and alterations during implementation. All
data not rejected during the DUA will be considered valid in calculations of completeness. Overall, the
project completeness will be assessed using primary samples relative to media, analyte, and area of

inspection.
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SOP Reference Number

Title, Revision Date and/or Number

OESCO001A Site Access, Dig Permits, and Utility Clearance Procedures
OESC002A Field Records and Documentation

OESCO005A Field Parameter Measurements in Water

OESC006B Sampling of Surface Soils and Other Surficial Materials
OESC006D Surface Water Sampling

OESCO007A Drilling Methods and Procedures

OESC0078B Soil and Rock Geologic Logging and Classification
OESC007C Hand Auger Borings

OESC007D Subsurface Soil Sampling

OESCO007E Direct Push Technologies

OESC007I Lysimeter Sampling

OESC008D Monitoring and Extraction Well Installation and Development
OESCO08E Fluid Level Measurement in Wells

OESCO08F Monitoring Well Sampling

OESC008I Borehole Abandonment and Well Destruction

OESco010C Sampling Labeling, Control and Shipping

OESCO11A Sampling Equipment Decontamination Procedures
OESC011B Calibration Procedures for Field Equipment

OESC012A Investigative Derived Materials Management Procedures

Addendum No. 1 for PFAS Sampling

PFAS Sampling Instructions
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February 2023
Revision 02

SOP Addendum No. 1 for PFAS Sampling

Brand names, suppliers, and model numbers are for illustration purposes only and no endorsement is
implied. Equivalent performance may be achieved using apparatus and materials other than those
specified here.

PFAS Sampling Limitations

Special sampling techniques for per- and polyfluoroalkyl substances (PFAS), formerly referred to as
perfluorinated compounds (PFCs), were identified in the Department of the Navy (DON) Interim
Guidance/Frequently Asked Questions (DON 2015) and Final (Revision 1) PFCs Release Determination at
Multiple Base Realignment and Closure (BRAC) Bases Quality Program Plan (AMEC Environment &
Infrastructure [AMEC] 2014), which helped shape guidance for sampling of PFAS constituents. Because
PFAS constituents can be found in a number of consumer products, there are several precautions that
will be taken during sample collection to avoid inadvertent sample contamination:

e No equipment containing PFAS, polytetrafluoroethylene (PTFE, aka Teflon®), low density
polyethylene (LDPE), or polyvinylidene fluoride (PVDF) may be used.

e  Well purging will be conducted using a PFAS-free, PTFE-free, PVDF-free and LDPE-free pump such as
the Proactive SS pump™, a Geotech SS Geosub™ pump with polyvinyl chloride (PVC) leads, or a Besst
Panacea P200 SS pump™, or equivalent.

e High density polyethylene (HDPE) or silicone tubing will be used. New disposable tubing will be used
at each well that is sampled for PFAS constituents.

e  When a flow-through cell is utilized for measure groundwater parameters, the cell will be
disconnected from the sampling train prior to sample collection.

e No water level meters with PFAS, PFTE, LDPE, or PVDF materials (e.g., select Solinst and Heron)
should be used. A Durham Geo Slope Indicator Water Level Indicator (or equivalent) may be used.

e Post-it® Notes and equivalent products will not be used at any time during the sample event.
e No markers other than Sharpie® will be used. Pens and pencils may be used.

e Samples will be collected in HDPE plastic bottles provided by the laboratory. The screw cap will be
made of polypropylene or HDPE and may be lined or unlined. However, if lined, the liner may not
contain PFTE or PFAS constituents.

e Personnel involved with sample collection and handling will avoid wearing clothing or boots that
are new (e.g., at least 6 washings since purchase), synthetic, water resistant, stain-treated, or
contain Gore-Tex™, PTFE, or other polyfluorinated materials. Field personnel will avoid wearing
waterproof or water-resistant rain gear.
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Personnel involved with sample collection and handling will not use cosmetics, moisturizers, hand
cream, or other related products as part of personal cleaning/showering routine on the morning of
sampling.

Sunscreens and insect repellants that are natural and contain no PFAS constituents may be used.
These include:

e Sunscreens - Alba Organics Natural Sunscreen™, Yes to Cucumbers™, Aubrey Organics™,
Jason Natural Sun Block™, Kiss my face™;

e Insect Repellents - Jason Natural Quit Bugging Me™, Repel Lemon Eucalyptus Insect
Repellant™, Herbal Armor™, California Baby Natural Bug Spray™, BabyGanics™; and

e Sunscreen and Insect Repellant - Avon Skin So Soft Bug Guard Plus — SPF 30 Lotion™.

Personnel involved with sample collection and handling will not touch Tyvek® suits or bring Tyvek®
suits on-site during the PFAS sampling event.

Personnel involved with sample collection and handling will wear new nitrile gloves at all times
while collecting and handling samples. Latex gloves are not to be used for PFAS sampling.

No food or drink will be present or consumed on-site with the exception of bottled water and
hydration drinks (i.e., Gatorade® or Powerade®). Many food and snack products are packaged in
wrappers treated with PFAS. Therefore, hands will be thoroughly washed before coming back on-
site after handling fast food, carryout food, or snacks.

Only ice made from frozen water will be used. Cooler ice pack, reusable or single-use cold packs,
instant ice packs, or equivalent will not be used to preserve or store samples or be used in sample
coolers.

Products containing PFTE, PFAS, or LDPE will not be used during sample handling, or
mobilization/demobilization. Aluminum foil will not be used on-site.

Waterproof field notebooks will not be used as they are noted as a potential source of PFAS (AECOM
2015). Loose paper (non-waterproof) may be used.

Aluminum or Masonite clipboards will be used. No plastic clipboards, or spiral bound notebooks will
be used on-site.

Decontamination will be conducted using several steps. The first step is to clean equipment using a
mix of Liquinox® or Alconox® and potable water; the second and third steps are potable water rinse;
the fourth step is laboratory-certified PFAS-free water rinse. All clean equipment will be placed on
PFAS-free materials. If plastic is used, it must be HDPE or polyvinyl chloride. The detergent

Decon 90™ shall not be used.

References

AECOM. 2015. Characterization and Treatment of Perfluorinated Compounds - The Next Big Emerging

Class of Contaminants. Online Presentation by Dave Woodward. January 15.
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1.0 PURPOSE AND LIMITATIONS

The purpose of this Standard Operating Procedure (SOP) is to provide guidance for project managers
and field personnel to obtain site access and identify and mark (clear) underground utilities and
potential underground infrastructure locations for proposed subsurface work. Underground utilities
must be identified and marked prior to commencing site activities in the work area to prevent damage
to underground utilities.

2.0 ACCESS, PERMISSION AND PERMITTING

The project manager is responsible for obtaining site access from the property owner and documenting
that personnel are permitted to enter the site prior to performing work to identify and clear
underground utilities.

The project manager will coordinate with the client to secure permission for access to all areas that will
be impacted by subsurface activities, including adjoining or nearby properties, as necessary. Legal
review of access agreements and insurance coverage documentation by corporate staff may be
required. Signed access agreements and/or written approvals are required for all properties prior to
conducting any work, including locating underground utilities. The project manager should obtain site
access in a timely manner to prevent delays in scheduled field work. Arranging site access for field
personnel may take four weeks or longer. The project manager is also responsible for complying with
client/owner security requirements and personnel security clearance.

2.1 D1G PERMITS

Dig permits may be required by state law, the property owner/operator, or other site-specific
requirements. A dig permit or work clearance request can provide intra- and inter-agency coordination
and may be required for work that potentially disrupts or interferes with routine activities on the subject
site, including but not limited to: aircraft or vehicular traffic flow; utility services; and fire and alarm
systems. The project manager is responsible for procuring required site- specific dig permits prior to
conducting subsurface work, including work performed by subcontractors. The dig permit will be kept in
the field with the project files for the duration of the field work and will be included in the project
report. The project manager is further responsible for tracking and keeping dig permits current for each
phase of work.
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3.0 UNDERGROUND UTILITY CLEARANCE AND LOCATING

Underground utilities in the vicinity of each work area must be identified, located, and marked prior to
the start of invasive work. Clearing the work area for subsurface utilities must comply with state law,
implement best practices, and minimize the potential for damage during invasive activities, which may
include drilling, trenching, excavation, hand-augering, hand-digging, or other activities that disturb or
break the ground surface. In addition to the procedures described in this section, each project may have
site-specific requirements that are documented in the project planning documents.

3.1 UTILITY CLEARANCE PROCEDURE

3.1.1 Delineation

Areas proposed for subsurface activities must be marked in white prior to calling the regional
notification center. White marking products, such as marking paint, chalk, flour (for areas of sensitive
vegetation or landscaping), stakes, flags, or survey whiskers — or a combination of these — will clearly
identify the area of concern prior to calling the regional notification center. This process reduces
confusion for the utility companies clearing the area and ensures that all areas to be impacted are
marked accurately. The following markings may be used to delineate the approximate extent of the
work area:

e A full, continuous line.
e Dots or other markers to delineate the outer extent of subsurface activities.
e Dashes or markers to delineate corners of a subsurface work area.

e Dashes or other markers outlining an entire excavation area. Each dash should be approximately
6 inches to 1 foot in length, and one inch wide. Dashes can be spaced a distance of 4 feet, or for
very large areas, up to 50 feet apart.

e Asingle stake with the radius noted can define the excavation within a 50-foot maximum radius.

A face-to-face meeting with the locator(s) is required when the work area cannot be clearly and
adequately identified for projects that are too large or not conducive to pre-marking.

3.1.2 Notification of the One-Call Notification Center (811)

Notification of a request for utility identification is required between three working days and 14
calendar days prior to the start of subsurface activity (refer to state law). The date of the notification call
is not included in the three working days. Confirmation of the request must be obtained from each
underground utility that has been identified.

Provide and record the following information to the One Call center:

e Date and time of call
o Name of caller and notification center representative
e Work location (can include any of the following, as appropriate, to identify the work area):

0 Site City, county/parish/township, as appropriate, and State
O Street address and/or street intersections, if applicable
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0 Length and direction of the excavation and the nearest adjacent cross streets required to
locate the excavation area

O Subdivision and lot number (if a new development)

o

Coordinates of latitude and longitude

(@]

Global positioning system (GPS) coordinates, specified in either degrees/decimal minutes, or
degrees/minutes/seconds

Highway mile marker(s)

Railroad milepost(s)

Map grid(s)

Distances to the nearest cross streets

O O O o

Other pertinent references to establish and identify the location of the subsurface work site

e Description and depth of the ground disturbing activity (drilling, sampling, excavation, etc.)
e Planned start and end date of work

e  Customer for whom the work is being done

o If a permitis required for the work, provide the permit number to the call operator

e Company name, address, phone number, and e-mail address of the company completing the
subsurface activities

e Name of subcontractors, if applicable.
e Site contact information such as Project Field Team Leader or Site Safety & Health Officer

e Any additional information requested or provided by the notification center representative.

Record and document the following information provided by the One-Call Center:

e Valid Locate Ticket number (The ticket information can be retrieved via email from the One-Call-
Center or online from the One-Call Center website.). The project manager must maintain the
locate ticket in the project files.

e List of utility companies associated with the property. Public utility companies with potential
underground utilities in the work area will be notified of the ticket and work area. Each affected
utility company will send a locator to mark the approximate location of the underground utility
line in the delineated work area. Coordination with the utility company may be required to allow
access to the work area.

e Positive response from each underground utility. The project manager must ensure there is
positive response for each underground utility on the ticket from the One-Call Center before
invasive work is performed. A positive response may include one or more of the following:
verification of no utilities present, markings or documentation left at the job site, callback, fax,
or automated response system. A positive response is required to ensure that all affected utility
companies have marked the requested area prior to the beginning of any soil invasive work.

e High priority subsurface installation. High priority subsurface installations, include but are not
limited to: underground storage tanks, underground pipelines, conduits, ducts, wire, or other
similar structures.
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3.1.3 Review of Existing Information about Underground Utilities

In addition to contacting the One-Call Notification Center, available information about underground
utilities in the area of the planned work shall be requested from the facility personnel or client and
reviewed, when available. This information also may be available from local government agencies that
have historical records of the work area. Pertinent information includes:

e Maps of existing, abandoned, and out-of-service subsurface features

e (Cathodic protection and grounding systems

e As-builts of any underground non-public utilities/features in the area

e Review of the site for aboveground indicators of underground facilities, such as:

Permanent signs or markers
Manhole covers

Vent pipes

Pad-mounted devices

Riser poles

Power and communication pedestals

O O 0O o o o

Valve covers

e Anyinformation regarding high priority subsurface installation. The project manager must
communicate with the site owner/operator to identify any high priority subsurface installations
present in the area of work. Prior to conducting subsurface activities, the site owner/operator
must verify the locations of subsurface installations. The methods and tools that will be used
during the subsurface work must be reviewed with the site owner/operator prior to soil
disturbance. See Section 3.1.4 for procedures to locate these structures if blueprints, files, or
other specific documentation are unavailable.

This information should be used to confirm the location of known underground utilities in the work area
and provided to field personnel before invasive work begins.

3.14 Private Utility Clearance

It is possible that underground private utilities are present in the work area, such as those belonging to a
military facility or base. If the One-Call Notification Center and record review cannot confirm the
presence of known utilities, a private utility locator may be used to conduct a geophysical survey at the
site.

Private underground utilities can be identified by a geophysical survey using a combination of
electromagnetic (EM) induction, magnetometry, and ground penetrating radar (GPR), radar
tomography, metal detectors, and optical instruments to gather and record approximate horizontal and
vertical positional data. Limitations to these technologies include but are not limited to; rebar-
reinforced ground cover, abrupt changes in ground cover type, aboveground obstacles preventing full
traverses or allowing traverses in one direction only, aboveground conductive objects interfering with
instrument signal, nearby powerlines or electromagnetic transmitters, highly conductive background soil
conditions, limited GPR penetration, non-metallic targets, shallower or larger objects shielding deeper
or smaller targets, tracing signal jumping from one line to another, and inaccessible risers, cleanouts,
valve boxes, and manholes.
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Following a geophysical survey, the private utility locator should provide information on the presence,
approximate location, size and shape of detected underground anomalies. This should include
identification of the possible types of utilities or underground structures detected.

Abandoned underground utilities: Information regarding the presence or location of an abandoned
utility may not be available because of updating or deletion of records. Abandonment of an existing
utility, damage to an abandoned utility, or limited or non-existing access points may render an
abandoned line non-locatable. Appropriate caution including hand digging to a minimum of 3 feet prior
to use of mechanical equipment should be exercised in potential or suspect abandoned underground
utility areas.

3.2 CoLoR-CoDED UTILITY MARKING

The American Public Works Association (APWA) has adopted a uniform color code (American National
Standards Institute [ANSI] Z535.1) for marking underground utilities. The following markings may be
indicated at the site as a result of the utility clearance procedures described above. The white markings
will be made as described in this SOP. The other marking will be made by responding notified parties:

e White - Proposed excavation (See Section 3.1.1)

e Pink -Temporary survey markings

e Red - Electric power lines, cables, conduit and lighting cables

e Yellow - natural gas, oil, steam, petroleum, or gaseous materials
e Orange - Communication, alarm or signal lines, cables or conduit
e Blue - Potable water

e Purple - Reclaimed water, irrigation and slurry lines

e Green - Sewer and drain lines

4.0 EVALUATING THE NEED FOR MANUAL CLEARANCE

Depending on the underground utility information available for a site, manual clearance also may be
used when initiating invasive work. The American Society of Civil Engineers establishes Subsurface Utility
Engineering quality levels (QL) A, B, C, and D for obtaining utility location data (ASCE, 2002). These are
described as follows by Common Ground Alliance (CGA, 2021):

e QL-Dinvolves utility records research and interviews with knowledgeable utility personnel.

e QL-Cinvolves surface survey and identifying and recording aboveground features of subsurface
utilities, such as manholes, valves, and hydrants.

e QL-Binvolves application of “surface geophysical methods,” such as [electromagnetic] EM-
based locating instruments, GPR, radar tomography, metal detectors, and optical instruments,
to gather and record approximate horizontal (and, in some cases, vertical) positional data.

e QL-Ainvolves physical exposure via “soft-digging” (vacuum excavation or hand-digging) and
provides precise horizontal and vertical positional data.

QL-A, the most accurate level, denotes data in which the horizontal and vertical location of a utility is
known by the actual exposure and surveying of the utility. Commonly, QL-A data may be obtained based
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on site conditions, client or property owner requirement, or when locating high priority subsurface
installation(s). In those cases, the utility may be initially exposed by hand using vacuum extraction such
as an air knife, or digging with an auger, shovel, or other manual technique. Manual exposure of utilities
will help minimize the potential to cause damage.

5.0 REFERENCES
American National Standards Institute (ANSI). 2022. ANSI Z535.1-2022: Standard for Safety Colors.

American Society of Civil Engineers. 2002. Standard Guidelines for the Collection and Depiction of
Existing Subsurface Utility Data. CI/ASCE 38-02.

Call811. https://www.call811.com.

Common Ground Alliance (CGA). 2021. Best Practices, The Definitive Guide for Underground Safety &
Damage Prevention, 18.0. June.
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1.0 PURPOSE AND LIMITATIONS

The purpose of this Standard Operating Procedure (SOP) is to provide guidance, procedures, and
formats by which field records of work activities will be recorded and managed. This SOP is limited to
field records for typical environmental assessment and restoration field work.

1.1 Summary of Method

Field records are part of the legal record of project work and document critical original site data. They
are legal documents that must be maintained as part of the project files. Entries are recorded in
sufficient detail to allow for reconstruction of field activities conducted each day. Language should be
objective, clear, factual, and accurate.

1.2 PFAS Sampling Considerations

Per- and polyfluoroalkyl substances (PFAS) are a class of manufactured compounds that are extensively
used to make everyday items more resistant to stains, grease, and water. These chemicals have been
used in a variety of industrial, commercial, and consumer products. Materials potentially containing
PFAS are to be avoided when collecting samples for PFAS analyses. If samples will be collected and
analyzed for PFAS, please refer to SOP Addendum No. 1 for guidelines, procedures and protocols to
avoid sample contamination from outside sources.

2.0 EQUIPMENT AND SUPPLIES

The following materials and supplies should be obtained and brought to the field in sufficient quantities
to complete the assigned work:

¢ Field logbooks with weatherproof lined paper and numbered pages. For example, all-weather
horizontal line No. 390 NF, or field forms that meet the general requirements for field logbooks.

¢ Indelible, waterproof, black ink pens.

e Plastic file box (field file) with hanging folders and lid with handle, and/or three-ring binders, for
keeping field records easily accessible, clean, protected, and organized.
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3.0 FIELD LOGBOOK

Logbooks are used for a field activity on the project until the specific activity is completed. The logbook
for a specific field activity is used until the logbook is full. If the logbook for a specific activity is not filled
completely, the logbook for that specific activity may be used for future work at that project site.

3.1 Parts of the Logbook

Book Cover: The center of the front cover is labeled with the company name, project or site name,
company project number, and logbook number. Logbooks for each project will be sequentially
numbered. Logbook numbers should reference the project number and the dates of field activity.

First Page: The front inside cover will be filled out with the company name, office address, and phone
number. Write: “If found please return to:” above the identifying information.

Table of Contents Page: For ongoing projects or projects of significant duration, create a table of
contents at the front of the logbook. Fill in the Table of Contents as log entries are entered. Keep the
contents table up to date on a regular basis.

Each Page: Each page of the logbook will be numbered sequentially if not pre-printed. Each page will be
dated at the top and initialed at the bottom without exception.

3.2 Entry Format

Use waterproof black ink for logbooks. Record sufficient information in logbooks and/or on field forms
to allow for reconstruction of field activities conducted each day. Language should be objective, clear,
factual, and accurate to support later written reports. If an error is made on any hard copy field
documentation (e.g., logbook, form, or chain-of-custody) make a correction by crossing a single line
through the error, entering the correct information, initialing, and dating the correction. The project
manager will conduct periodic audits of field logbooks.

33 What to Record in the Field Logbook
The following types of information should be recorded in field logbooks (except where this information
is recorded on equivalent field forms):
3.3.1 Basic and Project Information
e Name and title of the originator (first page of daily entry)
e Name, company name, and address of the site contact
e Site activities and personnel on site
e Modifications to planned work/schedule
e Date and time of client notification of major changes, pending change orders, et al.

e Conversations with client representatives, senior OESC personnel, landowners, regulatory
agency representatives, or other associated parties.

3.3.2 Daily Entries

Daily entries include the following:

e Site name, project name, and purpose and type of activity (e.g., “ABC Facility, Site 1, Soil
Sampling”)
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The time of each written entry in a column on the left-hand side of each page, followed by the
entry indented

Entrance and exit times for personnel, subcontractors, site visitors, deliveries, and pickups.
Site weather or conditions (e.g., Temp 15°F, 20 mph gusts, rain causing muddy conditions)

Each performed field activity, with location, start and end times, and details (e.g., “groundwater
sample collection at MW-1 for VOCs”)

Sample collection information (see below)

Personnel: Names and roles/titles of people involved for each field activity, including
employees, contractors, regulators, and visitors.

Equipment: Identify the types and manufacturers of equipment and machinery used during field
activities, and include:

0 Performance of initial inspections, and corrective actions for defects, when equipment
arrives onsite

0 Decontamination procedures

0 Date and time of departure of equipment deliveries
If field forms are used, notation of which forms were used (refer to Section 5.0, below).
Site safety and health information (Section 4.0, below)

Problems, corrective actions, down-time (beginning and end times, reason), requested field
changes or variances, and approvals of requested field changes or variances

The last entry of the day will document when personnel and contractors exit the site and the
status of site exits, including access gates locked by whom, at what time. If the last page is not
completely filled, draw a diagonal line through the remaining blank space. Sign the bottom of
the page.

Sample Collection Information

Refer to applicable SOPs for field activities, and to the project Sampling and Analysis Plan (SAP) or
Uniform Federal Policy — Quality Assurance Project Plan (UFP-QAPP) for task-specific guidance. The
following general information is recorded in the logbook:

Sample location, ID, collection method, and any variances from the SAP or UFP-QAPP.
Photograph log

Drilling conditions encountered, decisions (also recorded on the boring log; refer to SOP
OESC0078B)

Details of the sampling location, including a sketch map illustrating the sampling location if not
on the boring log

Equipment and materials used for sample collection
Field instruments (type, serial number), calibration methods and results

Sample identification numbers, dates and times of collection to corroborate with chain-of-
custody forms

Information from containers, labels of reagents, deionized and organic-free water, et al.

Field analyses, conducted by whom, using what instruments or test kits, results
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Calculations and results

Changed site conditions affecting the ability to perform work on time or as specified in the
approved work plans or planning documents

Investigation Derived Waste (IDW) Documentation

Investigation derived waste (IDW) documentation (refer to SOP OESC012A) in the logbook will include,
but not limited to:

4.0

Types and numbers of containers/drums

Storage location, conditions (e.g., on pallets, in fenced area)

Contents, type, and approximate volume of waste

Contaminant types based on available information

Documentation of properly labeled containers

Shipping information (transportation and disposal companies), dates, times, manifests signed by

whom

SITE SAFETY AND HEALTH DOCUMENTATION

Site Safety and Health (SSH) information may be recorded in a separate SSH logbook maintained by the
Site Safety and Health Officer (SSHO), or in the field logbook. Additional documentation will include field
forms provided in the site Accident Prevention Plan (APP), Site Safety and Health Plan (SSHP), or other
applicable site safety plan. The SSHO will be responsible for obtaining and retaining the following
documentation:

5.0

When the daily health and safety meeting/briefing was conducted (use daily form to record
meeting topics and attendees)

Daily health and safety site inspections
Daily inspection of field equipment

Weather, including general weather conditions, temperature, and other conditions that may
cause or contribute to hazards

Review and signatures on site safety plan and associated activity hazard analyses (AHAs) by all
affected employees

Inventory of all hazardous chemicals on site and the associated Safety Data Sheet (SDS) for each
Copies of any/all required training records specific to the hazards anticipated on site

Calibration of and any problems associated with equipment utilized for the purposes of
personnel exposure monitoring (i.e., air monitoring equipment, noise dosimeters, wet bulb
globe temperature monitors, et al.)

Detailed record of health and safety incidents at the site, including subcontractor incidents

Medical problems with field team member, including those taking special medications

FIELD FORMS

Field forms are used to efficiently collect detailed and complete field data. The Field Team Leader (FTL)
or designated team member is responsible for distribution, collection, and maintenance of field forms.
Project-specific forms should be listed in project work plan or planning document(s). The FTL is
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responsible to verify that the forms are filled out correctly by the field team members. Examples of
forms that may be used for field work include:

e Daily Site Safety Briefing Form

e Visitor Sign-In
Site Safety Health Plan (SSHP) Forms

0 Contractor SSHP Acceptance Form

0 Employee SSHP Acceptance Form
e Air Monitoring Log
e Drilling Log
e  Well Construction Log
e Well Development Log
e Well/Boring Abandonment Log
e  Groundwater Sampling Log
e Groundwater Level Measurement Log
e Sampling Logs (by media or as designated in site-specific SAP)
e Decontamination Form
e Chain-of-Custody Form
e Field Equipment/Meter Calibration Form

e IDW Inventory

6.0 MANAGING FIELD RECORDS

Tracking field records, including logbooks and forms, is the responsibility of the FTL during field
operations. The FTL compiles the original field forms and stores then in a location to prevent damage
during field operations. At the end of the fieldwork or phases of fieldwork, the FTL delivers the field
forms and logbook(s) to the project manager. The FTL maintains copies of the field forms throughout
the duration of the project.

Non-bound hard copy field records such as field forms will be completed on the day the associated
activity occurs, signed or initialed by the person completing the form, and turned in to the FTL by the
end of the day. The unbound daily field forms should be sent to the project manager on at least a
weekly basis, or on a fixed schedule that the project manager has approved; the project manager will
determine a schedule for assuring that hard copies are periodically scanned for storage as electronic
files with other project documentation as described below.

Field data collected and entered electronically will be downloaded to a secure storage device and/or to
the electronic project file on an OESC server. Field data will be downloaded on a daily basis by the
person collecting the data. The FTL will be responsible for verifying that electronic data collected are
present in electronic media and in the project file. A hard copy of electronic records may be generated
and filed in a project file, depending on project records retention requirements and in accordance with
regulatory requirements for records retention, where applicable.
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7.0 DAILY QUALITY CONTROL AND PRODUCTION REPORTS

The U.S. Army Corps of Engineers has developed a construction quality control and production reporting
protocol that includes a number of forms commonly used on federal government projects (USACE,
1995). Forms for environmental and construction activities include forms for sampling, well installation,
remedial system installation, removal actions, demolition, etc.

During development of work planning documents, it will be determined which forms are required and
how they must be distributed. Use established templates for each form. Changes to official forms should
be approved by the client representative prior to use. The FTL, construction manager, or designee is
responsible for timely submittal of forms. Generally, the project manager reviews and maintains a file of
the forms. The following are examples of commonly used forms.

e Contractor Quality Control (CQC) Daily Reports are completed by the FTL or site manager to
provide a daily report of construction and/or field activities to the client representative, base
representative, and OESC project manager. CQC Reports are completed and sent daily to the
client representative and OESC project manager during field events or construction activities.
Information on the CQC Report is in a concise, bulleted format, and includes, at minimum:

0 Project, contract, and delivery order/task order numbers
Date (on each page)

Project name and location

Temperature range, sun/wind conditions

Summary of site activities

Level of health and safety protection used

Field instruments used and calibrations performed
Problems encountered and corrective actions taken

Sampling or testing activities performed (sample IDs)

O O O O 0O o 0O ©o

QC samples collected (QC sample IDs)
Additional remarks as applicable
0 Signature of person filling out CQC Report

e Daily Contractor Production Reports are also filled out and submitted on a daily basis along with
the CQC Report. The Contractor Production Reports document work performed, health and
safety actions and inspections, equipment and personnel on site, number of hours for
equipment and personnel, equipment and material received, and remarks (generally,
production achieved). The Daily Contractor Production Report references specific plan
documents or work plan sections for each activity (USACE, 2004).

8.0 REFERENCES

U.S. Army Corps of Engineers Professional Development Support Center and U.S. Naval Facilities
Engineering Command. 2004. Construction Quality Management for Contractors: Student Study
Guide. Control #784. January.

U.S. Army Corps of Engineers (USACE). 1995. Construction Quality Management, ER 1180-1-6.
30 September.

Naval Facilities Engineering Command (NAVFAC). 2000. Construction Quality Management Program.
NAVFAC P-445. January.
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1.0 PURPOSE AND LIMITATIONS

The purpose of this Standard Operating Procedure (SOP) is to establish a uniform procedure for
collection of the field parameters associated with groundwater and surface water.

This SOP may also apply to the testing of wastewater; however, the general intent of this SOP is for
environmental monitoring sampling of natural waters and is not intended for waste characterization or
unknown waste categorization.

2.0 SUMMARY AND METHOD

Accurate measurement of field parameters is critical for the prediction and interpretation of the
reactions and migration of dissolved species. Practices covered under this SOP include measurement of
the following:

e Multiple parameters during purging of groundwater monitoring wells

e  Multiple parameters in situ (in the well) by downhole deployment of measuring devices
e Surface water quality parameters

e Individual parameters (using single purpose meter)

e Ferrous iron in water samples using field test kits

Refer to SOP OESCOO8F for guidance regarding parameter stabilization criteria for groundwater sample
collection.

2.1 PFAS Sampling Considerations

Per- and polyfluoroalkyl substances (PFAS) are a class of manufactured compounds that are extensively
used to make everyday items more resistant to stains, grease, and water. These chemicals have been
used in a variety of industrial, commercial, and consumer products. Materials potentially containing
PFAS are to be avoided when collecting samples for PFAS analyses. If samples will be collected and
analyzed for PFAS, please refer to SOP Addendum No. 1 for guidelines, procedures and protocols to
avoid sample contamination from outside sources.
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3.0 EQUIPMENT AND SUPPLIES

The set-up and use of field meters will follow manufacturer’s recommended procedures to assure
consistency of use. In addition, all meters will be properly maintained, cleaned, calibrated, operated,
and stored in accordance with the manufacturer’s specifications. All field measurement equipment will
be properly calibrated prior to use in the field in accordance with the manufacturer instructions.

e Refer to SOP OESC011B for guidance regarding instrument calibration.
4.0 FIELD MEASUREMENT USING MULTI-PARAMETER PROBE

4.1 Description

Field measurement of several water quality parameters at once is performed using a multi-parameter
probe. Different manufactures offer different configurations; typical meters for groundwater and
surface water applications include:

e Temperature

e Specific conductance

e Oxidation-reduction potential (ORP)

° pH

e Dissolved oxygen (DO)
Some multi-parameter probes may include a turbidity meter, but a separate meter for measurement of
turbidity is recommended.

A list of the specific parameters that must be measured in the field will be identified in the project-
specific Sampling and Analysis Plan (SAP) or Uniform Federal Policy — Quality Assurance Project Plan
(QAPP).

Typical uses of a multi-parameter water probe include:

e Measuring water quality parameters downhole in a well

e Monitoring purged groundwater in a flow-through cell that is attached to the outflow tubing of
a pump

e Directly measuring water in a surface water body

e Obtaining measurements using a grab sample of groundwater or surface water (turbidity and
ferrous iron)

4.2 Procedure

The following are general procedures to be implemented before deploying multi-parameter water
probe:

1. Inspect the exterior of equipment (probe and digital readout display) for damage (e.g., tears or
cuts in cable, cracked probe housing, etc.). If there are cuts in the cable, calibration will indicate
whether or not the cut cable affects connections from the probe to the data logger. If damage
affects the operation of the probe and/or data logger, the equipment will be replaced with
functional equipment and damaged equipment will be returned for repair.
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Inspect the DO and pH probes for a silicon or rubber protective sleeve; if present, remove
before calibration and purging. Save sleeves to reinstall before returning to rental company.

Prior to use, the probe will be calibrated for all of the parameters that will be measured in the
field (with the exception of temperature, although instrument performance will be checked in
ice water).

Calibration for the instrument shall follow the instructions outlined in the manufacturer
instructions which will be stored in the equipment box, field vehicle, or mobile laboratory for
reference.

To check temperature probe performance, place the probe in ice water and check the reading
once it has stabilized. Ice water will measure between 0° and 4° Celsius (between 32° and 39.2°
Fahrenheit).

Upon completing calibration, the probe and digital readout display are ready for use. Special
care will be taken in deploying the probe in the various configurations. A discussion on using
each configuration follows.

Deploying a Multiparameter Probe Downhole in a Monitoring Well (Transducer)

When possible, reference historical groundwater analytical data for each well where the instrument will
be used. Highly contaminated groundwater and free-phase liquids could degrade instrument
performance by damaging sensors. Communicate relevant field observations (e.g., strong odors,
presence of product) with your Field Team Leader (FTL) or project manager. Check available well
construction logs or project specific SAP or UFP-QAPP for specific well information before deploying
instrument.

1.

Measure water levels and total well depths with sufficient time before deployment of the probe
to allow disturbed well bottom sediments to resettle (at least one hour).

If the screened interval and depth to the top-of-screen are known, measure sufficient cable
length to place the probe within the middle of the screened interval of the well. If the water
column is below the top of the screened interval, place probe within the middle of the
difference between the water level and the bottom of the screen. If the water column height in
the well is less than 2 feet, use of the probe downhole is not recommended (discuss alternative
measurements with FTL or PM).

Do not deploy the probe in the stagnant water column above the screened interval or in the
bottom well sump because stagnant groundwater in the well casing is not representative of
groundwater in the formation.

Slowly lower the probe into the well to minimize splashing or disturbance of the water. To
prevent the disturbance of sediment, be mindful to not drop the probe down the well or tag the
bottom.

Secure the cable at the wellhead to ensure that the probe remains at the desired depth.

Set up the file name and logging parameters on the data logger following manufacturer’s
instructions.

If possible, secure well cover to prevent tampering while deployed.
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Deploying Multiparameter Probe in a Flow-Through Cell

Inspect flow through cell O-rings for any damage or tears. Ensure that the screw-on top of the
flow-through cell is not cross-threaded when inserting the probes into flow-through cell.

Connect the inlet line of the flow-through cell with the pump discharge line.

Ensure the outlet line of the flow-through cell is secured to a proper discharge container (e.g., 5-
gallon bucket or 55-gallon drum).

Once purging has begun, allow the flow-through cell to fill with water and begin flowing out of
the outlet line into the discharge container. This ensures that all probes are fully submerged and
will give accurate readings.

Determine the flow rate using a graduated cup and timer to ensure rate is in low-flow limits
(refer to SOP OESCOOSF).

If needed, place the flow-through cell at a 45-degree angle with the outlet line facing upward to
help remove trapped air bubbles during the collection of measurements.

Surface Water Measurements with a Multiparameter Probe

Follow manufacturer’s instructions for probe set-up. Since surface water conditions are highly variable,
this SOP provides only general instructions for collection of the data. Generally, surface water
measurements will be collected from the top 2 feet of the water column, unless otherwise specified in
the site-specific SAP or UFP-QAPP.

1.

4.6

Slowly lower the probe into the surface water sampling location, minimizing splashing and
disturbance of the sediment. Completely submerse all probes.

Prevent submerging the bottom of the probes directly into the streambed by using the
equipment’s attachable perforated housing.

If reading measurements while in moving water, work from downstream to upstream to avoid
contamination of downstream samples with suspended sediments transported in the current.

Measurement Interval Guidelines

Field parameter measurement intervals will be dependent on the objectives of the project, equipment
being used, and flow rate. The following are suggested time intervals for specific activities requiring field
parameter measurements:

Criteria Determining Approximate Time Intervals
Activity Measurement Interval for Readings (min.)
Development of a monitoring well One well volume (OESC008D) 5-10

Purging of a monitoring well

“Turn over” of at least one flow-through

cell volume (OESCOO8F) 5-10

Sampling Surface water Equalized parameters One time reading
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5.0 FIELD MEASUREMENT OF SPECIFIC CONDUCTANCE

5.1 Description

Specific conductance is a measurement of water’s ability to conduct or transmit an electrical current,
which depends on the presence of ions, their total concentration, mobility, and temperature. For
inorganic species, the electrical conductivity of water is directly proportional to the total dissolved salt
content. Additionally, specific conductance is an indirect way of determining total dissolved solids (TDS).
It can also be used as an indicator of change within a system and aid in evaluating whether a sample is
representative of the water in the system. It is rapidly and easily measured in the field.

Briefly, the specific conductance is defined as the measure of the quantity of electricity transferred
across a unit area, per unit potential gradient, per unit time. A cell constant is determined by measuring
a solution of known conductivity. Solutions of known conductivity are usually provided with the field
equipment rental but can also be purchased or made from reagent-grade KCl. Sampling personnel will
consult operating instructions for the specific instrument used for the determination of the cell
constant. This conductivity is expressed in various units, including micromhos per centimeter
(umhos/cm) and microsiemens per centimeter (uS/cm).

The following procedure describes the field measurement of the specific conductance of an aqueous
sample using a conductance meter and a platinum or stainless-steel electrode. This method is applicable
to groundwater and surface water. The specific conductance of a sample is measured by use of a self-
contained conductivity meter, Wheatstone bridge type, or equivalent. Samples are preferably analyzed
at 25°C. If not, temperature corrections are made and results reported at 25°C. The specific conductance
meter will be calibrated on a daily basis prior to the procedures outlined below. The calibration
procedures will conform to the manufacturer’s specifications.

5.2 Procedure
Follow the instruction manual for the specific field conductivity meter used.
1. Collect the sample and record its temperature.
2. Setthe instrument’s temperature adjustment to the temperature of the sample, if required.

3. Immerse the probe in the sample, keeping it away from the sides and bottom of the container.
Make sure the probe is entirely submerged.

4. Report the results to the nearest ten units for readings under 1,000 pmhos/cm and the nearest
100 units for readings over 1,000 umhos/cm.

5.3 Documentation

Record the following information:

Date and time of calibration, solutions used, solution expiration dates.
Instrument manufacturer and model number.

Site name, sampling location, date, and time.

Person performing the measurement.

vk W e

Sample specific conductance readings or download data logger as soon as practicable following
data collection.
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5.4 Precision and Accuracy

Most conductivity meters have an accuracy of + 2% of the reading. With satisfactory equipment, results
within 1% of the true value will be obtained.

6.0 FIELD MEASUREMENT OF PH

6.1 Description

The measurement of pH in an aqueous solution uses a reference electrode of known potential (pH
meter). The pH of a solution is defined as the negative logarithm to the base 10 of the hydrogen ion
activity in moles per liter or grams equivalent per liter (pH = -log[H+]). The pH expresses the relative
acidity or alkalinity of a fluid on a scale from zero to 14. A pH of seven represents a neutral solution.
Follow the site-specific safety plan when measuring pH in fluids that may be highly acidic (pH 4 or less)
or highly alkaline (pH 9 or greater).

Natural waters generally have pH values in the range of four to nine. The primary control over pH in
natural waters is the carbonate system, including gaseous and dissolved carbon dioxide, bicarbonate,
and carbonate ions. Sample degassing may affect pH due to loss of carbon dioxide. Temperature and
ionic strength of the fluid are factors that also may affect pH measurements.

The following procedure describes the field measurement of the pH of an aqueous sample using a pH
meter attached to a multiparameter probe. This method is applicable to groundwater and surface
water. The pH meter will be calibrated on a daily basis before the day’s activities begin.

6.2 Procedure

1. Before the start of the day’s activities, calibrate the pH meter using the provided calibration
solution(s), following manufacturer’s instructions.

At the job site, allow the pH meter to equilibrate to ambient temperature before use.
Thoroughly rinse the electrode with distilled water.
Insert the multiparameter probe into the flow-through cell or perforated housing.

Record the stabilized reading in the loghook.

o v ok~ w N

Rinse the probe with deionized water after each sample. If exposed to oily solutions, thoroughly
cleanse with laboratory-grade detergent and triple rinse before next sample.

7. Properly store meter according to manufacturer’s instructions.

6.3 Documentation

For each field event, record the following information:

e Date and time of calibration, solutions used, solution expiration dates
e Instrument manufacturer and model number

e Site name, sample location, date, and time

e Person performing the measurement

e Sample pH readings or download data logger as soon as practicable following data collection
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Precision and Accuracy

Under normal conditions the accuracy of a pH meter is to + 0.01 pH units.

7.0
7.1

FIELD MEASUREMENT OF DISSOLVED OXYGEN

Description

The measurement of DO in an aqueous solution provides an estimate of the oxidation state of the water
and indirectly measures the ability of the water to support aerobic metabolism or geochemical
reactions. DO is commonly used as an indicator to evaluate groundwater remedial progress, particularly
for enhanced in-situ bioremediation. Two different types of DO meters are now available: the optical DO
sensor and the electrochemical cell. Of the two types, the optical DO sensor provides greater accuracy
and precision as well as less interference from groundwater conditions or data collection methods.

7.2 Procedure — Optical Dissolved Oxygen Sensor

Follow the manufacturer’s instruction manual for the specific DO sensor used. Generally, the optical DO
sensor is used with a data logger (e.g., TROLL) or on a multiparameter probe (e.g., Horiba or YSI); follow
manufacturer’s instructions for set-up and connection of the data logger with the DO sensor (InSitu,
2009).

1. Follow manufacturer’s instructions for DO sensor calibration, and record calibration results.
(Note: For multiparameter probes such as a Horiba, which do not field-calibrate this sensor,
record ambient air DO reading.)

2. Rinse the sensor and other probes thoroughly with distilled water following completion of all
calibration steps. The optical DO sensor will be calibrated at least once every 3 months.

3. Select the oxygen concentration units (e.g., mg/L [ppm], ug/L [ppb], microMolar concentration
[umol/L], or oxygen saturation [%]). The desired units may be specified in the SAP or UFP-QAPP
and generally will be consistent for all monitoring events to prevent data interpretation errors.

4. If you are measuring DO in a significantly saline environment (e.g., marine waters, salt-water
intrusion areas, landfill leachate zones) a salinity compensation algorithm will be applied during
DO sensor setup following manufacturer’s instructions. Use the most recent salinity data from
the site.

5. Deploy the calibrated optical DO sensor either downhole in a monitoring well, in a flow-through
cell, or directly in a surface water body. DO changes rapidly in response to pressure and
temperature changes; therefore, DO measurements collected in ways other than those listed
may not be valid. For example, readings of DO in a bucket of purge water are unlikely to reflect
subsurface aquifer conditions.

6. Record the results in the field logbook and applicable field form or, if using a data logger,
download the data logger as soon as practicable following the field event.

7.3 Procedure — Electrochemical Cell DO Meter

Follow manufacturer’s instruction manual for the specific DO meter used.

1. Prior to field use, inspect the membrane of the DO meter for air bubbles and/or holes. Replace
the membrane if bubbles or holes exist.
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2. Make sure the membrane is wet by soaking it in analyte-free water prior to calibration and
during storage.

3. Calibrate the DO meter on a daily basis in accordance with to the manufacturer’s instructions.

4. Use the DO probe either downhole in a monitoring well, in a flow-through cell, or directly in a
surface water body. DO changes rapidly in response to pressure and temperature changes;
therefore, DO measurements collected in ways other than those listed may not be valid. For
example, readings of DO in a bucket of purge water are unlikely to reflect subsurface aquifer
conditions.

5. When deployed downhole, it may be necessary to move the probe slowly up and down in the
water column (unless the device is equipped to move water past the sensor). The sensor will
deplete the oxygen around it and will yield artificially low DO readings if held steady in still
water.

6. Record the results within the field logbook and applicable field form to the nearest 0.1 mg/L.
7.4 Documentation
Record the following information:
Date and time of calibration, solutions used, solution expiration dates.
Instrument manufacturer and model number.
Site name, sampling location, date, and time.

Person performing the measurement.

ok W e

Sample DO readings or download data logger as soon as practicable following data collection.
8.0 FIELD MEASUREMENT OF OXIDATION REDUCTION POTENTIAL (ORP)

8.1 Description

ORP is a measurement, in mV, of the tendency of a chemical substance to oxidize or reduce another
chemical substance. An ORP sensor consists of an ORP electrode and a reference electrode, similar to a
pH meter.

The principle behind the ORP measurement is the use of an inert metal electrode (platinum, sometimes
gold), which, due to its low resistance, will give up electrons to an oxidant or accept electrons from a
reductant. The ORP electrode will continue to accept or give up electrons until it develops a potential,
due to the built-up charge, which is equal to the ORP of the solution. (Emerson Process Management,
2008).

8.2 Influences on and Limitations of ORP Data:

ORP is a nonspecific measurement: An ORP measurement reflects the combined effects of all dissolved
species in the fluid. Unless the dissolved species, and in particular, the predominant redox-active
species, are known through geochemical testing, ORP data in relatively clean groundwater or surface
water has only limited utility.

Temperature: The temperature of the water for which ORP is being determined will affect the voltage
output of the sensor. While temperature must be taken into account for calibration and will be
considered when reporting field ORP values, the variation is usually not definable since the temperature
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effect depends on the dissolved species responsible for the ORP reading, and these species are usually
not known exactly for environmental water.

Contamination of the ORP Sensor: A slow equilibrium response or erratic response may indicate a
fouled ORP sensor. Particularly for routine monitoring (versus long-term monitoring as in installation of
the probe in a well), the ORP sensors must be properly maintained and stored to ensure quick
equilibrium time and accurate readings.

Low Concentration of Redox-Active Species: Environmental waters can be naturally low in
reduction/oxidation species; essentially these waters fall below the detection limit of the ORP meter.

Due to the listed limitations, ORP measurements are best applied when measuring changes in ORP due
to completion of redox reactions (Emerson Process Management, 2008).

8.3 Procedure

1. Follow manufacturer’s instructions for the ORP meter used; record calibration results (if
calibration performed). Rinse the sensor thoroughly with distilled water following completion of
all calibration steps.

2. Deploy the calibrated ORP meter either downhole in a monitoring well, in a flow-through cell, or
directly in a surface water body.

3. Record the results in the field logbook and applicable field form or, if using a data logger,
download the data logger as soon as practicable following the field event.

4. Clean and properly store the ORP Meter.

8.4 Documentation

Record the following information:

Instrument manufacturer and model number.
Date and time of calibration, solutions used, solution expiration dates.
Site name, sampling location, date, and time.

Person performing the measurement.

A N

Sample ORP readings or download data logger as soon as practicable following data collection.

8.5 Precision and Accuracy

Under normal conditions the typical accuracy of an ORP measurement is £5 mV. (Emerson Process
Management, 2008).

9.0 FIELD MEASUREMENT OF TURBIDITY

9.1 Description

Elevated turbidity in a sample indicates it contains suspended matter that may affect the quality of
analytical data.

The turbidity meter will be calibrated in accordance with the manufacturer’s manual. The following
procedures will be used to measure the turbidity of a sample using a handheld turbidity meter (e.g.,
Hach).
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9.2 Procedure

1. Place reference container (cuvette) in light well of handheld meter. Take care in handling and
storing the cuvette to prevent inaccurate results. Reference standards should be completely
filled; do not uncap.

2. Use the provided sample cuvette for the sample — clean inside and outside surfaces with a lint-
free, non-abrasive wipe or soft cloth before use. Take care to not scratch cuvette surfaces.

3. Fill cuvette approximately three quarters full of water to be sampled. Replace cap onto the
Cuvette.

4. Completely dry the outside of the cuvette before placing it into the light well. Moisture on the
outside of the cuvette can cause false high readings.

5. Place sample in light well of handheld meter and close the light well lid. Select the appropriate
range for best readability. Cuvettes will be handled in accordance with the manufacturer’s
specifications.

6. Note and record sample turbidity.
7. Properly dispose of sample and clean cuvette thoroughly before filling with the next sample.

9.3 Documentation

Record the following information:

Date and time of calibration, solutions used, solution expiration dates.
Instrument manufacturer and model number.
Site name, sample location, date, and time.

Person performing the measurement.

LA A

Sample name and sample turbidity readings.

9.4 Precision and Accuracy

Under normal conditions:

Linear +1% of full scale; and

Repeatability +1% of full scale.
10.0 FIELD MEASUREMENT OF FERROUS IRON

10.1 Description

This section is for measurement of ferrous iron in groundwater using a field test kit. It is preferable to
analyze ferrous iron immediately following sample collection to ensure accuracy and
representativeness. Ferrous iron data are typically used as part of natural attenuation monitoring in
groundwater to determine the predominant terminal electron accepting process.

Ferrous iron field test kits are generally colorimetric tests. The provided reagent reacts with ferrous iron
in the sample to form an orange color in proportion to the ferrous iron concentration. Ferric iron does
not react. The ferric iron (Fe3*) concentration can be determined by subtracting the ferrous iron
concentration from the results of a total iron test.
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The following procedures describe the method to field test for ferrous iron in an aqueous sample. This
method is applicable to natural waters (i.e., surface water and groundwater).

10.2 Procedure

1. Fill a test-kit provided viewing vial to the first (5-mL) line with distilled water. This will be the
reference vial. Place this vial in the top left opening of the color comparator.

2. Fill the measuring vial to the 25-mL mark with sample water.

3. Add the contents of one Ferrous Iron Reagent Powder Pillow and recap the measuring vial.

&

Swirl/Shake to mix. An orange color will develop if ferrous iron is present. Allow three minutes
for full color development.

Fill another viewing vial to the first (5-mL) mark with the prepared sample water.
Place the second viewing vial in the top right opening of the color comparator.

Hold comparator up to a light source such as the sky, a window, or a lamp.

© N o U

Look through the front openings and rotate the color disc until the overlaid reference vial color
matches in the sample vial color.

9. Read the mg/L ferrous iron in the scale window.
10.3 Documentation
Record the following information:
Site name, sampling location, source of sample, sample type.
Date and time of the sample collection

Person performing the measurement.

P W N oe

Results for ferrous iron.
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1.0 PURPOSE AND LIMITATIONS

The purpose of this Standard Operating Procedure (SOP) is to define the techniques and requirements
for collecting grab surface-soils and other surficial material samples for the purposes of site
characterization and/or risk assessment.

2.0 SUMMARY OF METHOD

Surface soil is usually referred to as the soil extending from the ground surface to a depth of
approximately 1 foot (ft) below land surface. For human health risk assessment purposes where physical
contact with soil is part of the exposure route (e.g., analysis of potential soil ingestion and inhalation of
particulates), surface soil samples are typically collected from the upper 6-inches of soil. In consultation
with regulatory agencies, the site-specific project Sampling and Analysis Plan (SAP) or Uniform Federal
Policy — Quality Assurance Project Plan (UFP-QAPP) or comparable document will specify the depth at
which surface soil samples are to be collected.

Surface-soil samples are collected to determine the type(s) and level(s) of contamination, define the
area affected by contaminants, and determine background concentrations. These samples may be
collected as part of an investigative plan, site-specific sampling plan, and/or as a screening method for
areas of potential contamination that may require more extensive sampling.

This SOP also applies to the collection of samples from other types of surface materials (fills, sediments,
or other relatively dry, non-cemented media). This SOP does not cover radioactive materials.

2.1 PFAS Sampling Considerations

Per- and polyfluoroalkyl substances (PFAS) are a class of manufactured compounds that are extensively
used to make everyday items more resistant to stains, grease, and water. These chemicals have been
used in a variety of industrial, commercial, and consumer products. Materials potentially containing
PFAS are to be avoided when collecting samples for PFAS analyses. If samples will be collected and
analyzed for PFAS, please refer to SOP Addendum No. 1 for guidelines, procedures and protocols to
avoid sample contamination from outside sources.
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3.0 SAMPLING EQUIPMENT

3.1 General Sampling Supplies

Equipment and supplies that are typically needed for sampling surface soils and other surficial materials
include:

e Site-specific UFP-QAPP or SAP

e Field logbook and/or sampling forms and site map

e Global Positioning System (GPS) equipment

e Indelible (waterproof) ink pens, paint pens, and markers

e Sample tags/labels and the appropriate forms/documentation (including chain-of-custody
forms) as described in OESC SOP OESC010C

e Appropriate sample containers, insulated cooler, ice for sample preservation (if required)
e Latex or nitrile gloves

e Plastic zip-top bags and waterproof sealing tape

e Plastic sheeting

e Decontamination equipment (e.g., rinse bottles and pressurized spray tanks) and supplies (e.g.,
ASTM Type Il organic-free water, Alconox®). See OESC SOP OESC011A for decontamination
procedures

e Protective clothing and gear
e Site-specific Safety and Health Plan (SSHP)

3.2 Soil Sampling Equipment

The following list provides general guidance to field personnel preparing for a field event including
surface soil sampling:

e Appropriate equipment and field screening instruments (e.g., GPS, photoionization detector,
x-ray fluorescence analyzer) for obtaining field measurements as specified in the UFP-QAPP or
SAP.

e Distance measuring device (e.g., tape measure).

e Sampling device (e.g., soil auger, slide-hammer sampling assembly, stainless-steel trowel). If
sampling for analysis of volatile organic compounds (VOCs), the sampling device can be
Teflon®-lined or constructed of stainless steel, brass, or mild steel. When sampling for metals,
the sampling device must be stainless steel or plastic. When sample for PFAS, the sampling
devices must be PFAS-free. Always refer to the project-specific QAPP or SAP.

e See SOP OESC010B for VOC sample collection devices (e.g., En Core®, Terra Core™, etc.)
e Stainless steel, brass, Lexan® or Teflon® inserts for auger sampler (if used)

e Plastic end caps for the sleeves, aluminum foil, and Teflon® or silicon tape
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e Stainless-steel and/or Teflon®-lined pans, trays, or bowls for compositing sample material (if
required by SAP)

e Stainless-steel and/or disposable plastic scoops, shovels, trowels, spoons, or spatulas

e Appropriate certified-clean laboratory grade glassware for sample collection
4.0 PROCEDURES

4.1 Preparations for Sample Collection

When preparing for sample collection:
1. Personnel will first don appropriate protective clothing and equipment as required by the SSHP.

2. Create a clean work surface for sample collection using plastic sheeting on the ground or a
portable table covered with clean plastic sheeting near the sampling area, and place
decontaminated sampling equipment, sampling containers, and cooler on it. If equipment is to
be decontaminated in the field, place a separate plastic sheet away from the sampling area on
the ground for the decontamination equipment and supplies. This will serve as a
decontamination area for sampling equipment after sampling is completed.

3. Record all information in the field logbook or on field forms (refer to SOP OESC007B). Document
any deviations from procedure(s) and rationale(s) for changes in the field logbook and/or on
field forms, as required by the UFP-QAPP or SAP.

4.2 Collection of Discrete Surface Soil Samples

When sampling for multiple contaminants, collect samples for VOC analysis first following procedures to
minimize loss of volatiles.

4.2.1 Discrete Samples for Volatile Organic Compounds Analysis

1. Follow the sampling pattern outlined in the site-specific UFP-QAPP or SAP. When known or
suspected contamination exists (e.g., spill area or dumping site), collect samples beginning
at the anticipated least contaminated locations and progressing to the anticipated most
contaminated locations.

2. Change gloves between each sample location and use decontaminated equipment at each
location to minimize cross-contamination.

3. Label each certified-clean laboratory-provided container with the appropriate information
(sample number, analysis, date, time, sampler initials, etc., as described in SOP OESC010C).
Record the information into the Field Logbook.

4, Carefully remove or excavate vegetation, loose debris, and exposed material from the top 1
to 2 centimeters (cm) or to the desired sampling depth.

5. Use a stainless-steel spoon, trowel or hand auger or assemble a clean slide-hammer
sampling assembly with a stainless steel, brass, or Teflon® liner. The type and material of the
liner will be specified in the UFP-QAPP or SAP and noted on the field forms by the sampler.

6. Collect the sample by advancing the sampler into the soil to the desired depth of the
sample.
7. Withdraw the sampler and extract the sleeve (if used).
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8. If the sample is saturated with water, carefully decant the water from the sleeve with
minimal disturbance to the sample.
9. If using sampler liner, carefully cut open the liner using the appropriate tools as specified in
the SAP.
10. Collect VOC sample volume(s) immediately from the freshly-exposed portion of the soil

sample. Refer to SOP OESC010B for use of samplers appropriate for VOC analysis. The
sampling device is specified in the site-specific UFP-QAPP or SAP and will be noted on field
forms by the sampler.

11. If not using a liner, immediately transfer VOC samples to the appropriate container as
defined in the UFP-QAPP or SAP. Add field preservative, if required. Note: Do not composite
or homogenize the VOC sample.

12. Place custody seals on each container, and insert the samples in the cooler with ice so that
the cooler remains at a temperature of at 4 + 2 degrees Celsius (°C). Refer to SOP OESC010C
and the UFP-QAPP or SAP for sample preservation, chain-of-custody, and shipping
procedures.

13. Collect appropriate location, sample-depth, and/or field measurements and record data in
the field logbook.

14. Mark the location with GPS coordinates and confirm the sample location with the field map.

15. Backfill the sample hole and flag or stake, as required. If used, mark the sample location
identification (ID) on the flag or stake with a paint pen.

4.2.2 Discrete Samples for Semi-volatile Organic Compounds and Inorganic Analyses
1. Follow steps 1 through 9 from Section 4.2.1.

2. Homogenize the sample and place sufficient material into a certified-clean laboratory-
provided container. Sample volume requirements are provided in the UFP-QAPP or SAP.

3. Remove stones, twigs, grass, etc., from the sample using the trowel or forceps.

4, Remove dirt and grit from the threads of sample container(s) with a gloved hand. Secure
and seal the Teflon®-lined cap.

5. Follow steps 12 through 15 from Section 4.2.1.

4.3 Collection and Homogenization of Composite Samples

Composite samples (surface soil, sediment or other surficial material) consist of a series of discrete grab
samples that are combined to characterize the average composition of a given material. The discrete
samples used to create a composite sample are of equal depth and volume and are collected in an
identical manner. The site-specific UFP-QAPP or SAP will specify the rationale (random grid, targeted,
etc.) for the collection and number of discrete samples used in the composite sample.

Proper homogenization techniques should be followed to ensure the composite sample is well-mixed so
that subsamples are representative of the whole. A laboratory may be responsible for performing the
sample homogenization (ASTM D6323-12e1 and USEPA, 2002). Refer to the site-specific SAP or
UFP-QAPP for composite sample homogenization and subsampling procedures.

Refer to SOP OESC010C and the UFP-QAPP or SAP for labeling, packaging, and shipping procedures.
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44 Sieving Soil Samples

44.1 Objectives of Sieving Soil Samples

Sieving of soil samples may be performed in the field to segregate sample material by particle and/or
determine grain-size distribution. Soil samples must be processed through multiple sieve sizes to
determine grain-size distribution.

4.4.2 Equipment and Supplies

e Stainless-steel and/or Teflon®-lined pans, trays, or bowls for compositing and mixing sample
material

e Stainless steel and/or disposable plastic scoops, shovels, trowels, spoons, or spatulas

e Sampling device (e.g., soil auger, slide-hammer sampling assembly, stainless-steel trowel). If
sampling for metals, the sampling device must be stainless steel or plastic

e No. 10 mesh (2.0- millimeter) stainless-steel sieve, and other sieve sizes as required for project
e Digital scale

e Batteries

4.4.3 Field Procedures
1. Calibrate and "zero" the scale.

2. After collecting the sample as directed in Sections 4.1 through 4.3 above, weigh the total sample
and record the information in the logbook or on field forms.

3. Place the sample into the sieve or sieve series and shake until the separated fraction has been
produced from each sieve size. A shaker may be used.

4. Weigh each soil fraction; determine volume of each fraction if needed for determination of
mass.

5. Collect desired samples from sieved fraction of the sample; place in sample container, record
fraction size on label as well as sample ID. Manage samples following chain-of-custody
procedures.

6. Record the weights, volumes, sample descriptions, sample processing methods and equipment
in the field logbook or on field forms.

44.4 Field Quality Control Samples

The type and frequency of Quality Control (QC) samples will be identified in the site-specific SAP or
UFP-QAPP. Field QC samples are designed to evaluate whether cross-contamination has occurred. QC
samples may include trip blanks, equipment blanks, field duplicates, and field reagent blanks, per the
project-specific SAP.

5.0 REFERENCES

ASTM D1452/ D1452M-16. 2017. Standard Practice for Soil Exploration and Sampling by Auger Borings.
Available at: http://www.astm.org/Standards/D1452.htm.
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ASTM D5792-10 (2015). Standard Practice for Generation of Environmental Data Related to Waste
Management Activities: Development of Data Quality Objectives. Available from:
http://www.astm.org/Standards/D5792.htm

ASTM D6323-19. 2019. Standard Guide for Laboratory Subsampling of Media Related to Waste
Management Activities. Available from: http://www.astm.org/Standards/D6323.htm.
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STANDARD OPERATING PROCEDURE OESC006D

SURFACE WATER SAMPLING

TABLE OF CONTENTS
1.0  PURPOSE AND LIMITATIONS..ccuuuuutiiirreeenennnssseessseeeensssssssssssssessssssssssssssssesssssssssssssssssssssnnssssses
2.0 SUMMARY AND IVIETHODS ..ueteenusiertenneserieenesssresnessistessessestessssssnesssssestessssessessssssssesnsssssesnnnns
2.1 DTINITIONS ..ttt ettt ettt sh e st sttt e b e be e e ae e sae et e e b e nreens
2.2 PFAS Sampling ConSIderations.......ccccuuiiiiiie et e et e e e e e e e nrare e e e e e e e e annreeeeeeee s
3.0  EQUIPMENT cecuuuiiitmetiiinttnesiertennesiertenssiiriesnesisneessssestessssiestessssestesssssestessssessessssssssesnsssssesnnnss
4.0  SAMPLING CONSIDERATIONS .eeeveuunnssssssneeennnnnsssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssnnns
4.1 Lo =T 1= = o [0 o PPt
4.2 General Considerations for LeNtic SIteS .......coviriiriieiieieeree e
4.3 General Considerations for LOtIC SIteS .....c.uiiiiriiriieiieeeeeeee et
4.4 Sampling Seeps, Springs, or DiSCharge POINtS.........cccuiiiiiiei e
5.0  SAMPLE COLLECTION ...ceeeneruerreeneseereennssertesnssssreesnsssssesssssessessssssnesssssessesssssssessssssssesnsssssesnnnss
5.1 1T Yot dY= Y2 0] ] LT o =R
5.2 Sampling with Intermediate Containers and DEVICES........uceeiiecciiiiiiiee et e e e e
53 Field Quality Control SAmMIPIES....cc.uuiii it e st e e s abe e e e ssbae e e s nneee s
0 1 = = o

OneidaESC Group



SOP No. OESC006D
Date: 20 April 2023
Page 2 of 9

QC Review Signatures

Name/Role Signature Date

Prepared By:

Mark Wanek %y&/ ‘Z{//p‘/%d@, 25 February 2021

OTIE Project Geologist

Reviewed By:

Megan Duley, PE 13 April 2023
Senior Engineer

Approved By:

Matthew Van Beek 20 April 2023

Corporate Quality Manager

1.0 PURPOSE AND LIMITATIONS

The purpose of this Standard Operating Procedure (SOP) is to establish a general procedure for
obtaining representative samples from various types of surface water bodies including lakes and
streams, springs or seeps, impoundments, and wastewater treatment plant access points, outfalls,
pipes, and drains.

Data quality objectives (DQOs), contaminant types, and surface-water body configurations vary from
project to project. Refer to the project-specific planning documents, such as a Sampling and Analysis
Plan (SAP), to identify the project DQOs, samples to be collected, methods and procedures, and
equipment. Refer to the Site-specific Safety and Health Plan (SSHP) to prepare for and mitigate
potentials risks during surface water sample collection.

2.0 SUMMARY AND METHODS

Surface water is defined as water that flows over (lotic) or rests on (lentic) the land and is open to the
atmosphere. For the purpose of this SOP, a surface water body is defined as a naturally occurring or
man-made drainage, impoundment or other surface feature containing or discharging water.

2.1 Definitions

Lentic sites — All sizes and shapes of lakes, reservoirs, ponds, wetlands, or any other body of surface
water where water generally does not move unidirectionally.

Lotic sites — Streams (fast or slow, ephemeral or perennial), canals, ditches, and flumes of all sizes and
shapes or any other surface water feature in which water moves unidirectionally. Lotic sites are those
with organisms or habitats in rapidly moving fresh water.

Grab samples — Discrete aliquots representing a single location at a given point in time. The sample is
collected all at once and at only one particular point in the sample medium. Grab samples are not mixed
or composited with other samples.

Composite samples — Water sample in one container that is composed of more than one aliquot (or
subsample) collected at various locations and/or at different points in time. Analytical results from this
type sample represent an average value for the locations or time periods incorporated into the sample.
Samples collected for analysis of volatile organic compounds (VOCs) and semivolatile organic
compounds (SVOCs) must not be composited.
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Integrated samples — Continuously collected subsamples from a water column or across a cross-section
of waterbody; these differ from composite samples, which are not collected continuously.

Intermediate sampling containers — Temporary sampling vessels used to directly sample water and
transfer to a primary sample container. Temporary containers should be composed of material
compatible with site water quality and be larger than the primary sample container(s) to preserve
sample quality/integrity to meet DQOs.

Thalweg — A line connecting the lowest points of successive cross-sections through a river channel or
valley. Thalweg profiles are longitudinal profiles of the streambed elevation measured along the deepest
portion of the stream.

2.2 PFAS Sampling Considerations

Per- and polyfluoroalkyl substances (PFAS) are a class of manufactured compounds that are extensively
used to make everyday items more resistant to stains, grease, and water. These chemicals have been
used in a variety of industrial, commercial, and consumer products. Materials potentially containing
PFAS are to be avoided when collecting samples for PFAS analyses.

If samples will be collected and analyzed for PFAS, please refer to SOP Addendum No. 1 for guidelines,
procedures and protocols to avoid sample contamination from outside sources.

3.0 EQUIPMENT

In addition to the personal protective equipment required by the site-specific SSHP, all or part of the
following equipment may be required at a specific site, depending on the project-specific planning
documents:

e Rubber boots and/or rubberized waders
e Sample collection devices and equipment
e Flow measurement equipment

e Depth sounding equipment

e Thermistor and/or clinometer to measure temperature and salinity changes with depth,
respectively

e Water quality meters for field measurement of parameters such as temperature, electrical
conductivity, pH, oxidation-reduction potential (ORP), dissolved oxygen (DO), turbidity, et al

e Data logging equipment or field data sheets
e Sample containers, preservatives, coolers and ice
e Decontamination equipment and supplies

A wide range of surface water sampling equipment is available, depending on the site constraints,
DQOs, and procedures to be employed; some possibilities include:

e Dipper with an extended handle (pond dipper or pond sampler); the portions in contact with
water should be constructed of material compatible with site water quality

e Sampling extension pole

o  Weighted bottle sampler (1-liter capacity) - Wheaton bottle or Kemmerer bottle
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e DH-81 (or similar) integrated sampler

e Submersible or peristaltic pump — pump components and tubing should be constructed of
materials compatible with site water quality

e Bailer with weighted end

e Intermediate non-preserved sample container (e.g., polypropylene) used to collect sample to
transfer to preserved sample container

e Sample container (e.g., glass jar) used to collect the sample with a gloved hand
4.0 SAMPLING CONSIDERATIONS

4.1 Preparation

In preparation of the sampling effort, the project and field leaders will determine the sampling methods
to be employed and the types and amounts of equipment and supplies needed as established in the
SAP. All necessary equipment should be decontaminated or pre-cleaned and in working order.

Safety during sample collection is always the first concern; the second concern is obtaining a
representative sample or set of samples. A site survey should be performed as part of the SSHP and to
assess safety issues at each sampling location and/or access point. Follow the site-specific SSHP; do not
sample alone, wear the proper gear, and carefully evaluate seen and unseen potential risks before
collecting a sample from a water body.

4.2 General Considerations for Lentic Sites

To collect a representative surface sample from a lentic body, potential stratification needs to be
assessed. This will help to determine the appropriate sampling location(s) and depth(s). Field
measurements such as DO, pH, conductivity, ORP, temperature, turbidity, and thermistors/clinometers
can identify possible stratification that would affect analytical results. Water quality measurements will
assist in selecting sampling locations and depths.

e Collect field measurements at 3-feet intervals from the surface to the bottom using the
appropriate instrument (e.g., Hydrolab or equivalent).

e Depth characterization should be performed prior to each sampling event.

Sampling Position

Follow site-specific SSHP outlining correct use and requirements of operation of a boat. To avoid gas/oil
contamination for boat motor (if applicable), collect samples from near the bow and upwind. Avoid
surface debris and the boat wake.

Collect onshore samples from within 2.5 feet of the shoreline by using an extending pole or from a
wharf/pier. Collect samples upwind, taking care to avoid any surface debris.

Avoid areas with moored boats and utilities, unless it is part of the SAP.

Avoid wading into the water to collect a sample within a lentic site; substrate disturbance from walking
may contaminate the sample.
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4.3 General Considerations for Lotic Sites

The selection of the surface water sample locations at lotic sites will depend on the type of surface
water body being sampled. The following considerations apply:

e Field conductivity measurements are recommended for determining the uniformity of the water
composition across the width and depth of the water body. Field salinity measurements may be
taken to determine sample locations in estuaries and lagoons.

e If an average composition is required, then avoid sampling locations where mixing is visibly
incomplete. For example, color or turbidity differences immediately below the confluence of a
tributary and the main river or at a wastewater discharge point may indicate incomplete mixing.

e Avoid back eddies and side channels that would not be representative of the water quality
affecting downstream sites.

e Unless otherwise specified in the project-specific SAP, collect samples at the mid-section or
deepest flow channel of the stream (i.e., the thalweg). A vertical composite sample consisting of
subsamples collected just below the surface, at mid-depth, and just above the bottom will be
collected from the thalweg. For large rivers, several vertical composites across the channel may
be required to characterize the water quality.

e Generally, sample locations will be closer together towards the thalweg where most flow occurs
as opposed to the edges where less flow occurs. Consult the project SAP for sampling
requirements.

e Collect samples in order from the downstream sample location to the upstream location to
prevent sediment disturbance and sample contamination.

e Atlocations where surface water and sediment samples may be collected, the surface water
sample will be collected before the sediment sample to avoid disturbing the sediments and
possibly affecting the surface water quality.

e Collection devices must be constructed of materials that will not react with contaminants of
concern or cross-contaminate samples. Metals other than high-grade stainless steel should not
be used if samples will be collected for metals analysis. Materials that will react with organic
contaminants should not be used when collecting samples for organic and/or semi-organic
contaminants.

Sampling Position

Surface water bodies deeper than two feet or with perceptible current may be hazardous to sample by
the wading-in method. If possible, collect samples from the shore, a bridge, pier or other stable
structure. Use of a boat or raft may also be required to obtain a representative sample.

Do not wade into a water body unless following a site-specific SSHP that provides for that activity. If
wading is required, approach the sample site from downstream, being careful not to disturb any bottom
sediment. Position the mouth of the sample container so it faces upstream while the sampling
personnel are standing downstream.

Once the sampling point has been selected, it must be fixed by detailed description with a global
positioning system (GPS) device, maps, photos, and/or with the aid of stakes, buoys, or other landmarks
so that subsequent visits to the site will allow the identification of the sampling point. When locating
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sampling points in a stream or river, the reference to the bank of the river will be from the vantage of
looking upstream.

4.4 Sampling Seeps, Springs, or Discharge Points

Collect samples from as close to the point of water discharge as possible. Avoid disturbing any materials
surrounding the sample to minimize the potential for introducing suspended sediment into the sample.
If the discharge is inadvertently contaminated with suspended sediment, wait until the discharge has
become cleared of suspended sediment, or approximately 5 minutes if the discharge naturally contains
suspended sediment.

5.0 SAMPLE COLLECTION

Samples collected for analysis of volatile organic compounds (VOCs) and semivolatile organic
compounds (SVOCs) must not be composited. When collecting samples from surface waters, the
following procedures will be used:

1. Remove the sample bottles from the coolers. Fill in all information indicated on the bottle label with
an indelible ink marker or permanent ink ballpoint pen (as compatible with Section 2.2).

2. Do not mix the caps or rinse the sample containers.

3. Measure in-situ field parameters and record data in the field log book or on field forms. Where
possible, take field measurements (pH, temperature, conductivity, etc.) directly from the surface
water body (not the sample) in the location from which the sample was collected.

4. Remove the stopper/lid from the container and collect the surface water sample, either directly
(Section 5.1) or with an intermediate container/device (Section 5.2)

Refer to Section 5.1 or Section 5.2 at this point.
5. Replace cap and seal container tightly. Place the sample container in a sealed plastic bag.

6. After the samples have been collected, immediately place them in an ice-filled cooler maintained at
4 degrees (°C) + 2 °C for shipment to the appropriate laboratory. All samples will be packaged in a
manner consistent with the project-specific planning documents.

7. If amap of the sampling locations is not available prior to sampling, then include a drawing of the
location of the sample relative to known site features (not to scale) in the field logbook, on field
forms, or a piece of paper to provide the location of each sampling point.

8. Fill out a sample Chain-of-Custody Form to maintain an accurate record of sample collection,
transport, analysis, and disposal. Refer to project-specific planning documents for chain-of-custody
labeling procedures.

9. Decontaminate equipment after each sample.

10. Discard contaminated personal protective equipment (e.g., nitrile gloves, Tyvek suits, etc.),
managing wastes as required in the planning documents.

5.1 Direct Sampling

Whenever possible, surface water samples should be collected directly into the sample container. This
procedure reduces loss of volatiles, cross-contamination, or other alteration that could occur during
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transfer from a collection vessel into the sample container. Direct sampling — collecting the water
sample directly into the laboratory-provided sampling container — includes the following steps to be
preformed following Step 4 in Section 5.0:

Container with no preservative:
1. Face upwind in lentic water and face upstream in lotic waters.

2. Hold the container near its base, reach out in front of your body, and plunge it (mouth down) below
the surface to about mid-water column, taking care not to disturb the bed. If the water is shallow,
this may disturb the substrate and contaminate the sample, in which case, collect a sample at the
water surface.

a. Hold the cap underwater near the mouth of the sampling container.

b. Once the desired depth is reached, slowly rotate the container towards the surface,
controlling the flow of water into the sampling container.

c. Fill the container to the appropriate level depending on laboratory requirements. Do not
overfill the container (overfilling could result in a sample with artificially increased sediment
concentration or dilution of sample preservative). Likewise, do not underfill the container.
Note that if the sample is to be analyzed for VOCs, there must be zero headspace in the
container.

d. Cap the sampling container while still underwater, once the container is filled to the
appropriate level.

e. Make note of changes in methodology, if any.

3. If an extension pole or pond dipper is used from a dock/pier or from shore, securely attach the
sample container (with its lid in place) to the holder with clasps or bands. Remove the container lid
and follow the above procedure. Do not use this method if the container has a preservative.

Container with preservative:
If you can reach the water with your hand, use the following procedure.

1. Hold the container upright and place the lid over the mouth so that only a small area forms an
opening.

2. Immerse the container about 6 inches under the water surface while holding the cap in position
with your fingers as far away from the opening as possible.

3. Carefully observe the rate the container is filling and remove it from the water before the headspace
area is reached. If overfilling occurs, get a new sample container and repeat.

4. This procedure does not work well in fast moving, shallow water, in which an intermediate container
will need to be used (Section 5.2).

5.2 Sampling with Intermediate Containers and Devices

1. Theintermediate container should be larger than the total volume required for all samples being
collected so that the samples can be considered grab samples. If the intermediate container needs
to be filled more than once, the samples would be considered integrated samples.
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2. Rinse the intermediate container with water from the water body to be sampled, and pour the
rinsate away from or downstream of the sampling location. For turbid sites, inspect and rinse out
sediment or organic debris that may collect at the bottom of the container.

3. Fill the intermediate container with water following the technique described for direct samples as
closely as possible, noting variances. Submerge the container to a depth that does not disturb the
substrate, but also avoids sampling the surface layer.

4. Gently mix the water in the intermediate container, and then fill the sample containers.

a. Foran open-top container, mix the water by swirling it before pouring it into the sample
containers. However, do not swirl the sample if the sample is to be analyzed for VOCs.

b. For a closed-top container, slowly invert the container three times to mix the water.

c. Carefully fill the sample containers from the intermediate container, leaving headspace if
required. Do not overfill.

5. Use the following procedures to collect samples at depth using devices such as Kemmerer or Van
Dorn bottles:

a. Test Kemmerer or other sampling device for complete seal and ease of closure before
lowering into water body.

b. Securely attach nylon or polyvinyl chloride (PVC) string to device. Gently lower into water
body until desired depth is reached. Tie off string to ensure device remains at desired depth.

c. Wait approximately 30 seconds for water to flow through sampler at depth, to ensure
sample will not contain water from upper strata.

d. Attach signal weight to string. Send signal weight down to close sample device.
e. Gently, but quickly, raise device.

f. Release the first 50-100 milliliters from the Kemmerer or Van Dorn device outlet before
beginning to fill sample containers.

g. Fill all sample containers equally. Collect other field measurements required (e.g.,
temperature, turbidity).

5.3 Field Quality Control Samples

The type and frequency of samples should be identified in the project-specific planning documents. Field
quality control samples are designed to evaluate if cross-contamination has occurred. Quality control
samples may include trip blanks, equipment blanks, field duplicates, and field reagent blanks.

6.0 REFERENCES
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BRAC Bases Quality Program Plan. July.
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Sediment Classification Methods Compendium. USEPA Office of Water, Washington, D.C., EPA
823 R 92 006.
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1.0 PURPOSE AND LIMITATIONS

The purpose of this Standard Operating Procedure (SOP) is to support safe, consistent, and effective
drilling procedures in environmental applications. Drilling methods are briefly reviewed and drilling
procedures described. Due to the wide variety of possible drilling techniques, only a generalized
procedure for drilling is provided in this SOP. Detailed drilling specifications will be provided in project-
specific work plans.

1.1 PFAS Sampling Considerations

Per- and polyfluoroalkyl substances (PFAS) are a class of manufactured compounds that are extensively
used to make everyday items more resistant to stains, grease, and water. These chemicals have been
used in a variety of industrial, commercial, and consumer products. Materials potentially containing
PFAS are to be avoided when collecting samples for PFAS analyses.

If samples will be collected and analyzed for PFAS, please refer to SOP Addendum No. 1 for guidelines,
procedures and protocols to avoid sample contamination from outside sources.

2.0 SUMMARY AND METHODS

Drilling is routinely performed during environmental and geotechnical site investigations to obtain
lithologic data and install piezometers or monitoring wells. Selection of a drilling method for a site is
based on the purpose of the drilling, target drilling depth, project data quality objectives, and site-
specific geologic conditions. Common drilling methods for performing site investigations are briefly
described below. More complete descriptions of most drilling methods can be found in Groundwater
and Wells (Driscoll 1986) and other references.

2.1 Solid-Stem Auger

The solid-stem or flight auger is typically used for drilling shallow (less than 50 feet), small-diameter
borings in unconsolidated and cohesive materials such as silts and clays for subsurface soil sampling. The
auger is drilled to the top of the desired sampling depth and withdrawn from the borehole; the soil
sample is collected using a split-spoon or Shelby tube method. Because the borehole is not stabilized
during sampling, solid-stem augering is not recommended in sandy or gravelly formations where caving
of the borehole is likely.
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2.2 Hollow-Stem Auger

The hollow-stem auger is the most commonly used drilling equipment used for environmental site
investigations. It is typically used for drilling to depths of up to 150 feet. Hollow-stem augering is
effective in most unconsolidated environments because the borehole is stabilized by the hollow-stem
auger during formation sampling.

Formation sampling is accomplished through the hollow-stem auger using a split-spoon or Shelby tube
sampler, or using a continuous-core sampling device. A variety of soil, soil gas, and groundwater
sampling devices have been developed for use with the hollow-stem auger.

23 Air Rotary Drill

Air rotary drilling is typically used for consolidated or hard rock formations. Depth capabilities are up to
thousands of feet. The system uses a roller-cone bit with compressed air to bring cuttings to the surface.
Inflowing air is filtered to prevent potential airborne contaminants from entering the borehole. Out
flowing air may present a health and safety concern if airborne contaminants are present and should be
considered during preparation of site-specific safety and health plans.

Bedrock cores may be collected using core barrels after air rotary tooling is removed from the borehole.
Collecting soil samples for chemical analysis is possible in some cases, but the process is not typically
feasible.

2.4 Air Hammer

The air hammer method is typically used for drilling in hard rock with depth capabilities to thousands of
feet. An air hammer uses a pneumatic drill at the end of the drill pipe to rapidly strike the rock while
slowly rotating the drill string. Compressed air is used to evacuate soil cuttings to the surface.

As with air rotary drilling, core barrels may be used to collect bedrock cores following tooling removal.
Collecting undisturbed soil samples for chemical analysis is possible in some cases, but the process is not
typically feasible.

2.5 Cable Tool

The cable tool method of drilling can be used for unconsolidated or bedrock drilling. Depth capability is
thousands of feet; however, the drilling rate is very slow compared with other drilling methods (typically
less than 30 feet per day). The drilling system uses a heavy bit and drill string that is repeatedly raised
and lowered in to break up the formation. Cuttings are removed by using a bailer or sand pump. A
casing advance system can be used to stabilize the borehole in unconsolidated drilling applications.
Subsurface soil sampling can be performed using split-spoon or Shelby tube methods.

2.6 Dual-wall Reverse Air Hammer

The dual-wall reverse air hammer method can be used in unconsolidated or bedrock applications.
Depths, measured in thousands of feet, can be drilled rapidly by this method (greater than 30 feet per
hour [ft/hr]). The system uses a dual-wall casing to inject air between the walls of the dual-wall pipe,
which lifts the cuttings up through the inner casing.

Formation sampling in the unconsolidated zone can be performed using split-spoon or Shelby tube
methods. These samples are collected through the inner casing.
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2.7 Water/Mud Rotary

Water/mud rotary methods can be used in unconsolidated or bedrock applications and are typically
used in unstable borehole conditions. Boreholes can be drilled to depths of several thousand feet. The
system uses a tri-cone bit with water or mud as the circulation fluid to remove cuttings from the
borehole. Because large quantities of water or bentonite slurry are introduced to the borehole, this
drilling method is not typically used during environmental site investigations.

Core samples may be collected using core barrels. Collecting undisturbed soil samples for chemical
analysis is not possible. However, this method can be used to drill down to a certain depth quickly
before changing to another drilling method to facilitate sampling.

2.8 Rotosonic drilling

Rotosonic drilling, also known as vibracore or sonic drilling, is used in unconsolidated or bedrock drilling
applications. Rotosonic drilling is capable to depths up to approximately 1,500 ft. Rapid drilling rates of
more than 40 ft/hr are possible. The system uses an oscillating head unit that produces a sonic wave
imparting energy to the drill bit to achieve penetration. The drill string is slowly rotated during drilling. A
complete 4-in.-diameter core is collected in the core barrel in 5- to 20-ft lengths. No cuttings are
generated as part of the drilling process. Split-spoon or Shelby tube samples may be collected through
the drill string.

3.0 EQUIPMENT AND SUPPLIES
The following equipment and knowledge of site conditions is required:
e Drilling or augering equipment appropriate to site conditions, drilling depth, and other project
requirements;
e Drill bits appropriate for the expected lithology or rock types;

e Soil sampling equipment including but not limited to split spoon samplers, Shelby tube samplers,
and other soil or rock coring devices;

e Table or other work surface to place soil or rock samples for visual inspection, organic vapor
screening, soil/rock logging and classification, and other observations;

e Organic vapor analyzer (if applicable);

e Explosimeter (if applicable);

e Noise meter (if applicable);

e Tremie pump/box and pipe;

e Grout mixer (may be combined with tremie equipment);
e Assorted tools such as wrenches and shovels;

e Plastic sheeting;

e Personal protective equipment (PPE), as required, and as specified in the Accident Prevention
Plan/Site Safety and Health Plan (APP/SSHP);

e Containers, labels, coolers, ice, chain-of-custody forms, and other equipment/supplies required
for sample collection and shipment to laboratories;

e Emergency equipment as specified in the APP/SSHP including but not limited to fire
extinguishers, first aid kits, and signaling devices; and
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Weighted tape.

METHODS AND PROCEDURES

Following is a general field procedure applicable for any drilling method. Specific procedures for
sampling or data collection for a specific drilling rig or sampling tool will be detailed in the project plans.

1.

10.

11.

12.
13.

Underground utilities must be cleared and site access permission obtained prior to drilling. See
SOP OESCO01A.

A permit may be needed from a state or local government entity if a well will be constructed.
Check local and state regulations and confirm that required permits have been obtained.

Before drilling, check for overhead hazards such as power lines. Confirm and document that
required separation distances are maintained in accordance with OSHA regulations and the
APP/SSHP. For power lines with voltage less than 50kV, minimum separation is 10 ft and for
power lines with voltage greater than 50kV, greater separation is required; see OSHA
regulations.

Select a drilling technique that will provide representative data that meet the project data
quality objectives while minimizing subsurface contamination, cross-contamination, and drilling
costs.

Confirm that the driller is licensed and the drilling crew is trained and experienced. The crew is
composed of a lead driller and one or more assistants.

Inspect the drill rig and drilling equipment before beginning drilling. The rig and all sampling
equipment must be clean prior to bringing on site.

Decontaminate sampling equipment according to SOP OESC011A between each borehole.

A qualified geologist, engineer, or other environmental scientist trained in logging boreholes
must be present during all drilling activities and will prepare the borehole log, well construction
log, and/or destruction forms.

The geologist will monitor drilling operations, record drilling fluid losses/gains, collect
groundwater data, and prepare and log soil samples.

The geologist will confirm that the drilling subcontractor brings sufficient equipment in operable
condition to efficiently perform the required scope of work in accordance with the site-specific
Work Plan.

No lubricants will be used on the threads of downhole drilling equipment unless approved by
the geologist. If lubricants are used, they must be specified in the project plans and recorded in
the field log book.

Surface runoff or other fluids will not be allowed to enter the borehole.

Manage investigation-derived waste in accordance with container requirements and procedures
detailed in either the site-specific Waste Management Plan or the appropriate section of the
Sampling and Analysis Plan.
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14. Drilling fluids, including water, must be approved by the geologist before use on the site. The
amount of fluid used and recovered, or lost to formation, must be recorded in the field log book.

15. Boreholes or incomplete wells that are left unattended, including overnight, will be covered and
secured to prevent access or inflows and marked with safety cones, flagging, or protected with
fencing.

4.1 Drilling In Unconsolidated Materials

The characteristics of the unconsolidated formation will determine the drilling method. The hollow-stem
continuous-flight auger system is typically used in materials such as sand, silt, clay, and moderately
cherty or gravelly deposits. A solid-stem auger system may also be used in these conditions provided the
borehole will remain open for soil sampling after the augers are removed from the borehole. Large
cobbles, boulders, or chert blocks will prevent auger penetration. Rotosonic, cable-tool, and dual-wall
reverse air hammer method are effective in heterogeneous large grain deposits such as bouldery till or
coarse alluvium.

4.2 Drilling In Bedrock

Boreholes in bedrock are typically drilled by either the air rotary or the air hammer method. A surface
casing may be required if bedrock is overlain by unconsolidated deposits to maintain an open borehole
and/or prevent vertical cross-contamination. The surface casing must be set in place using bentonite
and/or cement before bedrock drilling. These sealing materials must be allowed to set up according to
manufacturer specifications before drilling resumes. The initial borehole for a permanent installation
should allow for an annular space of at least 2 in. outside the surface casing through which cement grout
can be introduced to seal and stabilize the casing.

4.3 Borehole Abandonment / Well Destruction

Boreholes will be properly abandoned after sampling is completed, unless converted to a well. Refer to
the project-specific planning documents for further guidance..

5.0 REFERENCES
Clough, C. R., Rotosonic, the "Wave" of the Future, 1993.

Driscoll, F. G., Groundwater and Wells, second edition, St. Paul, Minnesota, Johnson Division, 1986.

U.S. Environmental Protection Agency, A Compendium of Superfund Field Operations Methods,
EPA/540/P-87/001, 1987.
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1.0 PURPOSE AND LIMITATIONS

The general objective of this Standard Operating Procedure (SOP) is to identify the references, standards
and methods to be used for description and characterization of soils, residuum, and bedrock.

e This SOP identifies and summarizes the references and standards that Oneida ESC Group (OESC)
utilizes for soil and rock geologic logging and classification.

e This SOP provides a basis for consistency among practitioners responsible for documenting
geologic conditions encountered in the field.

e This SOP does not cover electronic field data capture for field logging and data collection. Refer
to the applicable SOPs for borehole logging with electronic field data capture.

e This SOP does not include application of ASTM D2487 Standard Practice for Classification of Soils
for Engineering Purposes (Unified Soil Classification System), which requires laboratory analysis.

e Any project-specific standards for soil and rock logging set forth in client contracts or
agreements should be considered in addition to this SOP.

2.0 STANDARDS AND RELEVANCE

The following references are provided with relevance to this SOP.

2.1 SoIL CLASSIFICATION STANDARDS

Common soil classification standards that are incorporated into this SOP are summarized below:

o ASTM D2488. Standard Practice for Description and Identification of Soils (Visual-Manual
Procedures). ASTM D2488 is based on the Unified Soil Classification System (USCS) with visual-
manual procedures in the field. ASTM D2488 is a preferred standard for field classification of
soil and is approved for use by agencies of the U.S. Department of Defense; it is referenced in
the EM 1110-1-1804 (USACE, 2001), and Engineering Geology Field Manual (USBR, 2001).
When ASTM D2488 is used, the reporting and/or boring logs should state that the soil
identification is based on visual-manual procedures.
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e USCS Technical Memorandum (TM) No. 3-357 by U.S. Army Engineer Waterways Experiment
Station (USAEWES) dated 1960, reprinted 1982. This memorandum is one of the original USCS
standards; however, USCS procedures discussed in this SOP references ASTM D2488.

e ASTM D1586M. Standard Test Method for Standard Penetration Test (SPT) and Split-Barrel
Sampling of Soils. This method describes the determination of relative density of coarse-grained
soils and consistency of fine-grained soils by SPT. It references Terzaghi and Peck, 1967.

When ASTM D1586M is used, this should be stated in reporting and/or on the boring logs.

e Schultz, M. R. et al., 2017, Best Practices for Environmental Site Management: A Practical Guide
for Applying Environmental Sequence Stratigraphy to Improve Conceptual Site Models in
Groundwater Issue, EPA/600/R-17/293, United States Environmental Protection Agency,
September.

2.2 RocK CLASSIFICATION STANDARDS

Common rock classification standards that are utilized for this SOP are summarized below. These also
include brief descriptions of soil classification that reference USCS.

e U.S. Army Corps of Engineers Engineer Manual (EM 1110-1-1804. Geotechnical Investigations
(USACE, 2001). Appendix D of this manual provides examples of field boring logs as Form 1836.
Section 5-10 and Table B-2 include rock core logging descriptions and criteria including
weathering, hardness, Rock Quality Designation (RQD), rock type and description, and fracture
descriptions. In addition, this manual also discusses soil logging by ASTM D2488 for USCS.

e U.S. Bureau of Reclamation Engineering Geology Field Manual Second Edition Volume | (USBR,
2001). Chapter 4 provides detailed criteria for logging rock cores including weathering,
hardness, RQD, rock type and description, and fracture descriptions. In addition, Chapter 3
provides detailed criteria for logging soil by USCS methods.

o ASTM D6032-08. Standard Test Method for Determining RQD of Rock Core. This standard
provides the methodology for calculating RQD and classifying rock quality.
2.3 COLOR STANDARD

Per ASTM D2488, color may be an important property in identifying materials of similar geologic origin
and depositional environments, and for identifying organic soils. Each project should state the color
standard system supporting the logging program.

This SOP references the Munsell color system, which is widely used. It is encouraged and referenced in
USCS TM No. 3-357 (USAEWES, 1982), EM 1110-1-1804 (USACE, 2001), and the Engineering Geology
Field Manual (USBR, 2001).

3.0 EQUIPMENT FOR FIELD LOGGING

The following equipment are recommended to classify, describe, and log soil samples, rock samples, and
subsurface conditions:

e Field Forms and Logbook

e Indelible black ink pens, and marking pencils or markers
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e C(Clipboard

e Table or other work surface to place soil or rock samples for visual inspection, organic vapor
screening, soil/rock logging and classification, and other observations

e Straight-edge

e Retractable steel tape with increments in 10ths and 100ths of feet
e Grain-size card

e 10x magnifying glass

e Munsell® soil color chart or other color chart

e Pocket penetrometer and/or Torvane Shear Vane (optional, for shear strength testing of
cohesive soils)

e Dilute (10 percent) hydrochloric acid

e Protractor (for rock fracture orientation or other soil horizon details)
e Rock hammer (for rock hardness testing)

e Water level meter

e No. 10 to 200 sieves (optional)

4.0 SOIL CLASSIFICATION USCS SUMMARY AND TABLES

This section summarizes the ASTM Standard D2488 key points for soil classification by visual-manual
procedures. Below is a checklist of descriptions that should be documented on soil boring logs.

Refer to Figure 2 Soil Boring Log Example for the format to document soil classification on boring logs.
Refer to ASTM D2488 for in-depth logging instructions, and Appendix A of this SOP for details regarding
field equipment and field tests on soil.
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Table 4-1 Soil Description USCS Checklist (modified from ASTM D2488)

USCS Group Name and Symbol

USCS Group name (Poorly Graded Sand, Silty Sand, Lean Clay with Sand, etc.)
USCS Group symbol (SP, SM, CL, etc.)

Moisture Content and Color

Moisture: dry, moist, wet

Color (default to record in moist condition)

Particle Size, Shape, and Characteristics

Percent of cobbles or boulders, or both
Percent of gravel, sand, and fines, or all three

Particle-size range (include maximum particle size/dimension)
a. Gravel-size—fine, coarse;

b. Sand-size—fine, medium, coarse;

c. Silt-size

d. Clay-size

Particle angularity: angular, subangular, subrounded, rounded
Particle shape: (if applicable) flat, elongated, flat and elongated

Additional description of fine-grained particles (refer to Appendix A for field test procedures):
Plasticity of fines: non-plastic, low, medium, high

Dry strength: none, low, medium, high, very high

Dilatancy: none, slow, rapid

Toughness: low, medium, high

e. Ifintact fine-grained soil, note consistency: very soft, soft, firm, hard, very hard

Qo0 oo

Other Characteristics

Intact soil structures: stratified, laminated, fissured, slickensides, lensed, homogeneous

Odor (mention only if organic, unusual, or impacted). (No attempt should be made to “sniff the soils”).
Per health and safety requirements, the photo ionization detector/flame ionization detector (PID/FID) or
other organic vapor analyzer should be used to establish the presence of volatile organic compounds
(VOCs) (please refer to SOP OESCO05B for field monitoring protocols).

Reaction with HCI: none, weak, strong

Cementation: weak, moderate, strong

Local soil or geologic horizon or formation name (if known)
Geologic interpretation and lithologic composition

Additional comments: such as presence of roots or root holes, presence of mica, gypsum; surface
coatings on coarse-grained particles; caving or sloughing of auger hole or trench sides; difficulty in
augering or excavating.

For fine grained soils (silt, clay, etc.), assign USCS group and symbol based on results of manual tests
listed below. Procedures are additionally described in Appendix A and ASTM D2488.
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Table 4-2 Identification of Inorganic Fine-Grained Soils by Manual Tests (from ASTM D2488)

Soil Symbol Dry Strength Dilatancy Toughness and Plasticity
ML None to low Slow to rapid Low or thread cannot be formed
CL Medium to high None to slow Medium
MH Low to medium None to slow Low to medium
CH High to very high | None High

Soil Logging for Environmental Sequence Stratigraphy (ESS) Analysis

The following soil logging details are recommended, for subsurface data quality for use in ESS analysis
(Schultz et al, 2017). All of these are compatible with the USCS classification except that grain size
sorting is listed here for ESS recommendation.

Table 4-3 Soil Logging for ESS Analysis

(For steps 1-3, logger may refer to a grain-size card)

1. Measure the grain-size
a. Look for and describe any major changes in the grain-size trends (e.g., jump of grain-size from
predominantly clay to predominantly very coarse sand).
b. Understand that USCS grain size classification may be limited, but is still most common.
2. Determine sorting and gradation of grain sizes
a. Soil grain size gradation is used for engineering, is required for USCS, and should be listed. In general, a
well graded soil is typically poorly sorted, and a poorly graded soil is typically very well sorted.

b. Sorting categories are: very well sorted, well sorted, moderately sorted, poorly sorted, very poorly
sorted.

c. Note: If naming certain coarse-grained soils, such as Silty Sand (SM), the USCS classification doesn’t
imply sorting in the name, so the logger should include it. For example, a Silty Sand (SM) might be
moderately sorted.

3. Record the particle-shape and angularity
a. Angularity: Angular, subangular, rounded, subrounded (USCS)
b. Shape: Flat, elongated, flat and elongated (USCS)

4. Determine lithological composition

a. Clastics versus carbonates

b. Cementation (e.g., silica, illite, calcareous)

c. Provenance of clasts (e.g., igneous, volcaniclastic, sedimentary, metamorphic)
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Figure 1 Grain size sorting (Compton, 1985).

5.0 ROCK CLASSIFICATION EM 1110-1-1804 SUMMARY AND TABLES

Key features to document in logging of bedrock are characteristics that affect or indicate fluid and
constituent migration. These include rock type and weathering characteristics, rock structure, and
discontinuities or fractures. The details in Table 5-1 should be documented on rock drilling logs to the
extent practicable. Intact rock cores provide ideal samples for classification. The quality of rock sample
data (e.g., quality of the core) may be a limitation on the ability to classify bedrock.

Refer to Figure 3 Rock Core Log Example for an example format to document rock classification on logs.
Refer to USBR (2001) for in-depth rock logging instructions, and Appendix A of this SOP for details
regarding field equipment, methodology for computing RQD, and chart for determining rock type.
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Table 5-1 Rock Description Checklist (modified from Table B-2 EM 1110-1-1804 and USBR,
2001)

1. Rock Type
a. Rock Type/Name. (e.g., granite, sandstone, schist). Estimate rock types as well as possible;

however, rock classification will depend on the character of the sample, and its integrity
and suitability to classify the rock in the field (refer to Figures 2, 3, and 4 in Appendix A).

b. Color. Describe color when wet. Use Munsell or other color charts. The name of the chart
should be noted on the log form. Where applicable, use adjectives such as light, dark, or
mottled, or shades and tones (e.g., grayish blue).

c. Moisture. (dry, moist, wet)

d. Hardness.

(1) Very soft: can be deformed by hand.
(2) Soft: can be scratched with a fingernail.

(8) Moderately hard: can be scratched easily with a knife. From USBR: core or fragment
breaks with moderate hammer blow.

(4) Hard: can be scratched with difficulty with a knife. From USBR: heavy hammer blow
required to break specimen.

(5) Very hard: cannot be scratched with a knife. From USBR: repeated heavy hammer
blows required to break or chip.

e. Degree of Weathering.

(1) Unweathered: no evidence of any mechanical or chemical alteration. From USBR:
hammer rings when crystalline rocks are struck.

(2) Slightly weathered: slight discoloration on surface, slight alteration along
discontinuities, less than 10 percent of the rock volume altered, and strength
substantially unaffected. From USBR: hammer rings when crystalline rocks are
struck, body of rock is not weakened by weathering.

(8) Moderately weathered: discoloring evident, surface pitted, with alteration
penetrating well below rock surface; weathering “halos” evident; 10 to 50 percent
of the rock altered, and strength noticeably less than fresh rock. From USBR:
hammer does not ring when rock is struck, body of rock is slightly weakened.

(4) Highly weathered: entire mass discolored, alteration pervading nearly all the rock
with some pockets of slightly weathered rock noticeable, some minerals leached
away, and only a fraction of original strength retained (with wet strength usually
lower than dry strength). From USBR: Rock has dull sound when struck with
hammer; rock is weakened, usually can be broken with moderate to heavy manual
pressure or by light hammer blow without reference to planes of weakness.

(5) Decomposed: rock reduced to a soil with relict rock texture (saprolite), and generally
molded and crumbed by hand.

f. Lithology, Macro Description of Mineral Components. Use standard adjectives such as
shaly, sandy, silty, and calcareous. Note inclusions, concretions, nodules, etc.
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2.

3.

g.

Texture and Grain Size.

(1) Sedimentary rocks

Particle
Texture Grain Diameter Name Rock Name

* 80 mm Cobble |Conglomerate

* 5to 80 mm Gravel
Coarse-grained 2to5mm
Medium-grained 0.4to2 mm Sand Sandstone
Fine-grained 0.1to 0.4 mm
Very fine-grained 0.1 mm Clay, silt |Shale, claystone,

siltstone

(2) Igneous and metamorphic rocks:

* Use clay-sand texture to describe conglomerate matrix.

Texture Grain Diameter
Very coarse-grained / pegmatitic >10 mm
Coarse-grained 5 mm
Medium-grained 1to5mm
Fine-grained 0.1tol1mm
Aphanitic 0.1 mm

Rock Structure

a.

Bedding.

(1) Massive: 3 ft thick.

(2) Thick bedded: beds from 1 to 3 ft thick.

(3) Medium bedded: beds from 0.3 ft to 1 ft thick.
(4) Thin bedded: beds less than 0.3 ft thick.
Shape of Rock Blocks.

(1) Blocky: nearly equidimensional.

(2) Elongated: rod-like.

(8) Tabular: flat or bladed.

Degree of Fracturing and Spacing.

1) Unfractured: fracture spacing 6 ft.
2
3
4) Highly fractured: fracture spacing 0.3 to 1 ft.

Slightly fractured: fracture spacing 3 to 6 ft.

-~

Moderately fractured: fracture spacing 1 to 3 ft.

=

(
(
(
(

(5) Intensely fractured: fracture spacing 0.3 ft.

Discontinuities (modified with USBR, 2001).

a.

Rock Quality Designation (RQD) fracture index (see Appendix A). Add total length of solid
core that is 4 inches (100 mm) or more long in the run. Divide the sum by the length of
the run and record as a percentage.

Fractures/Joints

(1) Type (bedding, cleavage, foliation, schistosity, and extension).
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(2) Openness (tight, slightly open [<1 mm], moderately open [1 to 3 mm], open [3
to 10 mm], moderately wide [10 to 30 mm], wide [>30 mm])

(8) Moisture in discontinuities (water-bearing? dry, moist, wet)

(4) Fillings
e Thickness (in millimeters)
e Composition (iron oxide staining, carbonate, clay gouge, saprolitic, etc)
e Weathering/alteration
e Hardness

(5) Healing (not healed, partly healed [<50%], moderately healed [>50%],
completely healed)

(6) Character of Discontinuity Surfaces
e Roughness (stepped, rough, smooth, striated, slickensided, wavy)
e  Weathering/alteration
e Hardness

c. Faults and Shear Zones.

(1) Single plane or zone: how thick?

(2) Moisture (water-bearing? dry, moist, wet)

(8) Character of sheared materials in zone.

(4) Direction of movement, and slickensides.

(5) Clay fillings, gouge (thickness in millimeters).
d. Solution Cavities and Voids.

1) Size.

(
(2) Moisture (water-bearing? dry, moist, wet)
(
(

3) Shape: planar, irregular, etc.

4) Orientation: (if applicable) developed along joints, bedding planes, at
intersections of joints and bedding planes, etc.

(5) Filling: percentage of void volume and type and of filling material (e.g., sand, silt,
clay, etc.).
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6.0 LOG DOCUMENTATION AND OTHER INFORMATION

Field logs will be prepared on the appropriate drilling log form. Each log will be signed by the geologist
or engineer.

6.1 DESCRIPTION OF SURFACE CONDITIONS

On drilling logs, include a description of surface conditions, vegetative characteristics, and proximity to
potential sources of constituent sources (e.g., 20 feet south of petroleum underground storage tank,
adjacent to drainage ditch).

6.2 DOCUMENTATION OF DRILLING PROCEDURES AND PERFORMANCE
Record the following drilling information:

e Type and size of drill rig

e Diameters and lengths of samplers

e Depths at which drilling or sampling equipment are changed

e Types of temporary casing

e Drilling rates and rig noise (for example chattering of the bit as an indication of hard rock or
well-cemented soils)

e The amount of water introduced into the boring and the amount recovered

Utilize field notes to record any problems or variances. Refer to SOP OESC002A for Field Documentation
guidance.

6.3 SOIL SAMPLE INFORMATION
Record the following information for soil samples:

e Sample name

e Interval sampled

e Type of sampler

e Length of sample recovered for each sample interval

6.4 STRATIGRAPHIC CONTACTS, LITHOLOGIC CHANGES, AND GEOLOGIC INTERPRETATION
e A geologic interpretation may be provided with each description. This may include a generic
interpretation (such as alluvium or saprolite), geologic age, and/or formation name.

e Note the presence of fossils, which may be complete or fragmented in cores and drill holes.

o Note the presence of any identified minerals (for example: Glauconite, Mica, Heavy minerals,
Kaolin, Sulfides [such as pyrite and marcasite], Siderite, Manganese oxide, Gypsum, Feldspar,
Chert, Lignite, Iron oxides).

o Note additional lithologic observations such as “sand predominantly quartz” or “gravel
predominantly shale fragments.”
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Note potential sources of secondary porosity that could influence infiltration and movement of water
such as root channels (relic or active); fractures; animal burrows; cracks related to desiccation and
wetting, freezing and thawing, or subsidence

6.5 WEATHERING IN SOIL AND FROM ROCK

Note soil and rock weathering in the logs such as mineral weathering (e.g., feldspar to clay, iron oxides
on biotite). These changes often may be manifested by changes in color and the development of zones
of cementation that can be readily recognized in the field.

6.6 GROUNDWATER OBSERVATIONS

Identify the depth at which the geologic material is either dry, moist, or wet, as described in Section 4.0
of this SOP. Record the depth to water observed in the borehole during and at the completion of drilling.
Also record the depth to water once stabilized and record the time allowed for levels to stabilize. In dry
borings, record the absence of water. If a borehole is left open overnight, then record any water level
observations before leaving the site and prior to starting work the next day.

6.7 ENVIRONMENTAL FIELD MEASUREMENTS, OBSERVATIONS, AND ODORS

Document the presence of impacts in samples or cuttings.

e Describe any unusual discoloration, coatings, sheens, odors, or other potential indication of
impacts.

e Record the results of field headspace screening or other field screening test results. (Refer to
SOP OESC005B, Soil VOC Field Screening Methods).

e Document any odors from the soil or rock such as organic, chemical, hydrocarbons.

6.8 BOREHOLE STABILITY

Identify any interval of borehole instability including conditions such as running or heaving sands.
Include the depths at which such conditions are encountered.

6.9 REMARKS OR NOTES

For other notes or remarks, include pertinent information such as volume of gain or loss of water, the
performance of in situ tests, the time each day’s activities begin and end, approximate distance drill hole
was offset from original location if any, drilling equipment changes, and drilling rate, to name a few.
Other information may be recorded at the discretion of field personnel.

7.0 QUALITY ASSURANCE

Key elements of quality assurance applicable to borehole logging and characterization of subsurface
conditions include:

e Planning/definition and communication of procedures and standards
e Training/staffing
e |ndependent review

e laboratory testing of representative samples
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For planning, review available site-specific data and selection of appropriate logging criteria. Plan for any
electronic data capture as needed, for example lithologic logging software on tablets.

Obtain logging training and/or utilize experienced staff for the field project. Staff responsible for
borehole logging should review this SOP periodically as a reminder and a basis for continual
improvement and consistency. New staff are accompanied by experienced personnel in the field until a
reasonable level of proficiency is demonstrated. Field logs should be reviewed daily to check for
completeness and consistency. Final logs may be edited for presentation to eliminate redundancy.

Following completion of the field program, field logs will be reviewed and edited prior to preparation of
final logs by a trained and qualified person other than the project field representative. Logs will be
checked for completeness, accuracy, and consistency between soil descriptions.

If lithologic samples are collected for laboratory / physical testing, the test results will be compared with
field descriptions and a representative result will be documented on the final log. At the discretion of
the qualified geologist and project manager, both results of laboratory tests and field descriptions may
be included on the final logs.

The standards used for logging will be included on the logs to provide back-up for the methods used (for
example):

“Soil logged by ASTM D2488 visual-manual procedures. Soil color was logged using
Munsell Soil Color chart [insert year].” and/or

“USCS classification revised by ASTM D2487 where laboratory results for particle-size
characteristics, liquid limit, and plasticity index were available.” or

“Relative density and consistency were determined by ASTM D1586 [insert SPT, manual,
Torvane, penetrometer] methodology.”

Oneida ESC Group



SOP No. OESC007B
Revision No. 6

Date: September 2022
Page 15 of 15

8.0 REFERENCES

ASTM Standard D 1586M-18, “Standard Test Method for Standard Penetration Test (SPT) and Split-
Barrel Sampling of Soils,” ASTM International, West Conshohocken, PA.

ASTM Standard D 2488-09a, “Standard Practice for Description and Identification of Soils (Visual-Manual
Procedure),” ASTM International, West Conshohocken, PA.

ASTM Standard D 6032-08, “Standard Test Method for Determining Rock Quality Designation (RQD) of
Rock Core,” ASTM International, West Conshohocken, PA, www.astm.org.

Compton, Robert R. 1985. Geology in the Field. John Wiley & Sons. pp. 398.

Rogers, J. David. 2006. Subsurface Exploration Using the Standard Penetration Test and the Cone
Penetrometer Test. Environmental and Engineering Geoscience. May.

Schultz., M. R. et al., 2017, Best Practices for Environmental Site Management: A Practical Guide for
Applying Environmental Sequence Stratigraphy to Improve Conceptual Site Models in
Groundwater Issue, EPA/600/R-17/293, United States Environmental Protection Agency,
September.

Skempton, A.W. 1986. Standard Penetration Test Procedures and the Effects in Sands of Overburden
Pressure, Relative Density, Particle Size, Ageing and Over-consolidation. Geotechnique, 36
(Sept): 425 —-47.

Terzaghi and Peck. 1967. Soil Mechanic in Engineering Practice. Second edition. Wiley & Sons.

U.S. Army Engineer Waterways Experiment Station (USAEWES). 1982. U.S. Army Engineer Waterways
Experiment Station. 1982. The Unified Soil Classification System (USCS), Technical Memorandum
No. 3-357, April 1960, reprinted Aug 1982. Office, Chief of Engineers, Washington, D.C.

U.S. Army Corps of Engineers (USACE). 2001. Engineer Manual (EM) 1110-1-1804. Geotechnical
Investigations.
https://www.publications.usace.army.mil/portals/76/publications/engineermanuals/em 1110-
1-1804.pdf

U.S. Department of the Interior Bureau of Reclamation (USBR). 2001. Engineering Geology Field Manual
Second Edition Volume I.
https://www.usbr.gov/tsc/techreferences/mands/geologyfieldmanual.html

Oneida ESC Group


http://www.astm.org/
https://www.publications.usace.army.mil/portals/76/publications/engineermanuals/em_1110-1-1804.pdf
https://www.publications.usace.army.mil/portals/76/publications/engineermanuals/em_1110-1-1804.pdf
https://www.usbr.gov/tsc/techreferences/mands/geologyfieldmanual.html

FIGURES

Oneida ESC Group



Client:
Project:

Address:

WELL LOG

Page: 10f2

Well No. MW2207xSS209P

Drilling Start Date: 07/25/2022 14:02 Boring Depth (ft): 20 Well Depth (ft): 20
Drilling End Date: 07/25/2022 14:19 Boring Diameter (in): 8.25 Well Diameter (in): 2
Drilling Company: Sampling Method(s): nasn-dHaSuggruttmgs, HA - Screen Slot (in):  0.010
Drilling Method: Hollow Stem DTW During Drilling (ft): 12 Riser Material:
Drilling Equipment: Auger MARL M5T DTW After Drilling (ft): 10.74 Screen Material:
Driller: Ground Surface Elev. (ft): N/A Seal Material(s):
Logged By: Location (Lat, Long): N/A Filter Type: Sand 2/12
. COLLECT MEASURE
z
= > |m| B =
s Q Iz =l o o | = S
T Q |a|du| 2 & 1l 8| =
= O |x|WF|F o [ 3] 2 SOIL/ROCK VISUAL DESCRIPTION s £ B
wo| E |EZs|e2| E|S8]¢ 2| 6| U
° | 52| g|le|Flz|8 0| o | °
; O I o Q o ©
4] mn | —
0 0
HAT08:40 5.00[._(0) Grass )
_ (0.25') Sandy SILT (ML); 65% fines (mostly silt); 35% fine sand; medium-stiff, brown |
(10YR 4/3), moist
(3") SILTY SAND (SM); 55% fine sand; 45% fines (mostly silt, trace clay); medium
| dense, yellowish brown (10YR 5/6), moist |
5—1 ] —5
14:08 15.0 (5') As Above
(8") SILTY SAND (SM); 55% fine sand; 45% fines (mostly silt, few clay); medium
| dense, brown (10YR 4/3), wet |
10— —10
| (12.5') SILTY SAND (SM); 65% fine sand; 35% fines (some silt); loose, dark |
yellowish brown (10YR 4/4), wet
15— —15
(16") SILTY SAND (SM); 65% fine sand; 35% fines (some silt, few clay); loose, dark
| yellowish brown (10YR 4/4), saturated |
20 20

NOTES: Hole precleared to 5' on 07/25/2022 08:40 by Gregg Drilling using hand auger. Boring logged as adjacent to M\W2208xSS209P.
Monitoring well constructed. Logged as adjacent to MW2208xSS209P. Monitoring well constructed. 7 bags of sand, 3/4 bag of bentonite
pellet, 2 bags cement for 15 gallons of water

Checked by: Colton Ranson




Client: WELL LOG
Project: Well No. MW2207xSS209P
Address: Page: 20of2

Drilling Start Date: 07/25/2022 14:02 Boring Depth (ft): 20 Well Depth (ft): 20

Drilling End Date: 07/25/2022 14:19 Boring Diameter (in): 8.25 Well Diameter (in): 2

Drilling Company: Gregg Drilling Sampling Method(s): nasn-dHaSuggruttings, HA - Screen Slot (in):  0.010

Drilling Method:

Drilling Equipment:

Hollow Stem Auger

MARL M5T

DTW During Drilling (ft): 12
DTW After Drilling (ft): 10.74

Riser Material:

Screen Material:

Driller: Angel Alcarez Ground Surface Elev. (ft): N/A Seal Material(s):
Logged By: Rachel Ofili Location (Lat, Long): N/A Filter Type: Sand 2/12
. COLLECT MEASURE
= > |T| 3 =
€ | 9 |a|F] o 9|z =
T Q |a|du| 2 & S
= O |x|Wq|F 3| > SOIL/ROCK VISUAL DESCRIPTION I IS =
5|2 |E[sE|l 2|88 gl 5| &
S | 5| §|18|F |38 o|g| ©
& o | o S
20 20
(20') Boring terminated
25— —25
30— —30
35— —35
40 40

NOTES: Hole precleared to 5' on 07/25/2022 08:40 by Gregg Drilling using hand auger. Boring logged as adjacent to M\W2208xSS209P.
Monitoring well constructed. Logged as adjacent to MW2208xSS209P. Monitoring well constructed. 7 bags of sand, 3/4 bag of bentonite
pellet, 2 bags cement for 15 gallons of water

Checked by: Colton Ranson




PROJECT NUMBER: BOREHOLE NUMBER:

RB'2 SHEET 4 OF 4

Rock Core Log

ROCK CORE

PROJECT : Investigation LOCATION : project location
ELEVATION : 955.47 ft msl (ground surface) (NAVD88) DRILLING CONTRACTOR AND DRILL RIG : Drillco, Atlas Copco CT14
COORDINATES : _ft (NAD83) DRILLING METHOD AND EQUIPMENT : PQ/HQ rock coring
WATER LEVEL : NA START : mm/dd/yyyy END : mm/dd/yyyy LOGGER : Geologist name
= g e o, 9 LITHOLOGY DISCONTINUITIES % o g or
ol > | 3 | & z3as SE
g zy 3 x| 25 3lelo ROCK TYPE, COLOR, DENSITY, SPACING, DEPTH, TYPE, SIZE AND DEPTHOF | E9$8 9‘ = é
ke E x > =] 5 w % I MINERALOGY, TEXTURE, ORIENTATION, ROUGHNESS, PLANARITY, | CASING, FLUID LOSS, % EE % me e
Pl e | Q|8 2 L WEATHERING, HARDNESS, INFILLING MATERIAL AND THICKNESS, | CORINGRATEAND | O<Z3§ A
& 8 (o] | E o 1a AND ROCK MASS CHARACTERISTICS SURFACE STAINING, AND TIGHTNESS SMOOTHNESS, CAVING| 2 &< Jo
a | o ROD DROPS, ETC. |2 oo 10
17 | 5 | 100 R Smooth (R5), Slightly Open (01) oq
|
18 | 5 [100| 0.8 B Slightly Fractured (FD3), 76' mechanical
.} GRANODIORITE break at 76"
N §<L medium dark gray (N4), wet, medium to
«-] coarse grained, change to 60% mafics
Wk (hornblende and biotite), 30% quartz, 10%
- ¢\ felsics, fine grained, 1/8" to 1/2" thick veins
W of felsic minerals in various 78.2', 30°, Moderately Rough (R3),
' directions, hard, slightly weathered Clean (T0), Slightly Open (01) //
7 R 78.6', 20°, Moderately Rough (R3),
Wk undulating, Clean (TO0), Slightly Open (S \
80__| DN (01), wet
IZL 80.2" mechanical break
36
| v An°
19| 5 |100| 0.8 % 80.9', 40°, Moderately Rough (R3),
{F \planar, Clean (TO0), Slightly Open (01)
N zf[ Slightly Fractured (FD3)
\ZL 81.9', 30°, Smooth (R5), undulating,
R Very Thin (T1), FeOx staining, £
. < Slightly Open (01), wet
\f‘; 83.5', 50°, Smooth (R5), undulating,
N L Very Thin (T1), Slightly Open (01)
z/k 84.2', 60°, Smooth (R5), undulating, e
85| R Very Thin (T1), Slightly Open (01)
e
< 85.3', 65°, Smooth (R5), planar, Very
~ < Thin (T1), Slightly Open (01), wet
20| 5 |8 |04 § I Slightly Fractured (FD3)
o \ZL
- {te S
o <t
Lk
il Sl
S| fracture zone with FeOx weathering 88.3' to 89, fracture zone with rubble, e
i Sh 40°, Rough (R2), planar, FeOx d
5 \ZL staining, Moderately Open to Open (02 <
%0 Wk to 03), wet N
| <L Y
\if 89.8' and 90.7" mechanical breaks ™N
<L
e
21| 5 |100| 0.4 < Slightly Fractured (FD3)
(-
] <
Et 92', 40°, Slightly Rough (R4), planar,
! " Moderately Open (02) o
- I
zfl 93.1', 93.9', mechanical breaks -
\<L
B - )
R 94.1', 40°, Slightly Rough (R4), planar,
95 R possible weathering on surface, light P
— < colored minerals on surfaces, »
$r Moderately Open (02), wet
N 95.2' mechanical break
22 [ 15(100] 0.0 \Zl Unfractured (FDO), 95.9" mechanical
§< S breaks only along weakness planes in
_ R rock
7 96', 40°, Smooth (R5), planar, Slightly 3
N Open to Moderately Open (01 to 02)
ol 96.6', 20°, Moderately Rough (R3),
23| 2 |100) 00 12k undulating, Moderately Open (02)
B R 97.8', 98', 98.5' mechanical breaks
T@ Unfractured (FDO)
100 N
Corehole terminated at 100 ft bgs.

Logged by USBR (2001) standard.
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STANDARD OPERATING PROCEDURE OESC007B — APPENDIX A
Select Geologic Logging Details and Procedures
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1.0 SOIL FIELD TESTS AND OTHER DETAILS

1.1 SoIL TYPE

The USCS groups soils into three major divisions: coarse-grained soils, fine-grained soils, and highly
organic soils. The characteristics that define these soil groups, and procedures involved in identifying the
individual components, are described in the following paragraphs.

Soil is considered coarse-grained if greater than 50 percent of the sample is 0.075 millimeters [mm] (No.
200 sieve) or greater in size.

Soil is considered fine-grained if greater than 50 percent of the sample is smaller than 0.075 mm (No.
200 sieve). Fines can be further subdivided into silt and clay. ASTM D2488 defines the terms “silt” and
“clay” solely based on the plasticity characteristics of material finer than 0.075 mm.

Organic soils contain sufficient organic matter, living or in the process of decay, to significantly affect the
engineering properties of the soil. Most organic soils can be considered a special category of fine-
grained soils. Topsoil, humus, peat, organic silt, organic clay, and diatomaceous earth are common
examples. The water content of organic soils is typically very high. Organic soils invariably have very low
shear strength in their natural state, but may exhibit high tensile strength in certain directions because
of fibrous materials. Observations of color and odor are of value for the identification of soils. Dark gray,
black, and various shades of brown are characteristic colors. Organic soils frequently change color when
exposed to air. Many organic soils, particularly marine peats, and silts, have a distinctive odor of
hydrogen sulfide. This odor is especially apparent in fresh samples.

e Organic silts and clays typically exhibit slight to medium plasticity and form threads that are
very weak, soft, and spongy near the plastic limit. Less effort is required to pull fine-grained non-
fibrous organic soils apart than inorganic fines. A clean break is generally formed. The smear of
organic silts and clays, although smooth, is very dull.

e Peatis an organic soil characterized by the presence of vegetable matter such as leaves, sticks,
grass, wood, and/or moss in various stages of decomposition. These components generally
impart a fibrous texture to the soil. Peat is typically brown or black in color. Peat and organic silt
are common components of freshwater swamps, bogs, and tidal flats.

o Diatomaceous earth Diatomaceous earth is composed primarily of the siliceous skeletal remains
of diatoms that accumulated in lakes and swamps. The amount and nature of impurities is highly
variable and may include sponge spicules and radiolarian remains as well as organic and
inorganic silt and clay. Diatomaceous earth reacts rapidly to the dilatancy test and typically dries
to a highly friable soil. Color ranges from white to yellow to various shades of brown and gray.

e Identification of organic soils may be aided by the location with respect to topography. Low-
lying swampy areas frequently contain highly organic soils.

1.2 FIELD TESTS FOR DETERMINING RELATIVE PERCENT OF SOIL GRAIN SIZES

A rough determination of relative grain size percentages can be made by either:

1. Spreading the sample out in the palm of the hand and making a visual estimate,
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2. Carefully washing the fines from a portion of a sample, by mixing the soil with water and
pouring off the clouded suspension of fines and water, and then comparing with an unaltered
portion, or

3. Mixing a sample with water in a jar/vial and allowing the mixture to settle. The coarse-grained
components will fall out of suspension in approximately 20 to 30 seconds.

4. |If available, the modified use of sedimentology sieves in the field may also be used to make a
visual estimate of grain sizes in a sample (Laboratory sieve analysis can provide quantitative
results of grain sizes which are classified by ASTM D2487).

When describing bulk samples or soils exposed in an excavation, the percentages of cobbles and
boulders should be estimated by volume. The remaining soil matrix should be described independently.

Soil components should be identified as described at the beginning of this section. The relative
percentages of different fractions should be described based on estimates to the nearest 5 percent, and
can be used with terms from ASTM D2488, as summarized below.

Table A-1: Soil Component Terms (ASTM D2488)

Description Criteria

Mostly 50 - 100 percent

Some 30 - 45 percent

Little 15 - 25 percent

Few 5-10 percent

Trace Particles are present but estimated to be less than 5 percent

The component with the highest percentage should be recorded first followed by the next highest
percentage.

Gradation within the sand and gravel fractions must be defined or it is assumed that all fractions are
present. When recording gradation, always begin with the coarser fraction, (e.g., mostly coarse to fine
gravel, and mostly medium to fine sand).

1.3 FIELD TESTS FOR SoIL DENSITY AND CONSISTENCY

Density relates to cohesionless, coarse-grained soils (such as sand), while consistency relates to
cohesive, fine-grained soil (such as silt or clay). Both can be estimated from the standard penetration
test (SPT). The standard penetration test is defined as the number of blows required to drive a standard
2-inch outside diameter split barrel (spoon) sampler through 18 or 24-inches of undisturbed soil using a
free falling 140-pound weight. The blow count is recorded in 6-inch increments. The first 6 inches is a
seating drive. The sum of the blows required for the second and third 6-inch increments is defined as
the penetration resistance (N-value); however, the size of the sampler and hammer efficiency can affect
the N-value; see below section on SPT corrections for calculating N-values.

Consistency can also be evaluated by manual criteria (described in ASTM D1586 or ASTM D2488) or with
a pocket penetrometer (PP) or vane shear instrument such as a Torvane (TV). When using these
methods to estimate consistency, sample disturbance should be considered. Per USBR (2001),
evaluating undrained strength in clays, are better served with vane shear, unconfined compression, or
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CPT testing rather than SPTs. SPT data should not be used to estimate the compressibility of clays. To
evaluate compression behavior of clays, use either empirical factors based on water content and
Atterberg limits or obtain undisturbed samples for laboratory consolidation testing.

Terms for describing the density or consistency of a soil are presented below from ASTM D1586, and as
described from Terzaghi and Peck (1967).

Table A-2: Relative Density of Sands by SPT (from Fig. X2.1 of ASTM D1586)

Cohesionless (Coarse-Grained) Soils

SPT N-Value* Relative Density
0-4 Very loose

4-10 Loose

10-30 Medium Dense
30-50 Dense

>50 Very Dense

*Refer to SPT N-Value corrections prior to making final designation.

Table A-3: Consistency of Fine-Grained Soil by SPT and Qu
(ASTM D1586 and Table 6 of ASTM D2488)

Consistency Unconfined Undrained Shear
N- Consistenc (manual criteria Manual Criteria Compressive Strength (Su)
Value** v only) *from Strength (Qu) (Tons/Sg Fi )+
ASTM D2488 (Tons/Sq. Ft.)*** 9. FL.
Th ill il
<2 Very Soft Very Soft umb will easily penetrate <0.25 <0.12
soil more than 1 inch
Th ill il
2-4 Soft Soft umb will easily penetrate 0.25-0.5 0.12-0.25
soil about 1 inch
Medium Thumb will easily indent soil
4-8 . . 05-1 0.25-0.5
Stiff ) about % inch
Firm Indented by thumb % inch
8-15 stiff naented by thump 74 1 1-2 0.5-1
only with great effort
Thumb will not indent soil.
15-30 Very Stiff Hard Readily indented with 2-4 1-2
fingernail
30 Hard Very Hard In.dented W|th.d|ff|culty ” 52
with thumbnail
* Consistency designated by manual criteria only per ASTM D2488.
** Refer to SPT N-Value Corrections prior to making final designation.
*Ax Measured with pocket penetrometer.
*AAK Measured with TV or similar vane shear instrument.
1.3.1 SPT N-Value Corrections

SPT procedures must adhere to the ASTM D1586 so that blow counts yield meaningful N-values;

however, ASTM D1586 does not discuss the use of common samplers such as California modified split
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spoon and “Dames and Moore” samplers. To use N-values from other samplers, a correction factor must
be applied. In general, correction factors to convert California modified sampler blow counts to
equivalent SPT range from 0.44 to 0.65 (Rogers, 2006).

In addition, to verifying that sampler N-values can be obtained, the hammer system efficiency for
collecting blow counts must also be taken into consideration. Equipment and site-specific factors may
include hammer system efficiency (a 140-lb hammer dropping 30 in. = 4,200 ft-lbs raw input energy).
The project must determine that the hammer efficiency if for the project. In Skempton (1986), the
original SPT hammer had about a 60 percent efficiency (Neo), so an “Neo” corrected blow count was
adopted for use. Ngo values are a common adopted value, however, site-specific hammer efficiency
measurements may allow for site-specific corrections. Neo values may be reported on logs; however,
never place Ngo corrected data solely on the boring log. The log shall contain only the measured N values
or both (ASTM D1586M).

14 FIELD TESTS FOR CLASSIFYING FINES

Several tests can be performed in the field to determine the plasticity and assign a group name to a soil
sample (ASTM D2488). These tests, which include the dilatancy test, soil thread test, toughness, dry
strength, smear and stickiness, and the test tube test, are described below. Prior to performing these
tests, particles larger than the No. 40 sieve (0.42 mm - medium sand and larger) should be removed.

14.1 Dilatancy Test

Select a representative sample approximately 0.5 cubic inch in volume and add water until the soil has a
soft but not sticky consistency. Form a pat of the wet soil in the palm of one hand and shake it
horizontally, vigorously striking the side of the hand with the other hand several times. Alternately
squeeze and release the pat of wet soil. Note the rate at which water appears while shaking and
disappears while squeezing. Materials that are predominantly silt will show a dull-dry surface upon
squeezing and a glassy-wet surface upon releasing the pressure and upon shaking or vibrating the pat.
With increasing clay content this phenomenon becomes less pronounced due to lower mobility of pore
water. Rapid reaction to the shaking test is typical for uniform fine sand and diatomaceous earth, as well
as for inorganic silts.

1.4.2 Soil Thread Test for Plasticity and Toughness

Following completion of the dilatancy test, attempt to roll the test specimen into a thread between the
palms or by hand on a smooth surface. Roll the sample into the smallest thread possible, adjusting the
water content as needed. If the sample is too wet to roll easily, it should be spread into a thin layer and
allowed to lose some water by evaporation. If it is too dry, add water a few drops at a time, thoroughly
kneading the soil to assure a uniform moisture content. Note the final minimum diameter attained
before the thread breaks or crumbles.

The ability to roll soil into threads indicates plasticity and the presence of clay. The smallest thread
diameter possible without crumbling is indicative of the degree of plasticity.

1.4.3 Dry Strength

Mold the test sample to the consistency of putty, adding water if necessary. Shape the test specimen
into a ball or angular fragment about 0.5 inch in diameter. Allow the sample to dry completely by air-
drying. Test the strength of the fragment by crushing between the fingers. The dry strength increases
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with increasing plasticity. Occasionally, the presence of high-strength water-soluble cementing
materials, such as calcium carbonate, may cause exceptionally high dry strength. The presence of
calcium carbonate can be detected with dilute hydrochloric acid. Silty fine sands and silts have about the
same slight dry strength; however, they can be distinguished by the feel upon crushing. Fine sand feels
gritty, whereas silt typically has the smooth feel of flour.

144 Smear and Stickiness
A high degree of stickiness and a very smooth smear in the natural state are indicative of high plasticity.
Although the primary basis for classification of fines is soil plasticity as discussed previously, the

procedure described below for estimating the grain-size distribution of fine-grained soil components can
also be helpful.

1.5 SolL DESCRIPTIVE ELEMENTS

1.5.1 Soil Type (Group Name and Symbol)

“Well-graded” is an engineering term that indicates a continuous distribution of particle sizes from the
coarsest to finest particle size of the relevant fraction. “Poorly-graded” pertains to sediments that lack a
continuous distribution of grain sizes. Poorly graded include uniformly-graded (predominantly one
particle size or well sorted) and gap-graded or step-graded (one or more particle sizes absent)
sediments. These terms may be included as secondary descriptive elements.

These terms should not be confused with the geologic terms used to describe sorting. A uniformly
graded sediment would be described as well-sorted using this terminology.

Guidelines for the use of modifiers and other descriptive terms which may be included in the USCS
group name are presented below.

Use of “with”:

1. If asoilis predominantly sand or gravel but contains an estimated 15 percent or more of the
other granular component, add “with sand” or “with gravel” to the group name.

2. If a soil contains any cobbles or boulders, add “with cobbles” or “with boulders” to the group
name.

3. If afine-grained soil contains (little) 15 to 25 percent sand, gravel or both, add “with sand” or
“with gravel” to the group name (whichever is more predominant). Use “with sand” if the
related percentages are equal.

4. |If a granular soil contains 10 percent (few) fines, add “with silt” or “clay” to the group name.

Use of adjective modifier:

1. If afine-grained soil contains 30 percent or more sand or gravel (some), add “sandy” or
“gravelly” to the group name (e.g., SANDY SILT, GRAVELLY LEAN CLAY).

2. If a granular soil contains more than 15 percent (little) fines, use an adjective modifier (e.g.,
SILTY SAND, CLAYEY GRAVEL).
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Use of dual symbols:

1. If a granular soil is estimated to contain 10 percent fines use a dual symbol.
a. the first symbol shall correspond to a clean gravel or sand,

b. the second symbol shall correspond to a gravel or sand with fines (e.g., GW - GC, SP -
SM).

2. CL-ML (see USCS Plasticity Chart - do not use this combination unless substantiated by
laboratory analyses).

Use of borderline symbols:

1. Use to indicate a soil with properties that do not distinctly place the soil into a specific group
(e.g., CL/CH, GM/SM, ML/SM).

2. Using the USCS, “and” may be used to indicate that soils are interbedded by linking group
names (e.g., LEAN CLAY [CL] AND POORLY GRADED SAND [SP])

1.5.2 Moisture Condition

The moisture condition of the soil shall be described on the field boring log. Soils are described as dry,
moist, or wet based on the following criteria:

Table A-4: Description of Soil Moisture (ASTM D2488)

Description Criteria

Dry Absence of moisture, dusty, dry to the touch

Moist Moisture clearly evident, but no visible water

Wet Visible free water; usually soils collected from below water table
1.5.3 Color

For consistency purposes color is identified using the Munsell Soil Color Chart. The chart facilitates color
correlation across a site. Color should be noted for moist samples. Where color is logged from dry
samples, this should be noted on the logs.

The color description should not be capitalized and should be followed by the alpha-numeric Munsell
code in parentheses as shown in the following examples:

e palered (2.5YR6/2)
e verydark brown (7.5 YR/2)

Variations due to mottling in soil color should also be noted using the Munsell soil color notation.

1.5.4 Plasticity and Cohesiveness

A plasticity designation should be provided if a sediment sample is predominantly fine-grained (see
section 2.3.5). The cohesiveness of soils, including both fine- and coarse-grained components, should be
noted. Soils in which the adsorbed water and particle attraction work together to produce a mass that
holds together and deforms plastically at varying water contents are known as cohesive soils. A
predominantly coarse-grained soil could be cohesive in character with as little as 20 percent fines,
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depending upon the overall gradation of the material and the plasticity characteristics of the fines. A soil
accurately classified as GC or SC is cohesive.

Mixtures of coarse- and fine-grained soils should be described as cohesive or cohesionless.

1.5.5 Stratification/Structure

Most geologic structures may be characterized as stratified, massive, or some variation of the two. Some
terminology for describing soil structure or stratification is defined in below.

Table A-5: Soil Stratification Terms (ASTM D2488)

Description Criteria

Stratified Alternating layers of varying material or color with layers at least 6
mm thick; note thickness.

Laminated Alternating layers of varying material or color with the layers less
than 6 mm thick; note thickness.

Fissured Breaks along definite planes of fracture with little resistance to
fracturing.

Slickensided Fracture planes appear polished or glossy, sometimes striated.

Blocky Cohesive soil that can be broken down into small angular lumps
that resist further breakdown.

Lensed Inclusion of small pockets of different soils, such as small lenses of
sand scattered through a mass of clay; note thickness.

Massive Same color and appearance throughout.

(Homogeneous)

The identification of naturally occurring fractures or planes of weakness can be made through the
recognition of surface coatings, changes in oxidation state of adjacent materials, or stress surfaces such
as slickensides. Common surface coatings include carbonates, organics, secondary iron, manganese
oxide, and silt or clay. Changes or mottling in color adjacent to a fracture surface are generally indicative
of a change in oxidation state associated with a naturally occurring fracture.

1.5.6 Other Descriptive Elements in Soil

Understanding of subsurface conditions at a site is dependent on detailed descriptions of soil or
sediment samples. The following additional characteristics should be described, if pertinent. These
additional elements should be appended to the primary description, separated by a semicolon (refer
also to Section 4.0 of this SOP):

e Angularity, size, and shape of coarse-grained components
e Hardness of coarse-grained components

e Presence of boulders or cobbles

e Fossils

e Accessory minerals

e Lithology of coarse-grained components
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e Cementation or presence of calcareous materials

e Odor

e Weathering zone

e Presence of roots, root holes, animal burrows or other macro-pores

1.5.6.1 Angularity and Shape of Coarse-Grained Components

A description of the angularity of coarse-grained sand, gravel, cobbles and boulders may provide a basis
for interpretation of geologic origin and correlation of geologic units encountered at different locations.
The terminology below should be used.

Table A-6: Grain Angularity (ASTM D2488)

Description Criteria

Angular Particles have sharp edges and relatively planar sides with unpolished
surfaces.

Sub-angular Particles are similar to angular description but have rounded edges.

Sub-rounded Particles have nearly planar sides but have well-rounded edges.

Rounded Particles have smoothly curved sides, no edges.

Table A-7: Grain Shape (ASTM D2488)

The shape of gravel, cobbles, and boulders should be described as follows:

Description Criteria

Flat Particles with width/thickness of >3 inches
Elongated Particles with length/width of >3 inches.

Flat and elongated Particles meet criteria for both flat and elongated.

1.5.6.2 Hardness of Coarse-Grained Components

Coarse sand and larger particles may be described as “hard” if particles do not crack, fracture, or
crumble under a hammer blow.

1.5.6.3 Presence of Cobbles and Boulders

Note the presence of cobbles or boulders. This may be evident through observation of drill advance or
by fragments recovered in samples. Make a volumetric estimate of the percent of cobbles or boulder
present if possible. Alternatively, make a qualitative description such as “occasional” or “numerous”
cobbles or boulders. If cobbles or boulders are present, “with cobbles” or “with boulders” should be
appended to the USCS group name.

1.5.6.4 Cementation and/or Presence of Calcareous Materials in Soil

The degree of cementation of coarse-grained soils should be described, if relevant to the sample. The
criteria for this description are summarized in the table below.
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Description Criteria

Weak Crumbles or breaks with handling or little finger pressure.
Moderate Crumbles or breaks with considerable finger pressure.
Strong Will not crumble or break with finger pressure.

Calcium carbonate is a common cementing agent. The amount of calcareous material presentin a
sample can be classified according to the reaction with dilute hydrochloric acid. The classification is

summarized in

the table below.

Table A-9: Acid Reaction (ASTM D2488)

Description | Criteria

None No visible reaction.

Weak Some reaction with bubbles forming slowly.

Strong Violent reaction with bubbles forming immediately.

2.0 ROCK TYPES AND RQD FIELD TEST

2.1 Rock TYPES (IGNEOUS, METAMORPHIC, SEDIMENTARY)

Rock type names should be documented to the extent practicable; however, classification is dependent

upon the character and integrity of the sample and its suitability for field classification. Some drilling
methods destroy the rock texture and crystal boundaries, which may limit the ability for detailed rock

classification.

Where sample integrity allows for suitable rock classification, utilize the following charts for rock type:
Figure 2: igneous rocks; Figure 3: sedimentary rocks; and Figure 4: metamorphic rocks (USBR, 2001).
Refer to Table 5-1 of this SOP for additional details on rock logging classification.

CONTINUED ON NEXT PAGE.
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Figure A-1: Optional classification of igneous rocks (USBR, 2001)

Oneida ESC Group



SOP No. OESC007B
Revision No. 6

Date: August 2022
Appendix A — Page 13 of 15

TR GRAIN SIZE <0,0625 mm [ GRAIN SIZE 0,065 -2 mm GRAIN SIZE>2 mm
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RAC or left column ® QUARTZ with 10-25% ROCK with = 25% ROCK PYROC Homogeneous dreccias Mixed breccias
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5 | BRECCIA, ETC, ARKOSE CONGLOMERATE
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| MINERALS | nenfiscile ARGILLACEQUS | ARGILLACEDUS | ARGILLACEDLS | ARGILLACEOUS | ypery 1 acenus speiLiaceols| ouise®™ ARGILLACEOUS (SIZE Mxmmmr&
g or SHALE - fissile LIMESTONE, QUARTZOSE | FELDSPATHIC | LITHIC ARKOSE CRAYWACKE Or classi- | ConGLOMERATE GLACIAL TILL
Z| Clay-size | ARGILLITE - hignly indurated MARL, ETC, SANDSTONE | SANDSTONE | SANDSTONE fication of FANGLOMERATE
=| materials | BENTONITE - sodium montmoril- Pyroclastics
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8| SILICA | siLiceous
= ToRaL ’ DIATOMITE, SILICEOUS SILICEOUS
B| GucEmon g g | RADIOLARITE, LDEsTONE, 3{.‘;;55% Do SILICEUS | SLICEOUS | sLiceous SILICEQUS (?éZE) wieD (S128)
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CHALK
Rocks including significant quantities of iron, carbon, or miscellaneous salts follow the above format. For example:

ferruginous quartzose sandstone, coal, carbonaceous shale, gypsum, phosphatic limestone.

Figure A-2: Optional classification of sedimentary rocks (USBR, 2001)
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RCTION STRUCTURE DIRECTLORAL STRUCTURE. (LINEATED OR FOLIAYED)
- ! )
=l 9 CONTACT METAMORPHISH MECHANTCAL REGTORAL PETAMORHISH PLUTONIC METAMORPHISM
= ! MITRDRHISM | Y FOLIATED LESS FOLIATED
= = E SLATY PHYLLITIC SCHISTOSE GNE 1 S505E
= FINE FINE TO COARSE CATACLASTIC MIGMATITIC
APHANITIC FINE FINE TO COARSE
FELDSPAR These rocks are These ro:ks\haue a gneissose, streaked,
formed by crushing GNEISS or irreqular structure produced by
= METAQUARTZITE with anly minor intimate mixing of metamorphic and
[] recrystallizazion magmatic materials. When they can be
i QUARTZ - recognized as “nized rock™, they are
| e um | e colied womciis g, Tt
I T i Y
I ﬂ:rcn‘“ Hondirectional migmatite, inject om gneiss, or 1it-
. ANDALUSITE HORNFELS MYLONITE car-11t gneiss), or by differential
] ”mm‘ | APH fusion. Many so-called migmatites
I BIOT(TE 1T 1BOLITE Folfated, ashanitic probably originate by pa_rti:] grani-
HORNBLENDE CHIASTOL [ TE PHYLLONITE AUGEN GNEISS tization or by meiamorphic differ-
CHLORITE | Foliated, fine entiation. But at great depth these
CHLOR: o processes apparently do not differ
CURD];;}EI‘J? g;l”;‘;esm'\ B SCHLST cubstantially from the igneous pro-
CHLORITE DIOFSIDE e ’ cesses forming migmatite, so the
(avpHIBOLITE) products are usually indistinguish-
ENSTATITE FLASER GRANITE, e
| ACTINDLITE gill:#:? IELL:.:E: gf;?él[}‘émﬁ Migmatities are named by prefixzing the
BLAUCOPHANE ETC, - rock name of the g-anitic material
GRAPHITE Fli.ser structure | to the appropriate root as "gl_-n-ir.e
KYANITE 1enses and Jayers; IG‘JE]S.-_"_ICT -1gnat!te'. nenzamte injection
TREMOLITE MISCOVITE of original or SCiIST wigratite", etc.
OLIVINE relatively un-
% m"mm"‘u”é“ altered granuiar | scHisToSE
TALC minerals surrounded GNE 188
j SCAPOLITE SDAPSTORE by matrix of ﬁ
b _ || SERICITE highly sheared
CALCITE || SERPENTINE and crushed
AND/CR SILLIMANITE MARBLE mterial. ‘
DOLQMITE__ || STAUROLITE :
TOURMAL TNE AUGEM GNE]SS =
" e Augen srructure
SILICATES 1TE SkaRn
g SERPENTINE SERPENTINITE ‘ SERPENTINITE
| R

Naming a metamarphic rock comsists chiefly of prefixing the structural term with mineral names or an approoriate rack name.

Tre rock rame indicates either the original rock, 1f recognizable, or the new mineral composition.

The prefix "mera”,

as

“Metagabbro”, “metesancstone™, “"metatuff”, etc., is applied to rocks that have undergone comsiderable recrystallization but

have largely retained their original fabric.

present should be included in the rock mame regardless of tneir guantity.

Figure A-3: Optional classification of metamorphic rocks (USBR, 2001)

Most of the minerals listed as accessories are genetically important and if
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2.2 Rock QuALITY DESIGNATION (RQD)

The RQD is the total length of core pieces (unweathered bedrock) greater than or equal to four inches
(10 centimeters) in length divided by the total length of the core run. RQD is expressed as a percentage
and recorded in the PERCENT RQD column for each core run.

Care must be taken to correctly identify natural bedrock breaks from mechanical breaks (breaks caused
by drilling). Mechanical breaks are often, but not always, accompanied by fresh bedrock appearance.
Generally, natural breaks should first be considered as caused by a joint. Other natural breaks of the
core may be due to:

e Irregular and rounded surfaces that reflect considerable grinding of the core due to rotation
during drilling along a plane of weakness.

e Rather smooth surfaces that cannot be rejoined but which show no signs of weathering.
o  Weathered surfaces.

Include all pieces of core which are greater than or equal to four inches (10 centimeters) in length and
bounded by natural surfaces. As a general guideline, if a core segment can be rejoined with only a
hairline separation, it should be included in computing the percent RQD.

|. PERCENTAGE OF SOLID CORE SEGMENTS LONGER THAN 0.33ft (10Omm) RELATIVE TO CORE
RUN LENGTH, EXCLUDING MECHANICAL BREAKS.

2. RECORDED AS CALCULATED PERCENTAGE FOR EACH RUN.

3. BEST FOR N-SIZE OR LARGER SIZE CORE.

4. MAY NOT BE APPLICABLE FOR VERY LOW STRENGTH, FISSILE OR FOLIATED ROCKS WHICH
BREAK OR PART EASILY.

[ —

-

| 24 |
o6 | o5 | o5 | 04 | 04 go.i'l o.2}o.bol 18

| ! |1

NN A Ak A
BJ BJ JT

JT MB JT JT ? BJ JT FRACTURE ZONE

Sum of length of pieces =0.33ft (4in) x 100 =

2.4
RQD = —_
@ {(total length of core run) 4,

7 X 100 = 51%

Figure A-4: Rock Quality Designation (RQD) computation (modified from USBR, 2001)
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1.0 INTRODUCTION

This Oneida ESC Group (OESC) field Standard Operating Procedure (SOP) covers soil boring using a hand
auger for the purpose of performing shallow soil investigation and sampling.

A hand auger can be used for any purpose where disturbed samples can be used, such as soil, sediment,
or waste samples associated with environmental site assessments. The hand auger is a tool suitable for
collecting multiple samples at different locations due to its ease of setup and decontamination.

The equipment required is simple and readily available. Depths of auger investigations are; however,
limited by groundwater conditions, soil characteristics, and the equipment used. A disadvantage of using
a hand auger is the limited depth of penetration and the potential for auger refusal caused by coarse
grained soils. Additionally, the potential exists for borehole collapse at depth that could affect discrete
soil sampling.

1.1 PFAS Sampling Considerations

Per- and polyfluoroalkyl substances (PFAS) are a class of manufactured compounds that are extensively
used to make everyday items more resistant to stains, grease, and water. These chemicals have been
used in a variety of industrial, commercial, and consumer products. Materials potentially containing
PFAS are to be avoided when collecting samples for PFAS analyses.

If samples will be collected and analyzed for PFAS, please refer to SOP Addendum No. 1 for guidelines,
procedures, and protocols to avoid sample contamination from outside sources.

2.0 EQUIPMENT AND MATERIALS

The following is a list of equipment recommended for hand auger soil boring:
¢ Site Health and Safety Plan (HASP) and Sampling and Analysis Plan (SAP).

e Two- or four-inch diameter barrel hand auger (stainless steel for collecting samples for chemical
analysis).

e Hand auger flight extension rods.
e T-handle for hand auger rotation.

e Key tool or quick connect pins for interchanging hand auger flights.
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e Stainless steel bowl and spoon for soil homogenization.

e Decontamination equipment, e.g., buckets, brushes, Alconox®, deionized water, or other
specified material.

e Sample containers, bubble bags, Ziploc plastic bags, cooler, ice, sample labels, chain-of-custody
forms, shipping labels, custody seals.

e Field logbook and pens.

e Tape measure, survey stakes or flags, hand-held global positioning system (GPS), site maps, etc.
for locating samples.

e Plastic sheeting for creating a clean work area for sampling, and to contain soil cuttings.
e 55-gallon drum and other materials for investigation derived waste (IDW) containment.

e Health and safety monitoring equipment and logs (as required).

3.0 HAND AUGER BORING PROCEDURE

1. Verify that the area for boring installation has been cleared for utilities (both underground and
overhead) and property access/right-of-entry has been granted.

2. Be aware of all site safety and health considerations for the work to be performed.
3. Understand the sampling data quality objectives.

4. Using a shovel or other suitable surface grubbing tool, clear away surface vegetation and debris
from the borehole location.

5. Decontaminate the hand auger barrel and extension rods prior to use.
6. Install the cutting tooth from the hand auger barrel into the soil.

7. Advance the hand auger by simultaneously pushing and rotating it into the subsurface to the desired
depth or until the length of the barrel is filled with soil. Note: The typical length of the hand auger
flights is 5 feet. Therefore, additional hand auger flights will be required for depths greater than 5
feet.

8. Withdraw the barrel from the borehole. Transfer the soil/sediment/sludge from the auger barrel to
plastic sheeting or other containment until the depth of sample is reached.

9. Identify soil types during each advancement in the field logbook or boring log as required.
10. Return the hand auger barrel to the borehole and repeat procedure.

11. Periodically measure the borehole depth with the tape measure to ensure an accurate depth
interval.

12. Continue the above procedures until the end-of-boring or sample depth is reached.
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13. VOC samples will be collected immediately from the auger barrel and preserved, if necessary (refer
to project-specific planning documents). Place remaining soil into the stainless-steel bowl and
thoroughly homogenize the soils before filling remaining containers.

14. Refer to project-specific planning documents for requirements related to sampling, logging,
borehole abandonment, decontamination, and waste management for the project.

4.0 REFERENCES

ASTM Standard D1452M-16 (2016). “Standard Practice for Soil Exploration and Sampling by Auger
Borings,” ASTM International, West Conshohocken, PA, www.astm.org.

ASTM Standard D6311-98 (2014). “Standard Guide for Generation of Environmental Data Related to
Waste Management Activities: Selection and Optimization of Sampling Design,” ASTM
International, West Conshohocken, PA, www.astm.org.
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1.0 PURPOSE AND LIMITATIONS

The purpose of this Standard Operating Procedure (SOP) is to define the requirements for collecting
subsurface soil samples. For the purpose of this SOP, subsurface soil samples are those samples
collected in the unconsolidated zone at a depth of 1-foot (ft) or greater below ground surface (bgs).
Refer to project-specific planning documents for procedures related shallower sample depths.

1.1 PFAS Sampling Considerations

Per- and polyfluoroalkyl substances (PFAS) are a class of manufactured compounds that are extensively
used to make everyday items more resistant to stains, grease, and water. These chemicals have been
used in a variety of industrial, commercial, and consumer products. Materials potentially containing
PFAS are to be avoided when collecting samples for PFAS analyses.

If groundwater samples will be collected and analyzed for PFAS, please refer to SOP Addendum No. 1 for
guidelines, procedures, and protocols to avoid sample contamination from outside sources.

2.0 SAFETY

Safety considerations for subsurface soil sampling projects may include working in and around
excavations and other hazards. Personnel must be familiar with requirements of the project-specific
Accident Prevention Plan and Site-specific Safety and Health Plan (SSHP), and with Oneida ESC Group’s
Injury and lliness Prevention Plan, which provide guidance for mitigating hazards on the site and
associated with the work being performed.

3.0 EQUIPMENT

Refer to the project-specific planning documents regarding the sampling tools to be deployed. This
section describes basic equipment needs for the different methods that may be used.

3.1 General
The following general equipment is required:

e Nitrile inner gloves, outer gloves (as needed) of material resistant to suspected contaminants
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Equipment and meters for obtaining field measurements specified in the project-specific
planning documents and SSHP

Field logbook or field forms; soil sampling form (if used)

Chain-of-custody forms and custody seals

Camera

Global Positioning System (GPS) unit

Pen with black waterproof, ballpoint, non-erasable ink

Sample tags/labels and appropriate forms/documentation

Appropriate sample containers as specified in project-specific planning documents
Insulated sample storage cooler(s) and ice

Plastic re-sealable bags and waterproof sealing tape

Rinse bottles and Type Il reagent water, deionized water, or PFAS-free laboratory supplied water
as specified in the project-specific planning documents

Decontamination equipment and supplies
Plastic sheeting

Investigation derived waste (IDW) containment as specified in project-specific planning
documents

Hand Augering

The following equipment is needed for hand-augering:

33

Hand auger (i.e., flighted-, bucket-, or tube-type augers) and/or slide hammer sampler
Extension rods, as needed

Wrench(es)

Stainless-steel hand trowel or sampling spoon

Large [minimum 12-inch (in.) diameter] stainless-steel, glass, or Pyrex® mixing bowl
Sufficient sampler liners for collecting VOC samples

Stainless-steel blade to trim excess soil from end of liners (if used)

PTFE (Teflon®) or silicon tape

Sufficient end caps to cover both ends of sampler liners (if used)

Sufficient non-LDPE plastic sheeting to contain all soil cuttings

Equipment for Sampling Excavations, Trenches, and Test Pits

The following equipment may be used for excavations, trenches, and test pits (refer to project-specific
planning documents):

Backhoe or other excavation equipment
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Extension ladder(s) (capable of extending from bottom of excavation to at least 42-inches above
the ground surface; at least two per excavation accessed)

Trench/pit shoring and bracing equipment (as required in excavation plan)

Stainless-steel hand trowel or sampling spoon for shallow excavation wall/floor samples, slam
sampler for collecting soil cores, hand auger, or other sampling devices

Large (minimum 12-in.-diameter) stainless steel glass, or Pyrex® mixing bowl (if compositing)
Sampler to be used to collect samples for VOC analyses

Sufficient sampler liners and end caps for collecting geotechnical cores, if planned

Split-Spoon Sampling (Based on ASTM D1586 /D1586M)

The following equipment is needed for split-spoon sampling (including California-modified):

3.5

Drilling rig equipped with a 140-pound (lb.) drop hammer and sufficient hollow-stem augers to
drill to the depths required by the project-specific planning documents

Sufficient numbers and types of split-spoon samplers so that at least one is always
decontaminated and available for use — p typically a minimum of three

Sufficient non-LDPE plastic sheeting to contain all soil cuttings

Thin-Walled Sampling (Based on ASTM D1587/ D1587M)

The following equipment is needed for thin-walled sampling:

3.6

Drilling rig equipped with a 140-Ib drop hammer and sufficient hollow-stem augers to drill to the
depths required by the site Work Plan

Sufficient numbers and types of thin-walled samplers so that at least one is always
decontaminated and available for use; thin-walled samplers generally are used only once

Sufficient non-LDPE plastic sheeting to contain all soil cuttings
Sufficient number and types of plastic end caps to cover both ends of all thin-walled samplers
Allen wrenches

PTFE (Teflon®) or silicon tape

Direct Push Technologies

The following equipment is needed for use with direct push technologies (DPT), such as the Geoprobe™

system:

DPT rig and all associated hardware, including sampler as described in the project-specific
planning documents

Sampler liners as specified (e.g., stainless-steel, acetate, or brass)

Stainless-steel safety blade or liner cutting system to open acetate liners for soil sample
collection

Sufficient plastic end caps to cover both ends of sampler liners (if used for geotechnical samples)
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e PTFE (Teflon®) or silicon tape to secure liner caps
3.7 Continuous Core Sampler
The following equipment is needed for continuous core sampling:
e Drilling rig with continuous coring capability (i.e., hollow-stem auger or Rotosonic drill)
e Sufficient plastic sheeting to contain soil cuttings and cover ground surface under the drill rig
o Sufficient clear plastic sleeves to hold Rotosonic drill cores

e Drive sleeves (if used to collect samples for off-site laboratory VOC analyses) in accordance with
the project-specific planning documents

e Stainless-steel blade to trim excess soil from end of drive sleeves (if used)
o Teflon® or silicon tape

e Sufficient vinyl end caps to cover both ends of the drive sleeves (if used)
4.0 PROCEDURES

4.1 Subsurface Sampling Preparations for All Methods

The collection of subsurface soil samples is an intrusive event and requires knowledge of the site and
careful planning before commencing. Several standard steps should be taken before beginning any
subsurface sampling activity.

Refer to the project-specific planning documents for additional guidance and requirements regarding
utility permits and dig clearance.

1. Verify the site location by existing maps and surface features. Check for surface features or
artifacts (e.g., manhole covers and overhead power lines) that could impede movement on the
site or indicate a previously unidentified hazard.

2. |If allowed and approved, photograph the site before commencing work.

3. Mark off the boundaries of the work site with flagging or other means to prohibit access by
unauthorized personnel. All sites should have a single, clearly marked entrance through which
all personnel should enter and exit. Sites having a high contamination level or where activities
may unearth highly contaminated materials will also have an exclusion zone, contamination
reduction zone, and support zone.

4. Check to see that all the necessary equipment (including personal protective equipment and
samplers) is available at the site, is in good working condition, and has been properly
decontaminated.

5. Check that all monitoring equipment is properly calibrated and operating. Document on
calibration forms.

6. Set up the management system for investigation derived waste as described in the project-
specific planning documents.

At no time should samples, decontaminated sample sleeves, or decontaminated samplers be touched by
ungloved hands. A new or decontaminated pair of gloves must be used for each sample collected. Great
care should be exercised to ensure that no contaminated tool or device is inserted into the borehole. All
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downhole tools and samplers must be kept off the ground and/or free from contamination until they are
used in the boring.

4.2

Hand Augering

Hand augering consists of manually advancing the auger into the soil to collect subsurface soil samples,
generally at depths of 10 ft or less. There are several types of hand augers available (e.g., lwan, ship,
closed spiral, and open spiral). All these devices are used in much the same way. The auger is attached
to the bottom of a length of steel rods that have a crossbar (handle) at the top. The operator advances
the auger by rotating the crossbar while pressing the auger into the ground. As the auger advances, it
fills with soil. When the auger is filled with soil, the unit is removed from the hole, cleared, and
reinserted. Additional rods are added until the desired depth is reached.

4.2.1

Restrictions and Limitations

The restrictions and limitations for hand augering are:

4.2.2

The strength of the operator and the quality of the samples required generally limit the use of
hand augers to a depth of less than 10 ft.

Dense, highly compacted soils or soils with high clay content and/or abundant gravel will
significantly increase the difficulty of hand augering. Loose, dry, sandy, non-compacted soils will
be easier to auger through but are more likely to slough into the hole and may not be retained
in the auger.

Hand-augured samples should only be collected above (or slightly below) the water table to
avoid cross-contaminating samples and to reduce the likelihood of borehole collapse.

Method for Hand Auger Sampling

The steps for hand-auger sampling are:

1.
2.

Using a decontaminated auger, advance the boring to the desired depth.

Place soil cuttings on a length of non-LDPE plastic sheeting spread out next to the boring.
Cuttings should be placed in stratigraphic order to document changes as the boring progresses.

After reaching the desired sampling depth, remove the auger from the boring and
decontaminate before re-inserting into the borehole to collect the sample. Alternative sampling
devices may be used to collect the sample.

Insert the decontaminated auger into the boring and advance until full. If definitive samples are
required for VOC analyses, an auger or slide hammer sampler with a properly positioned
sampling sleeve will be used. The type and material of the sleeve will be specified in the
planning documents.

Remove auger from borehole and field screen with the method and equipment specified in the
planning documents.

Extract sample and place in specified containers. If a liner was used, remove liner from
auger/slide hammer and place aluminum foil on ends (shiny side away from sample), cap and
seal both ends of the liner with Teflon® or silicon tape, and place appropriate label on the liner.

Place sample container (e.g., liner and jar) in resealable plastic bag and place bag containing
sample into an insulated cooler with ice. Samples should be maintained at 4 +2 degrees Celsius
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(°C) from the time of collection until received at the laboratory in accordance with planning
documents.

Collect the GPS coordinates of the sample location, draw a sketch of the sampling location in the
field logbook or on field forms, and note the sample identification number, depth, time of
collection, field screening result, and laboratory analysis requested for the sample in the site
sampling logbook or field forms.

Remove contaminated gloves and don fresh gloves for each new sample. Decontaminate
re-used sampling equipment in between each sample. Collect equipment rinsate samples at the
frequency required by the planning documents.

Repeat steps 1 through 9 until sampling is completed.
Dispose of cuttings and disposable equipment as outlined in the planning documents.
Plug and abandon completed boreholes as specified in planning documents.

Decontaminate all equipment and personnel.

Excavations, Trenches, and Test Pits

The section addresses soil sampling from excavations such as test pits, trenches, or similar, as well as
from naturally-occurring openings or sloped surfaces such as stream banks, fissures, or slumps. In this
section, the term “excavation” refers to all such sampling locations.

43.1

Restrictions and Limitations

The restrictions and limitations of samples from excavations are:

43.2

The depths that can be economically reached by test pits/trenches are limited.

Large volumes of potentially contaminated material must be handled in excavating and
reclaiming the test pit/trench.

All fluids removed from the excavation must be assumed to be contaminated and must be
contained and tested before disposal.

Additional safety measures may be necessary.

Method for Excavation Sampling

Be aware that the project-specific planning documents may provide for collecting soil samples from the
excavator bucket at the surface, rather than entering the excavation to collect samples. This method
must be defined in an approved planning document if it is to be used.

1.

Find each sample location by measuring from a reference point such as a monument, stake,
building, or excavation corner starting point. Ensure sample locations are selected in accordance
with the approved planning documents. GPS survey equipment may be used to locate and/or
record sampling locations in large excavations.

Collect sufficient sample material to fill the laboratory-provided sample containers.

Place sample container (e.g., liner and jar) in re-sealable plastic bag and place bag containing the
sample immediately into an insulated cooler with ice. Samples should be maintained at 4 +2°C
from the time of collection until received at the laboratory in accordance with the approved
planning documents.
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4. Record sampling information in the field logbook or sampling forms (if used). Use a to-scale site
plan or draw a sketch of the excavation and record sample locations. Note the sample
identification number, sample elevation or depth from ground surface, time of collection, field
screening result, and laboratory analysis requested for each sample.

5. Remove contaminated gloves and don fresh gloves for each new sample. Decontaminate re-
used sampling equipment in between each sample. Collect equipment rinsate samples at the
frequency required by the project-specific planning documents.

6. Repeat steps 1 through 5 until sampling is completed.

7. Decontaminate all reusable equipment and decontaminate personnel.

4.4 Split-Spoon Sampling

The split-spoon sampler consists of a threaded steel pipe that is split in two pieces along the axis of the
pipe. A hardened steel driving shoe is screwed onto the downhole end and a threaded head with a
check valve is screwed onto the top. The sampler is driven into undisturbed soil. The sampler collects
the soil sample in the enclosed tube, which prevents mixing and cross-contamination of the sample. Soil
samples may be collected for geotechnical information and/or chemical analyses. When done properly,
this method will result in samples for screening and definitive data for all analytes except VOCs. Collect
screening samples for VOC analyses directly from the sampler. To obtain definitive samples for VOCs,
liner sleeves must be used in the sampler.

44.1 Restrictions and Limitations
The restrictions and limitations for split-spoon sampling are:
e Loose, dry, non-compacted, and/or highly saturated materials may not be retained in the

sampler. This condition may require the use of a basket (sand catcher) or spring retainer in the
cutting shoe of the sampler.

e Soils with a high cobble or rock fragment content may clog the sampler and prevent adequate
collection of a sample or result in refusal of the sampler.

4.4.2 Method for Split-Spoon Sampling

The steps for split-spoon sampling are:
1. Using decontaminated augers, auger to the desired depth.

2. Place drill cuttings on non-LDPE plastic sheeting spread next to the boring or handle as specified in
the site Work Plan.

3. Upon reaching the desired sampling depth, attach a decontaminated split spoon to the sampling
rods and insert into boring. If definitive analyses are required for VOCs, a split spoon with properly
positioned sampling liners will be used. The type and material of the liners will be specified in the
project-specific planning documents.

4. Position the drive hammer on the sampling rods and lightly tap the rods to seat the sampler.

5. A 140-lb hammer is repeatedly dropped 30 in. while counting the number of blows required to drive
the sampler each 6-in. interval. Cease driving when the sampler is full, or when 50 blows of the
hammer have moved the sampler less than 1 in.

Oneida ESC Group



SOP No. OESC007D-P
Date: 07 March 2023
Page 10 of 15

6. Remove the split spoon from the boring. Carefully open the split spoon and immediately field screen
the sample with the equipment specified in the project-specific planning documents. Collect VOC
samples first following the specified procedures. Extract the sample and place it in appropriate
containers, as specified.

7. Immediately after collection, place sample containers in re-sealable plastic bags and place bags
containing samples into an insulated cooler. Samples should be maintained between 4 +2°C from
the time of collection until received at the laboratory in accordance with the planning documents.
Samples should never be frozen.

8. Note the sample identification number, depth, time of collection, field screening result, lithological
description, and laboratory analyses requested for the samples in the field logbook.

9. Remove contaminated gloves and don fresh gloves for each new sample. Decontaminate re-used
sampling equipment in between each sample. Collect equipment rinsate samples at the frequency
required by the project-specific planning documents.

10. Repeat steps 1 through 9 until total required depth is reached.

11. Remove the augers from the boring.

12. Dispose of cuttings and disposable equipment as outlined in the approved planning documents.
13. Plug and abandon borehole as specified in the approved planning documents.

14. Decontaminate all equipment and personnel.

4.5 Thin-Walled Sampler

The thin-walled sampler (also known as a Shelby tube) consists of a one-piece hollow steel tube that is
usually 2 to 5 in. in diameter and from 1 to 3 ft in length. The thin-walled sampler is mechanically
pushed or driven into undisturbed soil. The sampler collects a column of relatively undisturbed soil in
the tube. This method generally is used to collect samples for geotechnical information; it also may be
used to collect soil for chemical analyses. When done properly, this method will result in samples for
screening and definitive analyses for all analytes. Screening samples for VOC analyses may be collected
directly from the sampler in the field. For definitive VOC samples, the entire sampler must be properly
sealed and sent to the laboratory.

45.1 Restrictions and Limitations
The restrictions and limitations for thin-walled sampling are:

e Loose, dry, non-compacted, and/or highly saturated materials may not be retained in the sampler.

e Soils with significant cobble or rock fragment content may clog or damage the sampler or cause
refusal of the sampler.

e It can be difficult or impossible to properly extrude soils from the sampler on-site. When samples
are needed for chemical analyses, another sampling device is preferable.

4.5.2 Method for Using the Thin-Wall Sampler
The steps for using the thin wall sampler are:
1. Using decontaminated augers, auger to the desired depth.

2. Place drill cuttings on plastic sheeting or handle as specified in the planning documents.
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After reaching the desired sampling depth, attach a decontaminated thin wall sampler to the
sampling head and screw onto the sampling rods. Insert the sampler into the boring.

Position the drill head (ram) on the sampling rods and, using the rig hydraulics, push the sampler to
the required depth (i.e., fill the tube) or until refusal. A smooth, sustained push will generally yield
the best sample. If the rig hydraulics cannot push the tube, it can be driven using the drive hammer.
The weight of the hammer, height of drop, and number of blows should be recorded in the field
logbook.

Twist the drill rods clockwise to break loose the sample. Withdraw the sampler from the boring.
Detach the sampler from the sample rods and remove the tube from the sampling head.

For geotechnical analyses, trim off excess soil from either end of the tube/rings until it is at least
flush with the rim. Cap and seal both ends of the tube and mark the "up" end. The sealed tube
should be handled carefully to minimize vibration or impacts and should be transported to the
laboratory in the upright position.

If no geotechnical analyses are planned, the sample may be extruded from the tube on-site, field
screened, and placed in appropriate containers. The VOC screening sample must be collected first
and as soon after extruding the soil from the container as possible. Proceed to fill the other
containers as necessary.

Immediately after collection, place sample containers in re-sealable plastic bags and place bags
containing samples into an insulated cooler. Samples should be maintained at 4°+ 2°C from the time
of collection until received at the laboratory in accordance with project planning documents.

Note the sample identification number, depth, time of collection, field screening result, lithological
description (if known), and laboratory analyses requested for the samples in the site sampling
logbook.

Remove contaminated gloves and don fresh gloves for each new sample. Decontaminate re-used
sampling equipment in between each sample. Collect equipment rinsate samples at the frequency
required by the project-specific planning documents.

Repeat steps 1 through 11 until total required depth is reached.

Remove the augers from the boring.

Dispose of cuttings and disposable equipment as outlined in the planning documents.
Plug and abandon borehole as specified in the planning documents.

Decontaminate all equipment and personnel.

Direct Push Soil Sampling

DPT rigs advance a hollow sampling probe into the subsurface by applying static pressure (relying on
vehicle weight), percussion, vibration, or any combination thereof, to the above ground portion of the
sampler. Extensions are added to the probe system until the sampler has been advanced to the desired
sampling depth. The sampler is recovered from the borehole and the sample removed from the
sampler. The sampler is cleaned, and the procedure repeated for the next desired sampling interval.
Sampling can be continuous for full depth borehole logging or incremental for specific interval sampling.
Samplers used can be protected type for controlled specimen gathering or unprotected for general soil
specimen.
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4.6.1 Restrictions and Limitations

The restrictions and limitations for DPT sampling are:

e The standard 1-in. diameter soil probe sampler can collect only 100 grams of soil. Larger
diameter cores (e.g., the Geoprobe Macro-Core® system) are available. If large sample volumes
are required, two (or more) DPT holes may have to be drilled and sampled.

e Different DPT rigs have different depth capabilities; the project data quality objectives (for
sample depth and considering anticipated soil types) must be considered when selecting the
appropriate DPT rig.

e DPTis not appropriate for sampling in consolidated materials (rock, weathered rock, cemented
soils), highly compacted soils (heavy clays), gravelly soils (unconsolidated tills, alluvium) that
prevent penetration of the sampler. Additionally, sticky wet soils (saturated “fat” clays) may be
penetrable but create friction that prevents efficient extraction of the probe.

4.6.2 Method for Direct-Push Sampling
The steps for direct-push subsurface soil sampling are:

1.

10.

11.

For definitive samples for VOC analyses, the large-bore sampler must be used (the large-bore
sampler allows the use of liner sleeves). A 12-in. probe rod is recommended to start the standard
24-in. and large-bore samplers.

Attach a decontaminated sampler to the lead probe rod.

Drive or push the sampler to the desired depth. Some soil conditions may warrant using a
retractable or solid drive point to pre-probe the hole to the desired depth. Do not attempt to drive
the sampler into bedrock or other impenetrable layer.

After reaching the desired sampling depth, remove the drive cap and lower extension rods into the
inside diameter of the probe rods using couplers to join the rods.

Disengage the stop-pin from the drive head with the extension rods.
Remove the extension rods and attached stop-pin from the probe rods.

If the top of the probe rod is already in the lowest driving position, attach another probe rod before
driving. Replace the drive cap onto the top probe rod.

Mark the top probe rod with a marker or tape at the appropriate distance above the ground surface
(allow 24-in. for the large-bore sampler). Drive the probe rods and sampler the designated distance.
Be careful not to over-drive the sampler, which would compact the soil sample in the tube and make
sample extrusion difficult.

Extract the probe rods from the hole and recover the sampler. Examine the sampler to confirm that
a sample has been recovered.

When using the standard sampler, extrude the soil from the sampler, field screen as specified in the
planning documents, and place in appropriate, labeled containers. This method yields screening
samples for all analytes, and definitive samples for all methods except VOCs.

When using the large-bore sampler, remove the cutting shoe and withdraw the sample sleeves.
Immediately field screen the sleeves as specified in the project-specific planning documents. Place
aluminum foil on the ends of the sample, cap and seal both ends of the sleeves with Teflon or silicon
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tape (the sleeve for VOC analyses first) and label appropriately. This method yields screening and
definitive samples for all analytes.

12. Place sample containers (e.g., liners and jars) in re-sealable plastic bags and place bags containing
samples into an insulated cooler with ice. Samples should be maintained at 4° +2° C from the time
of collection until received at the laboratory.

13. Note the sample identification number, depth, time of collection, field screening result, and
laboratory analysis requested for the sample in the site sampling logbook.

14. Remove contaminated gloves and don fresh gloves for each new sample. Decontaminate re-used
sampling equipment in between each sample. Collect equipment rinsate samples at the frequency
required by the project-specific planning documents.

15. Repeat steps 1 through 14 until sampling is completed.
16. Plug and abandon the borehole as specified in the site planning documents.
17. Dispose of non-salvageable equipment as outlined in the site planning documents.

18. Decontaminate all equipment and personnel.

4.7 Continuous Core Sampler

The continuous core sampler is a steel tube that may be split in half and held together by threaded
collars or may be in one piece. The sampler is usually 5 or 10 ft in length with a 3 to 5 in. diameter. The
device may be driven ahead of hollow-stem augers or advanced into the soil by vibration and/or rotary
action.

4.7.1 Restrictions and Limitations

The restrictions and limitations for using the continuous core sampler are:

e Loose dry, non-compacted and/or highly saturated loose organic materials may not be retained in
the sampler or may break apart when extruded from the sampler.

e Gravelly soils may prevent adequate recovery of sample or cause refusal of the sampler.

e Dense and/or highly compacted soils may be difficult to extrude from the sampler. A split-spoon
sampler with sleeves is a better choice if highly compact soils may be encountered and VOC samples
are needed.

4.7.2 Continuous Core Sampler Methodology

The steps for continuous core sampling are:

1. For definitive samples for VOC analyses, 2 in.-diameter, 4-in.-long stainless-steel or brass sleeves
must be used.

2. Using the approved drilling method and a decontaminated continuous core sampler, advance to the
desired depth.

3. After reaching the desired sampling depth, remove the sampler from the boring and extrude the
sample into a holding tray. It may also be desirable to extrude the sample into a clear, re-sealable
plastic bag as it is being placed in the holding tray.

4. Select the desired sampling point on the core. Lightly scrape the core with a decontaminated
stainless-steel scoop or spoon to remove surface soil and place samples into the appropriate
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containers. This method yields screening samples for all analytes, and definitive samples for all
methods, except VOCs.

5. When using the 2-in. diameter, 4-in. long stainless-steel or brass sleeve for definitive VOC samples,
the length of the sampling sleeve should be equal to or smaller than the diameter of the core to
ensure that no headspace exists in the VOC sample. Drive the sleeve into the core at the desired
sampling point. The sleeve can then be extracted and immediately capped and sealed.

6. Place sample containers (e.g., liners and jars) in re-sealable plastic bags and place bags containing
samples into an insulated cooler with ice. Samples should be maintained at 4° +2° C from the time
of collection until received at the laboratory.

7. Note the sample identification number, depth, time of collection, field screening result, and
laboratory analysis requested for the sample in the site sampling logbook.

8. Remove contaminated gloves and don fresh gloves for each new sample. Decontaminate re-used
sampling equipment in between each sample. Collect equipment rinsate samples at the frequency
required by the project-specific planning documents.

9. Repeat steps 2 through 8 until sampling is completed.
10. Plug and abandon the borehole as specified in the planning documents.
11. Dispose of cuttings and non-salvageable equipment as outlined in the planning documents.

12. Decontaminate all equipment and personnel.

4.8 Collection and Homogenization of Composite Samples

Composite samples consist of a series of discrete grab samples that are mixed together to characterize
the average composition of a given material. The discrete samples used to make up a composite sample
are of equal volume and are collected in an identical fashion. There are two basic types of composite soil
samples: areal and vertical. Areal composites are collected from individual grab samples from the same
horizontal strata or depth; vertical composites are collected from individual grab samples from within a
single vertical profile (i.e., one borehole).

It is important that a composite sample be truly representative of the various sample locations or
intervals making up the composite. Therefore, proper homogenization techniques should be followed to
generate a composite sample. In addition, the equipment used to composite the sample must not affect
the sample quality.

The target analytes are a factor in equipment selection; refer to the project-specific planning documents
and section 1.1 of this SOP to confirm that equipment is made of acceptable materials for the
constituents to be analyzed.

Samples to be analyzed for VOCs and, in some cases, semivolatile organic compounds (SVOCs), must be
collected and contained immediately as discrete samples and, therefore, cannot be composited directly.
Compositing of samples to be analyzed for VOCs or SVOCs should be performed by the analytical
laboratory.

These steps must be followed when compositing soil samples.

1. Determine where composite sample(s) will be obtained as indicated in the project-specific planning
documents.
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2. Obtain samples by one of the various methods outlined in this SOP.

3. For split-spoon or Shelby-tube or other cores methods from a specified depth or range of depths,
extract or extrude the sample from the split spoon or Shelby tube onto a stainless-steel tray or bowl.

4. For hand-auger samples: The sample is acquired directly from the withdrawn auger by using a clean
spatula or spoon. Extract or extrude the sample from the hand auger onto a clean stainless-steel
tray or bowl.

5. Divide the soil in the sample tray or bowl into quarters. Each quarter is mixed separately and then all
quarters are mixed together into the center of the pan using a clean spatula or spoon. Follow this
procedure several times until the sample is thoroughly mixed. The extent of mixing will depend on
the nature of the material and should be done to achieve a consistent (homogenous) physical
appearance (texture, color, moisture level, etc.) prior to filling sample containers.

6. Once mixing is completed, divide the sample material in half and fill containers by scooping sample
material alternately from each half. Transfer subsamples of the composited sample into the
appropriate sample containers. Seal, wipe clean, and label sample containers. Use the same care in
handling these samples as is used for other samples from the site.

7. Place sample containers (e.g., liners and jars) in re-sealable plastic bags and place bags containing
samples into an insulated cooler with ice. Samples should be maintained at 4° +2° C from the time
of collection until received at the laboratory.

8. Note on the chain-of-custody form that the sample is a composite. Record homogenization
procedures on the sample log form or in the field notebook. Photographs before and after sample
homogenization may be helpful for documentation.

4.8.1 Field Quality Control Samples

The type and frequency of samples should be identified in the project-specific planning documents. Field
quality control samples are designed to evaluate if cross-contamination has occurred. Quality control
(QC) samples may include trip blanks, equipment blanks, field duplicates, and field reagent blanks, per
the planning documents.
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Test (SPT) and Split-Barrel Sampling of Soils.
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Geotechnical Purposes.

Occupational Safety and Health Administration (OSHA). 29 CFR Parts 1910 and 1926.

United States Army Corps of Engineers (USACE). 2014. Safety and Health Requirements Manual, EM 385-
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1.0 PURPOSE AND LIMITATIONS

The purpose of this Standard Operating Procedure (SOP) is to define techniques and requirements for
use and operation of direct push technologies (DPT) for collection of subsurface soil, groundwater, and
soil gas samples and data. DPT refers to tools and sensors that are "pushed" into the ground without the
use of drilling to collect soil or to make a path for the tool. While others manufacturer similar
equipment, Geoprobe® is considered by some to be the industry-standard for DPT and is the focus of
this SOP.

The following restrictions/limitations apply to the procedures described in this SOP:

e DPTis limited to sampling depths up to approximately 100 feet (ft) in unconsolidated, sandy soils
and to shallower depths in compacted clayey or gravelly soils and tills.

o Small diameter well installations may not meet well installation requirements in some states;
therefore, groundwater data collected from this type of well are not necessarily accepted as
definitive data. Always check with your local regulatory agency for well installation requirements.

1.1 PFAS Sampling Considerations

Per- and polyfluoroalkyl substances (PFAS) are a class of manufactured compounds that are extensively
used to make everyday items more resistant to stains, grease, and water. These chemicals have been
used in a variety of industrial, commercial, and consumer products. Materials potentially containing
PFAS are to be avoided when collecting samples for PFAS analyses. If samples will be collected and
analyzed for PFAS, please refer to SOP Addendum No. 1 for guidelines, procedures and protocols to
avoid sample contamination from outside sources.

2.0 SUMMARY AND METHODS

2.1 DPT Uses, Advantage and Disadvantages

DPT can be used in nearly any condition amenable to hollow-stem-auger drilling and provides a cost-
effective alternative to traditional subsurface investigative methods. DPT is limited to soils and
unconsolidated materials that can be penetrated with the available equipment.

DPT is well suited to the site characterization process. The samples collected using this technique are
commonly analyzed using on-site gas chromatography for rapid analytical turnaround time and in-field
decision making. By using DPT in combination with appropriate on-site analytical equipment (gas
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chromatograph/mass spectrometer, atomic absorption, X-ray fluorescence, immunoassay, etc.), the
sampling plan can be adjusted in the field to ensure the vertical and lateral extent of soil and/or
groundwater contamination is determined before demobilization. DPT is also used for a wide range of
other environmental applications such as remedial action installation (e.g., injection of bioremediation
materials), remediation system monitoring, cleanup confirmation sampling, hydrologic studies, and
geotechnical studies.

A typical DPT rig is the Geoprobe®, a vehicle-mounted, hydraulically powered, percussion and probing
machine manufactured by Geoprobe Systems, Inc. of Salina, Kansas. Other manufactures offer similar or
different features. DPT rigs rely on a relatively small amount of static (vehicle) weight combined with
percussion or vibration as the energy for advancement of a tool string to collect soil gas, soil, and/or
groundwater samples. Static forces are used to push the probe to depths of more than 40 ft in some
soils. With the addition of percussion or vibration to the static force, probes can be driven to depths in
excess of 100 ft.

The advantages of DPT systems are:

e |ower cost

e Ease of mobilization, versatility of use, can be used in limited access areas where larger and taller
drilling equipment will not fit

e Rapid sample collection

e Absence of borehole cuttings, thus minimizing investigation-derived waste and risk to workers
associated with contaminated soils or vapors

e Ability to collect undisturbed soil and groundwater samples without constructing permanent
monitoring wells

e Access to much greater depths than those achieved with hand-driven probing equipment

e Ability to rapidly obtain a continuous record of stratigraphy using the soil conductivity logging
system.

Disadvantages of DPT systems are:

e Depth limitations and difficulty or inability to drive probes through larger size gravels or boulders,
semi-consolidated soils, and hard rock

e The hole left in the ground after removal of DPT equipment may not stay open making it difficult to
seal the hole with bentonite or grout

e Smaller diameter probes and wells can limit options for purging/sampling equipment and
methodology

e Small diameter cores limit the amount of sample material produced for extensive laboratory
analyses

2.2 DPT Tools
Geoprobe Systems, Inc. also offers the following tools and add-ons for sample and data collection (listed

to provide information, not endorsement of any particular tool or product):

1. Large Bore Soil Sampler. A closed piston sampler for soil sampling at discrete depths. The design
allows the sampler to remain completely sealed while driven to depth. It recovers 22-inch (in) long x
1.0625-in diameter core to depths of over 60 ft (depending on soil conditions).
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Macro-Core® Soil Sampler. Uses a variety of liner materials in a hollow steel corer. It is typically
used to depths of 30 to 60 ft. Can be used as an open sampler (continuous core) or fitted with a
closed piston (discrete sampler). It recovers a 1.5-in diameter by 2- to 4-ft long core.

Dual Tube Sampling Systems. Uses two sets of probe rods to collect continuous soil cores. One set
of rods is driven into the ground as an outer casing, providing a sealed hole from which soil samples
may be recovered without the threat of cross-contamination. The second, smaller set of rods are
placed inside the outer casing, holding a sampler liner in place as the outer casing is driven one
sampling interval. The small rods are then retracted to retrieve the filled liner. Not covered in this
SOP.

Membrane Interface Probe. Provides near real-time total volatiles data from subsurface soil probe
to on-board photoionization detector or flame ionization detector or both detectors in series. Not
covered in this SOP.

GeoTech Cone Penetrometer. Cordless cone penetration testing (CPT) technology that uses acoustic
transmission of soil resistance data for real-time assessment of subsurface soil conditions. Not
covered in this SOP.

Small Diameter Monitoring Wells. Prepacked well screens in two sizes (0.5-in inner diameter [ID] x
1.375-in outer diameter [OD] or 1.0-in ID x 2.5-in OD).

Screen Point 15 Groundwater Sampler. The “Screen Point 15” is a 1.0-in OD steel groundwater
sampling point with an exposed screen length of 41 in (longer screens may be custom ordered). This
is commonly referred to as a Hydropunch.

Groundwater Profiler. Discrete interval sampling using 6-in or 12-in screen lengths. The tool is
advanced through Geoprobe’s® 2.125-in probe rods. Large screen openings allow pre-sample
development and hydraulic conductivity testing as well as discrete zone sampling.

Variations and customizations of the tools listed above are also available for Geoprobe Systems, Inc. and
other vendors.

3.0
3.1

EQUIPMENT AND MATERIALS
DPT

The following, or similar, may be required:

Heavy-duty, four-wheel-drive pickup, van, or all-terrain vehicle)
Rear-mounted hydraulic probe driving and removal system

Rotary impact drill for asphalt/concrete penetration

Vacuum volume pump system for soil gas sampling and groundwater purging

Hardened steel sampling probes and accessories

3.11 Small Diameter Monitoring Well Installation

Casing drive seat
Expendable drive point
Drive-point O-ring (per manufacturer specification)

Prepacked screen
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e Granular or powdered bentonite

e  Polyvinyl chloride (PVC) protective casing
e Service cap

e Stainless steel casing

e (Casing O-rings (per manufacturer specification)
3.1.2 Sampling

3.1.2.1 Soil Gas

e Retractable soil gas points for vertical profiling

e Expendable soil gas points for discrete depth-interval sampling

e 3/16-in Teflon® (unless PFAS sampling), polyethylene, or polypropylene tubing and soil gas points
e Permanent implants for soil gas sampling, air sparging, or performance monitoring

e Stopcocks and replaceable septa or sample syringes

o Tedlar® bags, glass oils gas bulbs with Teflon® (unless PFAS sampling), or stainless-steel canisters for
gas samples

3.1.2.2 Soil

e Soil conductivity tools for stratigraphic definition

e (Closed-piston large-bore and/or macro-core soil samplers for discrete depth soil sampling with
liners, extruders and dowels for discharging soil, and other soil sampling accessories

3.1.2.3 Groundwater

e Screen point samplers or mill-slotted well points for shallow groundwater sampling

e Water trap for vacuum pump purging or semi-volatile sampling

e Peristaltic or bladder pump (depending on well depth), appropriate tubing for groundwater purging
and sampling;

e Field analytical equipment (water quality meter, turbidimeter, water level indicator)

3.1.3 Miscellaneous

e Personal protective equipment (PPE) as specified in the site-specific Health and Safety Plan (HASP)
e Measuring tape

e Plastic sheeting, garbage bags, caution tape and posts

e Wooden stakes or flags to mark locations

e Probing tools including sufficient numbers of probe rods to avoid extensive decontamination, drive
caps, pull caps, drive points, extension rods, sample liners, cleaning accessories, subassemblies, and
adapters

e Stainless steel spoons and bowls
e Appropriate sample containers, Ziploc bags, ice, cooler, and sample labels

e Log book, boring logs, and activity appropriate field documentation forms

3.2 Decontamination

The following decontamination equipment may be required:
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e Plastic buckets and/or troughs

e laboratory-grade detergent (phosphate free)

e High-pressure hot water cleaner

e  Stiff bristle brushes capable of cleaning the inside and outside of equipment
e Sprayers or wash bottles

e Disposable wipes or rags

e Aluminum foil

e Potable water

e Deionized, organic-free water ASTM type ii or equivalent

e Pesticide-grade or better methanol, or pesticide-grade or better isopropanol if required by the state
or region (note: use of methanol is preferred to isopropanol because of the potential for generation
of acetone as a photodegradation product of isopropanol)

4.0 PROCEDURES FOR DPT SITE STUDIES

4.1 Pre-Field Planning

Review all project plan documents including the HASP, Site-Specific Work Plan (WP), and Sampling and
Analysis Plan (SAP). Contact 811 Dig or equivalent service to have underground utilities marked. Be
aware of any site-specific hazards related to subsurface drilling, including overhead hazards. Ensure that
geologic conditions at the site are amenable for DPT drilling. Concrete coring may be required prior to
DPT advancement.

4.2 Mobilization

Before initiating any DPT survey, the following items must be completed:

e Secure site access (permissions) and any required personnel clearance (SOP OESC 001A).

e Field check each location for drilling rig accessibility.

e Stake all initial and optional/potential sampling locations.

e (Clear utilities and secure dig permits for each location (SOP OESC 001A).

e Estimate or measure at nearby monitoring wells the depth to groundwater (vadose zone thickness).

e Plot sampling locations and other information, such as approximate surface elevation and estimated
depth to groundwater, on a map for field use.

4.3 Decontamination

All downhole DPT sampling equipment and all equipment directly contacting the samples will be
decontaminated (following SOP OESC 011A) before initial use, reuse, and between drilling locations.
Waste should be handled following procedures included in ASTM Standard D 6311 (ASTM, 2022), client-
specified procedures, and requirements of the receiving disposal facility when applicable.

4.4 Soil Gas Sampling

There are three types of Geoprobe® sampling tools that can be used for sampling soil gas: (1) sampling
through probe rods using an expendable point, (2) sampling through probe rods using a retractable
point, and (3) sampling through inner tubing using the post-run tubing (PRT) system. The PRT system is
the preferred sampling method for the following reasons:
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e Increases speed and accuracy of soil gas sampling

e Eliminates problems associated with rod leakage and sample carryover (preserves sample integrity)
e Reduces the probe rod decontamination time

e Uses a simple design for ease of use and vacuum-tight sealing

e Requires no management of inner tubing during probing

44.1 Vertical Profiling

Vertical profiling consists of collecting soil gas samples from various depths at a single location. The
depth of the soil gas sample with the most significant response will indicate the optimum soil sampling
depth. Vertical profiling should generally be done at a number of locations during the soil gas survey to
assess the variability of contaminants in the vadose zone. Knowledge of the subsurface lithology can
also assist in determining the optimum depth to collect soil gas samples. New tubing must be used for
each sample to prevent cross-contamination.

4.5 Soil Sampling

The Geoprobe® system has two different types of soil-sampling tools: 1) the Large Bore soil sampler—a
closed piston (discrete interval) sampler; and 2) the Macro-Core soil sampler—a longer and larger-
diameter sampler that can be used in an open tube mode for ground surface sampling and in a closed
piston mode for depth discrete subsurface sampling. Both types of samplers are pushed or driven and
do not generate cuttings. Soil sampling activities should follow procedures described in ASTM Standard
D 6282M-14 (ASTM, 2016).

4.5.1 Large Bore and Macro-Core Sampler Use and Specifications

The Large Bore sampler is generally more applicable to intermittent depth-discrete sampling while the
Macro-Core with its greater length and volume is more appropriate for shallower continuous coring
and/or when greater sample volume is needed for extensive laboratory analysis. The Macro-Core
sampler is equipped with a closed-piston tip for discrete sample collection. Except for surface coring
(i.e., 0 to 4-ft depth), the Macro-Core sampler must always be used in the closed piston mode to ensure
depth discrete sample integrity. Equipment specifications are provided in the following table for each of
these soil-sampling devices.

Geoprobe® Drive Soil Samplers

Volume Depth
Name of Sample tube Core dimensions [milliliters capability
sampler dimensions (in) (in) (mL)] Liners (ft)
Large Bore 24 by 1.375 22 by 1.0625 320 Yes 60+
Macro-Core 48 by 2 45 by 1.5 1303 Yes 30+

Liners are available for the Large Bore sampler in clear plastic (CAB), brass, stainless steel, and
polytetrafluoroethylene (PTFE, Teflon). Liners are available for the Macro-Core sampler in clear plastic
(PVC and polyethylene terephthalate glycol [PETG]), stainless steel, and PTFE. When cores are retrieved,
the plastic liners can be cut longitudinally to screen soils for contaminants and lithologic logging and to
remove soils for laboratory analysis. In addition, the plastic liners can be cut circumferentially to isolate
and cap segments for later analysis of volatile organic compounds (VOCs).
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4.5.2 Soil Sampling Procedures

The following steps must be followed when sampling soil with the Geoprobe® system. The driller is
responsible for the assembly, probing, stop pin removal, and obtaining the soil with the DPT. The driller
will be familiar with the operation and procedures for soil sampling using the Large Bore and Macro-
Core samplers, respectively.

4.5.2.1 Sampling

e |f contaminants of concern include VOCs, then the soil core should immediately be sampled for
laboratory samples, then head-space screening samples, and screened for VOCs by a hand-held
organic vapor analyzer (OVA) across the entire length of core. Refer to SOP OESC 005B for VOC
head-space screening methods.

a. Instrument readings should be recorded in the field book and/or boring log.
b. Record sample recovery (sample length/drive length).

c. VOC sample volumes should be collected from the least disturbed area of the samples
possible. The sample volume should be quickly containerized for OVA headspace
analysis of VOCs, and for on-site and/or off-site analysis of VOCs per specifications in
site-specific SAP. Refer to SOP OESC 007D for soil sample collection and preservation for
VOC analysis.

d. Sample liner section ends should be immediately capped for off-site VOC laboratory
samples.

e. Sampling for other analytes (e.g., inorganics and SVOCs) should follow VOC sampling.
Sample volumes should be collected from the remainder of the soil sample after it has
been thoroughly homogenized.

f. Label all samples immediately upon sampling.

4.5.3 Documentation

The soil sampling process must be fully documented using a soil boring log form and related
requirements of SOP OESC 007D. Soil lithology should be logged according to the requirements of SOP
OESC 007B. All screening measurements, sample identification numbers, and other relevant information
identified on the soil boring log must be recorded for each boring.

4.6 Groundwater Sampling

DPT groundwater sampling should follow procedures included in ASTM Standard D 6001M (ASTM,
2020). There are three types of well point configurations that can be used with the Geoprobe® to
collect groundwater samples. All three types of well points are driven into the saturated zone with the
Geoprobe®, and a sample of the groundwater is collected through the hollow probe rods.

The different well points available are:

e An expendable point (which is disconnected by pulling up on the probe rods to expose the open
bore of the probe rod)
o A mill-slotted well point

e Ascreen point sampler
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The expendable point is generally not recommended because sand and silt can flow up the probe rod
and clog the sampling apparatus. The mill-slotted well point is recommended for relatively clean
unconsolidated sand aquifers where silts and clays are minor or nonexistent. The screen point sampler,
which contains a fine screen within a perforated steel sheath, is recommended for most hydrogeological
settings.

To avoid potential cross-contamination and mixing, multiple groundwater samples should never be
taken vertically at different depths from within the same borehole. The lateral swing lever allows
groundwater sampling from separate, adjacent probes without moving the vehicle. This mode should be
used to preserve sample integrity from each depth during vertical profiling of groundwater
contamination.

4.6.1 Screen Point Sampler Procedure

The Geoprobe® screen point sampler consists of an expendable stainless steel probe point, a 1.0-in OD
screen and riser attached to the probe point, a stainless-steel sheath that covers the screen during
probing, and a head assembly. The 41-in long screens are wire-wound stainless steel or slotted PVC.
Screens can be custom fabricated up to a length of 48-in. The screen section remains totally enclosed in
the sheath until it is pushed out into the formation at the desired depth. Groundwater samples should
be pumped from the probing rods or pumped directly from the screen section using flexible tubing, a
PRT adapter, and a peristaltic or bladder pump (or vacuum pump with an in-line trap), depending on
depth to water.

The driller is responsible for the assembly, probing, exposing the screen, and removal of rods with the
DPT. The driller will be familiar with operation and procedures for groundwater sampling with the
Screen Point 15 Groundwater Sampler.

4.6.2 Temporary Piezometers

For some hydrogeologic settings, where aquifer transmissivity is very low, substantial time is needed for
enough groundwater sample volume to enter the screen point or similar type sampler. Temporary
piezometers should be installed where this occurs. The installation of a temporary piezometer allows
the sampling rig to move on to the next location in situations where slow recharge would cause
excessive stand-by time.

A temporary piezometer is constructed of a 1-in inner diameter by 5-ft long slotted PVC screen
connected to a 1-in diameter blank section(s) of PVC pipe as necessary for the boring depth.

e The PVC piezometer is manually pushed down into the borehole after all the sampling rods and
screen points have been removed from the borehole.

e The temporary piezometer can sit in the borehole as long as needed for sufficient groundwater
sample volume to be collected.

e Groundwater samples are collected using the same methods as described above for Screen Point
Samplers.

e After the sample is collected from the temporary piezometer, the piezometer can be manually
removed and discarded.

e The associated borehole can then be backfilled per Section 5.7 (see below).
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4.6.3 Small Diameter Wells

A permanent groundwater sampling point, known as a small-diameter well or micro-well, can be
installed using the Geoprobe®. The well is installed using an expendable drive point attached to stainless
steel casing. After driving conventional probe rods to the desired screen depth, the casing is driven
around the probe rods to total depth. The probe rods are then removed and a pre-packed stainless-steel
screen is placed at the base of the hole while the casing is retracted, leaving the screen exposed to the
aquifer in the lower section of the hole. An alternative approach is to use an expendable point with the
Macro Core Sampler and install a 2-in PVC well in the hole. Well installation should follow procedures
included in ASTM Standard D 6724 (ASTM, 2016). These methods are further described below.

The advantages of small-diameter wells are:

e Nodrill cuttings or other investigation-derived wastes are generated during the installation of a
small diameter well.

e A small diameter well is less expensive to install than a conventional well, and requires no seals and
grout above the screen.

e The small diameter well can be developed, purged, and sampled just like a conventional monitoring
well.

e The water produced during development and purging is minimal because of the small diameter
(volume) of the well.

For further information, see SOP OESC 008D.

4.6.4 Small Diameter Wells Using Prepacked Well Screens

This method uses a prepacked stainless-steel screen that is placed at the base of the hole while the
casing is retracted to up above the top of screen. Geoprobe® prepacked screens come in two sizes:
0.5-in ID x 1.375-in OD x 36-in length and 1.0 in ID x 2.5-in OD x 5-ft length. Other companies offer

prepacked screens of various lengths and diameters that can be installed similar to the Geoprobe®
products.

The driller is responsible for decontamination of all downhole equipment, advancement of the pilot
hole, assembly of the well, and removing the equipment after sampling is complete. The driller will be
familiar with details regarding operation and procedures for small diameter well installation.

4.6.5 Two-Inch Diameter PVC Wells

The basic installation procedure is similar to above, except that an expendable point is used and the well
is installed through a 2 5/8-in ID Macro Core Sampler. The Macro Core is used to advance a continuous
core boring to the desired depth. A 2-in ID Schedule-40 PVC well screen is placed into the ID of the
Macro Core which is fitted with an expendable endpoint.

As the Macro Core is pulled up, the expendable point and the PVC well screen stay at depth. Because
the expendable point is only slightly larger than the two-inch PVC, it creates a very small annulus around
the PVC. It may be possible to install a sand filter pack and a granulated bentonite seal with a small
diameter tremie pipe after the Macro Core casing is pulled up; although, some bridging should be
anticipated.

This application performs best in sandy soil conditions where there is relatively little resistance to DPT
advancement of the sampler and formation collapse will occur around the screen. Depth limitations are
site specific, but are generally 30 ft or less. Once installed, the 2-in PVC can be used for groundwater
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sampling, air sparging, or soil vapor extraction (SVE) systems. Because this well installation is non-
standard, check with local well installation regulations regarding use of data from these wells. The well
should be completed at the surface using standard wellhead completion procedures (see SOP OESC
008D).

4.6.6 Sampling Small Diameter and Two-Inch Diameter PVC Wells

Small diameter wells can be developed, purged, and sampled by using a peristaltic or bladder pump. The
2-in PVC wells can be developed, purged, and sampled using standard monitoring well techniques. SOP
OESC 008D provides information regarding the methods and requirements for development/purging.

SOP OESC 008F provides information regarding the methods and requirements for groundwater sampling.

4.6.7 Documentation

The small diameter or micro-well installation process must be fully documented in the field logbook and
(if used) the appropriate field forms, in accordance with SOP OESC 002A. Development, purging, and
sampling of small diameter or micro-wells should be completely documented. The locations and
elevations of each well should be accurately surveyed.

4.7 Plugging And Abandonment

All probed holes—whether soil gas, soil, or groundwater test holes—must be properly plugged and
abandoned. Holes should be filled with bentonite slurry, granular bentonite, or 3% bentonite cement
from total depth to the surface. The plugging material can be poured into shallow holes less than 5-ft in
depth. Deeper holes will require tremie placement of the plugging material. When plugging a small
diameter well, the casing is retracted a few inches and extension rods are used to push out the grout
plug and expendable point. A grout tube is then inserted out of the grout hole at the end of the screen,
and a high-pressure grout pump is used to pump grout into the boring as the casing rods and screen are
withdrawn using the Casing Puller Assembly. The driller is responsible for well plugging and
abandonment.

5.0 QUALITY CONTROL

Any departure from the specified SOPs must be submitted and approved before deviating from the
requirements. Deviations shall be sufficiently documented to allow repetition of the activity as actually
performed.

6.0 REFERENCES

ASTM D 6001M (2020). Standard Guide for Direct-Push Groundwater Sampling for Environmental Site
Characterization. Available from: http://www.astm.org/Standards/D6001.htm

ASTM D 6282M-14 (2014). Standard Guide for Direct Push Soil Sampling for Environmental Site
Characterizations. Available from: http://www.astm.org/Standards/D6282.htm

ASTM D 6311-98 (2022). Standard Guide for Generation of Environmental Data Related to Waste
Management Activities: Selection and Optimization of Sampling Design, ASTM International,
West Conshohocken, PA. Available from: https://www.astm.org/d6311-98r22.html.

ASTM D 6724M (2016). Standard Guide for Installation of Direct Push Groundwater Monitoring Wells.
Available from: http://www.astm.org/Standards/D6724.htm

Geoprobe Systems, Inc., tools and equipment, accessed May 2006 at http://www.geoprobe.com
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STANDARD OPERATING PRACTICE OESCO007I

LYSIMETER SAMPLING
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1.0 INTRODUCTION

This Standard Operating Procedure (SOP) presents general procedures for the routine collection of soil
pore water (liquid) from the vadose zone using pressure/vacuum and high pressure/vacuum lysimeters.

2.0 SUMMARY AND METHOD

Water in the vadose zone is present as a thin film covering the surface of soil particles held in capillaries
and pores under a state of intermolecular tension caused by capillary forces. A lysimeter is a subsurface
device that applies a vacuum at a targeted depth to extract the pore liquid from the interstices of soil
particles. Once the vacuum exceeds the negative pore pressure or soil/water tension, the pore-liquid
flows into the porous ceramic containment vessel. Pressure is then applied forcing the extracted liquid
to the surface into a containment vessel.

The amount of pressure/vacuum required to extract a sample depends upon the depth below ground
surface (bgs). A high pressure/vacuum lysimeter can extract pore liquid at depths of 100 feet bgs (Soil
Moisture Equipment Corporation, 2017). Analytical results of pore liquid samples from the vadose zone
provide information regarding contaminant transport and attenuation in the vadose zone (ASTM, 2018).
Two people are generally required to perform lysimeter sampling.

Safety and health considerations are described in the project Health and Safety Plan (HASP).

2.1 PFAS SAMPLING CONSIDERATIONS

Per- and polyfluoroalkyl substances (PFAS) are a class of manufactured compounds that are extensively
used to make everyday items more resistant to stains, grease, and water. These chemicals have been
used in a variety of industrial, commercial, and consumer products. Materials potentially containing
PFAS are to be avoided when collecting samples for PFAS analyses. If samples will be collected and
analyzed for PFAS, please refer to SOP Addendum No. 1 for guidelines, procedures and protocols to
avoid sample contamination from outside sources.
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3.0 EQUIPMENT AND SUPPLIES

The following equipment may be required to perform pore liquid sampling with a lysimeter. Consult the
project data quality objectives (DQOs), Sampling and Analysis Plan (SAP), or Quality Assurance Project
Plan (QAPP) to determine what equipment is required for specific projects:

e Personal protective equipment as required by the HASP

e Pressure/vacuum pump equipped with vacuum gauge (peristaltic or hand pump)
e Soil moisture meter

e Boring logs showing lithology from the sampling interval

e Clean, graduated glass container such as an Erlenmeyer flask

e Y-inch O.D. polyethylene nylon tubing

e Triple deionized water in a sterile bottle (at least 500 mL per lysimeter)

e Rubber pinch valves or O-rings

e Sample containers for pore liquid samples, as designated in the SAP and/or QAPP

4.0 SAMPLING PROCEDURES

Pore liquid samples from the vadose zone are collected by applying a vacuum to the pressure/vacuum
lysimeter via a pressure/vacuum peristaltic or hand pump. Pore liquid is drawn into the lysimeter over a
collection interval determined by project requirements, typically ranging from hours to several weeks.
Pressure is then applied to the lysimeter, and the sample is driven to the surface for collection.
Collecting samples from permeable sediments such as sands will require less vacuum than impermeable
sediments such as silts and clays (Soil Moisture Equipment Corporation, 2017).

4.1 APPLYING THE VACUUM

Vacuums applied to coarse-grained sediments typically should not exceed 60 centibars (cbars). Vacuums
applied to fine-grained sediments typically should not exceed 80 cbars. Stronger vacuums on coarse-
grained sediments may result in loss of moisture in the vicinity of the lysimeter, which can create a
barrier. Soil in contact with the ceramic cup may become dry, resulting in high pore liquid tensions that
may inhibit sample collection. The appropriate vacuum will be determined by reviewing previous
sampling records and lithology in the sampling interval.

1. Setthe pump on vacuum and attach the black pressure/vacuum line to apply the prescribed
vacuum to the lysimeter.

2. Close the green sample line with a rubber pinch valve.
3. Turn the pump on while monitoring the in-line gauge.

4. Once the vacuum reaches the prescribed target, use a rubber pinch valve to close off the black
pressure/vacuum line while simultaneously turning off the pump (two people are recommended
for this step).

5. Remove the pump from the line.
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6. Allow sufficient time for the unit to fill with pore-liquid.
7. Attach the pump to the black pressure/vacuum line.

8. Open the line by removing the rubber pinch valve from the black pressure/vacuum line. Listen
for a rush of air when the valve on the black pressure/vacuum line is opened. If no rush of air is
noted, then the vacuum must be reset.

9. The green sample line must remain closed; if the green sample line is opened before the black
pressure/vacuum line, the sample may be lost back to the formation.
4.2 SAMPLE COLLECTION
1. Check the pump and verify that it is set on pressure instead of vacuum.
2. To collect a water sample, first apply pressure to the black pressure/vacuum line of the

lysimeter, then immediately remove the rubber pinch valve from the green sample line (two
people are recommended for this step).

3. Secure the green sample line to the clean graduated measuring container (Erlenmeyer flask or a
different graduated container). Continue to apply pressure until the contents of the lysimeter
are evacuated into the graduated measuring container.

4. Record volume of pore liquid collected. Fill laboratory sample containers as required in the SAP/
QAPP from the graduated measuring container.

5. Cover or plug tube endings upon completion to prevent contamination (Soil Moisture
Equipment Corporation, 2017)

If no water is produced and the sound of depressurization was not observed in the black
pressure/vacuum line, then it is likely the vacuum failed, and the process will need to be repeated.

If not enough pore-liquid is collected to fill the sample container, note in the field records that no
sample was collected.

5.0 REFERENCES

ASTM International. 2018. D4696-18: Standard Guide for Pore-Liquid Sampling from the Vadose Zone.
July.

Soil Moisture Equipment Corporation. 2017. 1920F1 Pressure-Vacuum Soil Water Samplers. March.
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STANDARD OPERATING PROCEDURE OESC 008D

MONITORING AND EXTRACTION WELL INSTALLATION AND DEVELOPMENT
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1.0 PURPOSE AND LIMITATIONS

The purpose of this Standard Operating Procedure (SOP) is to provide guidelines for the design,
construction methods, materials, and installation of piezometers, groundwater monitoring wells, and
extraction wells. This document also provides procedures for well development. Site-specific procedures
will depend on project objectives, geologic conditions, and applicable state and federal regulations and
standards.

2.0 SUMMARY AND METHODS

Groundwater wells are installed to provide information on site hydrogeology and groundwater quality.
OESC will design, install, and construct monitoring wells so they are: (1) adequately sealed to prevent
surface contamination or cross contamination between aquifers; (2) capable of yielding high quality
groundwater samples representative of true water quality; (3) adequately protected from vehicles or
other traffic; and (4) in compliance with applicable state and federal regulations. Piezometers and
extraction wells at remedial sites may also be used for groundwater quality monitoring and should;
therefore, be installed with the same care as monitoring wells.

The procedures set forth in this SOP apply to all personnel who are responsible, both directly and
indirectly, for the design of well systems, oversight of drilling and construction operations, and
evaluation of the suitability and reliability of monitoring wells and data/measurements obtained from
the monitoring wells.

2.1 PFAS Sampling Considerations

Per- and polyfluoroalkyl substances (PFAS) are a class of manufactured compounds that are extensively
used to make everyday items more resistant to stains, grease, and water. These chemicals have been
used in a variety of industrial, commercial, and consumer products. Materials potentially containing
PFAS are to be avoided when collecting samples for PFAS analyses.

If groundwater samples will be collected and analyzed for PFAS, please refer to SOP Addendum No. 1 for
guidelines, procedures and protocols to avoid sample contamination from outside sources.
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2.2 Qualifications

All drilling personnel must meet all applicable Occupational Safety and Health Administration (OSHA)
requirements. The supervising geologist, engineer, or hydrogeologist must be fully knowledgeable and
experienced with state and federal requirements/regulations for groundwater monitoring programs.

3.0 PROCEDURES

Multiple drilling methods are described in SOP No. OESC 007A, “Drilling Methods and Procedures.” Well
design and construction elements are described in the project Sampling and Analysis Plan (SAP) or
equivalent document. The drilling methods, well design, and well construction will adhere to the criteria
and methodologies presented in the SAP. The proposed well design will be based on existing geologic
and groundwater elevation data from previous investigations, if available.

All equipment, well materials, and tools that will enter the borehole will be decontaminated before
borehole entry and will remain clean until installed in the borehole. If needed, they will be steam-
cleaned. Well materials that are cleaned and wrapped by the manufacturer do not need to be cleaned
unless the factory wrap is damaged or the materials show signs of staining.

3.1 Well Design Specifications

3.1.1 Well Screen

Well screen materials for monitoring wells will be selected depending upon the known or suspected
chemical contaminants at the site, and so that the completed monitoring well provides data meeting
project data quality objectives (DQOs). Extraction well screening will further meet the objective of a
functional pumping well. The screen slot size will be determined to maintain compatibility with the
aquifer and filter pack material. In general, the screen will be sized to retain over 90 percent of the filter
pack and be either factory-slotted or continuous wrap design. Well screen materials will be of the same
diameter and strength material as the well riser and will be a non-contaminating material that is
compatible with the anticipated or known groundwater chemistry and/or contaminants at the well site.
No glues, adhesives, lead shot, or lead wool will be used to connect the riser sections or screen. No field
slotted screens will be permitted (e.g., machined in the field).

3.1.2 Filter Pack

Filter pack material will be clean, washed, well-rounded silica sand sized to perform as a filter between
the formation material and the well screen. The filter pack gradation shall have a uniformity coefficient
(Cy) of not more than 2.5 and shall be sized so that the well screen will retain 90 percent of the filter
pack material. A grain size distribution curve for the filter pack materials used at each site will be
included with the submittal of well construction diagrams (selected filter pack gradations for existing
monitoring wells will be also taken into account).

If a pertinent grain-size distribution curve is available for a particular site or monitoring well, then the
following procedure will be used to design a filter pack.

1. Multiply the D30 size (from the grain-size distribution graph) by a factor of 4 to 9 (Pack-Aquifer
ratio). A factor of 4 is used if the formation is fine-grained and uniform (C, is less than 3), 6 if it is
coarse-grained and non-uniform, and up to 9 if it is highly non-uniform and contains silt. Head
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losses through filter packs increase as the Pack-Aquifer (P-A) ratios decrease. To design a fairly
stable filter pack with a minimum head loss, the D30 size will be multiplied by a factor of four.

2. Plot the point from step 1 on the 30 percent abscissa of a grain-size distribution graph and draw
a smooth curve with a uniformity coefficient of approximately 2.5.

3. A curve for the permissible limits of the filter pack is drawn plus or minus 8 percent of the
desired curve with the C, of less than 2.5. The appropriate-sized filter pack can then be chosen
from the grain-size distribution curves of various filter packs.

4. Select the slot openings for the well screen that will retain 90 percent or more of the filter
packs.

This design will be based on the gradation of the finest aquifer materials anticipated to be affected by
the screened part of the monitoring wells (USEPA, 1996).

If no pertinent grain-size distributions curves are available, then 0.010-inch slotted or continuous
wrapped screen will be used with appropriately sized filter pack material in accordance with the
following table adapted from ASTM D 5092M-16 (ASTM, 2016).

1% Passing 30% Passing
Size of Screen Sand Pack Mesh Size (D-1), Effective Size Size (D-30),
opening, mm (in.) Slot No. Size Name(s) mm (D-10), mm mm

0.125 (0.005) 5 100 0.09to 0.12 0.14t0 0.17 0.17t0 0.21
0.25 (0.010) 10 16 to 40 0.25t0 0.35 0.4t00.5 0.5t0 0.6
0.50 (0.020) 20 10to 20 0.7t00.9 1.0to 1.2 1.2t0 1.5
0.75 (0.030) 30 10to 20 0.7t00.9 1.0to 1.2 1.2t0 1.5
1.0 (0.040) 40 8to 12 12to14 16t01.8 1.7t02.0
1.5 (0.060) 60 6to9 15t01.8 1.7t02.0 25t03.0
2.0 (0.080) 80 4to 8 20to2.4 24t03.0 26to3.1

In addition to the primary filter pack installed along the screened interval of the monitoring well, a
secondary filter pack consisting of finer material will be installed to prevent bentonite pellets from
commingling with the primary filter pack. This is discussed further in Section 2.4.1.

3.1.3 Well Riser

Well riser (casing) will consist of new material with threaded, flush joints. The riser material will be of
the same diameter and strength material as the well screen and will be a non-contaminating material
that is compatible with the anticipated or known ground water chemistry and/or contaminants at the
well site. If PVC pipe is used, PVC pipe will bear markings identifying the material as that specified and
will carry the seal of the National Sanitation Foundation and will, as a minimum, conform to the
requirements of ASTM F 480-14/SDR 13.5. Schedule 40 PVC is acceptable for wells less than 100 feet
deep and Schedule 80 is recommended for wells greater than 100 feet deep. Unless noted in the site-
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specific work plans, monitoring wells will be nominal 2-inch inside diameter. Riser sections will be joined
by threaded, flush-joint couplings. No adhesives or other sealing materials will be used.

3.14 Well Plumbness and Alignment

All risers shall be set round, plumb, and true to line. Centralizers may be required for deep wells or wells
being installed in caving material. To verify plumbness and alignment, a 10-foot section of pipe will be
run through the entire length of the well. The pipe shall be decontaminated between well in accordance
with SOP No. OESC 011A, “Sampling Equipment Decontamination Procedures”. String or rope used to
lower the pipe will be discarded in between each well.

3.1.5 Bentonite Seal

A minimum 2-feet thick bentonite seal will be placed above the filter pack seal using a tremie pipe. The
bentonite seal will be composed of commercially manufactured sodium bentonite pellets, which do not
exceed 0.25-inch diameter. Clean, potable water will be used to hydrate the bentonite (minimum 4
hours of hydration), as discussed in Section 2.4.1 of this SOP.

3.1.6 Annular Seal

Cement grout will be placed above the bentonite seal to the ground surface. The cement grout will
consist of a mixture of Portland cement (ASTM C 150) and water in the proportion of approximately 6 to
7 gallons of approved potable water per bag of cement (94 pounds). In addition, 3 to 5 percent by
weight of sodium bentonite powder will be added. The minimum acceptable grout weight will be 14
pounds per gallon (Ibs/gal). The cement grout weight will be determined using a mud balance. Water
may be added to the mix in small amounts, at the discretion of the field geologist, to increase viscosity
as necessary. The following table provides specifications for various grout slurry densities.

Grout Slurry Densities

Percentage Minimum density Volume
Bentonite Water ratio [pounds per gallon] (ft3/sack)
2 6.0 gal/sack of cement 14.7 1.36
3 6.5 gal/sack of cement 14.4 1.45
4 7.2 gal/sack of cement 141 1.55
5 7.8 gal/sack of cement 13.8 1.64

3.1.7 Well Protection

At all times during well installation, precautions will be implemented to prevent well tampering or the
entrance of foreign material into the well. Run-off, surface soil or objects (tools, etc.) will be prevented
from entering the borehole during well installation. Wells will be secured at the surface with a stand-up
protector pipe or traffic-rated flush mounted well vault equipped with a lock. Wells completed with
stand-up pipe in high vehicle traffic areas or areas where well damage could occur due to site activities
will be surrounded by a minimum of three brightly painted steel bollards around the completed well.
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3.2 Borehole Completion

Procedures for the drilling and advancement of soil borings are presented in SOP Nos. OESC 007B, “Soil
and Rock Geologic Logging and Classification,” and OESC 007D, “Subsurface Soil Sampling”. Drilling
techniques employed must minimize disturbance of subsurface samples and must not introduce
contamination to the subsurface or allow contaminants within the shallow hydrogeologic units (if any)
to migrate to deeper units.

3.3 Well Construction

At all times during the progress of the work, precautions will be taken to prevent tampering with the
well or entry of foreign materials. Measures will be implemented to prevent run-off from entering the
well during construction. Prior to well construction, the borehole will be sounded. In competent
bedrock, the borehole may be pumped to remove drilling fluid, cuttings, and fine particles resulting from
the drilling. Ideally, a stabilized water level will be attained in the borehole prior to well installation.

The casing/screen assembly will be installed as follows:

e Prior to installation of the casing and screen, the lengths and diameters of all components
(including the bottom plug or cap) will be measured and recorded on the casing/well screen log.
The casing riser and screen assembly will be installed round, plumb, and true to line.

e A bottom plug will be attached to the bottom of the screened section.
e Approximately 6-inches of filter pack sand will be placed in the bottom of the well boring.

o The well screen will be connected to the riser sections of the casing assembly. For wells
intended to monitor the upper surficial aquifer near the water table, the well screen will be
installed so as to straddle the free water surface, extending both above and below the water
table to accommodate seasonal or other variations in its elevation. In all cases, the top of the
screen will be located at least 2-feet below the base of the down-hole seal.

e For wells installed to depths exceeding 40-feet, centralizers will be placed at locations just above
the screen and above the location of the bentonite seal. The centralizers will be placed at 30-
foot intervals along the riser casing. Centralizers will not be used if their installation prevents the
placement of the annular materials.

o  Well risers will extend between 2- and 2.5-feet above the ground surface. If a flush finish
completion is conducted, the placement of annular materials will be done in such a way that the
inside of the well casing is protected.

e The primary filter pack will be placed in the annulus between the well material and borehole
using a tremie pipe, starting with the tremie at the bottom of the borehole and working the
tremie upward as the filter pack is installed. If necessary, potable water may be used to aid
tremie installation. The drill casing will be raised incrementally during the installation of the
filter pack to prevent bridging. Attempts will be made to keep the bottom of the drill casing
below the top of the filter pack during installation. The level of the top of the filter pack in the
annulus will be verified by tag-line measurement during all phases of installation.
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e Prior to completion of filter pack installation, the well may be pre-developed using a surge block
and/or bailer to allow the filter pack to settle.

e The filter pack will extend at least 2-feet above the top of the screen. A secondary fine-grained
filter pack will be installed using a tremie pipe if bentonite slurry seals are used for well
construction. The secondary fine grain filter pack will have a minimum thickness of 1-foot above
the primary filter pack. The volume of the installed filter pack will be compared with the annular
volume to verify proper placement of the filter pack. Material accounting will be recorded in the
field logbook as will the volume of potable water used (if any).

e A bentonite seal will be placed immediately above the filter pack. At a minimum, either a 3 foot
thick granular bentonite seal or a minimum 4-foot thick bentonite slurry seal will be used.
Bentonite slurry mixtures will be composed of calcium bentonite with a high solids content,
unless otherwise specified. The density of the recommended bentonite slurry will be confirmed
with a mud scale. Pouring of the granular bentonite is acceptable for boreholes less than 50-feet
deep where the annular space is large enough to limit the potential for bridging and to allow
measurements to ensure that the granular bentonite has been placed at proper intervals. For
depths greater than 50-feet, the granular bentonite and the bentonite slurry will be installed
through a tremie pipe. The level of the top of the bentonite seal will be verified by tag-line
measurement prior to grouting. The bottom of the drill casing will be left in the borehole as
close as possible above the bentonite seal. Granular bentonite seals will hydrate a minimum of 4
hours.

e For depths greater than 50-feet, the borehole is to be pressure-grouted using a side-discharging
tremie pipe that is maintained 3-feet above the bentonite seal and will be used to slowly install
the cement/bentonite grout mixture. The drill casing will be pulled incrementally during the
grouting procedures to limit borehole collapse. Grout will be pumped into the annulus through
the tremie pipe until undiluted grout flows from the borehole at the ground surface. The grout
will be allowed to cure for 24 hours at a minimum prior to development, or longer if deemed
necessary or as required by local regulations. After 12 hours, the depth of the grout will be
checked. If it has collapsed more than 10-percent of the well depth, the well will be checked for
soundness. The annulus will be refilled with grout to the desired depth.

3.3.1 Double-Cased Wells

Secondary (outer) casings will be installed in the borehole when drilling a monitoring well that will be
installed at depths below relatively impermeable (confining) layers or below depths of known
contamination. The purpose of the surface casing is to prevent cross-contamination between two
aquifer zones and/or, when flowing sands make it impossible to install a monitoring well using
conventional methods, to properly install the monitoring well to the desired depth. There are several
methods available to accomplish double casing of wells. The following paragraphs present one
commonly used method.

A pilot borehole will be drilled and the surface casing installed slightly below the known depth of

contamination or a minimum of 2-feet into the confining layer. The diameter of the surface casing will
be sufficient to contain the inner casing and a 2-inch annular space. The material of the surface casing
may vary (PVC or carbon steel), but it will be chemically inert and able to withstand potential chemical
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degradation and forces exerted on the casing during its installation and the monitoring well
construction.

The outer casing will be grouted by the tremie method from the bottom to within 2-feet of the ground
surface. The grout will be pumped into the annular space between the outer casing and the borehole
wall. This will be accomplished by either placing the tremie tube in the annular space and pumping the
grout from the bottom of the borehole to the surface; or placing a grout shoe or plug inside the casing at
the bottom of the borehole and pumping the grout through the bottom grout plug and up the annular
space on the outside of the casing. If the outer casing is set into very tight clay, both of the above
methods may have to be used, because the clay usually forms a tight seal in the bottom and around the
outside of the casing preventing grout from flowing freely during grout injection. A minimum of 24
hours will be allowed for the grout seal to cure before attempting to drill through it. The grout mixture
used to seal the outer annular space will be a neat cement mixture of one 94-Ib bag of Type | Portland
Cement, 4-pounds of bentonite powder, and no more than 8-gallons of water.

When drilling through the seal, care will be taken to avoid cracking, shattering, and/or washing out the
seal. If caving conditions exist such that the outer casing cannot be sufficiently sealed by grouting, the
outer casing will be driven into place and a grout seal placed in the bottom of the casing. The boring will
be advanced through the surface casing to the target depth for monitoring well installation. The
monitoring well will be installed in accordance with the methods presented in Section 2.2.3. The
borehole beneath the surface casing will be of sufficient diameter to maintain a 2-inch annular space
between the monitoring well and the borehole well. Removal of outer casings, sometimes referred to as
temporary surface casings, after the well screens and casings have been installed and grouted is not
acceptable. Attempting to remove outer surface casings after the inner casing has been grouted could
jeopardize the structural integrity of the well.

3.3.2 Temporary Casing Method Using Rotosonic Drilling Techniques

Rotosonic drilling techniques allow for the construction of monitoring wells through a temporary casing
advanced during borehole advancement. The outer casing (to 12-inches in diameter) will be advanced
past the upper aquifer while a bentonite grout mixture is being pumped under pressure into the small
annular space between the borehole wall and the outside of the casing.

3.33 Well Head Completion

The following well head completion procedures will be followed:
1. Grout to within 5-feet of the ground surface.
2. Wait a minimum 12 hours prior to well head completion.
3. Place a 2-foot layer of fine sand above the grout.

4. Install the stand-up protector pipe (protector pipe size must be at least 2-inches larger in
diameter than the well casing) over the well casing.

5. Place concrete between the borehole and stand-up protector pipe casing to a depth of 6-inches
beneath the ground surface for installation of the concrete pad.
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The protective casing will be provided with a (vented) locking cap and a brass padlock. All locks used at
an individual site will be keyed alike. Duplicate keys will be made available to the client.

Wells will have a minimum of a 3-foot by 3-foot by 6-inch-thick concrete pad, sloped away from the
well, with the top outer edge level to the final ground elevation. At locations where vehicular traffic is
likely, the concrete pad will be reinforced with reinforcement wire or rebar. In trafficked areas, three or
four 3-inch diameter or larger concrete-filled steel posts (bollards), brightly painted, will be equally
spaced around the well and cemented in place around the concrete pad. The base of these posts shall
extend 2-feet below ground surface and be approximately 3- feet tall. After the well is installed, the area
will be cleaned and all discarded material will be properly disposed.

334 Documentation and Recording

A well construction form will be completed for each well. The well construction form will include an
accurate hand-drawn "as built" diagram of each well. The following information will be recorded on the
form:

e Project and site names, well number, and the total depth of the completed well;

e Depth of grouting or sealing, and the amount of cement and/or bentonite used, and the total
borehole depth and elevation;

e Depth, elevation, and type of well casing;

e Installation date or dates, and name of the driller, drilling company, and the geologist installing
the well;

e All pertinent construction details of monitoring wells, such as depth to and description of all
annular fill materials; gradation of filter packs; length, location (depth and elevation), diameter,
slot size, material, and manufacturer of well casing and screen; position of centralizers; and
location of blank pipe or intermediate casing installed in the well;

e Description of surface completion, including protective steel casing, protective pipes, and
concrete surface seal; and

e Surveyed coordinates and elevation of top of ground and top of well riser. A discussion of
information to include in the boring logs is presented in SOP No. OESC 007B, “Soil and Rock
Geologic Logging and Classification.” All original well record forms, field report forms, and
geologic logs will be maintained in the project file.

34 Well Development

The primary objective of installing a monitoring well at a site is to collect groundwater samples
representative of the quality of groundwater surrounding the well. Well development is an important
component of monitoring well completion. Monitoring wells will be sufficiently developed to ensure
that they meet their intended data quality objectives. The purposes of well development are the
following:

e Assure that groundwater enters the well screen freely and at ambient velocities, thus yielding a
representative groundwater sample and an accurate fluid level measurement;
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e Remove all water and drilling additives that may have been introduced into the borehole and
formation during drilling and installation activities;

e Break up fine materials that may have been smeared along the borehole wall during drilling; and

e Remove fine-grained sediments entrained in the filter pack and within the well itself so that
groundwater samples have minimal turbidity and excessive silting of the well does not occur.

The criteria that will be utilized to evaluate whether these objectives have been met are presented in
Section 3.3.

3.4.1 General

Well development will be completed no sooner than 24 hours after the completion of grouting, or
longer if deemed necessary or as required by local regulations. Well development may be performed
using a downhole pump, peristaltic pump, bailer and/or surge block. Different equipment may be used
sequentially to accomplish proper well development (e.g., surge block then pump). The water level and
thickness of sediment in the well will be measured and recorded in the field logbook prior to
development, as discussed below. Instrumentation or equipment inserted into the well will be properly
decontaminated in accordance with SOP No. OESC 0011A, “Sampling Equipment Decontamination
Procedures.” Downhole tubing will be dedicated to the well until development has been completed then
will be discarded. Development water will be containerized and managed following OESC SOP 012A —
Derived Waste Management Procedures and guidance found in ASTM Standard D 6311-98 (ASTM,
2014).

Before beginning development of a well, place plastic sheeting on the ground around the well head.
Open the well cap and obtain an organic vapor reading using a photoionization detector (PID) or
comparable equipment. The purpose of the organic vapor reading is to provide important health and
safety and water quality information.

3.4.2 Well Development Using a Bailer

A bailer may be used to remove accumulated sediment from the bottom of the well as a first step in well
development. A slight surging action may help to mobilize the sediment so that it can be more easily
removed.

If a well is slow to recharge such that use of a submersible pump is impracticable, then a bailer may be
used to complete well development. This change in well development procedures must be approved by
the OESC Project Manager.

343 Surging

A surge block may be used to create a surging action for short periods of time to help break up or loosen
any sediment in the well. A bailer or pump may be used to remove the silty water that results from
surging. The surge block will be composed of inert material that will not affect the water quality in the
well. The diameter of the surge block will be 0.125- to 0.25-inches smaller than the inside diameter of
the well.
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Ensure that the surge block can move freely up and down the inside of the well without obstructions.
The vertical action of the surge block will be accomplished either manually or mechanically with drill
rods or wireline.

Care will be taken in the length of the strokes, the velocity of the up and down movement, and the
duration of each surge block cycle. Surging can be detrimental to the well integrity if performed too
vigorously.

NOTE: Surging can increase turbidity in wells constructed in fine-grained aquifers and should be used
with caution or should not be performed at all (Paul et al, 1988). Detailed discussions are presented in
Aller (1991) and ASTM D 5521M (ASTM, 2018); responsible personnel will review these discussions
before beginning well development with the surge block method in wells completed in fine-grained
media.

3.4.4 Over-pumping

Following the removal of suspended sand-sized sediment, the well development process will include
over-pumping the well with the submersible bladder pump. In over-pumping, the pump is operated at a
capacity that substantially exceeds the yield of the formation (i.e., the capacity of the formation to
deliver water to the well). This flow velocity well exceeds the flow velocity that will be induced during
the purging process of well sampling.

3.45 Well Development Criteria

During development, field parameters and turbidity will be recorded approximately once every well
volume removed (or as practicable) once the water has begun to clear.

If well development is completed using over-pumping, field parameters will be measured in a flow-
through cell attached to the pump outflow tubing. If development is by bailer, field parameters can be
measured down-hole, except for turbidity, which will be measured at the surface. (Note: field
parameters measured in water dumped from a bailer into an open bucket will have little validity due to
agitation and exposure to atmospheric conditions.) Field parameters will be measured in accordance
with SOP No. OESC EOO5A, “Field Parameter Measurements in Water”. Continue well development until
the following criteria have been met:

e Three times the volume of water lost to formation during drilling has been purged from the well.

e Field parameters have stabilized for three consecutive measurements. Typical field parameter
stabilization criteria include:

pH + 0.2 pH units
Temperature less than 10% change
Specific Conductance less than 10% change
Dissolved Oxygen +0.2 mg/L

Oxidation Reduction Potential +10%
Turbidity less than 50 nephelometric turbidity units (NTUs)

(NOTE: Check the site-specific SAP or Field Sampling Plan for criteria to use to
determine stabilization)
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e The duration of well development has been at least 4 hours, even if parameters have not
stabilized.
e Theyield of the well is representative of the transmissivity of the aquifer.

The OESC Project Manager will be notified if well development criteria cannot be met and does not
seem achievable after four hours of well development activity.

3.4.6 Well Development Documentation

Well development will be documented on a well development/purge summary form, which will include
the following information:

e Date and weather

e Pre- and post-development water levels

e Method(s) of development, equipment used, duration for each method

e Measured thickness of sediment at bottom of well prior and after the development (if any)
e Field parameter measurements and time of measurement

e Volume of water removed between measurements

e Cumulative total volume of water removed prior to each measurement

e  Pumping rate(s), if applicable

e Total time of development

Additional observations, such as apparent yield of the well, detected odors and discoloration will also be
noted on the development log.

Optional: After final well development, collect approximately one liter of the well water in a clear glass
container for photographic documentation. Hold container against white background, label glass jar
with well ID and photograph in color. The photograph is part of the permanent well development log.

4.0 REFERENCES
Aller, L. et al., Handbook of Suggested Practices for the Design and Installation of Groundwater

Monitoring Wells, EPA 600/4-89/034, 1989.

ASTM Standard C 150M-20 (2020). “Standard Specification for Portland Cement,” ASTM International,
West Conshohocken, PA, www.astm.org.

ASTM Standard D 5092M-16 (2016). “Standard Practice for Design and Installation of Ground Water
Monitoring Wells in Aquifers,” ASTM International, West Conshohocken, PA, www.astm.org.
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1.0 PURPOSE AND LIMITATIONS

The purpose of this Standard Operating Procedure (SOP) is to establish a uniform procedure for accurate
measurement and recording of fluid levels in wells, and identify the references, standards, and methods
to be followed. Fluid levels in wells consist of groundwater from static or dynamic conditions or
contamination such as free product.

2.0 SUMMARY AND METHOD

General practices for fluid level measurements are described in these steps:

1. Review and follow health and safety requirements in the Health and Safety Plan (HASP) (Section
3.0).

2. Identify or determine the established reference point for each well (Section 4.0)

3. Collect fluid level measurements by following the procedures for the selected measuring
equipment: electric water level indicator, pressure transducer with data logger or oil/water
interface probe (Section 5.0). Selection of the proper equipment (and special procedures) will
depend on the objectives of the fluid level measurements and local hydrogeologic conditions of
where they are collected.

4. Record fluid level measurement data for each well in a field logbook (Section 6.0). Repeat the
collection of fluid measurements at well locations that appear to be inconsistent or substantially
different from prior data. This may be necessary if there is uncertainty about the reason(s) for
the variation. As a standard of good practice, if two measurements of static water level made
within a few minutes do not agree within about 0.01 or 0.02 foot in observation wells having a
depth to water of less than 200 feet, continue to measure until the reason for the lack of
agreement is determined or until the results are shown to be reliable (EPA, 1989).

5. Decontaminate the measuring equipment after collecting fluid level measurements from each
well (Section 7.0).

Each of these steps is described in detail in the following sections.

Oneida ESC Group



SOP No. OESCO08E
Date: 9 January 2023
Page 3 of 10

2.1 PFAS Sampling Considerations

Per- and polyfluoroalkyl substances (PFAS) are a class of manufactured compounds that are extensively
used to make everyday items more resistant to stains, grease, and water. These chemicals have been
used in a variety of industrial, commercial, and consumer products. Materials potentially containing
PFAS are to be avoided when collecting samples for PFAS analyses. If samples will be collected and
analyzed for PFAS, please refer to SOP Addendum No. 1 for guidelines, procedures and protocols to
avoid sample contamination from outside sources.

3.0 HEALTH & SAFETY REQUIREMENTS

Review the HASP prior to mobilizing to the field and be aware of potential hazards of working around
wells, well vaults, and contaminated media. Implement controls in the HASP to eliminate or minimize
the risk of injury from the hazards.

Monitor well head vapors and volatiles in the breathing zone with a gas detector at the well if it is
required by the HASP. Perform monitoring after opening the well lid and prior to measuring water
levels.

Wear personal protective equipment (PPE) specified in the HASP for groundwater level measurement
activities, such as chemically-resistant disposable gloves, steel-toed boots, hard hats, safety glasses and
safety vests.

Dispose or decontaminate PPE, materials, and tools at each well to confine the contamination to the
well and prevent cross-contamination between wells. Change disposable gloves after measuring the
groundwater level at each well.

Collect groundwater level measurements in the order of the least contaminated well to the most
contaminated well, to reduce the possibility of cross-contamination between wells. Review historical
concentrations of contaminants at each well to determine the order of wells to collect the
measurements.

4.0 PERSONNEL QUALIFICATIONS

Users of this SOP should be qualified to perform fluid level measurements in wells and have successfully
completed any requisite training identified by their supervisor. This activity does not require a license or
certification.

5.0 EQUIPMENT AND SUPPLIES

The following equipment is normally required for general water level measurements. Refer to Section
7.2.1 for equipment list specific to using pressure transducers and data loggers.

e Water level indicator and/or interface probe
e Decontamination equipment
e Tools for opening well box and well cap (e.g., wrench, sockets, keys/combo for padlock)

e Spare batteries for water level indicator
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e Watch for recording measurement time

e Field logbook or field forms

e Site-specific sampling plan

e Hand-held radios and/or cellular telephones

e PPE specified by the HASP

6.0 REFERENCE POINT DETERMINATION

Fluid levels should be collected relative to an established reference point. Follow these steps to confirm
or establish and document the reference point for each well:

1. Review project site information to confirm if the reference point for each well has been
surveyed or established. An established reference point should be tied in with the NAVD88
(North American Vertical Datum of 1988) or a local datum.

2. Notch or permanently mark the top of casing on the north side of the well casing if the well does
not have a marked or surveyed reference point.

3. Document the new reference point for the well in the field records and notify the Project
Manager, who will determine if or when they need to be surveyed for vertical elevation.

7.0 FLUID LEVEL MEASUREMENT EQUIPMENT PROCEDURES

This section describes the procedures for the most common equipment used for fluid level
measurements: electrical water level meter, pressure transducer with data logger and oil/water
interface probe. The manufacturer’s operating instructions for each equipment should also be reviewed
and followed.

Note: Devices used to measure groundwater levels should be verified annually against a National
Institute of Standards and Technology (NIST) traceable measuring tape. These devices should check to
within 0.01 foot per 10 feet of length with an allowable error of 0.03 foot in the first 30 feet. Before
each use, these devices should be prepared according to the manufacturer’s instructions (if appropriate)
and checked for obvious damage (EPA, 2020).

7.1 Electrical Water Level Meter

A battery-supplied electrical water level meter consists of an electrode suspended by a spool of
insulated wires. An ammeter, indicator light, or audible signal is used to indicate when the electrode
touches the fluid surface. Other sounding methods using older technologies are not covered in this SOP.

The procedures for the electrical water level meter are as follows:

1. Check batteries on the meter with the battery indicator test button prior to going to the field.
The test button should have an audible sound when pressed and battery life is sufficient. Have
backup batteries on hand.
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Turn power switch to "on" and test battery by pressing the battery indicator test button and
confirming an audible sound is heard.

Lower the probe into the well until a sharp deflection is noted on the meter, the indicator light is
illuminated, or the audible tone is activated. You may have to adjust the sensitivity of the probe.

Verify that the electrode is functioning properly and indicating the water surface at the same
depth each time by moving the probe up and down several times. Try to keep tape away from
well casing as moisture that accumulates on the casing can cause the tape to stick to the casing
and falsely trigger the electrode.

Hold the probe cable or tape at the reference point location on the well pipe at the exact depth
where the probe indicates the water surface. Record the reading at the reference point to the
nearest 0.01 foot.

If the depth of the well needs to be measured, follow these steps:

1.

7.2

Lower the probe until a definite decrease in cable tension indicates the bottom of the well (turn
power to “off” to avoid signal sounding during total depth measurement). Retract the cable
slightly to remove slack and ensure total depth is measured from the reference point.

Verify bottom depth by repeatedly lowering and slowly retrieving the probe cable just until you
“feel” the bottom. You should also be able distinguish a soft bottom versus a hard bottom with
the probe. A soft bottom indicates the presence of silt (make a note of it in field logbook and/or
field form). Most instruments have the sensor at the bottom of the probe so the depth reading
is accurate without adjustment. Avoid overagitating sediment at the bottom of the well, which
could impact water quality measurements and laboratory samples.

Hold the probe cable at the measuring reference point on the well pipe at the exact depth
where the probe indicates well bottom. Record the reading to the nearest 0.01 foot.

Remove the probe from the well and decontaminate in accordance with project-specific
procedures, health and safety requirements and/or standard operating procedures (see SOP No.
OESC 011A, “Sampling Equipment Decontamination Procedures”).

Pressure Transducers and Data Loggers

Pressure transducers are used to collect continuous or periodic water level data in wells as part of an
aquifer pumping test for long term monitoring of aquifers or surface water bodies or for a controlled
field experiment requiring hydrologic monitoring. Pressure transducers may have built-in data loggers or
be connected to a dedicated data logger. Check with the manufacturer for equipment specifications and

setups.

Note: pressure transducers may be “open cable” (automatically corrects for barometric pressure), or
standard (requires separate collection of barometric pressure data and later normalization of hydraulic
and barometric pressure data sets).

7.2.1

Equipment List for Pressure Transducers and Data Loggers

The following equipment is normally required for water level measurements using pressure transducers
and data loggers:
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Manual water level indicator, pressure transducers sized for the well diameter, and data
logger(s)

Decontamination equipment

Equipment to shelter the data logger (if surface mounted)

Portable computer (laptop, hand-held) and data storage device

Power source for electronic devices

Communication cables for data linking (if not built into transducer/data logger)
Stopwatch (if required)

Field logbook or field forms

Recording barometer and recording tide gauge (if required by conditions)
Site-specific sampling plan

Operation manual for data logger and/or pressure transducers

Two-way radios and/or cellular telephones

Practice for Continuous Recording Using Transducers

General procedures, pre-test and post-test activities and the specific activities for the test are outlined
below. Consult with the transducer/data logger user manual and your site-specific work plan for site
specific procedures.

7.2.2.1 Pre-Test/Post-Test Activities

1.

Decontaminate downhole equipment (e.g., pressure transducers and water level monitoring
devices) before and after use as per SOP OESCO11A.

Check manufacturer’s specifications regarding site contaminants and concentrations to ensure
the downhole equipment can withstand exposure to these substances while submerged in the
well fluid.

Calibrate and test pressure transducers and data loggers before using them for fluid level
measurement and data-logging.

a. Run aninherent self-test program of the unit to test the operational integrity and
configuration of the data logger. Pressure transducers are calibrated by the
manufacturer prior to shipment.

b. Check the depth readings of the pressure transducers and data loggers by placing the
pressure transducer below the water table at a known depth and taking a reading,
moving the pressure transducer up or down a measured distance and taking another
reading. During the field check of factory calibration, the expected water level must
match the transducer-recorded water level within less than one percent.
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c. Record all testing information in the field logbook or field form. If the transducer does
not appear to be recording properly, return the equipment to the manufacturer or
equipment rental company for replacement.

Record the serial numbers of each pressure transducer and well to which they are assigned that
will be used in for the entire test duration.

Set up the pressure transducer in accordance with the manufacturer’s operations manual. Most
transducers can be pre-programmed with the well’s reference elevation, well name, time of
measurements, time between measurements, averaging methods, etc.

Synchronize time recording devices for all pressure transducers to a master clock before the
test.

Collect fluid levels measurements in the wells manually, e.g., with electric sound level meter,
and record in the field logbook immediately before placing the transducers in the wells and
before beginning a test.

7.2.2.2 General Procedures

1.

7.3

Lower pressure transducer gently down the well and install below the lowest anticipated change
in water level, but not so low that the range of the transducer might be exceeded at the highest
anticipated change in level.

Secure pressure transducer in place and allow stabilization for approximately one hour prior to
initiating programmed data collection to ensure measurement accuracy.

Download and review data from the automatic data recorder periodically within the test
duration.

Conduct manual water level readings periodically throughout the test and record readings and
time collected. Manual water level measurements are usually required to provide periodic
backup data the event of data logger or transducer failure and quality assurance/quality control
(QA/QC) data. Manual water level readings may disturb the water column and should be
recorded and referenced in conjunction with the reading collected by the data logger.

Free Product Interface Probe

Free product interface probes use a battery-operated oil/water interface probe that operates similarly
to an electric water level meter. However, the probe will have a sensor for non-water liquids with an
audible sound distinct from the audible sound for water.

Light non-aqueous phase liquid (LNAPL) floating on the water table may be present in a well. Dense non-
aqueous phase liquid (DNAPL) sinks through water and may be present in the bottom of a well. LNAPL or
DNAPL also may be referred to as immiscible fluid or free product. Free product levels are measured
using an oil/water interface probe with the following procedures:

Lower the oil/water interface probe into the well casing until the point of contact with water or
immiscible fluids. When the interface probe is in contact with immiscible fluids, a solid audible
tone is activated.
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Slowly move the probe up and down several times to get the exact depth measurement at the
top of the immiscible fluid. The interface between water and immiscible fluid will be determined
when an oscillating audible tone is activated.

Record both readings on the field form or in the field logbook. Record any audible signal, despite
measurable free product thickness. The probe may be detecting “sheen” levels of product.

Non-Stretching Tape

Use non-stretching tapes only. Water level measurement devices should be accurate to = 0.01 foot.

8.0

DATA REPORTING

All water level field data shall be entered in field logbooks and/or on the appropriate field form and will
include the following information:

9.0

Date of measurement (at top of page).

Time water level is measured at each well.

Weather conditions, especially significant changes in atmospheric pressure.
Station location (monitoring well or piezometer identification).

Serial number of measurement or recording device(s); if more than one device is used, indicate
which device is used for each measurement.

Comments regarding well condition (surface completion integrity, etc.).

Measuring reference point, usually top of casing at marked location or north on casing.
Depth to product (if present), to nearest 0.01 foot.

Depth to water, to nearest 0.01 foot.

Depth to bottom of well, to nearest 0.01 foot.

DECONTAMINATION

Decontaminate equipment used for measuring fluid levels before and after use and between collecting
water level measurements at different wells.

Follow decontamination procedures in accordance with project-specific procedures, HASP
and/or Equipment Decontamination Procedures in SOP OESC 011A.

Use only an approved cleaning solvent (e.g., isopropanol) for removal of product from the
interface probe. Refer to the operating manual for the equipment.

Perform thorough decontamination of the interface probe to decrease the likelihood of cross
contamination between well locations.
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10.0 SPECIAL CONSIDERATIONS FOR WATER LEVEL MEASUREMENTS

Site-specific procedures will depend on project objectives and local hydrogeologic conditions. Measure
water levels according to the following conditions.

Static groundwater level measurements under non-pumping conditions:

e Collect ground-level measurements for wells within a single 12-hour period if the wells will be
used to define a potentiometric surface. Groundwater elevations can change rapidly in response
to various environmental conditions.

Static groundwater level measurements during groundwater sampling:

o Collect water level measurements prior to purging particularly for the low-flow sampling
method (see SOP OESC 008F, “Monitoring Well Sampling”).

e Collect water level and total depth measurements with the water level indicator (Section 7.0) to
calculate the volume of static water within the well. Static water volume will be used to
estimate the total volume of water to be purged prior to sample collection and to establish
when a well has fully recharged following purging.

Groundwater level measurements during well construction and well development:

e Measure water levels in the borehole before well construction to determine placement of the
well screen (verify with water level measurements in other nearby wells).

e Measure water levels immediately following well construction and prior to development to
ensure the presence of groundwater.

e Measure water levels periodically during over-pumping (well development) to collect data for
well performance evaluation (see SOP OESC 008D, “Monitoring and Extraction Well Installation
and Development”).

e Collect groundwater level measurements a minimum of 12 hours after the completion of well
development activities to ensure that static water levels have been reached.

e The elevation (hydraulic head) data are then contoured on a to-scale base map to illustrate the
potentiometric surface (distribution of hydraulic head) of the aquifer.

Groundwater level measurements with wells under vacuum:

o  Wells sealed with vacuum caps must sit open before collecting water level measurements. The
water level in the well should equilibrate to atmospheric pressure. Note: wells in tight
formations under confining conditions can build up considerable air pressure within the well
casing. Remove vacuum-seal caps with caution.

11.0 REFERENCES

U.S. Environmental Protection Agency, Superfund Groundwater Issue: Accuracy of Depth to Water
Measurements. EPA/540/4-89/002. March 1989.
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U.S. Environmental Protection Agency, Groundwater Level and Well Depth Measurement. LSASDPROC-
105-R4. May 15 2020.
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1.0 PURPOSE AND LIMITATIONS

The purpose of groundwater sampling is to produce groundwater quality data that is representative of
the current groundwater conditions over a specific volume of aquifer (United States Environmental
Protection Agency [USEPA] 2002).

The procedures in this SOP apply to permanent monitoring wells but may be used for sampling
temporary wells, extraction wells, and other types of wells with appropriate modifications. This SOP
addresses procedures for collection of aqueous samples only. This SOP does not include procedures for
collection of light or dense non-aqueous phase liquids (LNAPL or DNAPL) samples or collection of
aqueous samples when LNAPL or DNAPL are present.

2.0 SUMMARY OF METHOD

This standard operating practice (SOP) addresses the supplies, equipment, and procedures used to
purge wells and collect groundwater samples for chemical and natural attenuation parameters. In all
cases, the methods, equipment, and procedures in this SOP should be performed in accordance with the
project Quality Assurance Project Plan (QAPP) or Sampling and Analysis Plan (SAP).

2.1 PFAS SAMPLING CONSIDERATIONS

Per- and polyfluoroalkyl substances (PFAS) are a class of manufactured compounds that are extensively
used to make everyday items more resistant to stains, grease, and water. These chemicals have been
used in a variety of industrial, commercial, and consumer products. Materials potentially containing
PFAS are to be avoided when collecting samples for PFAS analyses. If groundwater samples will be
collected and analyzed for PFAS, please refer to SOP Addendum No. 1 for guidelines, procedures and
protocols to avoid sample contamination from outside sources.

3.0 PRE-FIELD SAMPLING PREPARATIONS

3.1 DOCUMENT AND INFORMATION REVIEW

Prior to obtaining equipment and supplies, review site-specific plans and historical information. The
entire project team, including field personnel, the Project Manager (PM) and the designated quality
assurance manager must review the sampling objectives and procedures specified in the QAPP or SAP,
in addition to the following:
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Site-specific Safety and Health Plan (SSHP), Activity Hazard Analyses (AHAs), Safety Data Sheets
(SDS), and other safety-related information. Consider what personal protective equipment (PPE)
is necessary and what decontamination procedures must be followed.

The sampling program data quality objectives (DQOs) should be thoroughly developed,
presented and understood by all parties involved in the sampling. The purpose of the sampling
effort and data use(s) should be clearly defined when developing the DQOs. For example, DQOs
for site assessment sampling to determine if a contaminant is present may differ from those for
determining the nature and extent of a contaminant. Differences in the sampling objectives
may dictate the type of sampling equipment used, type of information collected, sampling
protocol, and analytical scheme (California Department of Toxic Substances Control [DTSC],
2005) Specifically, review the following:

a. Historical sampling data (if available) to determine the order of well sampling so that
the historically least contaminated wells at the site will be sampled first, progressing to
the most contaminated wells last.

b. Monitoring well construction logs and available water level data for all wells to be
sampled to prepare for the conditions that will be encountered and the approximate
volume of water to be purged.

c. Sample container requirements, preservatives, holding times, etc. to prepare for
collection, preservation, and shipping of samples, including where to collect quality
control (QC) samples specified in the QAPP or SAP.

d. Department of Transportation (DOT) hazardous material sampling requirements that
may apply to chemical reagents, calibration supplies, and/or samples that contain
reportable quantities of hazardous substances.

OBTAIN EQUIPMENT AND SUPPLIES

Attachment 1 provides an equipment and supplies checklist that may be used as a guide when preparing
for a groundwater sampling event. Prepare purchase requisitions and place orders for the following at
least 10 days before the sampling event:

1.
2.

All necessary sampling equipment and expendable supplies.
Decontamination supplies and spill response supplies (as necessary)

Appropriate containment vessels for purge and decontamination water (e.g., plastic or steel
drums, poly tanks).

Sample bottles from the laboratory including sufficient bottles for blanks, duplicates, matrix
spike/matrix spike duplicates MS/MSD, and extras to cover breakage.

Deionized (DI) water for equipment blanks as specified in the QAPP or SAP (grade of DI water).
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33 CHECK EQUIPMENT AND SUPPLIES

Prior to the sampling event, inspect and check all equipment and supplies.

1. Check the sample container set:

a. The designated quality assurance manager and the field sampling team inspect the
sample container set to verify that necessary bottles, preservatives, and blanks have
been provided, and they match the requirements specified in the QAPP or SAP.

b. The PM documents by signature that all necessary sampling supplies have been
provided to satisfy data quality objectives of the sampling event.

2. Inspect sampling equipment to confirm it is functional and in good repair. Keep contact
information for suppliers of rented equipment. Use the field logbook to document equipment
repair/maintenance performed.

3. Check expendable field supplies to verify there are adequate quantities for the entire event.

4. Check chemical reagents required for decontamination, sample collection, and sample
preservation.

5. Verify that field instrument calibration standards are not expired.

6. Review pump parameters. Selection of a pump that is not suited to site conditions can affect
sample quality and result in unnecessary time delays and costs. Details of pump-related
equipment are presented in the Section 5.0.

4.0 INITIAL SAMPLING STEPS

4.1 WELLHEAD SAFETY

Check the well head for the presence of volatile chemicals or gases with an organic vapor analyzer as
required by the Site Safety and Health Plan (SSHP). Follow SSHP requirements and procedures for vapor
monitoring in the breathing zone during sampling.

1. After opening the well, check the atmosphere in the well and the area around the well for
volatile organic compound (VOCs) using a photoionization detector (PID) or flame ionization
detector (FID). Record this reading on the field data form or in field logbook (background
reading). If measured levels of VOC vapors and/or methane exceed action levels identified in the
SSHP, take appropriate actions.

2. |If necessary, during purging/sampling, monitor VOCs in the breathing zone. If measured levels of
VOC vapors exceed action levels as given in the SSHP, take appropriate actions.

4.2 WELL GAUGING AND INSPECTION

Inspect wells to be gauged and/or sampled to evaluate the condition of surface casings, surface seals,
well identification, and condition of the casing. Compare the well construction to as-built information,
including total well depth. Use the field logbook and/or sampling forms to note conditions that could
affect water level data or sample integrity. If observed well conditions indicate that data obtained from
the well could be compromised, notify the PM, who will determine if the well should be sampled.
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Measure water levels following the procedures in SOP OESCO08E, “Fluid Level Measurement in Wells.”
Water levels should be measured in each of the wells prior to purging or sampling to obtain accurate
water level data. Measure and record all data prior to insertion of purging or sampling equipment.
Contact the OESC PM for further instruction if unanticipated NAPL is encountered in a well.

Measure the total depth of each well in accordance with procedures defined in SOP OESCOO8E unless
otherwise specified in a site-specific sampling plan or other guidance. The measurement will be used to
calculate the volume of water standing in the well casing and to evaluate the potential presence of
sediment.

Notify the PM if you encounter the following conditions, which could affect sample representativeness:

1. Water is present in the well sump below the screened interval (the well should be annotated as
“dry” on the gauging log)

2. Lessthan 1 foot of water is present in the well (the well should be annotated as “dry” on the
gauging log)

3. The top of the water column is above the screened interval (the well should be identified as
“submerged screen” on the gauging log). In this case, the pump inlet should be placed within
the screened interval.

4.3 ESTIMATE WELL VOLUME

The following formula may be used to calculate total volume (Vrotal):

Vrotal = Vwell + Viilter pack

Vweu = 7.48T[*h1*R12

Vfilter = 7.48T[*h2*(R22-R12)*0.30

VTotal = 7.481*{(h1R12) + 0.30*h,[(R2%2— R:2]}

The image above depicts the plan view of well casing and annulus, where:

1. R1isthe radius of the well casing in feet;
2. R2is the radius of the borehole in feet;
3. hlisthe height of the water column inside the well casing; and

4. h2isthe height of the water column inside the filter pack
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If the water table is at the height of the top of the filter pack, h; = hy; if the water table is higher than the
top of the filter pack, h; >h,; and if the water table is lower than the top of the filter pack then hi<h,.

To calculate a casing volume of water, use R;=R,, or R,-R;=0.

5.0 LOW-FLOW GROUNDWATER SAMPLING PROCEDURES

Low-flow groundwater sampling involves purging the well at the lowest sustainable pumping rate until
monitored groundwater quality parameters indicate representative groundwater is available for
sampling (Section 5.3, Table 1). This method minimizes stress (drawdown) to the system. Flow rates will
depend on site-specific hydrogeology. Low-flow sampling includes the following:

1. Minimize drawdown in the well during purging so that geochemical changes caused by aeration
of groundwater as it passes through the filter pack and aquifer are avoided; generally, a head-
loss of 0.3 feet or less is considered acceptable. Minimized drawdown also prevents mixing of
stagnant well casing water (water above the screened interval) with aquifer water.

2. Maintain a low, but sustainable flow rate during purging, using a pumping mechanism that
produces a flow rate less than 1000 milliliters per minute (ml/min). Typical low-flow pumping
rates are between 100 and 500 ml/min, but the sustainable low-flow pumping rate must be
established at each well.

3. Minimize well disturbance caused by high velocity flows, dewatering, water cascading through
the well screen, etc.

4. Minimize purge water volume by relying on water quality parameter stabilization to determine
when to collect the sample.

5. Obtain reliable water quality parameters by using a calibrated multi-parameter probe with an
in-line flow-through cell.

6. Maintain laminar flow throughout the sample tubing and flow-through cell; keep all lines and
the cell completely filled (air free) during parameter measurement and sampling.

Samples are collected when field-measured water quality parameters have stabilized (Section 5.3),
indicating the presence of formation water.

5.1 LIMITATIONS

The low-flow purge and sampling techniques described in this section are not appropriate for wells with
slow recharge. These low-yield wells may not be suitable for low-flow sampling, as the minimal
sustainable pumping rate may still generate significant drawdown or completely dewater the well. Wells
suited for low-flow procedures are screened in moderate to highly permeable material.

Passive Recharge Wells

A passive recharge well is a well that cannot sustain a minimal flow rate of 50 ml/min without drawing
down the water column. To determine if a well is passive in recharge:

1. Settheinitial purge rate between 40 and 60 ml/min for the first 10 minutes of purging, and
monitor the water level for drawdown every 2 to 3 minutes.
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2. If the water level is being drawn down, adjust the setting so that the flow rate is as close to 50
ml/min as possible. If the water level is still dropping after another minute, then the well is
determined to be passive in recharge.

If the well is passive, then the flow rate should be placed as low as time will allow, until the minimum
purge volume is removed. The well should be noted as passive and the steps used to determine that the
well is passive should be noted on the purge log. One round of water quality readings will be recorded
on the purge log prior to sampling (AECOM, 2012).

5.2 Low-FLow SAMPLING EQUIPMENT
e Water level indicator
e Pump and controller
e Properly sized tubing
e In-line flow-through cell
e PIDorFID
e  Multi-parameter probe (YSI 3500 or equivalent)
e Graduated liter beaker and stopwatch
e Five-gallon bucket or a purge water collection/disposal drum

53 WATER QUALITY PARAMETER MEASUREMENT

The low-flow sampling procedure requires recording groundwater quality parameters monitored in a
flow-through cell equipped with a multi-parameter probe. Typically, monitor and record pH,
temperature, specific conductance, oxygen reduction potential (ORP), dissolved oxygen (DO), and
turbidity at approximately 3- to 5-minute intervals during purging; use of a data logger is recommended.
When water quality parameters have stabilized, collect the sample(s). “Stability” is defined as three
consecutive readings within the criteria listed in Table 1 or as defined in the project QAPP or SAP.

Table 1. Example Parameter Stabilization Criteria

Measurement Criteria
pH +0.1 pH unit
Temperature + 1° Celsius
Specific conductance + 5 percent
ORP + 10 millivolts (mV)
DO + 10 percent (when DO is greater than 1.0 milligrams per liter [mg/L])
Turbidity + 10 NTUs (when turbidity is greater than 10 NTUs)

Collect groundwater samples after field parameters have stabilized. If these parameters do not stabilize
or if the turbidity does not reach <10 NTUs. A maximum volume should be designated for your site after
which a sample may be collected, regardless of parameter stability.
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5.4 SUBMERSIBLE PUMP PROCEDURES

Submersible pump types that are suitable for low-flow sampling include bladder pumps and positive
displacement pumps. Common brand names include QED Micropurge™ (bladder), Grundfos Redi-Flo 2
(positive displacement), Fultz (progressive cavity), and Keck (progressive cavity) pumps. Other pump
brands are available. The pump will be selected based on site conditions.

Generally, a submersible pump is used with the pump intake set within the saturated well-screen
interval at least 2 feet off the bottom of the well. A peristaltic pump with appropriate controller may be
used for low-flow sampling in wells less than 25 feet of head. In that case, follow specific sample
collection methods in Section 5.5.3 for VOC samples, as peristaltic pumping may induce loss of VOCs due
to pressure changes at the pump head. Connect the pump discharge tubing to an in-line flow-through
cell equipped with water quality probes (temperature, pH, dissolved oxygen [DO], etc.). Collect the
sample after water quality parameters have stabilized.

54.1 Equipment
e Water level indicator
e Pump and controller
e Properly sized tubing
e In-line flow-through cell
e PIDorFID
e  Multi-parameter probe (YSI 3500 or equivalent)
e Graduated liter beaker and stopwatch
e Container for collection of purge water (e.g., five-gallon bucket)
5.4.2 Purging
Perform the following procedures at each well:

1. Review the performance history of the well to estimate the purge rate and pumping conditions
that can be expected.

2. Use a water level indicator to measure the depth to static water level to the nearest 0.01-foot
and recorded from the measuring point on the well casing, and recorded. Calculate the volume
of water in the well (per Section 4.3) and record on purge/sample log.

3. Assemble the pump and sampling line components taking care not to contact the components
with potentially contaminated media, and ensure that the discharge line is affixed so that the
initial discharge is captured in either a graduated 5-gallon bucket or a purge water
collection/disposal drum.

4. Measure depth to water after deployment of the pump; allow the well to recover to static water
levels before pumping. Keep the water level indicator in the well to monitor water levels during

purging.

5. Set up the flow-through cell with multiparameter probe and connect to the pump discharge line.
Attach the flow-through cell discharge line to a bucket to capture purged water. Manage purge
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water in accordance with the project QAPP or SAP and/or Work Plan. Take necessary
precautions to prevent spilling potentially contaminated water.

Start the pump at its lowest speed setting and slowly increase the speed until discharge occurs.

Adjust pumping rates to the minimum rate required to maintain a steady flow of water through
all tubing and the flow-through cell and to prevent formation of air bubbles in the pump
discharge line.

a. Check water levels in the well frequently (once every 3 to 5 minutes). Adjust the pump
until there is less than 0.3 to 0.5 feet of drawdown. If the minimal drawdown that can
be achieved exceeds 0.5 feet but remains stable, continue purging until indicator field
parameters stabilize.

b. Using a stopwatch and a graduated cylinder or container, periodically measure the
pumping rate. Monitor the water level, pumping rate, cumulative withdrawal, and field
parameters every 3 to 5 minutes. Record the pumping rate and field indicator
parameters.

Avoid aerating a submerged well screen, as this can lead to chemical changes in the
groundwater. If it appears that low-flow purging will draw the water column below the top of
the screened interval, the sampling team may need to adjust the purging procedure to allow
recovery between purging events. In this case, leave the pump in position and continue to
monitor depth to water. Use professional judgment to balance time, length of purging, stability
of water quality parameters, and the need to collect a sample.

If head loss in a well does not stabilize, is greater than 0.3 feet (from static) using the lowest-
possible flow rate of the pump, or if the well dewaters, then low-flow sampling may not be
feasible for that well (Section 5.1). The sampling team should inform the Field Team Leader
and/or PM if this is the case. An alternative procedure for sampling the well may need to be
approved by the Client Representative and the change in procedure noted as a variance to the
work plan (see project-specific QAPP or SAP).

When the indicator field parameters are stabilized (Table 1, Section 5.3), purging is complete
and samples may be collected. The pump should not be moved or adjusted between purging
and sampling.

Sample Collection

The following steps apply to each type of submersible pump discussed in the subsequent subsections.

1.

Measure and record field parameters in the flow-through cell one final time, including pH,
temperature, specific conductance, ORP, DO and turbidity.

Refer to the project-specific QAPP or SAP for sampling order, sample containers, preservatives,
and holding times. When using a submersible pump, samples are usually collected in the
following order (as applicable):

a. VOCs
b. Dissolved gases (methane, ethane, ethene)

c. Gasoline range organics (GRO),
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d. Semivolatile organic compounds (SVOCs), diesel range organics (DRO), PFAS, total
petroleum hydrocarbons (TPH)

e. Polychlorinated biphenyls (PCBs) and pesticides
f. Metals

g. Other organics

h. Other inorganics

Disconnect the flow-through cell and collect the samples from the pump discharge tube. If
necessary, attach a disposable filter and follow the field-filtering procedure discussed in Section
10.0.

The typical sampling flow rate is 100 ml/min, but should be as low as possible while still
maintaining laminar flow through completely water-filled tubing (no air bubbles) for collection
of VOC samples. Record the sampling flow rate on the purge/sample log.

Completely fill VOC sample vial so the water forms a convex meniscus at the top, then cap the
vial so that no air space (bubble) is present in the vial. Turn the vial over and tap it smartly to
check for bubbles that indicate air space. If bubbles are observed, open the vial, fill the septum
cap with additional sample and slowly pour into the vial to form a convex meniscus again at the
top and attempt to recap the vial. If the first attempt to generate an air-free volatile organic
analysis (VOA) vial is unsuccessful, discard the vial and collect another sample vial. If the sample
is spilled during this procedure, discard the vial and collect another sample vial.

Completely fill the containers for all other analyses.

After the samples have been collected, they should immediately be placed in an ice-filled cooler.
The sampling team will keep the coolers in their possession until relinquished to the on-site
laboratory or to the Sample Coordinator, or until shipped to an off-site fixed-base laboratory.

Field analyses of groundwater may be performed for ferrous iron, sulfide, or other parameters
using field test kits. Follow the manufacturers’ instructions included with the test kits to conduct
the field analyses. Record the field test results in the field logbook or sampling log.

Pump-Specific Guidance

5.4.4.1 Grundfos Redi-Flo

The Grundfos Redi-Flo 2 is most suitable for moderate- to high-yield wells where water quality
parameters stabilize quickly. It should be noted that this pump generates heat at low flow rates, which
may degrade sample quality. This factor will be considered during pump selection. In addition to the
equipment and steps described in Sections 5.4.1 through 5.4.3, the following apply when using a
Grundfos Redi-Flo 2:

Equipment

Generator (minimum 3,500 watt)

Wire-tie or sampling tape
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1. Assemble the pump and sampling line components:

a. Connect the safety cable and appropriate length of tubing to the discharge port of the
Grundfos pump.

b. Roll out pump and cable and mark desired pump depth (minimum 2 feet above bottom
of well) on the cable with a wire-tie or sampling tape.

c. Measure sufficient tubing to set up the flow-through cell, cut tubing and attach to
pump.

d. Use nylon wire-ties to bind safety cable, power line, and discharge tubing together to
prevent tangling of lines downhole.

e. Insertthe pump into the well. Maintain a slight tension on the controller wire and the
safety cable. Slowly lower the pump and complete surface setup.

f. Make the proper connection, hook up the pump discharge tubing to the flow-through
cell, and place the flow-through cell discharge tubing into the purge drum.

2. Start the generator, plug in the controller, and check all tubing and instruments to ensure
proper connection.

3. Follow Section 5.4.2 Steps 5 through 10.

5.4.4.2 Impeller-Type Pumps
An impeller pump uses a positive displacement pump head. Water is introduced into the pump through
a mesh screen into the pump cavity. Once in the pump cavity, electric rotors transfer the water up the
tubing. This section describes typical impeller pump operation using the Fultz pump as an example. In
addition to the equipment and steps described in Section 5.4.1 through 5.4.3, the following apply when
using an impeller-type pump:
Equipment

e Power inverter so that pump can be powered from a 12-volt vehicle electric port.

e Hose and hose reel (optional, but recommended for deep wells)
Steps

1. Connect the pump power cable to the source of electricity.

2. Follow Section 5.4.2.

5.4.4.3 Bladder Pumps

A bladder pump uses compressed gas to pressurize the pump chamber, which squeezes an internal
bladder filled with groundwater. The cyclical pumping action creates a pulsing flow of water out the
pump discharge tube. The pressurized gas does not come into contact with the water. This pumping
method is considered to be among the best for VOC sampling (US EPA, 2002).
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Bladder pumps may be installed as well-dedicated pumps for on-going monitoring programs (such as at
landfills), or portable bladder pumps with removable disposable bladders are available. In addition to
the equipment and steps described in Sections 5.4.1 through 5.4.3, the following apply when using a
bladder pump:

Equipment

e Compressed gas supply (compressed gas tanks or oil-less air compressor)

Steps

1. Follow steps in Section 5.4.2, except that the pump is powered with compressed gas from a tank
or from an oil-less air compressor.

5.5 PERISTALTIC PUMP PROCEDURES

A peristaltic pump may be used for low-flow sampling for wells with 25 feet or less of head. Peristaltic
pumps offer distinct advantages over submersible pumps because they are highly portable and easy to
use. However, peristaltic pumps cause a pressure change in the sample at the pump head, which may
result in sample degassing. Section 5.5.3 provides guidance to avoid sample degassing for VOC sampling.

In addition to the equipment and steps described in Sections 5.4.1 through 5.4.3, the following apply
when using a peristaltic pump.

5.5.1 Equipment
e Forward and reverse switch and a speed controller

e Inverter and battery/vehicle electrical port
e Power cables

e Pliable silicon tubing (such as Tygon™) is required for the pump head to function properly. Some
peristaltic pumps (e.g., Barnant™) can accept various tubing diameters and provide a lever
mechanism for the pump head, making installation of the tubing easy. Record the make and
serial number of the equipment you use on the sampling log.

5.5.2 Purging

1. Attach the in-line flow-through cell with multi-parameter probe to the discharge line after the
rotor heads.

2. Position discharge tubing from the in-line flow-through cell over a bucket or drum to capture
purge water.

3. Use a graduated liter beaker and stopwatch to measure the flow rate. The pump is generally
powered by connecting the power cables to an inverter plugged into a battery or vehicle
electrical port.

4. Attach intake tubing to Tygon™ (or equivalent) tubing that goes through pump mechanism.

5. Carefully insert the intake tubing down into the well to minimize disturbance of the water
column. Lower the intake tubing end to the middle of the saturated screened interval or at least
2 feet off the bottom. Avoid tagging the bottom of the well.
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6. Attach the discharge tubing to the flexible pump-head tubing and attach in-line flow-through
cell.

7. Connect power and turn the pump on (forward direction) at a low pumping rate setting.

8. While measuring water levels in the well, adjust the pumping speed until the lowest sustainable
rate with minimal steady-state drawdown is attained. The pumping rate should induce no more
than 0.3 foot of drawdown. If excessive drawdown or well dewatering is noted, then low-flow
sampling procedures may not be feasible at this well. Refer to procedures for slow-recharging
wells in Section 5.5.4.

9. Continue purging until water quality parameters have stabilized, as discussed in Section 5.3.
After field parameters have stabilized, collect the sample as described below.

5.5.3 Sample Collection

1. After parameters have stabilized, turn off the pump. Disconnect the flow-through cell from the
pump discharge tubing and place sample container at tubing end. Turn on the pump and fill
sample containers.

2. Refer to the project-specific QAPP or SAP for sample containers, preservatives, and holding
times. When using a peristaltic pump, samples are usually collected in the following order (as
applicable):

a. DROand GRO

b. SVOCs, PFAS, TPH
c. PCBs and pesticides
d. Metals

e. Other organics

f. Otherinorganics

g. VOCs

3. Because this procedure involves removing the tubing from the well, collect VOC samples last in
the sampling order. Take care to not contaminate the tubing if it will be replaced into the well.
Use plastic sheeting around the well head to protect the tubing from contact with the surface.

4. For VOC samples, use the following procedures:
a. With the intake tubing completely filled with groundwater, turn the pump off.

b. Carefully pull the intake tubing out of the well and position the tubing end over the VOA
sample vials. The water will stay in the tubing because of a pressure differential created
by the pumping action (there is less pressure in the tubing than in the surrounding
atmosphere).

c. Reverse the pump flow direction at a very low flow rate and pump water out of tubing
into VOAEs.
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5. When metals analysis is required, determine if field filtering before sample preservation is
required. Generally, if turbidity in the sample is 10 NTUs or less, the groundwater sample will be
considered representative of total metals and does not need to be filtered prior to preservation.
If low-flow sampling produces a sample with turbidity greater than 10 NTUs, then the sample
may need to be filtered, use an in-line disposable 0.45 micrometer (um) filter prior to sampling
(Section 10.0). The project QAPP or SAP should specify the turbidity targets for unfiltered metals
samples.

6. After the laboratory-supplied sample containers are filled, labeled, and placed in a cooler on ice,
field analyses may begin if required. Field analyses of groundwater may be performed for
ferrous iron, sulfide, or other parameters using field test kits. Follow the guidelines in SOP
OESCO005A, “Field Parameter Measurements in Water” and the manufacturer’s instructions
included with the test kits to conduct the field analyses. Record the field test results in the field
logbook and/or the groundwater-sampling log.

5.5.4 Peristaltic Pump Procedures for Slow Recharge Wells

Slow recharge wells that go dry even with low-flow purging may be sampled using low-flow procedures
adjusted to prevent well dewatering and aeration.

In a slow-recharge well with a submerged screen (static water level above screened interval), slowly
pump out the well casing water until about 6 inches of water remain above the well screen top. Do not
pump the water below the screen level; avoid aeration of the screen. Allow the well to recover to at
least 80 percent of the measured static water level. Repeat this procedure at least twice to ensure influx
of aquifer water into the screened interval and then collect the sample.

For sampling, lower the tubing intake to mid-screen depth (or minimum 2 feet above well bottom) and
pump using as low a flow rate as possible. Collect VOC samples last, following the procedure described
in Section 5.5.3. Monitor water levels to prevent drawdown into the screen, if possible. Maintain a
pumping rate that prevents air bubble formation in the intake tubing.

For water table wells (static water level within screened interval) with slow recharge rates, if excessive
drawdown occurs then low-flow sampling procedures are not applicable, and an alternative sampling
method will be necessary. Refer to the project-specific QAPP or SAP, or contact the PM for instructions.

6.0 POLYETHYLENE-BASED PASSIVE DIFFUSION BAG SAMPLERS

6.1 METHOD DESCRIPTION AND LIMITATIONS

Polyethylene-based passive diffusion bag (PDB) samplers are an alternative to traditional pump or bailer
groundwater sampling methods for VOCs. The samplers consist of a low-density polyethylene (LDPE)
sleeve containing DI water. The LDPE sleeve acts as a semi-permeable membrane allowing chemical
equilibrium between the internal and surrounding fluid (groundwater). The PDB sampler is suspended
within the screened interval of the well and allowed to equilibrate with groundwater for a standard time
period (typically, one to 14 days). The PDB sampler is then retrieved from the well and emptied into
standard 40- ml vials for VOC analyses. PDB samplers are discarded after use.

This method is not suitable for certain ketones, ethers (e.g., methyl tert-butyl ether [MTBE]), and
alcohols; inorganic compounds; SVOCs; pesticides; PFAS; or polychlorinated biphenyls. Deployment of
PDB samplers in wells containing NAPLs requires special procedures that are not discussed in this SOP.
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The underlying principle of the PDB method is that groundwater within the screened interval of the well
is in dynamic equilibrium with the aquifer; in other words, groundwater is flowing freely through the
well. The method may not provide representative samples in stagnant flow situations or where well
efficiency is compromised by improper development or fouling.

6.2 PDB STORAGE

Before deployment, PDB samplers should be kept away from potentially cross-contaminating
circumstances such as long-term storage with chemicals or fuels. Follow manufacturer’s instructions for
storage conditions and shelf-life.

6.3 PDB SAMPLER PROCEDURE

Pre-sampling planning should consider the need for two mobilization events, one to install the samplers
and a second event to retrieve them.

6.3.1 PDB Deployment

The following procedures are adapted from the United States Geological Survey user’s guide for PDB
samplers (Vroblesky, 2001).

1. PDB samplers can be obtained either pre-filled (field ready) or unfilled. Unfilled samplers have a
plug and funnel to allow for field filling of DI water and sample recovery. To fill the sampler,
remove the plug from the sampler bottom, insert the short funnel into the sampler, and pour
laboratory-grade deionized water into the sampler. The sampler should be filled until water rises
and fills the funnel half way. Remove excess bubbles from the sampler. Reattach the plug.

2. Place the PDB sampler directly into the well and allow it to equilibrate to the groundwater
flowing through the well. Pre-sample purging is not required. If measurement of groundwater
quality parameters (e.g., DO, pH, ORP) is required, these data can be collected using a down-
hole multi-parameter probe following PDB sampler retrieval.

3. The PDB sampler may be attached to a weighted line, or weights can be attached directly to the
sampler.

a. If the well screen interval is shallow and the PDB contains an attachment ring, the
weights can be directly attached.

b. If the well screen interval is deep, consider using a weighted line approach. The weights
attached to the bottom of the line should be stainless-steel and can be reused for future
sampling events with proper decontaminated.

c. Braided polyester line is appropriate for one-time use; Teflon™-coated stainless-steel
wire can be used multiple times with proper decontamination (or dedicated to a well).

d. Sufficient weight should be added to counterbalance the buoyancy of the PDB samplers.
One approach is to have the weight resting on the bottom of the well with the line taut
above the weight. If this method is used, careful calculations must be made to ensure
the PDB is placed within the correct screen interval. (Note that turbidity in the well will
not affect the PDB sample quality.) Calculate the distance from the bottom of the well
up to the point where the PDB sampler is to be placed. The PDB sampler must be
completely submerged during the entire deployment period. Check groundwater
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elevations (water column height) and fluctuation trends (e.g., seasonal effects) before
selecting this method.

i. For 5-foot long or shorter well screens, the center point of the PDB sampler
should be the vertical midpoint of the saturated well-screen length.

ii. For 5-to 10-foot long well screens, it is common to utilize multiple PDB
samplers vertically along the length of the well screen for at least the initial
sampling to determine whether contaminant stratification is present and to
locate the zone of highest concentration.

iii. Lower the weight and weighted line down the well until the weight rests on the
bottom of the well and the line above the weight is taught. The PDB samplers
should now be positioned at the expected depth.

iv. Secure the assembly in this position. A suggested method is to attach the
weighted line to a hook on the inside of the well cap. The well should be sealed
in a way to prevent surface water invasion.

4. Allow the system to remain undisturbed as the PDB sampler equilibrates.

Quality Assurance (QA)/QC duplicate procedures still apply to PDB samplers (typically, one field
duplicate for every 10 field samples). Duplicate bag samples should be set at the same vertical depth if
the well diameter allows, this can be done with a clip attachment.

6.3.2 PDB Recovery

The amount of time that the sampler should be left in the well depends on site conditions. Conditions
that affect the sample equilibrium time include the target chemicals, chemical concentrations,
groundwater temperature, and local groundwater flow velocity. Very low-flow velocity and cold
temperature conditions have not yet been evaluated for this method.

1. Remove the PDB sampler from the well by using the attached line. Avoid agitating the samplers
or exposing them to heat.

2. Examine the surface of the PDB for evidence of algae, iron, or other coatings and for tears in the
membrane (note in field book). If there is a tear in the membrane, the sample should be
rejected. If the PDB is coated, that condition should be noted in the data validation report.

3. Detach and remove the PDB sampler from the weighted line. Remove excess liquid from the
exterior of the bag to minimize the potential for cross contamination.

6.3.3 PDB Sample Transfer

Have all required bottles ready for filling (pre-preserved 40-ml VOA vials). Transfer water from sampler
immediately upon recovery.

Remove the hanger and weight assembly from the sampler. Invert the sampler so that the fill plug is
pointed upward, then remove the plug. The water can be recovered by directly pouring in a manner that
minimizes agitation or by pouring through a VOC discharge accessory inserted in place of the plug.
Control discharge rate by tilting or manipulating the sampler.

Place sample containers immediately on ice to ensure sample preservation.
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6.34 Comparison Sampling for VOCs

If comparison sampling (to verify PDB sample results) is to be performed using conventional sampling
methods, the sample should be collected as soon as possible after the PDB is retrieved from the well.
Comparison samples should be, if possible, shipped in the same cooler as the PDB samples and analyzed
within the same sample data group.

7.0 HYDRASLEEVE™ SAMPLERS

7.1 METHOD DESCRIPTION AND LIMITATIONS

Polyethylene-based HydraSleeve™ samplers are an alternative to traditional pump or bailer
groundwater sampling methods for all analytical parameters. The disposable sampler is designed to
collect a representative water sample from a monitoring well without purging, by collecting a discrete
sample from only the fresh formation water in the screened interval of the well. The sample is collected
with no drawdown in the well and minimal sample agitation. The sampler is suspended within the
screened interval of the well and allowed to equilibrate with groundwater for a standard time period
(usually a minimum of one day). The sampler is then retrieved from the well and emptied into standard
laboratory provided containers for analyses. The samplers are discarded after use.

Deployment of the HydraSleeve™ samplers in wells containing NAPLs may require special procedures
that are not discussed in this SOP.

The underlying principle of the HydraSleeve™ method is that groundwater within the screened interval
of the well is in dynamic equilibrium with the aquifer; in other words, groundwater is flowing freely
through the well. Therefore, the method may not provide representative samples in stagnant flow
situations or where well efficiency is compromised by improper development or fouling. Vertical
gradients within a well can influence sample results. HydraSleeve™ samplers can be deployed in a
vertical array and the resultant data used to adjust future sampling plans.

Water quality parameters such as pH, temperature, dissolved oxygen, and specific conductance cannot
be measured using this sampling device. However, these data may be acquired down-hole with the
appropriate instruments prior to sampling with this device.

7.2 HYDRASLEEVE™ STORAGE

Before deployment, HydraSleeve™ samplers should be kept away from potentially cross-contaminating
circumstances such as long-term storage with chemicals or fuels. Follow manufacturer’s instructions for
storage conditions and shelf-life.

7.3 HYDRASLEEVE™ SAMPLER PROCEDURES

The following procedures are adapted from a published field manual for use of the HydraSleeve™
(Geolnsight, 2016).

7.3.1 HydraSleeve™ Assembly

1. Remove HydraSleeve™ from package and grasp top to pop open.
2. Squeeze side fins together at top to bend reinforcing strips outward.
3. Attach line to hole at top of HydraSleeve™.

4. Fold the two holes at bottom of HydraSleeve™ together and attach weight.
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Sampler is ready to insert into the well.

HydraSleeve™ Deployment

To collect a representative groundwater sample without purging, the well must be allowed time to re-
equilibrate after placement of the sampler. When a device is lowered into a well, some mixing of the
water column occurs. The diameter of the device and its shape greatly affect the degree of mixing. The
flat cross-section of the empty HydraSleeve™ minimizes the disturbance to the water column as the
sampler is lowered into position, reducing the time needed for the well to return to equilibrium.

There are three basic methods for holding a HydraSleeve™ in position as the well equilibrates.

1.

Top-Down Deployment: Measure the correct amount of suspension line needed to "hang" the
top of the HydraSleeve™ (s) at the desired sampling depth (in most cases, this will be at the
bottom of the sampling zone). The upper end of the tether can be connected to the well cap to
suspend the HydraSleeve™ at the correct depth until activated for sampling.

Bottom Deployment: Sound the well to determine the exact depth. Lower the weighted
HydraSleeve™ into the well and let it touch the bottom. Very slowly (less than 1/2 foot per
second [fps]) raise the sampler to the point where the check valve is at the depth the sample is
to be collected. Attach the suspension line to the top of the well to suspend it at this depth. (It is
often easier to measure a few feet from the bottom of the well up to the sample point, than it is
to measure many feet from the top of the well down.) Alternately, the sampler can be left on
the bottom until the well re-equilibrates. For sampling, it can be very slowly pulled (< 1/2 fps) to
sampling depth, then activated to collect the sample, and retrieved to the surface.

Bottom Anchor: Determine the exact depth of the well. Calculate the distance from the bottom
of the well to the desired sampling depth. Attach an appropriate length anchor line between the
weight and the bottom of the sampler and lower the assembly until the weight rests on the
bottom of the well, allowing the top of the sampler to float at the correct sampling depth.

Multiple Interval Deployment: There are two basic methods for placing multiple HydraSleeves™
in a well to collect samples from different levels simultaneously.

a. Attached to a Single Tether: To use three or more samplers simultaneously, it is
recommended to attach them all to a tether for support to prevent the sampling string
from pulling apart. The weight is attached to a single length of suspension line and
allowed to rest on the bottom of the well. The top and bottom of each HydraSleeve™
are attached to the tether at the desired sample intervals. Cable tie or stainless-steel
clips (supplied) work well for attaching the HydraSleeves to the line. Simply push one
end of the clip between strands of the rope at the desired point before attaching the
clip to the HydraSleeve™.

b. Attached End to End: To place two or three stacked HydraSleeves™ for vertical profiling,
use one of the methods described above to locate the bottom sampler. Attach the
bottom of the top sampler to the top of the following HydraSleeve(s) ™ with a carefully
measured length of suspension cable. Connect the weight to the bottom sampler. Note:
if many HydraSleeves™ are attached to a tether, more weight may be required than
with a single sampler.
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733 HydraSleeve™ Recovery

The HydraSleeve™ must move upward at a rate of at least 1 foot per second (about the speed a bailer is
usually pulled upward) for water to pass through the check valve into the sample sleeve. The total
upward distance the check valve must travel to fill the sample sleeve is about 1 to 2 times the length of
the sampler. For example, a 24-inch HydraSleeve™ needs a total upward movement of 24 to no more
than 48 inches to fill. The upward motion can be accomplished using one long continuous pull, several
short strokes, or any combination that moves the check valve the required distance in the open position.
A special technique is used for sampling low-yield wells.

e Continuous Pull: Pull the HydraSleeve™ continuously upward from its starting point at a constant 1
to 2 feet per second until full. This method usually provides the least turbid samples and is
analogous to coring the water column from the bottom up. When using this method, the screen
interval should be long enough so the sampler fills before exiting the top of the screen.

e Short Strokes: Pull the sampler upward at about 1 to 2 feet per second for the length of the sampler
and let it drop back to the starting point. Repeat the cycle 3 to 5 times. This method provides a
shorter sampling interval than the continuous pull method (above), and usually reduces the turbidity
levels of the sample below that of numerous rapid, short cycles (below). The sample comes from
between the top of the cycle and the bottom of the sampler at its lowest point.

e Rapid, Short Cycles: Cycle the HydraSleeve™ up and down using rapid, short strokes (6-inch cycle at
a minimum of one cycle per second) five to eight times. This method provides the shortest sampling
interval. Dye studies have shown that when using this method, the sample flows into the check
valve from along the length of the sampler and immediately above the check valve. The sample
interval is from the bottom the sampler at its lowest point in the cycle to the top of the check valve
at the peak of the cycle.

An optional top weight can be attached to compress the sampler in the bottom of the well if needed for
an extremely short water column. With a top weight, the check valve is pushed down to within a foot of
the bottom of the well.

7.3.4 HydraSleeve™ Sample Transfer

1. Have all required bottles ready for filling (pre-preserved 40-ml VOA vials). Transfer water from
sampler immediately upon recovery.

2. The best way to remove a sample from the HydraSleeve™ with the least amount of aeration and
agitation is with the short plastic discharge tube (included).

3. Squeeze the full sampler just below the top to expel water resting above the flexible check
valve.

4. Push the pointed discharge tube (provided) through the outer polyethylene sleeve about 3-4
inches below the white reinforcing strips.

5. Discharge the sample into the desired laboratory provided containers. Raise and lower the
bottom of the sampler or pinch the sample sleeve just below the discharge tube to control the
flow of the sample. The sample sleeve also may be squeezed, forcing fluid up through the
discharge tube.

6. Place sample containers immediately on ice to ensure sample preservation.
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8.0 SAMPLING USING A BAILER

Bailers are constructed of polyvinyl chloride (PVC), Teflon™, stainless steel, or high-density polyethylene
(HDPE) and consist of a cylinder with a bottom check valve and a means for attaching twine or rope at
the top. The bailer is lowered into the well, allowed to fill with water, and is then removed. Bailers can
be ordered in various diameters and lengths. Only single-use disposable bailers should be used for
sampling.

8.1 LIMITATIONS

The use of bailers to purge and sample wells will typically provide samples that are less representative
than the previously discussed methods. Sample quality is affected by aeration and agitation of the water
column, mixing of stagnant water from the well casing with groundwater in the screened interval,
generation of turbidity due to the surging action of the bailer, and other problems (Nielsen and Nielsen,
2002). The groundwater sample data from a bailer sample should always be qualified as “qualitative”
due to the potential influences on the sample.

Use of bailers may also increase exposure of field personnel to contaminants and may not be advisable
for sampling highly contaminated wells. For these reasons, bailer sampling is now generally considered
to be the sampling method of last resort

Bailer sampling may be applicable for collecting samples of leachate or from other non-groundwater
monitoring wells, or to collect a sample of LNAPL or DNAPL present in a monitoring well (which is not
addressed in this SOP). NOTE: It is not necessary (or advisable) to purge before sampling separate-phase
liquids from a well.

8.2 PURGING

The typical practice for using bailers is to purge out three well volumes, or until the well is dry, and then
allow the well to recover before sampling.

1. Spread plastic sheeting over the top of the well casing, cutting an access hole in the plastic at
the well opening. The plastic will keep the bailer and twine from touching the ground and well
casing, to minimize the potential for cross-contamination of the sample.

2. Measure depth to water and total well depth. Attach the appropriate length of twine to the
bailer (use non-tangling type of twine) and loop the other end to your wrist.

3. For water quality/chemical samples, remove the equivalent of three well volumes prior to
sampling and allow well to recover.

4. Gently and slowly lower the bailer into the well and avoiding tagging the bottom to minimize
sediment disturbance and water column aeration. Allow the bailer to fill with water and slowly
remove.

|II

5. Use a “windmill” motion of the arms to reel up the bailer and keep the line from tangling. A
tripod and reel or a mechanical winch (i.e., a Smeal Rig) can be used to raise and lower a bailer if
the well is deep.

6. Discharge purged water into bucket or drum. Record volumes removed on the purge/sample
log. After removal of one well volume, measure the well recharge rate by periodically measuring
and recording depth to water.

Oneida ESC Group



8.3

SOP No. OESCO08F
20 January 2023
Page 23 of 29

SAMPLING

After purging, allow the well to recover before sampling.

9.0

1.

Water quality parameters such as pH, temperature, etc. may be obtained by measuring water
quality parameters down-hole before or after sampling is completed using a multi-parameter
instrument. If measured after sampling, allow the well to recover first.

Prepare bottles and chain-of-custody form for sample collection.

Once the well has recovered to at least 80 percent of static (recovery percentage allowed may
depend on your sample volume needs), slowly lower the bailer into the water column.

The bailer should be lowered so that it is within the screened portion of the well. Slowly remove
the bailer to minimize disturbance to the well.

Once at the surface, transfer the bailer contents to the sample containers. The preferred
method is to insert a bottom-emptying device into the bottom of the bailer. The device is
pressed into the hole in the bottom of the bailer, which unseats the bailer check ball. The
preferred device has a valve or other mechanism that allows you to start/stop the flow. This
process is more readily performed by two people.

Refer to project-specific QAPP or SAP for sample containers, preservatives, and holding times.
When using a bailer, samples should be collected in the following order (as applicable):

a. VOGCs

b. Dissolved gases (methane, ethane, ethene)

c. GRO

d. SVOCs, DRO, PFAS, TPH

e. PCBs and pesticides

f. Metals

g. Other organics

h. Other inorganics

After the laboratory-supplied sample containers are filled, labeled, and placed in a cooler on ice,
field analyses may begin if required. Field analyses of groundwater may be performed for
ferrous iron, sulfide, or other parameters using field test kits. Follow the guidelines in SOP
OESCO05A, “Field Parameter Measurements in Water” and the manufacturer’s instructions
included with the test kits to conduct the field analyses. Record the field test results in the field
logbook and/or the groundwater-sampling log.

BIO-TRAP® SAMPLERS

Bio-Trap® samplers are passive sampling tools that contain Bio-Sep® beads that are deployed in
monitoring wells to collect microbes over time to determine if biodegradation is occurring in the
subsurface. The procedures outlined in this SOP for Bio-Trap® samplers are specific to the samplers
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manufactured by Microbial Insights, Inc. located in Rockford, Tennessee (www.microbe.com) and are
adapted from the manufacturer’s protocol.

Other manufacturers may provide similar methods and equipment for meeting the sampling objective;
the project-specific QAPP or SAP should indicate the specific sampling equipment to be used for the
project.

9.1 METHOD DESCRIPTION AND LIMITATIONS

The sampler is suspended within the well screen for 30 to 60 days, and then removed from the well,
transferred to a zippered bag, placed on ice in a cooler, and sent to the laboratory for analysis.

9.2 EQUIPMENT STORAGE

Bio-Trap® samplers should be purchased no earlier than two weeks prior to the intended deployment to
minimize potential microbial contamination, chemical contamination, and drying. The samplers must
remain sealed and refrigerated until they can be deployed in the field and should be kept in a cooler on
ice in the field prior to deployment.

9.3 SAMPLER DEPLOYMENT

1. Wear sterile gloves at all times when handling Bio-Trap® samplers.

2. If the monitoring well into which the Bio-Trap® sampler will be deployed has not been purged
recently, purging three well volumes is recommended to ensure contact with formation water
and to reduce the well bore effect.

3. Wearing sterile gloves, remove the Bio-Trap® sampler from the zippered bag and attach the
nylon attachment loop to a nylon line.

4. Suspend the sampler where significant contaminant concentrations exist. If no data are
available on the vertical distribution of contaminants, suspend the sampler 1 to 1.5 feet below
the top of the water table if the contaminants of concern are petroleum hydrocarbons or in the
middle of the saturated screen if the contaminants of concern are chlorinated hydrocarbons.

5. If large fluctuations in the water level are anticipated during the incubation period, the Bio-
Trap® sampler should be suspended from a float per the manufacturer’s directions. The float
should be made of a non-reactive inert material to both groundwater and subsurface
contaminants.

9.4 SAMPLER RECOVERY
1. Remove the Bio-Trap® sampler from the well and cut off the braided nylon line used to suspend
the sampler.

2. Transfer the sampler to a labeled, zippered bag and double bag it in a one-gallon zippered bag.

3. Immediately place the bagged sampler on ice (which must be double-bagged) in a cooler and
ship the samplers to the laboratory for next day delivery.

10.0  FIELD FILTERING OF SAMPLES

Field filtering of groundwater samples may be required for samples to be analyzed for dissolved metals.
Field filtering is appropriate for samples with turbidity of greater than 5 to 10 NTUs (depending on the
project-specific QAPP or SAP), but is unnecessary for samples with equal to or less than 5 NTUs.
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1. Filter groundwater samples immediately upon collection, prior to chemical preservation of the
sample. Filtration should be completed in as short a time as possible while minimizing sample
aeration, agitation, pressure changes, temperature changes, and prolonged contact with
ambient air.

2. The project-specific QAPP or SAP should specify if and when (for which wells) field filtering will
be performed, and the type of filter that will be used. Typically, 0.45 um disposable capsule
filters are used for groundwater sampling.

3. [If using a pump to sample the well, attach the filter to the outflow tubing and fill the sample
containers from the outflow end of the filter.

4. |If using a bailer for sampling, transfer the sample to a clean container and filter the sample using
a peristaltic pump with an in-line filter. Alternatively, there are apparatuses to pressurize a
transfer container or the bailer, which forces the sample through a filter.

5. Follow manufacturer’s instructions for use of the filters. Pre-condition the filter prior to filtering
the sample by pumping a sufficient volume of sample water through the filter to completely
saturate it. Discard the preconditioning filtrate (place in purge water container). Collect sample
after the filter has been pre-conditioned.

6. After collection of the filter sample, add the appropriate field preservative. Field preservation
information should be included in the project-specific QAPP or SAP.

11.0 GROUNDWATER QUALITY CONTROL SAMPLES

All QA/QC sampling activities must comply with the requirements of the project QAPP or SAP. QC
samples may include equipment (rinsate) blanks, field blanks, material blanks, duplicates, matrix spike
and matrix spike duplicates, and trip blanks.

Equipment rinsate samples (equipment blanks) are usually collected after sampling a known or
suspected contaminated well to assess the effectiveness of decontamination procedures. Equipment
blanks are taken in the field by pouring laboratory-grade Type Il reagent grade water through the
decontaminated pump or other sampling device, then collecting the rinsate into the proper sample
containers. The equipment blank is preserved, labeled, and stored in exactly the same manner as a
groundwater sample.

Field blanks are collected to assess if ambient sources of contamination, such as fumes from internal
combustion engines, may affect groundwater sample quality. Collect a field blank while at a
groundwater sampling location in an area where an ambient atmospheric source is present. Pour
laboratory-grade DI water into the sample containers (typically VOA vials) and treat exactly the same as
a groundwater sample.

Duplicate samples are collected to evaluate the accuracy and precision of the contract laboratory.
Duplicate samples are collected at the same time as the associated environmental samples (called field
or original samples). All of the sample bottles for a particular analysis for both the duplicate and the
environmental samples will be filled before filling the sample bottles for the next analysis. For instance,
fill all the VOC bottles prior to filling the SVOC bottles.

Trip blanks are submitted to the laboratory to evaluate the potential for cross-contamination of VOCs
within the shipping cooler. Appropriate sample containers filled with analyte-free water will be sealed
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and provided by the laboratory. Trip blanks accompany sample shipments containing VOC samples (see
project QAPP or SAP for frequency of trip blanks). Keep trip blanks with sample containers during all
stages of the sampling effort.

12.0  FIELD EQUIPMENT CLEANING PROCEDURES

Sampling equipment, including electrical water level tapes, flow-through cell, pumps, etc. should be
decontaminated upon arrival on-site (unless guaranteed clean by supplier) and between each well. Field
decontamination procedures may be specified in the project QAPP or SAP. Otherwise, use the
decontamination procedures in SOP OESC011A, “Sampling Equipment Decontamination Procedures.”

Generally, sample the least contaminated wells first (if known) as an additional precaution against
introducing contaminants into the wells and samples. If decontamination is performed in the field, all
rinse water must be contained in a manner that prevents the introduction of contamination to the site
environment. See SOP OESC012A, “Investigation Derived Waste Management Procedures.”

13.0 SAMPLE MANAGEMENT AND CHAIN-OF-CUSTODY PROCEDURES

After each sample is collected, samples will be labeled and handled in accordance with methods
specified in the project-specific QAPP or SAP. Guidelines for sample labeling, chain-of-custody
procedures, sample packaging, and sample shipping procedures are provided in SOP OESC010C, “Sample
Labeling, Control, and Shipping.” Note that DOT hazardous material sampling requirements may apply to
samples that contain reportable quantities of hazardous substances.

14.0 FIELD DOCUMENTATION

Thoroughly document groundwater sampling procedures, equipment, and events. Additional field
documentation procedures are presented in SOP OESC002A, “Field Records and Documentation.”

Maintain field notes to provide a daily record of sampling and events. Follow site-specific requirements
for completing daily field activities logs, purge logs, and groundwater sampling logs.
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GROUNDWATER SAMPLING EQUIPMENT AND SUPPLIES CHECKLIST

Tools

3/4" and 9/16” socket or wrench
15/16" socket wrench (for drums)

Screwdriver, pliers

Mallet
Wire cutters and/or knife

Crescent wrench

Decontamination/IDW Supplies

Isopropyl and DI water spray bottles

DI water (4 x 5-gallon carboys)

30-gallon vessel w/20-gallon potable
water

20-gallon carboy with
decontamination solution

30-gallon vessel with 20 gallons soapy
water

Miscellaneous Supplies

Brushes

Liquinox
Trash bags

Plastic wash tubs

Fluid containment (drums or poly
tanks)

Well keys and caps
Extra locks

Nylon wire ties

Bolt cutters
Extra bolts

Tubing cutter

Sample Equipment / Instruments

Water quality probe (Troll or
equivalent)

Calibration fluids, fresh
PID and calibration kit
ASTM Il deionized water

Turbidity Meter

Disposable bailer, bailer twine

Pump, tubing, reel, related supplies

Pump converter/inverter (if needed)
Water level and/or Oil/Water indicator

Generator (if needed)

Compressed air or air compressor (if
needed)

Flow-through cell
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Field Logs and Documentation

Field activity daily log (if required)
Groundwater elevation logs
Purge/Sample Logs

Sample Container Labels

Task-Specific QAPP, SAP or Work Plan

Sample Supplies

Real time air monitoring log
CocC

Site well map

Master sample data sheet

Equipment list

Poly sheeting
Duct tape, Clear plastic tape
Paper towels
Resealable baggies — all sizes
Coolers w/ice

Sample preservatives

Sample containers appropriate for
the COCs + reserves if breakage
happens

Filters (if required)

String for bailers

Tubing adapters and fittings
Buckets and funnels
Appropriate sample bottles
Appropriate IDW containers

Graduated plastic container (liter)
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STANDARD OPERATING PROCEDURE OESC0081

BOREHOLE ABANDONMENT AND WELL DESTRUCTION
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1.0 PURPOSE AND LIMITATIONS

The purpose of this Standard Operating Practice (SOP) is to establish a uniform procedure for borehole
abandonment and well destruction.

Methods must comply with applicable federal, state, and local laws and regulations. Applicable federal,
state, and local laws and regulations must be considered during the project planning phase and
addressed in the site-specific work plan. Permits are commonly required for abandonment/destruction
of wells. A state-licensed driller is needed for these procedures.

e This SOP focuses mainly on smaller diameter remediation and monitoring wells, and
piezometers, and not on large water production wells, injection wells, or oil wells.

e This SOP is not intended for abandoning artesian (flowing) wells and borings, which will require
additional controls, including surface seals and pressure grouting with barite.

2.0 BOREHOLE ABANDONMENT PROCEDURES
2.1 Objective

The objectives of borehole abandonment are to eliminate physical hazards such as borehole collapse
and to protect the subsurface environment by preventing a pathway for surface pollutants to migrate
downward through the borehole.

2.2 Materials

Boring backfilling materials will meet State and/or local rules and regulations. Materials used for sealing
shall have low permeability so that the volume of water and possible pollutants or contaminants passing
through them will be of very minimal consequence. Grout should be impermeable and stable (will not
decompose). If not otherwise specified in project planning documents, use the following types of
material:

e Granular bentonite or bentonite chips may be used in shallow boreholes (typically less than 20
feet deep) or boreholes that do not penetrate groundwater. Bentonite will consist of
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commercially obtained calcium bentonite with high solids content. The specifications and source
of the bentonite material will be recorded in the field notes.

e Cement grout will be used for boreholes that penetrate groundwater or are deeper than 20
feet. Grout will consist of a mixture of Portland cement (ASTM C150-07; ASTM, 2012) and water
in the proportion of approximately 6 to 7 gallons of potable water per sack of cement (94
pounds), with 3 to 5 percent by weight of calcium bentonite powder will be added. The
minimum acceptable grout weight will be 14 pounds per gallon (lbs/gal). The cement grout
weight and volume (in cubic feet) will be calculated and recorded in the field notes. Water may
be added to the mix in small amounts, at the discretion of the supervising geologist, to decrease
viscosity as necessary to ensure proper filling of the borehole.

The following table provides specifications for various grout slurry densities.

Percentage Water Minimum density Volume Bentonite
Bentonite Ratio (Ibs/gal) (cubic feet/sack)
2 6.0 gallon/sack of cement 14.7 1.36
3 6.5 gallon/sack of cement 144 1.45
4 7.2 gallon/sack of cement 14.1 1.55
5 7.8 gallon/sack of cement 13.8 1.64
2.3 Procedures

Boreholes should be backfilled as soon as practical after samples have been collected as specified in
project planning documents (not covered by this SOP).

If boreholes will remain open overnight or for extended time periods, the surface must be secured to
prevent unauthorized access or cross contamination, and in accordance with any regulatory
requirements.

23.1 Boreholes Less Than 20 Feet Deep in Stable Soils

Granular, pellet, or chip bentonite may be used to backfill shallow boreholes (typically less than 20 feet
deep) or borings that do not penetrate groundwater when the annular area is large and stable enough
to limit the potential for borehole collapse and bridging.

e Add dry granular bentonite (or bentonite pellets or chips) in a maximum of 3-foot lifts and
hydrate for a minimum of 30 minutes between lifts to ensure proper hydration of the plug. If
time-release pellets are used, consult the manufacturer’s instructions for hydration times.
Hydrate bentonite with sufficient potable water as indicated on the package instructions.

e Measure depths before and after hydration to ensure the granular bentonite has been properly
emplaced.

e Check borehole after a minimum of 12 hours and backfill any shrinkage at ground surface.

e Repair the surface as required by the project planning documents and/or local regulations.
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2.3.2 Boreholes Greater Than 20 Feet Deep or Boreholes in Unstable Soils

Boreholes greater than 20 feet deep that are advanced into unstable sediment or boreholes that
penetrate groundwater will be pressure-grouted using a tremie pipe while the drill casing is gradually
removed, as follows:

e Prepare grout slurry and weigh grout density as discussed in Section 2.2.
e Pressure-grout using a tremie pipe.

e Remove drill casing incrementally during the grouting procedures to limit borehole collapse,
usually exposing no more than 3 feet of open borehole.

e Pump grout into the annulus through the tremie pipe until undiluted grout flows from the
borehole at the ground surface. Typically for deep boreholes, it may be necessary during
pressure grouting to remove some of the tremie pipe; however, the bottom of the tremie pipe
will remain at a minimum of 10 feet below the top of the advancing grout mixture.

e Allow grout to cure for at least 24 hours; backfill any shrinkage with additional grout to ground
surface. Granular, pellet, or chip bentonite may be used to backfill shrinkage of less than 2 to 3
feet; hydrate bentonite.

e Recheck any backfilled boreholes and repair the surface in accordance with the project planning
documents and/or local regulations.

3.0 WELL DESTRUCTION PROCEDURES
3.1 Objectives

The objective of proper well destruction is to protect groundwater quality by preventing surface
pollutants from migrating downward through and/or around the well casing, and to eliminate any
physical hazards to humans and animals.

3.2 Procedures

Well destruction will be performed in accordance with state and local laws and regulations, which
should be incorporated into the project planning documents to properly prepare for the work, and must
be performed by a qualified well driller licensed in the project state. Required permits will be obtained
prior to initiating work, which may proceed only at the approval of the enforcing or permitting agency.
The enforcing agency should be contacted to determine requirements for disposal of all materials
removed from a well to be destroyed; refer to the project planning documents.

The state-licensed driller will destroy wells using the following general procedures:

e Investigate monitoring well before it is destroyed to determine its condition and well
construction details.

e Ensure there are no obstructions that will interfere with filling and sealing; remove any
obstructions or undesirable materials prior to well destruction.

e Properly de-energize and cut electrical connections and remove in-well equipment such as the
pump assembly, if present. Record the type and length of equipment removed from the well in
field notes.
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e Remove surface protective casing, well vault, or pump house.

o Wells or piezometers shall be destroyed by removing all material within the original borehole,
including the well casing, filter pack, and annular seal, if required.

0 For shallow wells in soft soils (typically less than 25 feet deep), the well casing or entire
well can be removed by pulling it from the ground.

0 For polyvinyl chloride (PVC)-cased wells, the casing may be over-drilled using a special
guide bit.

0 Inrare instances, well casings may be difficult to extract, and it may be proposed to
perforate the casing, perform pressure grouting, and remove the upper 5 feet of casing.
If the permitting or enforcing agency approves perforation and pressure grouting, then
follow guidelines proposed in the permit.

0 Ifrequired by the project planning documents, capture and contain groundwater
displaced during grouting and temporarily store it in 55-gallon drums, pending
characterization and disposal.

e After casing removal or perforation, all voids will be completely filled with sealing material/grout
in accordance with the steps provided in Section 2.0.

4.0 DOCUMENTATION

The supervising geologist/scientist is responsible for fully documenting the borehole abandonment or
well destruction procedure. The following information will be documented in the field logbook and on
the abandonment/destruction form:

e Name of property owner

e Address of owner and/or property

e Borehole or well location

e Borehole or well installation method and date
o Type of well (purpose, use)

e Construction of well, including total depth, diameter, depth of casing, well casing and screen
material, diameter of borehole, filter pack material/height, etc.

e Geologic formation (characteristics), depth to bedrock (if applicable)

e Depth to groundwater at time of abandonment

e Materials and anticipated quantities to be used backfilling and/or grouting

e Actual quantities used for backfilling and/or grouting

e Description of abandonment/destruction procedures, materials, grout densities
e Description of drilling equipment, if used

e Drilling contractor, license number

e Step by step procedures executed
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e Diagram or log of well destruction
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1.0 PURPOSE AND LIMITATIONS

The purpose of this Standard Operating Procedure (SOP) is to present procedures for sample
identification (ID), sample handling, and preparing chain-of-custody (COC) documentation. These
procedures will facilitate maintaining the integrity of samples from the point of collection to laboratory
arrival. COC documentation is used to communicate analytical instructions to the laboratory, provide
the laboratory with a record of provided samples, and document proper handling by only authorized
personnel.

This procedure applies to the shipping and packing of all non-hazardous samples. Non-hazardous
samples are those that do not meet any hazard class definitions found in 49 CFR 107-178. Generally,
most environmental samples do not meet any of the Department of Transportation’s hazardous
materials definitions. See Section 3.5 for further information.

2.0 EQUIPMENT AND SUPPLIES

Field records and COC records will be recorded in black waterproof, ballpoint, non-erasable ink. Under
no circumstances will permanent markers (e.g., Sharpies), white out, or erasers be used on field forms
or COC forms.

3.0 PROCEDURAL STEPS
The following steps are intended to ensure the integrity of data obtained through sample collection.

3.1 Sample Nomenclature

The sample numbering protocol used for field samples and quality control (QC) samples should be
outlined in the project-specific Sampling and Analysis Plan (SAP), Work Plan, Field Sampling Plan, Quality
Assurance Project Plan (QAPP), and/or comparable document. Prior to preparing sample labels or a COC,
this numbering protocol should be confirmed.
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3.2 Sample Labeling

Samples of environmental media including soil, sediment, surface water, groundwater, waste, ambient
air, and vapor samples, will be labeled according to the following procedures.

1. Label each sample container with the following information:
e Dateandtime
e Sample ID number
e Project number
e Sampler (name)
e Preservative
o Field filter (if applicable)

2. Record sample collection information in the field logbook and/or daily field record. Begin the sample
collection entry with the time the sample is collected. Entries will be made in chronological order.

3. Sketch a drawing of the site in the field logbook if a map of the sampling location is not available
prior to sampling. Properly identify and illustrate specific sampling points for future reference.

Errors must be corrected by a single line through the error, initialed, dated, and rewritten by the field
personnel performing the correction. If possible, corrections should be made by the individual who
made the error.

Adhesive labels placed on sample tags, logbooks, or sample containers should not be removed. Labels
should never be placed over previously recorded information. Permanent markers may be used for
information recorded on sample container labels; error correction will follow the same process detailed
in the previous paragraph. Note: Do not add additional adhesive labels to pre-tared, pre-labeled EPA
Method 5035 vials (e.qg., TerraCore, etc.) received from the laboratory. Record all information on the
provided labels so as not to alter the tare weight of the vial.

3.3 Chain of Custody

A COCis a legal document used to track the continuous possession of samples from their origin to
completion of analysis and archiving/disposal in the laboratory. This uninterrupted record of custody is
required to maintain integrity of samples. The following procedures will provide field personnel with
techniques to complete sample labels and COCs in the field:

e Limit the amount of personnel handling samples during the sampling event.

e Each field team member is responsible for the proper handling and custody of samples collected
until they are properly and successfully transferred to the next authorized person or facility. If the
project has a Field Sample Coordinator (FSC), the field team will deliver samples to the FSC as soon
as possible and that person will assume responsibility for completing the COC record.
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e Prior to or immediately following sample collection, field personnel will complete sample labels for
each sample container using black waterproof, non-erasable ink or permanent marker, and attach
them to the sample containers. A sample label will be adhered or tied to the container.

e Sample containers will be placed in re-sealable plastic bags before placement on ice to prevent
leakage. Double bagging sample containers and wrapping each container in bubble wrap is
recommended to prevent leakage and breakage.

The following methodology will be used to complete the COC and to maintain an accurate record of
sample collection, transport, analysis and disposal:

1. Samples will be accompanied by a COC form at all times. A COC record will be completed for all
samples or materials collected. Each sample shipment must contain a separate COC form.

2. The COC form will be used by personnel responsible for the integrity of samples from the time of
collection until receipt by the laboratory. The COC form will be signed by each individual who has
the samples in their possession.

3. The COC documentation will include the project name and number, date, location, sampler’s
name/signature. The COC will also include necessary information for the laboratory, including the
type of sample, number of sample containers, sample description, sample preservative, sample
remarks (such as, a field-filtered or quality control sample), requested analysis, and turnaround
time. This information should match the project SAP and be confirmed with the Project Chemist
prior to field mobilization.

4. Several COC forms or COC continuation forms can be used to group samples under one COC. The
continuation forms will reference the original COC number and all pages will be numbered.

5. One copy of the COC record will be retained by the FSC and a digital copy sent to the Project
Chemist and Project Manager. The original record will be sent to the Project Manager after samples
are accepted by the laboratory. This copy will become a part of the project file.

6. The first block for "Relinquished by" and "Received by" will be completed by the field sampler and
transporter, respectively, if the person collecting the sample does not transport the samples to the
laboratory or deliver the sample containers for shipment.

7. The person transporting the samples to the laboratory or delivering them for shipment will sign the
record form as "Relinquished by" at the time the samples are transferred. Lab personnel will sign
the “Received by” section once the samples arrive to the lab.

8. The COC form will be kept in the possession of the person delivering the samples if the samples are
transported directly to the laboratory. The sender must sign with date and time as “Relinquished
by” before sealing coolers if the samples are shipped to the laboratory by commercial carrier. The
COC form will be sealed in a plastic bag, taped on the inside lid. The shipping container will be sealed
with two custody seals and securely taped on each prior to relinquishing to the shipper.

a. For samples shipped by commercial carrier, the waybill or air bill will serve as an extension of
the COC record between the final field custodian and receipt in the laboratory. The “Received
by” section of the COC will be filled out with the identity of the commercial carrier (for example
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“FedEx”) and the waybill tracking number will be noted on the COC. The sender's copy of the
waybill must be attached to the sender's copy of the COC form and the waybill tracking number
recorded into the logbook.

For shipments with multiple coolers, a copy of the COC(s) will be included with each cooler.

The sample recipient will open the shipping containers, compare the contents with the COC
record, verify that document control information is accurate and complete, and sign and date
the record as “Received by.” Discrepancies will be noted on the COC form or on a sample receipt
form.

The Project Chemist will be immediately notified of sample discrepancies and the samples in
question will be segregated from normal samples.

The digital copy of the COC form completed by the laboratory will be maintained in the project
file.

Sample Packaging for Shipment

The following procedures will be used to prepare samples for shipment to the laboratory:

1. Proper packing to ensure that samples arrive at the laboratory in good condition.

a.

Durable plastic ice chests and coolers will be used. Tapes that may emit volatile organic
compounds, such as duct tape, will not be used inside the container.

Large heavy-duty plastic bags will line the cooler to prevent leakage.

Approximately 2 inches of cushioning material such as bubble wrap, bagged ice, and/or
absorbent pads will be placed in the bottom of the inner liner.

Sample containers will be placed in clear, plastic, re-sealable bags. Double bagging sample
containers is recommended to reduce leakage. Glass containers will be wrapped in bubble wrap
or cushioning material to prevent breakage.

Double bagged ice—sufficient to maintain less than 6° C during shipment—will be placed beneath,
around, and on top of the sample containers. Void space will be filled with ice and/or bubble
wrap to prevent sample container breakage during shipment. A temperature blank must be
included in the shipment so the lab can verify the temperature upon arrival.

The completed COC form will be placed in a re-sealable plastic bag and attached to the lid of the
cooler with clear plastic packing tape.

The large heavy duty garbage bag lining the cooler will be tied and fastened. The loaded cooler
will be securely taped shut with heavy duty packing tape so that the cooler cannot be opened. If
the cooler is equipped with a drain plug, it will be taped shut.

The completed shipping label will be placed on the outside of the cooler.

The sides of the cooler will be marked with "This Side Up" arrows and "Fragile" labels.
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j.  Signed custody seals will be covered with clear packing tape and placed on the top and sides of
each cooler so that the cooler cannot be opened without breaking the seal.

k. Notify the laboratory of the expected shipment and coordinate with laboratory receiving hours.
Special procedures may be required for sample receipt after hours or on weekends. In general,
samples should be shipped priority overnight for delivery by 10:30 a.m. to accommodate
holding times between sample collection and analysis.

2. Comply with shipper weight limits.

3. Shipment records, including freight bills, post office receipts, and bills of lading, will be retained in
the project file.

3.5 Sample Shipment Considerations (DOT and IATA Regulations)

Samples may be classified as hazardous materials/dangerous goods for shipment per Department of
Transportation (DOT) and/or International Air Transport Association (IATA) regulations. If professional
knowledge indicates that the sample does not contain hazardous materials above reportable quantities
or characteristics above listed concentrations in the 40 CFR hazardous waste table, including pH,
corrosivity, and ignitability criteria, samples do not have to be shipped as hazardous materials.

NOTE: IF YOU ARE NOT DOT-TRAINING CERTIFIED OR IATA-TRAINING CERTIFIED IF SHIPPING BY AIR, YOU
CANNOT SHIP HAZARDOUS MATERIAL/ DANGERQUS GOODS. To do so risks large fines against the
individual who signs the shipping bill.

For some chemicals and compressed gases, the quantity, limitations, and shipment requirements are
given in 49 CFR 172.101, especially in the Hazardous Materials Table 172.101. Field personnel cannot
classify samples based on the source or origin according to these regulations. The shipper is required to
know actual or expected chemical concentrations of the material in the shipping container. Field
personnel who are unsure about shipping from the field should call a qualified person in the office.
Applicable regulations should be reviewed for each situation.

4.0 References

Department of Transportation, Final National Guidance Package for Compliance with Department of
Transportation Regulations in the Shipment of Laboratory Samples, March 1981.

International Air Transport Association (IATA), Dangerous Goods Regulations, current edition.
U.S. Department of Transportation Regulations, 49 CFR Parts 108-178.

United States Environmental Protection Agency Region 4, Environmental Investigations Standard
Operating Procedures and Quality Assurance Manual, May 1996.

. 2020. Operating Procedure: Packing, Marking, Labeling and Shipping of Environmental and
Waste Samples. 23 February.
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1.0 PURPOSE AND LIMITATIONS

The purpose of this Standard Operating Procedure (SOP) is to establish uniform decontamination
procedures for sampling equipment that may come into contact with contaminated media.

Alternative field decontamination procedures not specified in this SOP or in project plans must be
approved by the project manager and recorded in the field logbooks.

Decontamination procedures are described for two types of equipment:

¢ Equipment that does not contact samples: equipment associated with the sampling effort, but
that does not directly contact the sample. For example, drilling bits, field-screening sample jars,
and flow-through cells.

¢ Equipment that contacts samples: equipment that comes in direct contact with the sample or
portion of sample that will undergo chemical analyses or physical testing. For example, bowls,
spoons/trowels, augers, and sample sleeves.

Use disposable sampling equipment when practicable to minimize the potential for cross-
contamination.

2.0 GENERAL REQUIREMENTS

2.1 Equipment and Supplies

Detergent: Use a standard brand of phosphate-free laboratory detergent such as Liquinox® or
Luminox®. Liquinox® is a traditional anionic laboratory detergent used for general cleaning. Luminox® is
a specialized detergent capable of removing oils and organic contamination and is used in lieu of a
solvent rinse step in cleaning equipment for trace contaminant sampling. Where not specified in this
SOP or project-specific plans, either detergent is acceptable.

The use of a different detergent must be justified and documented in the field logbooks. Detergent must
be kept in a clearly labeled clean plastic, metal, or glass container until used.

Tap Water: A potable water source will be identified for equipment decontamination procedures as part
of the field planning activities. Tap water may be from an on-site or off-site source and is typically the
project site municipal water supply source. Tap water can be stored in clean tanks, sprayers, or squeeze
bottles, or may be applied directly from a tap water source. Specific requirements for tap water may be
given in the project Sampling and Analysis Plan (SAP).
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Deionized Water: Deionized water has been treated by passing through a standard deionizing resin
column. Deionized water must be stored in clean glass, stainless steel, or plastic containers. Specific
requirements for deionized water may be required per the project SAP. Some SAPs may require ASTM
Type |l deionized water that is laboratory-certified to contain no metals or other inorganic compounds.

Alcohol, Acids, and Solvents: Isopropanol, nitric acid, and hexane are typical fluids that may be used to
clean field equipment. The project-specific SAP should specify if these materials can be used. Observe
Department of Transportation (DOT) shipping requirements for these materials.

2.2 PFAS Sampling Considerations

Per- and polyfluoroalkyl substances (PFAS) are a class of manufactured compounds that are extensively
used to make everyday items more resistant to stains, grease, and water. These chemicals have been
used in a variety of industrial, commercial, and consumer products. Materials potentially containing
PFAS are to be avoided when collecting samples for PFAS analyses. If samples will be collected and
analyzed for PFAS, please refer to SOP Addendum No. 1 for guidelines, procedures and protocols to
avoid sample contamination from outside sources.

2.3 Safety Procedures

Follow applicable health and safety procedures specified in the project-specific SAP and Health and
Safety Plan (HASP) during equipment decontamination. At a minimum, the following personal protective
equipment (PPE) will be worn and precautions followed in the decontamination area:

o Safety glasses with side shields or goggles and nitrile or latex gloves worn at all times during
decontamination operations.

e Eating, smoking, drinking, chewing, or hand-to-mouth contact is not permitted during
decontamination operations.

24 Storage of Field Equipment

Store field equipment in a contaminant-free environment following decontamination. Decontaminated
equipment should never be stored near fuel sources, vehicle exhaust, or within the exclusion zone.
Allow decontaminated equipment to air dry and wrap in plastic or aluminum foil pending further use.
After decontamination, equipment should be handled only by personnel wearing clean latex or nitrile
gloves to prevent recontamination.

3.0 DAILY QUALITY CONTROL AND PRODUCTION REPORTS

This section provides guidelines for specific Quality Control (QC) procedures to monitor the
effectiveness of equipment cleaning procedures. Sampling and field equipment will be cleaned in
accordance with the project-specific SAP or Quality Assurance Project Plan (QAPP). QC procedures will
be recorded in the field log books.

3.1 Equipment Blank Samples

The effectiveness of equipment cleaning procedures will be evaluated by analysis of rinsate blank
samples. Equipment rinsate blank samples will be collected and submitted for laboratory analysis in
accordance with the project SAP. Different pieces of equipment will be selected for this procedure so a
representative sampling of equipment is obtained during field activities.

The following procedures will be used to collect an equipment rinsate blank:

Oneida ESC Group



SOP No. OESC011A
Date: 12 January 2023
Page 4 of 8

1. Complete the cleaning procedures listed in Section 4.0 of this SOP. Rinse the selected
equipment with laboratory grade water. If the rinsate blank is collected from a submersible
pump, rinse the sample contact portion of the disassembled pump with deionized water.

2. Collect the rinse water into the appropriate container; the project SAP or QAPP should specify
the appropriate rinsate blank sample containers, preservatives, and analyses.

3. Follow the project SAP for identification of QC samples (blind or designated) in chain-of-custody
forms.

4.0 CLEANING REUSABLE SAMPLE-CONTAINING EQUIPMENT

Follow the procedures outlined in this section when sample-contacting equipment is reused.

4.1 General

Equipment decontamination will take place in a designated area that is lined with plastic within the
contamination reduction zone. Equipment decontamination liquid will be retained and containerized as
specified in the project SAP or QAPP. The detergent and initial rinse water baths may be reused, but new
solutions must be prepared periodically depending on the amount of equipment requiring
decontamination.

4.2 Sampling Equipment For Organic Analyses
The following general procedure will be used when cleaning metallic, Teflon®, plastic, or glass field
sampling equipment:

1. Wash equipment thoroughly with laboratory detergent and water, using a brush to remove
particulate matter or surface film. Take care to avoid scratching the equipment.

2. Rinse equipment thoroughly with tap water.
3. Rinse equipment thoroughly twice with deionized water.
4. Allow equipment to air dry.
5. Wrap equipment in plastic or aluminum foil.
4.3 Sampling Equipment for Inorganic Analyses

Use the following procedures when cleaning field equipment for collection of samples for metals and
other inorganic analyses:

1. Wash equipment thoroughly with laboratory detergent and water, using a brush to remove
particulate matter or surface film. Take care to avoid scratching the equipment.

Rinse equipment thoroughly with tap water.

Rinse equipment using a 0.1 N nitric acid (if required).
Rinse equipment using distilled water.

Rinse equipment thoroughly twice with deionized water.

Allow equipment to air dry.

N o u s~ w N

Wrap equipment in plastic.
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44 Well Sampling Pumps

Dedicate sample tubing to a specific well to avoid cross-contamination. Use the following pump-cleaning
procedures to clean downhole pumps between sampling locations.

1. Set up three tubs or buckets: one detergent wash, one tap-water rinse, and one deionized water
rinse.

2. Place pump in the detergent bath. Recirculate the detergent-wash water through the pump for
several minutes using a short length of tubing.

3. Wash the exterior of the electrical supply/control cables, hoses, and pump using a brush and
soapy water. Rinse the soap from the outside of each with tap water.

Remove pump and place in tap water rinse bath and repeat recirculation pumping procedure.
Remove pump, place in deionized water rinse tub, and repeat recirculation procedure.

Collect pump-cleaning QC equipment rinsate blank samples at this time (see Section 3.1).

N o v &

Allow to air dry and place clean pump in a large plastic bag or in a clean bucket until ready for
use at next sampling location.

4.5 Bladder Pumps
The following steps provide generalized decontamination procedures for bladder pumps:
1. Follow decontamination procedures in Section 4.4 up to Step 3.

2. Disassemble the bladder pump by unscrewing the screened portion of the pump casing and
removing the bladder.

Discard pump bladder.

Rinse parts thoroughly with soapy water.

Rinse parts thoroughly with tap water.

Rinse parts thoroughly with deionized water and allow to air dry.

Reassemble the pump with a new bladder.

© N o U kW

Place the pump in a plastic bag or wrap with plastic film to prevent contamination during
storage or transit.

4.6 Sampling Equipment Contaminated with Gummy or Oil Materials

Use of disposable sampling equipment is recommended for samples that contain adhesive, oily, greasy,
or other hard-to-remove residues. If reusable sampling equipment becomes contaminated with these
types of materials, it may be necessary to rinse the equipment with isopropanol to remove residues
before proceeding with decontamination Step 1 (Sections 4.2 and 4.5). Additional decontamination
procedures using specialized solvents or steam-cleaning may be required.

Sampling equipment that cannot be cleaned using the procedures in this SOP will be discarded as
investigation-derived waste (IDW) and will be managed in accordance with SOP OESC012A, Investigation
Derived Waste Management Procedures.
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4.7 Sampling Equipment used for PFAS Sampling

For samples collected for PFAS analyses, Refer to SOP Addendum No. 1, and use the following
procedures for decontamination of sampling equipment or components of equipment that come in
contact with the sample:

1. Clean with tap water and Liquinox™ or Alconox™ detergent and potable water. Do NOT use the
detergent Decon 90™. Do not use detergents that contain fluoro-surfactants.

2. Use a polyethylene or polyvinyl chloride (PVC) brush to remove particulate matter and surface
films.

3. Rinse thoroughly with potable water.
4. Rinse thoroughly with laboratory-certified PFAS-free water.

5. Place on clean plastic sheeting to air-dry. Clean equipment will be placed on PFAS-free
materials. If plastic is used, it must be HDPE or PVC. If the equipment is stored overnight, cover
and secure with clean, unused plastic sheeting.

6. Wrap equipment in plastic and label for storage and/or transport prior to use. Do not wrap
equipment in aluminum foil due to the potential of PFAS cross contamination.

5.0 MISCELLANEOUS EQUIPMENT CLEANING PROCEDURES

5.1 Field Analytical Equipment and Other Field Instrumentation
Follow the manufacturer’s recommendations to decontaminate field analytical equipment and other
field instrumentation.

Wash the exterior of sealed, watertight equipment with detergent, rinse with tap water, and allow to air
dry before storage. The interior of equipment may be wiped with a damp cloth if necessary. Wipe other
field instrumentation with a clean, damp cloth. Rinse conductivity probes, pH meter probes, dissolved
oxygen (DO) meter probes, etc. with deionized water and allow to air dry before storage.

Clean the turbidity meter glass sample cuvette and dry with a soft cloth to prevent scratching of the
sample cuvette. Check the desiccant in flow meters and other equipment and replace, if necessary, each
time the equipment is cleaned.

5.2 Water Level Indicators

The following procedures apply to cleaning water level indicators and other sounding equipment. Water
level indicators may be in contact with groundwater that will be sampled. Decontaminate water level
indicators between each well.

1. Wash water level indicator thoroughly with laboratory-grade detergent and water using a brush
to remove particulate matter or surface film.

Rinse thoroughly with tap water.
Rinse thoroughly with deionized water.

Allow indicator to air dry.

vk W

Worap indicator in aluminum foil or plastic at the end of the day.
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5.3 Flow-Through Cell

The water quality meter and flow-through cell do not make contact with the sample because water
samples are collected from the outflow tubing prior to passage through the flow-through cell.

1. Remove meter and tubing from the flow-through cell prior to decontamination.

2. Wash equipment thoroughly with laboratory-grade detergent and water; using a soft brush,
remove particulate matter or surface film. Avoid scratching the cell surface.

3. Rinse equipment thoroughly with tap water followed by distilled water rinse.
4. Allow equipment to air dry.
5. Wrap equipment in plastic or in a resealable plastic bag.

5.4 Ice Chest and Shipping Containers

Keep sample-storage ice chests and reusable shipping containers clean to avoid cross-contamination.
Wash interior and exterior with laboratory detergent, rinse with tap water, and air dry. Clean heavily
contaminated containers to the extent possible; if rendered unusable properly dispose as IDW.

6.0 LARGE EQUIPMENT CLEANING PROCEDURES
6.1 Drilling Rigs

Decontaminate drilling equipment prior to commencement of drilling activities and between boreholes.
The drilling subcontractor is responsible for conducting proper decontamination of drilling equipment.

Prevent or reduce tracking of potentially contaminated soil/sediment off the site or from one drilling
location to the next by dry-brushing rig and support truck tires at each drilling location.

1. Construct a decontamination pad at an approved location.
2. Place drilling equipment in decontamination area and clean with pressure washer.

3. Remove particulate matter or surface films with tap water and phosphate-free detergent,
scrubbing, and a tap water rinse.

4. Clean the inside of hollow drill rods with vigorous brushing, detergent, and steam cleaning,
followed by a tap water rinse.

5. Remove equipment from the decontamination pad and allow to air dry. Drill rods and augers
may be covered with clean new plastic until the equipment is used again. If stored overnight,
secure the plastic to keep it in place.

Water used during the decontamination process will be pumped into 55-gallon drums and stored on site
until proper disposal procedures can be conducted.

Upon completion of drilling activities, drilling equipment that contacted subsurface materials will be
decontaminated prior to departure of the drilling equipment from the site.

7.0 DECONTAMINATION FLUID CONTAINMENT

Containerize decontamination liquids in DOT-approved 55-gallon drums or other approved containers.
Label drums according to the procedures specified in the project SAP and SOP OESC012A and store in
the designated IDW container storage location at the site.
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8.0 REFERENCES
ASTM D5088-20. 2020. Standard Practice for Decontamination of Field Equipment Used at Waste Sites.

U.S. Environmental Protection Agency Region 4. 2020. Field Equipment Cleaning and Decontamination.
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U.S. Environmental Protection Agency Region 4. 2019. Field Equipment Cleaning and Decontamination
at the FEC. No. ASBPROC-206-R4. October.

AMEC. 2014. Final (Revision 1) Perfluorinated Compounds (PFCs) Release Determination at Multiple
BRAC Bases Quality Program Plan. July.
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STANDARD OPERATING PROCEDURE OESC011B

CALIBRATION PROCEDURES FOR FIELD EQUIPMENT
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