Spring Creek Park Site National Park Service
GATE, Northeast Region U.S. Department of the Interior

Final Sampling and Analysis Plan for
the Remedial Investigation

Gateway National Recreation Area
Queens, New York

Spring Creek Park Site
EDL #5NER3348

December 4, 2024



Spring Creek Park Site

National Park Service
GATE, Northeast Region

U.S. Department of the Interior

Final Sampling and Analysis Plan for the Remedial Investigation

Spring Creek Park Site

Gateway National Recreation Area, New York
National Park Service

Document Date: December 4, 2024

Signatories:

Ryan Wensink, PE M :/ —/L December 4, 2024
| g

Environmental Professional’s @gnature
Name/Title

Date

By signing above, | attest that | meet the qualifications of an Environmental Professional as defined under 40
CFR §312.10(b) and that this document was prepared by me or under my supervision/responsible charge.

RLLLIITYY

Y "i79y,
\ e E ‘3 I ( //
X '\% aacgooaequa: A

ﬂyy
g
Ouo
)
o° ‘\‘ )
I, e
0.\&-'.
Wb

>

il
7%

%

§ RYAN WENSINK °
‘;} §  ET7087

EXP: 12/31/2025

“ER

k2
w
m
oo:;()(\
g ,/I ;;Ccoocuut"uo
agegpeuett

)
e
o
Q
0
o
M
°
©
o
)
&
///

X

S
ﬂﬁﬁﬁ/ONAL 6&‘\.\\‘\
ZITITIIN

Professional Engineer/Geologist Seal

Ratified by:

Digitally signed by ELISABETH FONDRIEST
Afing Division Lead ZWELISABETH FONDRIES TAs 5000 1506 1

Date: 2024.12.06 10:51:22 -05'00'
Environmental Compliance and Signature Date
Cleanup Division

Spring Creek Park Site
December 2024

RI SAP
Page | i



Spring Creek Park Site National Park Service

GATE, Northeast Region U.S. Department of the Interior

Table of Contents

1 INErOAUCHION ccccueeirinieiineiiitteeseeeesneecssnnecssaeecssanesssaeesssnessssnesssssesssssesssssessssesssssessssaessssanssssassss 1
1.1 CERCLA and National Park Service AuthOrity .........c.ccocceviininiinieniniiieceenee 2

1.2 Purpose of Field Sampling.........cccoeoiiiiiiiiiiiiieiieie ettt 3

1.3 Sit€ LOCALION ..ottt ettt sttt et sttt 3

2 Site Description, Previous Investigations, and Conceptual Site Model...........cccceeecunerccnnne. 4
2.1 Key Site FEAtUIES .....eouiiiiiiiieiiiee et 4

2,11 Sit€ DESCTIDIION ...ttt ettt et et 4

2.1.2 Operational HiSIOTY .........c...cccueeiueeeiiieeie et 5

2.1.3 WaSte CRAVACLETISTICS..........ceeueeeeeie e 12

2.1.4 Site Geology and Hydrogeology..................cccoceevvviiiiiiiiiiiiiiieeiiieeeie e, 13

2.1.5 Site HYATOIOZY ... 14

2.1.60 LOCAL CIIMQALE ... e 14

2.1.7 SensSitive ENVIFONMENLS. ............cccvuieiiieeiiii ettt 15

2.2 Summary of Previous INVeStigations .........c.ccccueeiieriieniiieniienieeieeeie e eve e sve e 15

2.2.1 AMEC 2002 HTRW Investigation (AMEC, 2002)..............ccccceuviivanciaiiaieneannnn. 15

2.2.2 HDR 2016 Phase 1 Archeological Sensitivity Assessment (HDR, 2016).............. 16

2.2.3 USACE 2017 SI and SLERA (USACE, 2017@)........ccccoeveieaiiaiiiaiieeaeseenn, 17

2.2.4 USACE 2017 Limited Gamma Radiation Walkover Survey (USACE, 2018)........ 17

2.2.5 NPS 2017 Removal Site Evaluation Report (NPS, 2017).........cccceevvuveveveencnnnne. 18

2.2.6 NPS 2020 EE/CA Field Investigation (JCO, 2020) ...........cccccoouevcreveeaeareannnnn. 18

2.2.7 Data Quality / USADILILY .............cccoeeeeieiciiieiie et 20

2.2.8 Preliminary Identification of Data Gaps...............cccccceovceeiceiiiieeiiiaiieaeeieeeeenn, 23

2.2.9 Contaminants of Potential CONCEIN ..............ccc.cceveeiiuiieiiieeiieeeiieeeeiie e, 23

2.2.10 Media of Potential CONCEITL ............c..cccueiuieeeiaiieeieee e 23

2.3 Current and Future Property USe SCEeNArios........c.cecuverieeriierieeniienieeiiesieenieesveeeens 24

2.4 Graphical Conceptual Site Model.........c.eeouiiiiiiiiiiiiiiieiee e 25
2.4.1 Key CSM ASSUMPIIONS.........cceeeeeieeeieiiiiee et et e et e et e et e e ssaeeeeenaaee s 25

3 DQO Planning Team and Stakeholders .......ueiieeenernreeniencsnensennseensecnsnecsecssaeessecsssecanes 27
3.1 Data Quality Objective Planning Team ...........ccccoeevieriieiiiiniiiiieiecieeeeeeeee e 27

3.2 DECISION MAKETS ....eouviriiiiieiieiieeiieie ettt sttt sttt st et be e 27

3.3 StaKEhOLIACTS ....cueiiiiiieieee et 28

4 Data Quality ODjJECLIVES cccuuerinreriiisuriiinrnissnenisnicssnensssnessssnesssssesssssssssssessssssssssessssssssssssssssases 29
4.1 State the Problem .........oocoiiiiiii e 29

4.2  Identify the Goal of the INVestigation ...........ccceeruieiiiiiiiiiiiiiieee e 30

4.2.1 Principal Investigation QUESTION(S) ..........cccceeeiieiiaiieeie et 30

4.2.2 Decision Criteria for Chemical COntamingation...................cccceevueeeeeeescreeencuneenns. 31

4.2.3 Decision Criteria for the Radiological Contamination....................cccccccccveeuen... 31

4.3 Identify the Information INPULS.........c.eevuiiriiieiiiiiieiece et 32
Spring Creek Park Site Rl SAP

December 2024 Page | ii



Spring Creek Park Site National Park Service

GATE, Northeast Region U.S. Department of the Interior

4.3.1 Previous Data USADIlity ...............cccocooiiiiiiiiiiiiiiiiiiiieitet ettt 32

4.3.2 Data to be Collected in the Current INVesStiQation .................cccoccueeeeeeenceeencennanne. 33

4.4 Define the Boundaries of the Investigation ...........cccoeevvieeviiiniiieiiieeeeeeee e, 35
4.4.1 Spatial BOURGATTES .............cccccoiicuiiiiiiiiiiiiiit et 35

4.4.2 Temporal BOUNAAEIES ................ccccueeiueeiiiieeiiieeeee et 36

4.4.3 SAMPLIAG URILS ..ottt 37

444 DeCISTON UNILS ..ot 38

4.5 Develop the Analytical APProach.........cccoecvieiiiiiieniiiiieiece e 39

4.5.1 Decision or ESIMAtiOn PAVAMEIEFTS .............uuuuuiieieeieeeenssnnnnns 40

4.5.2 ACHON LOVELS ...t 40

4.6 Specity Performance or Acceptance Criteria.........cocveerveeeruieeniieeniieenieeenveeenvee e 40
4.6.1 Quality Assurance / Quality CORtrol................ccccoooeviiviiiiiniiiciniiiiiiiniee e 40

4.6.2 Decision Error Limits and Uncertainty Evaluation ..................cccceeeeeveeeennnnnne. 43

4.6.3 Data Validation and USbility ...............cccoovoiiiiiiiiiiiiiiiieiieie et 44

4.7 Develop the Plan for Obtaining the Data..........ccccoooiiiiiiiiiiiiiiieiecee e 45

5 Field Sampling Plam ........eiiiieiiiiiiinnnicninnnniccsssnnicsssssnnicssssssnsssssssssssssssssssssssssssssssssssssssssssses 46
5.1  Soil Investigation ACHIVITIES......cccuiervierieeiiierieeieeeteeieeereereesereereesbeesbeeseseesseeseseenns 46

5.1.1 Geologic Logging and Field Screening of Soil Cores..............cccccocevcinviancnanene. 46

5.1.2 Radiological Scanning of Open Soil Borings and Soil Cores..............ccccceu...... 46

5.1.3 SOUL SAMPIING........cc.oooiiiiiiiiiiiii e 47

5.2 Groundwater Investigation ACHVILIES ........cccuereeriirieriiniirienitee et 48

5.2.1 Monitoring Well INStQlIALION ................ccceeeveeeeiiiiiiiieeie e 48

5.2.2 Groundwater SAmpling ...............cccccooiiiiiiiiiiiiiiiiieieiestet e 49

5.3  Sediment Investigation ACHIVITIES .......coverueriirierieeienienie ettt 49

5.4 Soil Gas and Landfill Gas Investigation ACtIVItIES.......cccervereeruerieneerienienieeieeeene 50

5.5 Gamma WalKOVET SUIVEYS ......coiuiiiiiiiiiiiieeiieite ettt sttt 50

5.6 Focused Investigations of Radiological Anomalies..........ccccoocueiiiiniiiiinniciniene 51

5.7 Investigation Derived Waste Handling.............cccoooeiiiiniiiiiiniiiiieeceeee 53

5.8 Handling of Radiological Contamination ...............ceceerieiiiieniiiiiienieeieeseeiee e 53

5.9 Health and Safety ........coouiiiiii e 53

5.10 Sample Handling.........cocooiiiiiiiiiie et 53
5.10.18ample DeSIGNALION. ............cccocoieiiiieiiiieeeee ettt 53
5.10.28ample LADEIING .................cccouvieiiiiaiiiieiiee et 54

6 Data ManagemMENLt .....cccuvereecrisnrecsssssnnecsssssseccsssssssssssssssssssssssnssssssssssssssssssssssssssssssssssssssssssssses 56
6.1 Field Documentation ProCedUIES.........cocuevuieierieniiriieniieieeiesieeie e 56

6.2 Analytical Laboratory Electronic Data Deliverables..........ccocevervienieniencnienennene 57

6.3 Project File Management and RepOSItOry........cccueevvieriiieiiieniiieiieiecieeieee e 57

6.4 Project Database........cceeeiieiiiiiiieiieeie ettt ettt et sibe b e nbeenaens 58

7 Assessment and OVersight ........iicivvveiiciirrnriicssssnnicssssnnnecsssssssssssssssssssssssesssssssssssssssssssssssssesss 59
Spring Creek Park Site Rl SAP

December 2024 Page | iii



Spring Creek Park Site National Park Service

GATE, Northeast Region U.S. Department of the Interior

7.1 Assessment and CorreCtiVe ACHIONS. .......cccuieeeiuieeeiiieeiieeeireeeereeesreeeereeesreeesareeeneneas 59

7.1.1 Field Audit and ReSponse ACHIONS................cccuevcuieiicieeiiiieeiiieeeie e 59

7.2 Quality Assessment REPOTTING.........ceeviiiiiiiiiiiieiiiieeieeciie et 59

7.2.1 Dat@ VerifiCAtiON ..........c.ccccooiiiiiiiiii ettt 60

7.2.2 Data Valid@Uion ................cc.ccccieiiuiieiiie et 60

7.3 Reconciliation with DQOs and Data Usability...........ccccccveriirriienieeiiieieeieeieeenne, 60

8 INVestigation OQULPULS.....eeiieercrrrecsissarrecssssariecssssnsessssssssesssssssasssssssssssssssssssssssssssssssssssssssssssasss 61
O RETCICICES .ccecruneriinenisneniinressnncssnnecsssnecsssnecssseessssesssssssssssesssssesssssessssssssssssssssassssssssssssssssassss 62

Rl SAP

Spring Creek Park Site

December 2024 Page | iv



Spring Creek Park Site National Park Service

GATE, Northeast Region U.S. Department of the Interior

List of Figures
Figure 1-1. Vicinity Map Showing Gateway National Recreation Area and Spring Creek Park. 68

Figure 1-2. Map of the Spring Creek Park Site ..........cccceeviiiiiiiiiiiiiiiee e 69
Figure 2-1. 1900 Topography Map and 1907 Atlas of Spring Creek Park..........c..ccccevveuveennnnnne 70
Figure 2-2. Historical Plans for Jamaica Bay ...........cccoocuiiiiiniiiiiiniieice e 71
Figure 2-3. 1924 Aerial Imagery and 1947 Topography Map of Spring Creek Park................... 72
Figure 2-4. 1951 Aerial Imagery and 1954 Aerial Imagery of Spring Creek Park ...................... 73
Figure 2-5. Photos of Landfilling Operations at Spring Creek Park............cccceeevviveniiieniiieninnns 74
Figure 2-6. 1950 Illustrated Map of Spring Creek Park and Schematic of Soil Amendment
PIOCESS ..ttt et et ettt e a e et e e bt e st e e s bt e e sbeeea 75
Figure 2-7. 1961 Aerial Imagery and 1966 Aerial Imagery of Spring Creek Park ...................... 76
Figure 2-8. Aerial Imagery of Spring Creek Park 1975, 1980, 1985, 1994.........ccooovvvevcvvencnnnne 77
Figure 2-9. GMP Maps for the Jamaica Bay Unit Showing NPS Management Zones for Spring
CIEEK PaTK ... ettt ettt e st e bt e sab e e b e sate e beenateens 78
Figure 2-10. Aerial Imagery of Spring Creek Park 2004, 2008, 2017, 2020.........cccceveerueruennnene 79
Figure 2-11. Past Proposed Ecological Restoration Plans for Spring Creek Park........................ 80
Figure 2-12. Historical Gamma Survey COVETaAZe........ccueeruieruieeriierieeiiienieeiiesiteenieesreeseeseneeneees 81
Figure 2-13. Past Sampling Locations at Spring Creek Park............ccccooviiiiiiiiiiiiiiiieieeeee, 82
Figure 2-14. Map showing 2014 GMP/EIS NPS Management Zones and Site Decision Units at
SPIING Creek Park........oooviiiiece e e et e e 83
Figure 2-15. Graphical Conceptual Site Model for the Spring Creek Park Site..........cccccevenee. 84
Figure 2-16. Preliminary Pathway Receptor Diagram...........cccccecveeeiiieniiieiiiecciee e 85
Figure 4-1. Site Map Planned Sampling Locations ..............cccueeviieriieiiieniieiiecie e 86
List of Tables

Table 4-1. Summary of Artifacts Recovered at Spring Creek Park............cccoveeviiiiiniininiiiceeeee, 88
Table 4-2. Summary of Data to be Collected during the SCP Rl ........ccccoooiiiiiiiioiiiiiieeecee e 89
Table 4-3. Summary of Site Sampling Activities Planned for the SCP Rl..........ccccoocviviiiiiiiinieeieee 90
Table 4-4. SAP Reference Limits fOT SO1l......cocooiiiiiiiiiiiiiiei e 91
Table 4-5. SAP Reference Limits for GroUNdWALeT...........c.eeouieriieiienienie ettt 94
Table 4-6. SAP Reference Limits for SEdiment..........ccocuieiiiiiieieiiiieee e 97
Table 4-7. SAP Reference Limits fOr SOIl Gas.......cceoiiiriieriiieieieeeeee e 100
Table 4-8. Data Quality Indicators for S0il/Sediment .........c..coceviririienininiiniieeeeeeee e 101
Table 4-9. Data Quality Indicators for GroUNAWaLET .............cccevieeciieeiiierieeeiee et eree e e e evae e 104
Table 4-10. Data Quality Indicators for SOIl GaS ........cccevviiiiiiiiieiieiieieeeree st sr e v b e reereens 107
Table 4-11. Summary of Sample Handling ReqUIrements ............coceevererienenenienenenicnenceeenieneeeee 108
Table 4-12. Field Equipment, Calibration, Maintenance, Testing, and Inspection..............ccceeeevveeurennnee. 109
Table 4-13. Data Verification and Validation Process Table .......cc..cooceriiniiiiininiiiniieeeeeeee, 110
Table 5-1. Sample Location COOTAINALES. .........c.eerriereerieriereerieriesteereeteeseesseesseesseesseesseesssesssesssesssenns 111
Table 5-2. Sample Analysis Summary for Surface Soil ......c..coceiiiiiiininiiiieeee 115
Table 5-3. Sample Analysis Summary for Subsurface Soil........cccoeoeiiiiiieiiniee e 121
Table 5-4. Sample Analysis Summary for GrOUNAWALET ...........ceeevieriierierierie e e e e ereeeeeseeseee e 127
Table 5-5. Sample Analysis Summary for SEdiment...........coceeoveririiiiininiir e 128
Table 5-6. Sample Analysis Summary for SOil Gas .........ccccieveiiiiiiiiiiiecieece e 129
Spring Creek Park Site Rl SAP

December 2024 Page | v



National Park Service
U.S. Department of the Interior

Spring Creek Park Site

GATE, Northeast Region

List of Appendices

Appendix A — Previous Investigation Figures

Appendix B — Standard Operating Procedures

Appendix C — Laboratory Standard Operating Procedures
Appendix D — Field Forms

Spring Creek Park Site Rl SAP
December 2024 Page | vi



Spring Creek Park Site

GATE, Northeast Region

National Park Service
U.S. Department of the Interior

List of Abbreviations and Acronyms

puCi

pg/L
uR/hr
bgs

bss

°C
CERCLA

CFR
CH4
CO
CO;
COC
COPC
COPEC
cpm
CSM
CSRM
DGL
DoD
DPT
DQI
DQO
DU
EB
EDD
EDL
EE/CA
ELAP
EPC
ESV
FEMA

microcurie

microgram per liter
micro-Roentgens per hour
below ground surface
below the sediment surface
Celsius

Comprehensive Environmental Response, Compensation, and Liability
Act

Code of Federal Regulations

methane

carbon monoxide

carbon dioxide

chain of custody

contaminant of potential concern
contaminant of potential ecological concern
counts per minute

conceptual site model

coastal storm risk management

downhole gamma logging

Department of Defense

direct push technology

data quality indicator

data quality objective

decision unit

equipment blank

electronic data deliverable

Environmental and Disposal Liabilities
Engineering Evaluation and Cost Assessment
Environmental Laboratory Accreditation Program
exposure point concentration

ecological screening value

Federal Emergency Management Agency

Spring Creek Park Site
December 2024

RI SAP
Page | vii



Spring Creek Park Site

GATE, Northeast Region

National Park Service
U.S. Department of the Interior

FID

FR

FSP

ft

G2S
Gateway
GIS
GKP
GMP/EIS
GOB
GPS
GWS
H,S
HAZWOPER
HHRA
HMGP
HRE
HQ
HTRW
I.D.

ID
IDQTF
IDW
JBEC
JCO
LDPE
LNAPL
LOD
LOQ
MCL
mg/kg

mR/hr

mrem

flame ionization detector

Federal Register

Field Sampling Plan

feet or foot

a joint venture between Tidewater, Inc. and SDC
Gateway National Recreation Area
geographic information system

Great Kills Park

General Management Plan/Environmental Impact Statement
Gravesend and Oldmills

global positioning system

gamma walkover survey

hydrogen sulfide

Hazardous Waste Operations and Emergency Response
human health risk assessment

Hazard Mitigation Grant Program
Hudson-Raritan Estuary

hazard quotient

hazardous, toxic, and radiological waste
inner diameter

identification

Intergovernmental Data Quality Task Force
investigation derived waste

Jamaica Bay Environmental Conference
The Johnson Company

low density polyethylene

light non-aqueous phase liquid

limit of detection

limit of quantitation

Maximum Contaminant Level

milligram per kilogram

millimeter

milliroentgens per hour

millirem

Spring Creek Park Site
December 2024

RI SAP
Page | viii



Spring Creek Park Site

GATE, Northeast Region

National Park Service
U.S. Department of the Interior

MS/MSD
NAB

Nal

NAN
NCP

NE
NEPA
NFG
NJDEP
NIST
NNBFs
NOAA
NPS
NUREG
NWI
NYCDEP
NYCDP
NYSDEC
NYSDOH
NYT
0.D.

0O,

ORP
PAH
PAL
PCB
pCi/g
pCi/L
PID

PM

PPE

ppm
PRGs
PVC

matrix spike/matrix spike duplicate

USACE Baltimore District

sodium iodide

USACE New York District

National Oil and Hazardous Substances Pollution Contingency Plan
not established

National Environmental Policy Act

National Functional Guidelines

New Jersey Department of Environmental Protection
National Institute of Standards and Technology
natural/nature base features

National Oceanic and Atmospheric Administration
National Park Service

USNRC technical report designation

National Wetlands Inventory

New York City Department of Environmental Protection
New York City Department of Parks

New York State Department of Environmental Conservation
New York State Department of Health

New York Times

outer diameter

oxygen

oxidation-reduction potential

polycyclic aromatic hydrocarbon

project action levels

polychlorinated biphenyl

picocuries per gram

picocuries per liter

photoionization detector

project manager

personal protective equipment

parts per million

Preliminary Remediation Goals

polyvinyl chloride

Spring Creek Park Site
December 2024

RI SAP
Page | ix



National Park Service
U.S. Department of the Interior

Spring Creek Park Site

GATE, Northeast Region

QA/QC quality assurance/quality control

QAPP Quality Assurance Project Plan

QSM Quality Systems Manual

RI Remedial Investigation

RPP Radiation Protection Plan

RSE Removal Site Evaluation

RSL Regional Screening Level

SAP Sampling and Analysis Plan

SCP Spring Creek Park

SDC Sustainable Design Consortium

SDG sample data group

SG soil gas

Site Spring Creek Park Site

SLERA screening level ecological risk assessment
SOP standard operating procedure

SPLP synthetic precipitation leaching procedure
SuU sampling unit

SVOC semi-volatile organic compound

TB trip blank

TOC total organic carbon

TPH total petroleum hydrocarbons

TSCA Toxic Substance Control Act

U.S.C. United States Code

UCL upper confidence limit

UFP-QAPP Uniform Federal Policy for Quality Assurance Project Plans
USACE United States Army Corps of Engineers
USCS Unified Soil Classification System
USEPA United States Environmental Protection Agency
USFWS United States Fish and Wildlife Service
USGS United States Geologic Survey

USNRC United States Nuclear Regulatory Commission
VISL vapor intrusion screening level

vVOC volatile organic compound

VSP Visual Sampling Plan

Spring Creek Park Site
December 2024

RI SAP
Page | x



Spring Creek Park Site National Park Service

GATE, Northeast Region U.S. Department of the Interior

1 Introduction

This Sampling and Analysis Plan (SAP) is for Remedial Investigation (RI) activities for Spring Creek
Park (SCP) located in Queens, New York. SCP is an approximately 237-acre area managed by the
National Park Service (NPS) as a part of the Jamaica Bay Unit of the Gateway National Recreation Area
(Gateway) (Figure 1-1). This SAP was prepared on behalf of NPS by G2S (a joint venture between
Tidewater, Inc. and the Sustainable Design Consortium [SDC]), under contract with the United States
Army Corps of Engineers (USACE), per Contract No. W912DR-20-D-0022, Delivery Order
WI12DR21F0048. RI sampling activities are being undertaken at SCP pursuant to the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), 42 United States Code (U.S.C.)
§§ 9601 et seq., and its associated regulations, the National Oil and Hazardous Substances Pollution
Contingency Plan (NCP), 40 Code of Federal Regulations (CFR) Part 300.

The Site consists of the entire 237-acre area of SCP. Waste disposal activities were performed at the Site
from 1948 to the early 1960s. From the late-1950s to the late-1960s/mid-1970s, sewage sludge was mixed
with sand and clay to create a soil amendment (artificial topsoil) to cover the ground surface after the
completion of waste disposal activities.

In the mid-1990s, SCP was identified for potential ecological restoration to improve the Jamaica Bay
ecosystem. Site soil was investigated in 2001 as part of a feasibility study for the ecological restoration
(USACE, 2013). The original restoration plans were later adapted as part of a Federal Emergency
Management Agency (FEMA) Hazard Mitigation Grant Program (HMGP) award to include
natural/nature base features (NNBFs) to provide coastal storm risk management (CSRM) benefits and
enhanced coastal resiliency to the adjacent Howard Beach Community (USACE, 2017a). Several
investigations were carried out to advance the FEMA HMGP project, including (1) a 2016 Phase I
Archeological Sensitivity Assessment that included geotechnical soil borings (HDR, 2016) and (2) a 2017
Site Investigation (SI) and Screening Level Ecological Risk Assessment (SLERA) which evaluated
surface and subsurface soil based on proposed excavation cut elevations to determine ecological risk from
soil that would be newly exposed and options for managing the proposed excavation materials (USACE,
2017a). In 2018, the proposed project underwent detailed design and an Environmental Assessment under
the National Environmental Policy Act (NEPA) (Princeton Hydro, 2019).

A limited gamma radiation walkover survey of NPS-maintained park fire roads (referred to as the fire
road) that allow for pedestrian access was conducted in 2017 (USACE, 2018). This survey was performed
due to historical similarities between SCP and Great Kills Park (GKP), where radiological contamination
was determined to be associated with waste disposal operations analogous to those conducted at SCP
(NPS, 2019). The survey identified elevated levels of radiation, including five radiological artifacts (deck
markers) that were recovered and removed from the Site (USACE, 2018).

In 2017, NPS conducted a Removal Site Evaluation (RSE) that determined the release of hazardous
substances at the Site potentially posed a threat to public health, welfare, and the environment (NPS,
2017). Based on these findings, NPS conducted an Engineering Evaluation and Cost Analysis (EE/CA) to
support the implementation of a removal action under CERCLA. The EE/CA was carried out between
2018 and 2020 and involved investigations of groundwater, subsurface soil, surface water, and sediment
(The Johnson Company [JCO], 2020). The EE/CA investigation was designed to a determine if

Spring Creek Park Site Rl SAP
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contamination in Site groundwater and surface water would pose a potential unacceptable human and/or
ecological risk after the implementation of the HMGP project. A key assumption of the EE/CA was that
soil cover proposed for the Site under the HMGP project would prevent contact with contaminants
present in waste fill; therefore, surface soil was not investigated. The EE/CA also documented two limited
gamma walkover surveys completed in 2018 and 2019. These surveys covered (1) a seven-acre area that
burned during an April 2019 brush fire as well as (2) a four-acre area where donated sand is now
stockpiled. One man-made radiological artifact was located and removed from the stockpile area. In 2019,
FEMA decided not to fund the HMGP Project.

In response to FEMA’s decision not to fund the HMGP Project and due to the uncertainty of future Site
conditions, NPS’s approach under CERCLA is to conduct an RI to evaluate the nature and extent of Site-
related contamination in soil, groundwater, sediment and soil gas, evaluate the nature of radiological
anomalies, evaluate the presence of landfill gas, and evaluate concentrations of contaminants in the
identified reference area. This RI SAP defines:

e The purpose of this study;

e The use for the data generated;

e The quality of data needed to accomplish the goals of this study; and
e The data collection methods.

Once the Site has been adequately characterized, the NPS’s approach under CERCLA is to proceed with
an RI Report.

1.1  CERCLA and National Park Service Authority

This SAP was generated in accordance with the NPS SAP template (NPS, 2018a), United States
Environmental Protection Agency’s (USEPA) Guidance on Systematic Planning Using the Data Quality
Objectives Process (USEPA, 2006), Guidance for Quality Assurance Project Plans (USEPA, 2002), EPA
Requirements for Quality Assurance Project Plans (USEPA, 2001a), and the Intergovernmental Data
Quality Task Force’s (IDQTF) Uniform Federal Policy for Quality Assurance Project Plans (UFP-
QAPP) (IDQTF, 2012). NPS is authorized under CERCLA, 42 U.S.C. §§ 9601 et seq., to respond as the
Lead Agency to a release or threatened release of hazardous substances and/or a release or threatened
release of any pollutant or contaminant that may present an imminent and substantial danger to public
health or welfare on or from land under the jurisdiction, custody, or control of NPS.

CERCLA’s implementing regulations, codified in the NCP, 40 CFR Part 300, establish the framework for
responding to releases and threatened releases of hazardous substances. The NCP prescribes two
processes for responding to releases: removal actions and remedial actions (See NCP Sections 300.400
through 300.440). Based upon the results of preliminary investigations performed by NPS in 2019, NPS
has determined that conducting a remedial action, specifically a Remedial Investigation (RI) and
Feasibility Study (FS), was the appropriate next step in the CERCLA process for the Site.

A SAP is required because environmental samples will be collected during the completion of the RI (See
NCP Sections 300.415 and 300.430). This NPS SAP is comprised of multiple sections which include the
Field Sampling Plan (FSP - Section 5) and the Quality Assurance Project Plan (QAPP - Sections 2, 3, 4,
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6, and 7). The FSP describes the number, types, and locations of samples as well as the types of analyses
that will be conducted on the samples. The QAPP describes the project’s policy, organization, and
functional activities as well as the data quality objectives (DQOs) and measures necessary to achieve the
goals of the study. A standalone QAPP is not necessary because quality assurance/quality control
(QA/QC) measures are identified for each specified procedure.

In addition, NPS has a number of regulations that apply to the release of hazardous substances on NPS
land (see NPS, 2014a), including the NPS Organic Act of 1916 (54 U.S.C. §100101 et seq. 36 CFR Part
1), which requires that NPS manage parks to conserve the scenery, natural and historical objects, and
wildlife and to provide for their enjoyment by such means as will leave them unimpaired for the
enjoyment of future generations. Therefore, whether the Site poses risks to the interaction of organisms
and the environment is especially relevant to the NPS responsibility to protect park resources.

Because radioactive materials have been encountered at the Site, the United States Nuclear Regulatory
Commission (NRC) is an important stakeholder at the Site. Therefore, a Memorandum of Understanding
(MOU) between NPS and NRC was established August 17, 2020. The purpose of the MOU is to describe
the intent and plan of the two agencies to work together to address their overlapping statutory authorities
for addressing radioactive material during the response actions at the Site. Provisions of the MOU with
NRC lay out each agency’s roles and responsibilities, including those associated with communications,
planning, access to the Site, records, and more.

1.2 Purpose of Field Sampling

The purpose of this field sampling event is to generate representative data of adequate quality to evaluate
the nature and extent of Site-related contamination within soil, groundwater, sediment and soil gas;
evaluate the nature of radiological anomalies identified at the Site; evaluate the presence of landfill gas;
evaluate concentrations of contaminants in the identified reference area that are potentially attributable to
background sources. Specific DQOs for the field sampling are presented in Section 4 of this SAP.

This SAP describes the following field investigation activities: surface and subsurface soil sampling (Site
and reference area); installation and development of groundwater monitoring wells (historical support
areas at the Site); sediment sampling (Site); installation and sampling of soil gas probes (Site); Gamma
walkover surveys (Site); and focused investigations of radiological anomalies in waste fill (Site).

1.3 Site Location

SCP occupies the area between Jamaica Bay and the Howard Beach Community in the Borough of
Queens, New York City, New York (see Figure 1-1). The Site is bounded by the Belt Parkway to the
north, the Howard Beach Community (78™ Street, 161* Avenue, 83" Street, and165th Avenue) and Cross
Bay Boulevard to the East and Jamaica Bay to the south and west. Coordinates for the approximate center
of the Site are 40° 39’ 05.4” N, 73° 50 56.8” W. Access gates are located at 159" Avenue, 164" Avenue,
and 92" Street. The approximate extent of the Site is shown in Figure 1-2. The Site Environmental and
Disposal Liabilities (EDL) number is SNER3348.
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2 Site Description, Previous Investigations, and Conceptual Site
Model

This section summarizes the known environmental information and historical activities that have occurred
at the Site and presents this information in the form of a graphical Conceptual Site Model (CSM). The
development of a clear and thorough CSM is a critical component for ensuring that key Site elements are
considered before any samples are collected, gaining stakeholder approval, and assisting the Planning
Team in developing the DQOs (Section 4), as well as assisting the field team in making decisions in the
field.

2.1 Key Site Features

This section includes a summary of information related to the Site, including the operational history, waste
characteristics, geology and hydrogeology, hydrology, local climate, and sensitive environments.

2.1.1 Site Description

SCP is located in Queens, New York on waterfront property between Cross Bay Boulevard and the Belt

Parkway. SCP is within the Jamaica Bay Unit of Gateway. SCP is approximately 237 acres in size and is
directly adjacent to Jamaica Bay and Old Mill Creek (Figure 1-2). The Jamaica Bay Unit is one of three

units that comprise Gateway—the Jamaica Bay Unit in Brooklyn and Queens Counties, the Staten Island
Unit, and the Sandy Hook Unit (northern shore of New Jersey) (Figure 1-1).

Prior to waste disposal activities, the area of SCP consisted of open water, marshland, and marshland that
had been historically altered through the placement of hydraulic fill. The Site shoreline has a unique
indention point referred to as “the Cove” which marks the outlet of the historical Crum Hill Creek. The
Cove serves as a natural break point to define a southern portion and northern portion of the Site. The
shoreline shape of the southern portion of the Site is entirely man-made and was created by large sand
dikes used to prepare the Site for waste disposal activities. Much of the southern shoreline of the Site is
sandy dunes. The shoreline of the northern portion of the Site appears not to have been prepared in the
same manner and is primarily a marsh shoreline.

During previous investigations at SCP, chemical and radiological contamination was identified at the Site.
The Site is primarily composed of waste fill derived from New York City Department of Sanitation’s
historical waste disposal operations at the Site, hydraulic fill, and soil amendment (containing sewage
sludge). During historical operations, hydraulic fill was used to cover the waste materials and reduce
odors. Hydraulic fill was also used to construct the containment sand dikes as well as to fill submerged
areas to above the high-water line prior to placement of waste. A soil amendment (artificial topsoil) was
made from sewage sludge and clay and was applied across the Site to cover the fill and to facilitate
vegetative growth.

Environmental investigations in 2002, 2017, and 2020 identified chemical and radionuclide
contamination in multiple environmental media. Near-surface radiological artifacts were identified and
removed during environmental investigations in 2017 and 2018.
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The Site is being investigated as one 237-acre area. Within the Site, there are two areas identified as
historical support areas where vehicles were staged, or buildings existed to support the main historical
operations at the Site. Historical support areas include the area south of 92nd St shown in the 1951 aerial
imagery (1951 support area) and the area west of 165th Avenue shown in the 1954 aerial imagery (1954
support area). In addition, potential future land use plans for SCP designate an area for recreation along
the boundary of Site adjacent to the residential area, with the remainder of SCP designated as a natural
area (Section 2.3).

2.1.2 Operational History

The operational history of SCP is presented in three epochs defined as: prior to, during, and after the
primary waste disposal operation which took place at the Site from 1948 through the mid-to-late 1960s.

Prior to Waste Disposal Operations (Pre-1948)

Early topographic maps from around 1900 identify the area later to become SCP as consisting of open
water and marshes (Figure 2-1). An atlas from 1907 supports this original state and indicates the earliest
and only settlements within the Site were in the northwesternmost portion (Figure 2-1). There are no
other records of historical residential use of the Site. The construction of the Rockaway Railroad Trestle
in the 1880s and the extension of the Long Island Railroad to the Rockaways around this same time
encouraged development in the surrounding areas (HDR, 2016).

In the early 1900’s, city planners envisioned Jamaica Bay becoming an ocean port and commercial and
industrial center. The scheme was originally referred to as the Jamaica Bay Improvement Plan which
called for the elimination of all marshes and meadows within the Bay and the creation of two large
entirely bulkheaded islands. A ship channel was to be a circular canal going around the two islands.
Periphery lowlands were to be filled in and bulkheaded. (Jamaica Bay Environmental Conference
[JBEC], 1984). There would be 15 basins and 30 or 40 piers for vessels. Figure 2-2 provides illustrations
of the early plan. A later-adjusted version of the port plans is shown in a wayside exhibit highlighting the
“Great Port Scheme” (Figure 2-2) (NPS, 1990). Plans for the great port failed with Canarsie Pier being
the first and only portion realized. Plans to develop Jamaica Bay into a port were ultimately abandoned in
favor of plans proposed and promoted by Robert Moses to transform the cities shore areas into parks and
parkways (NPS, 1990). However, the legacy of the port scheme was the normalization of the large-scale
land modifications around Jamaica Bay of which included SCP.

Land changes in the areas nearby the Site occurred incrementally from the 1900s to the early 1920s with
dredging of ship basins, dredging of shipping channels within Jamaica Bay, and filling marshes with the
dredged material. For example, just east of the Site, Shellbank Basin was created in the mid-1920s as
documented by 1924 aerial imagery (Figure 2-3). In the 1930s, dredging and land modification around
Jamaica Bay, as well as other coastal shorelines of the city increased dramatically under the direction of
Robert Moses. It was during this period that the remaining shore areas owned by the City were slated for
recreation and residential development as well as the construction of Shore Parkway (Belt Parkway)
(HDR, 2016) which serves as the northern boundary of the Site.

Early aerial photographs from 1924 also show that a roadway referred to as Flynn’s causeway was under
construction running through the Site at that time (Figure 2-3). Flynn’s causeway was constructed by
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Patrick Flynn, a local entrepreneur, with the intent of connecting the waterfront with settlements to the
north. Although Flynn’s causeway was never fully realized, fragments of its remains are still visible at
low tide at the southeastern sector of SCP (HDR, 2016). This construction resulted in historical filling of
portions of the Site near the outfall of what was referred to in early atlases as Crum Hill Creek located at
the main indention point along the western shoreline of the Site, also referred to as “the Cove”. The
section of Flynn’s causeway located in the southern portion of the Site also filled in areas of marsh that
extended into open water to the South. In 1924, construction of Cross Bay Boulevard, which serves as the
Eastern boundary of the Site was under way and filling to support the Cross Bay bridge abutment is
visible in the 1924 aerial imagery (Figure 2-3). A topographic map from 1947, just prior to waste
disposal operations, shows the new bridge abutment and substantial new marshland created immediately
west of the abutment (Figure 2-3). The 1947 topographic map shows the state of the Site close in time to
the beginning of the waste disposal operations.

These specific construction and filling activities provide information on areas of the Site which were
altered prior to waste disposal operations and suggest there may be less or more waste fill present in
certain areas of the Site. Around 1948, prior to the start of waste disposal operations, the present-day
Howard Beach neighborhoods of Rockwood Park and Spring Park did not exist and residential settlement
was in the early stages of spreading west of Cross Bay Boulevard. Geospatial analysis of the 1924 aerial
imagery and the 1947 topographic map indicates that prior to the start of waste disposal operations in
1948, the 237 acres within the current extent of SCP were comprised of approximately 109 acres (46%) of
open water, 81 acres (34%) of marsh, and 47 acres (20%) of historically filled areas.

Waste Disposal Operations (1948-1960’s)

The plans for and implementation of waste disposal operations at SCP are tied to the larger history of
garbage disposal practices for the City of New York. A Supreme Court decision banned New York City
from ocean garbage dumping in 1934 citing it created a public nuisance, forcing the City to find a new
solution for trash disposal (New York Time [NYT], 1955). The City started a program of “land
reclamation with garbage and refuse being used for fill until incinerators could be constructed” (NYT,
1955).

It was through the program of land reclamation, spurred by the Supreme Court decision, that New York
City Department of Parks (NYCDP), Parks Commissioner, Robert Moses, began implementing his vision
of creating public parks from “waste lands and swamps” (NYCDP, 1950). In a 1950 report to the Mayor,
the NYCDP reports that, “We have used every kind of filling material — hydraulically dredged sand, ship
ballast, rubble from bombed buildings in England and from the demolition of structures within the city,
Department of Sanitation garbage, refuse and ashes, rock from deep cellar excavations and excess stuff
from public, semi-public and private residential developments. (NYCDP, 1950)”

Prior to the beginning of waste disposal operations at SCP, there were several dumps already operating in
Queens, including College Point, Rosedale, and Edgemere dumps (Long Island Star-Journal, 1948d).
However, citizens complained about the dumps as being a nuisance and having bad odors (Long Island
Star-Journal, 1948b). An idea was proposed to develop a modern “Super Dump” in Queens at SCP that
would have enough capacity to replace the existing dumps in Queens until incinerators could be built
(Long Island Star-Journal, 1948a). The “Super Dump” was to be odorless and employ the latest technical
innovations to prepare the Site and manage the operations (Long Island Star-Journal, 1948b). Unlike other
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dumps in Queens, the Spring Creek “Super Dump” was run by the NYCDP. Historically, similar
operations had been run by the New York City Department of Sanitation and were in large part badly
controlled and offensive (NYCDP, 1950).

At the Spring Creek “Super Dump”, Department of Sanitation collection trucks dumped their loads and
the NYCDP staft would bulldoze the trash to systematically fill lands, while a three-person crew of
exterminators managed pests, such as rats (Long Island Star Journal, 1962). Odors were controlled by
sand being immediately placed on top of garbage (Long Island Star Journal, 1962). Sand to cover trash
was sourced from Jamaica Bay and stored in long stockpiles on Site (Long Island Star Journal, 1948b,
1962; Wave, 1951). In addition to covering the trash with sand to reduce odors, the NYCDP also sprayed
disinfectant and deodorant daily (Long Island Star Journal, 1962). The chemical makeup of the
disinfectants and deodorants is unknown. Orthodichloro-benzene was historically used at GKP as a
disinfectant (NPS, 2018b); however, it’s use at SCP has not been confirmed. Proposals for the original
125-acre waste disposal area at SCP specified a 3-year time frame to complete the filling and included
plans to convert the area to a public park once waste disposal operations were complete (Long Island
Star-Journal, 1948a).

The NYC Board of Estimates approved the plan to develop SCP for waste disposal operations in August
1948. The operation would be situated on city-owned waterfront property between Cross Bay Boulevard
and the Brooklyn borough line. The resulting reclaimed land would become an addition to an existing
park, already known as Spring Creek Park just over the Brooklyn line (Long Island Star-Journal, 1948d).
By September, bids were solicited to develop the site (Wave, 1948) and in October, site preparation had
begun (Long Island Star-Journal, 1948e). The first phase of site preparation involved the creation of large
sand dikes using hydraulic fill surrounding a portion of the planned 125-acre area in which waste disposal
operations would be conducted. The sand dikes were constructed with periodic breaks to allow for
drainage. The "bottom lands” were filled above the high water level with hydraulic fill and compacted
(Long Island Star Journal, 1948c).

The waste filling activities were slated to begin on January 1, 1949, however, this was postponed for two-
weeks to finish site preparations (Long Island Star-Journal, 1949a). Operations began adjacent to Cross
Bay Boulevard and proceeded west to 83rd street. The next phase of waste filling started at the northern
limit of 163rd Street at 83rd street and was advanced counterclockwise. The original 125-acre area
proposed for filling was bounded by the intersection of 163rd Street and 83rd Street in the north, south
along 83rd Street, east along 165th Street, and south along Cross Bay Boulevard and along the sand dikes.
The shape of the southern portion of the SCP shoreline is entirely man-made. According to the 1949
Department of Sanitation Annual Report, in the first year, 30 acres of the Site were filled. Subsequent
Annual Reports were not available to track the progress of filling over time. Opinion pieces from the time
indicate the improved operations resulted in a dump that was not offensive to the community (Long Island
Star-Journal, 1949b; Wave, 1949a). Figure 2-4 shows the status of waste filling operations at SCP in
1951 and documents the man-made nature of the semi-circular shoreline along with the creation of land
from open water.

Documents indicate waste disposal was proposed to occur in three phases (Long Island Star-Journal,

1948c¢). The 75-acre section at Cross Bay Boulevard and 165th Avenue was to be completed first and
within 1 year, and the second and third stages were to include filling the parts of the site under water.
Sand dikes for the remaining portion of the 125-acre site were prepared in 1949 after the Board of
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Estimates approved additional funds (Wave, 1949b). Aerial imagery suggests filling proceeded as planned
and in line with the proposed schedule. The Site reportedly only received waste from Queens (NYT,
1948), as opposed to previous operations that received waste from other boroughs. However, a strike in
1953 resulted in waste from Brooklyn being diverted to the Site, including incinerator residue (Long
Island Star Journal, 1953). It is unclear how long the diverting lasted.

The 3-year time frame proposed for waste disposal operations at SCP was to coincide with the
construction of an incinerator. However, records suggested that waste disposal may need to continue to
support the disposal of incinerator waste (Long Island Star-Journal, 1948a). The promised incinerator,
South Shore Incinerator, opened in 1954 (NYT, 1954). The opening of the incinerator coincides with
around the timeframe in which waste disposal operations began to extend into the northern portion of the
Site, beyond the originally planned 125 acres.

In 1951, additional filling was proposed for the Kissena Corridor Park in Queens to develop more
parkland. However, that plan was abandoned in favor of expanding operations at the Site, given how well
it was being operated (Long Island Star-Journal, 1951). The decision to abandon additional dumping at
Kissena in favor of expanding operations at SCP supports the observations from aerial imagery that filling
was extended beyond the initial 125-acres.

Based on aerial imagery and historical documentation, as waste disposal operations ceased in the southern
portion of SCP, operations moved north. Aerial imagery and shoreline differences between the areas north
and south of the Cove suggest the northern portion was not prepared with sand dikes in the same manner
as the southern portion. There are fewer records documenting operations in the northern portion of the
Site. The Phase 1 Archeological Study indicated ash was deposited primarily in the northern portion of
the Site, which was supported by ash found in archeological soil borings conducted in this area (HDR,
2016). Waste disposal operations in the northern portion of SCP appear to start in 1953. Based on the
1954 aerial imagery, by 1954 the southern portion was completely filled and operations had begun in the
north (Figure 2-4).

Photo documentation by EPA depicts Site operations and shows that electrical infrastructure, including
power lines, was present at the Site (Figure 2-5). The use of a soil amendment containing sewage sludge
as a source for artificial topsoil was promoted as an innovative, cost-saving solution to the problem of
finding natural topsoil (NYCDP, 1950). A 1950 Memo from NYCDP, describes the process in detail and
supports the designation of the southern portion of the Site as having been created using waste fill
(Figure 2-6).

Aerial imagery from 1961 suggests that the entire Site was filled and that the Site was being covered with
the soil amendment containing sewage sludge and sand (Figure 2-7). One record suggests filling was
complete by 1957 (New York World-Telegram and Sun, 1960). An additional record indicates that over
six years, three million tons of refuse was dumped at the Site (Long Island Star-Journal, 1962).

The process of creating the soil amendment using sewage sludge was dubbed “Operation Sludge”
(Brooklyn Daily Eagle, 1953). Sludge from wastewater treatment plants was transported to sites and
sprayed across drying beds. 16 layers were required to create 4 inches of dried sludge. The dried sewage
sludge layer was mixed with the existing sand cover to create seven inches of sludge sand that was then
mixed with three inches of clay to create nine inches of topsoil (NYCDP, 1959) (Figure 2-6). Rye grass
was first planted and then replaced by different plants and trees (NYT, 1955). The sources of the clay
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used for the topsoil were noted as “contracted”, but their exact origin is unknown. (Brooklyn Daily Eagle,
1953)

At SCP, numerous sludge drying beds were created and are visible on aerial photographs from 1961 and
1966 (Figure 2-7). One documented source of sludge was the WWTP at Idlewild airport. A pipeline was
built from the WWTP to the Site to convey the sludge to the drying beds (Long Island Star-Journal,
1962). Based on aerial imagery showing remnants of the sludge drying beds at various stages of fading,
the creation of the soil amendment appears to have followed a sequence similar to the progression of
filling, with the soil amendment first being placed in the southeast portion of the Site near Cross Bay
Boulevard and then extending west and north. Aerial imagery can positively confirm certain areas in use
for sludge drying beds at the time of the photograph. However, faint rectilinear lines on the aerial photos
suggest that other areas may have also been used as sludge drying beds. These lines suggest sludge was
produced across most of the southern portion of the Site and extended into the northern portion of the Site
up to approximately the intersection of 161st Avenue and 78" Street. Sludge production may have
extended further north, but there is no confirmatory documentation. However, it is likely that the soil
amendment containing sewage sludge was placed over the entire Site. It is unclear when sludge
management activities ceased at the Site, but aerial imagery suggests it was sometime between 1966 and
1975 (Figure 2-7 and Figure 2-8).

Aerial imagery from 1951 (Figure 2-4) shows a staging area for vehicles at the Site south of the
intersection of 165th Avenue and 92nd Street. Support structures, presumably to facilitate the waste
disposal and soil amendment operations at the Site, are first visible in the 1954 aerial imagery with
several small buildings located just west of the western end of 165th Avenue. Aerial imagery from 1961
shows one larger building in the same general area as the previous smaller buildings. The structures are
present in the 1966 imagery but are gone by 1975 (Figure 2-7 and Figure 2-8).

After Waste Disposal Operations (Post 1960s)

The historical records reviewed provided minimal information on any formal operations at the Site after
waste disposal operations ended. When plans for the “Super Dump” were first developed, Robert Moses
stated, “...a shorefront picnic park can be constructed in the area. This park will contain a parking field,
concession buildings, fireplaces, picnic benches and tables and will be similar to the Plumb Beach Park,
the cost of this development will be $400,000 (Long Island Star-Journal, 1948a).” The proposed
recreation facilities at SCP were never realized.

In the early 1970’s, the Board of Estimates proposed a study for plans for additional waste disposal at
SCP. The area of SCP had earlier been dropped from plans to include it in the Gateway (Leader-Observer,
1973). However, civic opposition and coordinated efforts from politicians resulted in the Board of
Estimates vetoing the plan for additional waste disposal operations at SCP. Ultimately, the City Planning
Commission supported the initiative to include SCP in the Gateway plan (Leader-Observer, 1973). In
1974, ownership of SCP transferred to the Unites States Government as part of the deed to establish
Gateway for use and development by the NPS (New York State, 1974).

Following transfer of ownership, NPS completed numerous assessments of the newly acquired resources
of the Gateway. Assessments included:
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e A detailed topographical survey which included the areas of SCP (Lockwood, Kessler & Bartlett,
1974)

e A general history of the Jamaica Bay, Breezy Point, and Staten Island Units (Wren, 1975). The
general history makes no specific mention of SCP.

e A Historic Resource Study, Jamaica Bay: A history (Black, 1981). In relationship to the Site, the
study mentions that, “The most dramatic changes in this area consisted of the post-World War 11
Landfill Projects at Spring Creek and Pennsylvania Avenues. (p.80)”

e An inventory map of key structures (NPS, 1975). No structures are identified at SCP.

In 1978, NPS developed and implemented plans for a guard rail along the street-side perimeter of the
park. The guard rail allowed for access at three drive gates located at 159™ Avenue, 164™ Avenue and 92"
Street. (NPS, 1978). The guard rail is still present at the Site as of 2021. However, in many places it is not
visible due to tall vegetation. Between 165™ Avenue and 164™ Avenue presumably adjacent residents
have installed a wooden fence and have landscaped the area between the fence and the street. Other areas
between the guard rail and street have undergone minor alterations such as paving or mowing.

NPS developed a General Management Plan (GMP) in 1979 for Gateway that zoned SCP “to maintain or
enhance their use as “community park” while permitting the necessary protection of the fragile bay
fringes (NPS, 1979).” Figure 2-9 shows an illustration of proposed 1979 GMP land use areas within SCP.
The zoning protected sensitive marsh edges while permitting management of the remainder of the Site as
a community park. A natural shoal area along the south was to be renovated as a beach. Within the Site,
there would be structured recreation areas as well as unstructured recreation areas with landscaped open
spaces. Additionally, three support zones were designated to permit establishment of adequate facilities to
support the planned use (NPS, 1979). To date, no significant recreational development has been
undertaken at SCP.

In 2014, NPS issued an updated General Management Plan and Environmental Impact Statement
(GMP/EIS) for Gateway (NPS, 2014b). The 2014 GMP/EIS favored alternative for management was
“Alternative B: Discovering Gateway”, which proposes that the eastern portions of the Site bordering
adjacent roadways be used for recreation and that the remainder of the Site be maintained and improved
as natural areas. The plan suggests in the recreation zone new facilities such as trailheads and parking
areas, orientation kiosk, trails, and picnic areas would be developed to invite recreational use and promote
exploration of the SCP area. In the natural zone, efforts to control Phragmites would be increased,
saltmarsh and forested areas would be monitored, assessed, restored, protected and maintained to promote
resiliency, social trails would be eliminated. Within the natural zone, access would be limited to
designated trails and water access would also be developed, such as boat launch and landing sites,
observation decks, and fishing access areas (NPS, 2014b).
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SCP is noted as a place where the following changes may occur:

Desired Experience Types of Change

Physical and programmatic e  Explore new linkages by trails, sidewalks, paths and bridges
connections created to link Gateway e Work with NYC and other partners to introduce new

sites, New York City parks, and recreational skills and educational and interpretive programs in
neighborhoods to Jamaica Bay adjacent parks and communities

Orientation portals established to e  Create distinctive access corridors to parks and Jamaica Bay
provide information on sites and through art, signs and other visual expression

activities throughout all Jamaica Bay e Improve signs and wayfinding

park lands e  Use virtual and modern technology for orientation and maps
Recreation improvements e New picnic and open space area

Figures 2-9 and 2-13 illustrate the 2014 GMP management zones for SCP. Future development at SCP is
subject to the 2014 GMP/EIS.

The Site is currently used for active and passive recreation with fishing and hiking (USACE, 2017a) and
evidence of homeless encampments has also been observed at SCP. However, thick vegetation conditions
limit and/or discourage public use in most areas of the Site. There are no formal improvements or
buildings on the Site to support recreation. The Site contains approximately 3 miles of fire roads that
allow for pedestrian access (Figure 1-2). Illegal all-terrain vehicles also drive along the fire roads and
unmaintained trails across the Site. Present-day illegal littering and dumping also occurs at the Site as
evidence by accumulated trash visible at the surface in areas.

Analyzing aerial imagery from 1975 through 2021 indicates an evolution of unmaintained trails at the Site
over time (Figures 2-8 and 2-10). From 1975 to present, the primary historical roads used to access the
Site for historical operations, that later transitioned into portions of the fire roads, remain the most visible
routes through the Site.

Several initiatives have proposed and advanced plans for ecological restoration at SCP. SCP was first
recommended as a potential restoration opportunity through the USACE’s Jamaica Bay, Marine Park, and
Plumb Beach Ecosystem Restoration Feasibility Study which was initiated in 1996 (USACE, 2013). This
initial feasibility study proposed restoration of 151.6 acres of habitat including 49 acres of low marsh, 10
acres of high marsh, and 6 acres of tidal creek (Figure 2-11) (USACE, 2017a).

Following Super Storm Sandy in 2012, the New York State Department of Environmental Conservation
(NYSDEC) was awarded a grant from the FEMA HMGP for hazard mitigation at SCP (USACE, 2017a).
As part of the HMGP, NYSDEC, USACE, and NPS reevaluated the restoration plans to include NNBFs
to also provide CSRM benefits and enhanced coastal resiliency to the Howard Beach Community
(USACE, 2016). These efforts were also coordinated with the Governor’s Office of Storm Recovery’s
Howard Beach New York Rising Community Reconstruction Plan (Howard Beach Planning Committee,
2013).

The revised conceptual design for restoration included “natural and nature-based features including reuse
of sandy dredged material; restoration of coastal and freshwater wetlands, maritime grassland, shrub, and
forest plant communities; and construction of a vegetated berm to reduce the risk of flooding to the
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adjacent neighborhood” (Princeton Hydro, 2021). Additional design efforts by Scape Studio envisioned a
connector pathway running along the berm to incorporate an immersive landscape trail (Scape Studio,
2021). Figure 2-11 illustrates the revised concept plan as well as design imagery of the proposed
connector pathway.

The Jamaica Bay, Marine Park, and Plumb Beach Ecosystem Restoration Feasibility Study along with
five other feasibility studies for different areas were combined within the Hudson-Raritan Estuary (HRE)
Ecosystem Restoration Feasibility Study Final Integrated Feasibility Report & Environmental Assessment
Report intended to streamline parallel efforts and maximize efficiencies, resources, and benefits (USACE,
2020). The SCP project was screened out because the Site was already being advanced under the FEMA
Hazard Mitigation Grant Program. However, in 2019, FEMA decided not to fund the HMGP project
(JCO, 2020). As such, the April 2020 Final HRE Ecosystem Restoration Feasibility Study Final
Integrated Feasibility Report & Environmental Assessment Report acknowledges that the Site is no
longer moving forward under the HMGP and has now been requested to be the first new phase feasibility
study spin-off using the HRE authority (USACE, 2020).

Fires at the Site have been noted over time and continue to be a management priority. In 1971, prior to
ownership conveyance, a newspaper article mentions that “Recently, many community leaders have
complained that frequent fires have erupted at this landfill, believing it was due to the inadequate
covering of the landfill (Leader-Observer, 1971).” The phragmites monoculture at the Site has been
attributed to the periodic fires which keep the area in that successional stage (JBEC, 1984). A significant
refuse fire on April 27, 1989 was documented by NPS as having occurred in the northern portion of the
Site (NPS, 1989). Another brush fire burned approximately 7 acres in the southern portion of the Site on
April 6, 2019 (Tidewater, 2019). The most recent conceptual designs for restoration included specific
considerations for Fire and Emergency Access and a firebreak as an edge treatment to protect the adjacent
neighborhood (USACE, 2017b).

In 2018-2019, NPS accepted 77,000 cubic yards of sand donated by a private entity which was stockpiled
in the southern portion of the Site (JCO, 2020).

2.1.3 Waste Characteristics

Waste fill is defined as material derived from New York City Department of Sanitation’s historical waste
disposal operations at the Site. The waste fill includes refuse (heterogeneous mixture of municipal and
industrial wastes and excavation and construction materials), incinerator residue (incinerated waste
material), and coal ash from coal fired boilers/furnaces. The waste fill boundary encompasses most of the
Site.

Past soil borings at the Site have identified the following in waste fill: glass, plastic, tile, brick,
newspapers, rubbish, wood, processed wood, porcelain, netting, roof shingles, fiberglass insulation,
plaster, fibers, rubber, paint chips, cardboard, coal, ash, concrete, cinders/slag (i.e., from waste
incineration), bolts, metal, wire insulation, tires.

Sewage sludge was used as a component of a soil amendment (artificial topsoil) applied over waste fill to
facilitate vegetative growth. The radiological artifacts present at the Site were found within the waste fill
boundary of the Site.
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2.1.4 Site Geology and Hydrogeology

The Site is situated in the Northern Atlantic Coastal Plain Physiographic Province comprised of seaward
(to the east and southeast) thickening wedge of unconsolidated sediments overlying crystalline bedrock.
This section describes the underlying geology from the surficial soil to the underlying unconsolidated
sediments to the consolidated bedrock at a depth of 600 feet (ft) to 700 ft below ground surface (bgs).
The buried bedrock surface slopes to the southeast.

The surficial geology of the Site primarily consists of artificial fill comprised of waste fill, hydraulic fill,
discrete areas of construction and demolition debris, and the soil amendment containing sewage sludge
mixed with clay. The majority of the Site is mapped as the Gravesend and Oldmills (GOB) soil unit
comprised of coarse sand underlying 0 to 8 percent slopes (National Resource Conservation Service
2021). The soil composition is consistent with the Site being covered with artificial soil comprised of
sewage sludge and lesser amounts of clay.

Underlying the fill material is a thin veneer of Holocene deposits consisting of gray clay, silt with peat
(marsh deposits) and with sand stringers (low gradient historical fluvial [stream] deposits) and nearshore
sand deposits (Open Water Jamaica Bay). Figure 2-1 shows the Site land area prior to filling and the
shoreline and zones where likely fluvial deposits (stream), marsh (clay and peat), and open water (sand)
deposits are present. NPS mapped and identified a rather continuous Holocene Deposit beneath the Site
ranging in thickness from approximately 2 to 8 ft thick at elevations ranging from 5 ft to minus 10 ft
below mean sea-level.

Underlying the Holocene deposits are Pleistocene glacial deposits consisting of the upper Pleistocene
deposits (Qu), followed by the Gardners clay, and Jameco gravel. The upper Pleistocene deposit is
approximately 100 ft thick and consists of glacial outwash comprised course to fine gravel with sand, The
Gardners clay (Qg) is a thin interstadial glacial deposit and is less than 25 ft thick and occurs
approximately 200 ft below sea level. Gardners clay and is underlain by the Jameco gravel (Qj) is
approximately 50 ft thick. (Buxton and Shernoft, 1999)

The Pleistocene glacial deposit unconformably overlie (erosional contact) the Cretaceous deposits
consisting of the Magothy Formation (Kmm), Raritan Formation (Krc) and Lloyd Sand Member (Krl) of
the Raritan Formation. The Cretaceous deposits have a total approximate thickness of 175 ft thick.

Precambrian (age) bedrock unconformably underlies (erosional contact) the Raritan Formation. The
bedrock is comprised of folded and faulted gneiss and schist (metamorphic rock) at depth of 600 to 700 ft
bgs.

Underlying the Site, groundwater is present in two water bearing zones; one deep and confined or semi-
confined (Magothy and Llyod Aquifers) and one shallow and unconfined (Jameco Aquifer). A layer of
peat and clay separates the zones. Shallow groundwater in the area is generally less than 10 ft bgs and was
encountered at less than 5 ft bgs in monitoring wells bordering the neighborhood. Shallow groundwater
generally flows from the inland edges of the Site towards the coastline (i.e., away from the adjacent
neighborhood). Deep groundwater, is tidally influenced with deep groundwater flowing toward the
coastline during low tides and inland during high tides. Deep groundwater is therefore thought to be a mix
of both inland freshwater and saline coastal inputs. (JCO, 2020) No drinking water wells are located
within the Site boundaries or downgradient with respect to groundwater flow direction (NPS, 2017).
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2.1.5 Site Hydrology

Site surface water features include a small wetland area near the Cove, a small shallow pond near the
northeast- corner of the Site, and a drainage ditch along the northern edge of the Site (JCO, 2020). The
United States Fish and Wildlife Service (USFWS) National Wetlands Inventory (NWI) shows two
additional small, isolated wetland areas in the southern portion of the Site; however, field verification
indicated the identified areas do not exhibit wetland characteristics.

The drainage ditch along the northern edge of the Site is roughly 500ft in length and receives runoff from
the area south of the Belt Parkway and higher elevation areas within the Site. The adjacent roadway to the
east (78™ Street) appears graded in manner that directs surface runoff toward the curb and inlets into the
storm sewer. Stormwater runoff from the adjacent residential development is carried via a storm sewer
system east to outfalls in Shellbank Basin (New York City Department of Environmental Protection
[NYCDEP], 2021). The flow rate and hydraulic condition of the drainage ditch are unknown. The ditch
discharges to Old Mill Creek and Jamaica Bay. The drainage ditch is likely locally tidally influenced near
the discharge point.

The Site is mostly pervious with several miles of compacted fire roads. Surface runoff follows topography
and generally slopes from the eastern boundary of the Site towards the Old Mill Creek and Jamaica Bay
(Figure 1-2). Historical on-Site streams, including Crum Hill Creek that had its outfall to Jamaica Bay at
the location of the Cove and an unnamed stream in the northern portion of the Site, no longer exist. There
are six, 2.5 ft diameter pipe outfalls near the Cove (JCO, 2020). The upgradient pipe layout and purpose
of the pipe outfalls is unknown but assumed to be related to channelization and subsequent burial (using
pipes) of the historical Crum Hill Creek.

Contaminants within sediment, surface and subsurface soil may be transported to Site surface water
through erosion from surface runoff and sloughing of surface and subsurface soil into the Site surface
water features.

The major marine surface water features in the vicinity of the Site include the Jamaica Bay. Major
freshwater surface water features in the vicinity of the Site include Ralph Creek and Spring Creek located
north of the Belt Parkway. Spring Creek and Ralph Creek combine to form Old Mill Creek which passes
under the Belt Parkway and also separates the Site from the nearby Pennsylvania Avenue Landfill, now
Shirley Chisholm Park. The western boundary of the northern portion of the Site forms the eastern bank
of the Old Mill Creek that flows into Jamaica Bay. The Spring Creek wastewater treatment plant which
holds and treats Combined Sewer Overflow (CSO) flows is located just north of the Belt Parkway and
outflows to Old Mill Creek.

2.1.6 Local Climate

Under the K&ppen climate classification, the SCP Site is within a humid subtropical climate zone (Cfa),
surrounded by greater NYC which is classified as humid continental (Dfa) (PlantMaps, 2021). Queens,
NY experiences a strong annual temperature cycle, characterized by cold winters and warm summers
(JCO, 2020). According to the closest National Oceanic and Atmospheric Administration (NOAA)
weather station at John F. Kennedy Airport, the average seasonal temperature ranges are as follows
(NOAA, 2021):
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e  Winter (Dec-Feb): 28.6-41.6°F
e Spring (Mar-May): 43.5-58.8°F
e Summer (Jun-Aug): 66.4-81.1°F
o Fall (Sept-Nov): 50.4-64.7°F

Average annual precipitation is 43 inches (NOAA, 2021). Monthly precipitation ranges from around 2.6
to 4 inches and is fairly evenly spread throughout the year. Snowfall is most common December through
March with February having the highest average snowfall (NOAA, 2019).

2.1.7 Sensitive Environments

The Site has several sensitive areas that could be affected by environmental contaminants. These areas
include tidal marshes, coastal areas, wetlands, and adjacent waters of the Jamaica Bay. There are no NPS
designated Sensitive Resource Subzones at the Site (NPS, 2014b). The Site is open to the public.
However, thick vegetation conditions dominated by Phragmites limit and/or discourage public use in
most areas of the Site.

2.2  Summary of Previous Investigations

Past investigations of the Site were driven primarily by initiatives for restoration and hazard mitigation at
SCP. As such, the investigations were designed specifically to meet the objectives of the restoration and
hazard mitigation designs and investigate potential risks remaining after the proposed project
implementation. The exposure scenarios were tailored to the proposed project implementation. The
information gathered from past investigations was used to inform the current CSM and identify remaining
data gaps for exposure scenarios aligned with the Gateway 2014 GMP/EIS (Section 2.4).

Past investigations and evaluations of the Site include, in chronological order:
e 2002 Hazardous, Toxic, and Radiological Waste (HTRW) Investigation (AMEC, 2002)
* 2016 Phase 1 Archeological Sensitivity Assessment (HDR, 2016)
e 2017 SI and SLERA (USACE, 2017a)
* 2017 Limited Gamma Radiation walkover survey (USACE, 2018)
e 2017 RSE Report (NPS, 2017)
* 2020 EE/CA Field Investigation (JCO, 2020)

Each investigation or evaluation and results are described below. Historical gamma survey coverage is
presented in Figure 2-12 and boring, sampling, and removal locations from these investigations are
shown in Figure 2-13. Appendix A presents relevant figures from previous investigations performed at
the Site.

2.2.1 AMEC 2002 HTRW Investigation (AMEC, 2002)

The 2002 HTRW sampling program at SCP was advanced as part of the USACE New York District
feasibility level study of the Jamaica Bay Ecosystem Restoration Project. SCP was one of several
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proposed restoration sites that was selected for screening relative to the presence of HTRW. Sixteen (16)
subsurface soil samples were collected from 10 unique locations. Four composite hand augured samples
from surface to a maximum of 2.5 ft bgs were collected from four locations all within the northern portion
of the Site and near the shoreline. Six discrete Geoprobe® samples were collected at depths ranging from
3.8-8 ft bgs at six locations, two in the northern portion (one along the shoreline, one slightly inland) and
four in the southern portion of the Site all near the shoreline. In addition to the discrete samples,
composite samples from 8-12 ft bgs were collected from each of six Geoprobe® locations. The locations
for sampling were mostly near shoreline areas likely because the original restoration design focused on
creating coastal marshlands in the north and coastal dunes in the south of the Site. All soil samples were
analyzed for volatile organic compounds (VOCs), semi-volatile organic compound (SVOCs), pesticides,
polychlorinated biphenyl (PCBs), total petroleum hydrocarbons (TPH), Priority Pollutant Metals (13),
dioxin and furan (2,3,7,8-TCDD and 2,3,7,8-TCDF), and Total Organic Carbon (TOC). The six discrete
soil samples were also analyzed for grain size distribution.

Based on borings, fill materials was encountered at depths up to 12.5 ft bgs. No VOCs or pesticides were
detected above NYSDEC Recommended Soil Cleanup Objectives (RSCO) based on the January 1994
Division Technical Administrative Guidance Memorandum (TAGM) on Determination of Soil Cleanup
Objectives and Cleanup Levels (HWT-94-4046). Two SVOC detections (one each benzo(a)pyrene and
dibenz(a,h)anthracene) exceeded RSCOs. Four PCB detections (one each Aroclor 1232, Aroclor 1248,
Aroclor 1254, and Aroclor 1262 ) exceeded RSCOs. Arsenic, beryllium, cadmium, chromium, copper,
lead, mercury, nickel, and zinc were detected at concentrations in excess of RSCOs, and two lead
detections also exceeded the Eastern United States background concentration range. No values exceeded
hazardous-waste thresholds. Comparing polycyclic aromatic hydrocarbons (PAHs) with New Jersey
Department of Environmental Protection (NJDEP) historical fill values, the mean PAHs values at SCP
were two orders of magnitude less than the historical fill value means. Notably historical fill material does
not include municipal solid waste landfill sites (AMEC, 2002).

2.2.2 HDR 2016 Phase 1 Archeological Sensitivity Assessment (HDR, 2016)

The 2016 Phase 1 Archeological Sensitivity Assessment was carried out to advance the Spring Creek
Coastal Storm Risk Management Project. Site investigations associated with the assessment included 15
geotechnical borings reaching up to 50 ft bgs. Geotechnical borings included six in the northern portion
(three along the coast and three inland), one near the Cove and eight in the southern section (four along
the shoreline and four inland). Locations were selected based on specific information required for the
construction of the NNBF risk management features within specific habitat types of wetland, marine
forest, or berm.

No analytical samples were collected from the geotechnical borings. The archeological sensitivity
assessment involved an archeological survey comprised of a literature review and analysis of soil boring
and an architectural survey. In addition to the 15 geotechnical borings, the assessment also incorporated
soil boring results from the 2002 HTRW investigation and the 2017 SI and SLERA. The assessment
determined that the proposed project activities would not adversely affect any potential subsurface
archeological deposits, historical buildings, or structures. The report includes useful precontact and
historical period summaries. Notably, the historical period summary states, “By the 1950s, the marshlands
composing the Project area, already subject to dredging, landfilling and dumping activity from the turn of
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the century, became an incinerator ash dumping ground for the DSNY, with the northern sector of the
Project area a locus of incinerator refuse activity (HDR, 2016).”

2.2.3 USACE 2017 Sl and SLERA (USACE, 2017a)

The 2017 SI and SLERA was carried out to advance the Spring Creek Coastal Storm Risk Management
Project. The investigation characterized soil and sediment chemistry to determine acceptability of the
proposed designs. Results were to inform modification to the grading and plan and assess ability for
excavated material to be managed on Site or if offsite disposal would be needed.

The site investigation activities involved advancing a total of 388 soil borings with 5 borings in each of
75 one-acre grid cells, plus 13 borings surrounding the location SC-GP-1 from the 2002 HTRW sampling
that identified elevated PCB levels within the area proposed for excavation. Two composite samples were
created from the 5 borings within each of the 75 one-acre grid cells. One Group A sample was
composited from soil from the surface to 2 ft above the designated depth for each boring determined by
the proposed excavation depth at that location. Group A samples represented the “Cut Layer”. One Group
B sample was composited from soil from 2 ft above the designated depth for each boring to the bottom of
the boring. Group B samples represented the “Exposed Layer”. In total, 75 Group A samples and 75
Group B samples were analyzed. The one-acre grid cells were located in areas where the greatest
thickness of material was proposed to be excavated. Of the 75 grid cells, 37 grid cells were along the
northern portion shoreline, 34 grid cells were along the southern portion shorelines, and four inland grid
cells were near the western end of 165th Avenue and 164th Avenue. Group A and Group B samples were
analyzed for SVOC:s, pesticides, PCBs and Priority Pollutant Metals and barium. Contaminants identified
above NYSDEC Part 375 SCOs included PAHs, pesticides, PCBs, and numerous metals.

The 13 borings surrounding the location of SC-GP-1 from the 2002 HTRW sampling were intended to
delineate the extent of the area of elevated PCBs. Borings were advanced to 14 ft bgs at 10, 25, and, 50 ft
offsets north, south, east and west of a central borehole co-located in the vicinity of SC-GP-1. Seven
composite samples were collected from each boring from two-foot intervals for a total of 91 samples. The
PCB delineation samples were analyzed for PCBs and percent solids. PCBs exceeded the NYSDEC
Unrestricted Use SCOs in 49 of the 91 samples with two samples exceeding 10 milligrams per kilogram
(mg/kg) (one with 13 mg/kg PCBs and one with 260 mg/kg PCBs). The 260 mg/kg PCBs result at
location PCB-E10 exceeded the 50 mg/kg limit indicating material subject to Toxic Substance Control
Act (TSCA) regulation is on Site. Additional delineation to the north and south of PCB-E10 would be
needed to delineate the extent of TSCA material. Additional borings east and west of the PCB-E10 would
potentially reduce the extent of delineated TSCA material. A second area near sampling location SC-GP-
4 from the 2002 HTRW with elevated PCB concentrations was not further delineated since no excavation
was planned in that area.

2.2.4 USACE 2017 Limited Gamma Radiation Walkover Survey (USACE, 2018)

The 2017 limited gamma radiation walkover survey was implemented to inform ongoing CERCLA
investigations at SCP and as a prudently conservative public safety measure to evaluate radiation levels
on and near the fire roads. This survey was initiated in part due to radionuclide contaminants from waste
fill present at GKP and the similarity in filling operations that took place at GKP to those that took place
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at SCP. The surveys were focused on, and limited to, the fire roads and areas in the immediate vicinity.
The surveys identified several locations where gamma radiation was in excess of the ambient levels and
five man-made radioactive artifacts were removed from four unique locations. Three of the removal
locations were along an east-west portion of the fire road through the middle of the southern portion of
the Site. The fourth location was toward the northern boundary of the northern portion of the Site.
Artifacts were recovered between 3 to 12” bgs.

2.2.5 NPS 2017 Removal Site Evaluation Report (NPS, 2017)

The 2017 Removal Site Evaluation (RSE) Report was carried out to assess the potential threat posed by
the release or threatened release of hazardous substances to public health, welfare, and the environment,
determine the need for additional CERCLA action, and evaluate whether a time-critical or non-time-
critical removal action is appropriate. The RSE was based on readily available information, largely
reports of prior environmental investigations. The RSE looked at CERCLA and NCP compliance,
evaluated whether a release subject to the Clean Water Act has occurred, and evaluated the eight factors
of NCP Section 300.415(B)(2) for determining the appropriateness of a removal action. Insufficient data
was available to evaluate whether releases at the Site are affecting navigable waters or otherwise require a
response under the Clean Water Act. Three of the eight factors of NCP Section 300.415(B)(2) support the
decision to conduct a removal action at the Site; these include factors:

(1) Actual or potential exposure to nearby human populations, animals, or the food chain
from hazardous substances or pollutants or contaminants;

(i1) Actual or potential contamination of drinking water supplies or sensitive ecosystems;
and

(v) Weather conditions that may cause hazardous substances or pollutants or
contaminants to migrate or be released.

The RSE concluded that the release of hazardous substances at the Site potentially poses a threat to public
health, welfare, and the environment, and therefore a removal action is appropriate. It was determined
characterization of Site conditions, contamination, and associated risks is incomplete, and additional data
collection is necessary to characterize certain Site conditions and support the selection of an appropriate
removal action for the Site. It was concluded an EE/CA would be carried out for the Site to complete the
requisite Site characterization, evaluate removal alternatives, and recommend an appropriate removal
action for the Site.

2.2.6 NPS 2020 EE/CA Field Investigation (JCO, 2020)

The 2020 EE/CA Field Investigation was carried out to advance the Spring Creek Coastal Storm Risk
Management Project. The objective of the investigation was to determine if concentrations of
contaminants of potential concern in Site groundwater and surface water will pose an unacceptable
potential for human and/or ecological risk after the implementation of the project.

The field investigations involved nine soil borings, including five borings in the northern portion of the
Site and four borings in the southern portion of the Site. Five boring were located near the shoreline and
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four were interior to the Site. A single discrete sample was collected from the soil borings at the water
table or at an interval of obvious contamination (if present), except from NPS-B-03.

A total of 29 groundwater monitoring wells were installed at 21 unique locations, 12 locations were
shallow only wells, one location was a deep only well, and eight locations were paired wells with one
shallow well and one deep well co-located. Monitoring well locations were spread across the Site with 11
in the northern portion, two at the Cove, and 15 in the southern portion of the Site. Monitoring wells were
located along the shoreline, interior of the Site, and inland.

Discrete soil samples were collected from each of the well installations in the same manner as from the
soil borings, except from MW-20A. Soil samples were collected and analyzed to evaluate if fill materials
were potentially acting as a source of contaminants of potential concern to groundwater and/or surface
water. A total of 36 discrete subsurface soil samples were analyzed using synthetic precipitation leaching
procedure (SPLP) for VOCs, SVOC:s, pesticides, PCBS, dioxins and furans, and metals. Soil samples
were also analyzed for radiological parameter gamma spectroscopy. Groundwater was sampled twice,
once in 2018 and once in 2019. In both events, all groundwater samples were analyzed for VOCs,
SVOCs, pesticides, PCBS, metals and radiological analytes, including radium-226, radium-228, total
uranium, and gross alpha and beta. Dioxins and furans and water quality parameters of alkalinity, sulfide,
dissolved organic carbon (DOC), chloride, sulfate and pH were analyzed for in six select wells and
herbicides were analyzed for in 11 select wells. In 2018, two rounds of water level measurements were
performed on all wells and within Jamaica Bay, one at low tide, and one at high tide. Additionally, in
2018, pressure transducers were installed in 11 wells and two locations in the bay for one full tidal cycle
to collect groundwater level data to investigate tidal influence. Hydraulic conductivity testing was
completed at seven wells in 2019.

Surface water samples were collected from eight locations. Two samples were collected from an on-Site
wetland located in the middle of the Site, one sample was collected in a discrete pool of water in the
northern corner of the Site, and two samples were collected from a drainage ditch along the northern edge
of the Site. Five additional samples, considered reference samples, were collected from storm drains
adjacent to and hydraulically upgradient of the Site. Surface water samples were analyzed for VOCs,
SVOCs, pesticides, PCBs, metals (total and dissolved), dioxins and furans, hardness, radium-226, radium-
228, total uranium, and gross alpha and beta.

Two radiological surveys were also conducted during the course of the field investigation. A limited
gamma walkover survey was conducted in August 2018 over the area where sand donated to NPS by a
private entity was later delivered to and stockpiled in the southern portion of the Site. One man-made
radioactive artifact was located, removed, and disposed of at a licensed off-Site disposal facility. No
additional specific sources were identified. Another limited gamma walkover survey was conducted in
April 2019 over a 7-acre exposed area near Cross Bay Boulevard where a fire had occurred. Five areas
with distributed, elevated radioactivity were identified.

Analytical results were compared with multiple screening criteria based on media type and human health
and ecological risk which were the most recent screening levels as of 2020. VOCs were detected in
multiple SPLP leachate samples and groundwater samples above screening levels. SVOCs were detected
in multiple SPLP leachate samples, groundwater samples, and on-Site surface water samples above
screening levels. Metals were widely detected in groundwater, surface water, and SPLP leachate samples.
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Many metals were detected in groundwater and SPLP samples above screening levels. Metals in surface
water were likely associated with suspended particles. Pesticides were detected above screening levels in
groundwater and surface water samples. Herbicides were not detected in shallow groundwater above
screening levels and were not analyzed for in any other medium. Two PCB Aroclors were detected in
multiple SPLP leachate samples above screening levels, and only one groundwater sample contained
PCBs above screening levels. PCBs were detected in three surface water samples above screening limits.
Dioxins and furans were detected above screening levels in groundwater, surface water and SPLP
leachate. However, dioxins and furans were also detected in the SPLP leachate method and SPLP leachate
blanks and although the data was not rejected, qualifiers were applied to many of the SPLP leachate
dioxin and furan sample results.

Following field work, but prior the completion of the report, FEMA decided not to fund the Coastal
Storm Risk Management Project, also referred to as the HMGP project, which served as the basis for the
exposure routes considered for the CSM at the time. The report thus recommended additional data
collection via completion of a CERCLA RI under the remedial process to address data gaps, including
characterization of the nature and extent of Site surface soil, such that potential human health and
ecological risks associated with exposure to hazardous substances at the Site can be assessed and remedial
alternatives necessary to address potential risks evaluated.

2.2.7 Data Quality / Usability

This section presents the usability of previously collected data from SCP as evaluated against the five
USEPA general assessment factors (USEPA, 2003; 2012), including:

e Soundness. The extent to which the scientific and technical procedures, measures, methods, or
models employed to generate the information is reasonable for, and consistent with, the intended
application.

e Applicability and Utility. The extent to which the information is relevant for the project’s
intended use.

e Clarity and Completeness. The degree of clarity and completeness with which the data,
assumptions, methods, quality assurance, sponsoring organizations, and analyses employed to
generate the information are documented.

e Uncertainty and Variability. The extent to which the variability and uncertainty (quantitative
and qualitative) in the information or the procedures, measures, methods, or models are evaluated
and characterized.

e Evaluation and Review. The extent of independent verification, validation, and peer review of
the information or of the procedures, measures, methods, or models.

Four of the six of the investigations summarized in Section 2.2 involved the generation of analytical data.
The following paragraphs provide a summary of the data usability for the historical investigations that
involved sampling and analysis of environmental media.

AMEC 2002 HTRW Investigation: The 2002 AMEC HTRW Investigation involved the advancement
of six soil borings and collection of 16 subsurface soil samples from 10 unique locations for chemical
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analysis of VOCs, SVOC:s, pesticides, PCBs, TPH, Priority Pollutant Metals (13), dioxin and furan
(2,3,7,8-TCDD and 2,3,7,8-TCDF), and TOC. The data usability assessment is provided below:

Factor

Assessment

Soundness

The scientific and technical procedures documented in the report appear sound.
The analytical data are approximately 20 years old and may not reflect present day
analytical detection capabilities.

Applicability and Utility

Subsurface soil analytical data supports identification of Site contaminants.

Clarity and Completeness

Documentation is clear and complete. Standard QA/QC samples were collected.
Soil boring logs and full laboratory reports are provided.

Uncertainty and
Variability

The timeframe of the investigation (approximately 20 years ago) presents
uncertainty regarding whether the data reflect current Site conditions.

Evaluation and Review

The data did not undergo independent verification or validation.

Conclusion: The 2002 AMEC HTRW Investigation provides limited, but reliable information regarding the
depth, thickness, and presence of the waste filled area based on the soil borings. Due to age and lack of
evaluation and review, the analytical data is usable for development of the CSM and to support planning for the
RI but is not usable for remedial decision-making under CERCLA.

USACE 2017 Site Investigation and Screening Level Ecological Risk Assessment: The 2017 USACE
SI and SLERA involved advancing 388 soil borings and collection of 75 Group A and 75 Group B
subsurface soil composite samples analyzed for SVOCs, pesticides, PCBs and Priority Pollutant Metals
and barium and 91 subsurface samples analyzed for PCBs and percent solids. The data usability
assessment is provided below:

Factor

Assessment

Soundness

The scientific and technical procedures documented in the report appear sound. The
analytical data are six years old.

Applicability and Utility

Subsurface soil analytical data supports identification of Site contaminants.
However, the composite samples are not directly comparable to discrete samples.
Additionally, the composited sample depths were based on a grading plan
associated with the HMGP Project as opposed to the Site CSM and/or
current/future land use. Lastly, in many cases the soil borings were advanced to
depths associated with the grading plan and did not fully delineate the vertical
extent of waste fill. Borings and samples were also focused in areas planned for
excavation and excluded much of the interior portions of the Site.

Clarity and Completeness

Documentation of analytical and sampling methods is clear and complete. Standard
QA/QC samples collected. Soil boring logs and full laboratory reports are
provided. However, the exact GPS coordinates of the completed soil borings are
not available.

Uncertainty and
Variability

The lack of GPS coordinates for the completed soil borings requires Geogrpaphic
Information System (GIS) work using existing figures to approximate coordinates
for each boring, which introduces uncertainty and variability. Specific details
regarding the compositing procedure are also not provided.

Evaluation and Review

The analytical data underwent independent Level 4 data validation. The report
underwent NPS and USACE review.

Conclusion: The 2017 USACE SI and SLERA provides limited information regarding the depth, thickness, and
presence of the waste fill based on the soil borings. Due to low applicability, low utility, and high uncertainty,
the analytical data is usable for development of the CSM and to support planning for the RI but is not usable for
remedial decision-making under CERCLA.
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USACE 2017 Limited Gamma Radiation Walkover Survey: The USACE 2017 Limited Gamma
Radiation Walkover Survey generated data of radiation levels for surface soil on and near the fire roads.
The data usability assessment is provided below:

Factor

Assessment

Soundness

The scientific and technical procedures documented in the report appear sound and
the survey was conducted using industry standard techniques for surveying
radiological anomalies.

Applicability and Utility

The area surveyed is distributed across the Site and the data is relevant and
applicable. The spacing of the survey tracks is fairly wide.

Clarity and Completeness

Documentation of survey methods is clear and complete. Instrument calibration
records are provided. GPS coordinates of the recovered radiological items were not
provided.

Uncertainty and
Variability

The lack of GPS coordinates of the recovered radiological items requires GIS work
using existing figures to approximate coordinates, which introduces uncertainty and
variability.

Evaluation and Review

The report underwent USACE and NPS review.

Conclusion: Based on the assessment for many factors, the 2017 Limited Gamma Radiation Walkover Survey
provides data that is usable for development of the CSM and to support planning for the RI but is not usable for
remedial decision-making under CERCLA.

NPS 2020 EE/CA Field Investigation: The 2020 EE/CA Field Investigation involved advancing 9 soil
borings; installing 29 monitoring wells; collecting 36 discrete subsurface soil samples analyzed for SPLP
- VOCs, SVOCs, pesticides, PCBs, dioxins and furans, metals and gamma spectroscopy; collecting two
rounds of groundwater samples analyzed for VOCS, SVOCs, pesticides, PCBs, metals, radium-226,
radium-228, total uranium, and gross alpha and beta, with select wells analyzed for dioxins and furans,
herbicides and water quality parameters of alkalinity, sulfide, DOC, chloride, sulfate and pH; collecting
surface water samples from 8 locations analyzed for VOCs, SVOCs, pesticides, PCBs, metals (total and
dissolved), dioxins and furans, hardness, radium-226, radium-228, total uranium, and gross alpha and
beta. The field investigation also documented two gamma walkover surveys and included hydraulic
conductivity testing, water level measurements and tidal cycle water levels. The data usability assessment

is provided below:

Factor

Assessment

Soundness

The scientific and technical procedures documented in the report appear sound. The
analytical data are three years old.

Applicability and Utility

Groundwater and surface water are well characterized by this investigation. The
subsurface soil sample analysis as SPLP limits the utility of subsurface soil data for
the RI. The Gamma Walkover Survey data is relevant and applicable.

Clarity and Completeness

Documentation of analytical and sampling methods is clear and complete. Standard
QA/QC samples were collected. Soil boring logs, full laboratory reports, and
complete gamma walkover survey reading logs are provided.

Uncertainty and
Variability

The report documentation is very thorough, and the investigation was carried out
under an approved SAP.

Evaluation and Review

The analytical data underwent independent data validation with Stage 4 validation
for the first data package for each media and Stage 2B validation for remaining
data packages. The report underwent NPS review.
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Conclusion: The 2020 EE/CA Field Investigation provides complete and useful information regarding the
depth, thickness, and presence of the waste fill based on the soil borings and monitoring well installation logs.
Based on the high levels of assessment for all factors, the analytical data is usable for development of the CSM,
to support planning for the RI, and for remedial decision-making under CERCLA (i.e., the data is usable for the
RI Report).

2.2.8 Preliminary Identification of Data Gaps
Based on the past investigations, the following data gaps were identified for SCP RI sampling:
e risk to human health and environment from Site-related chemical and radiological contaminants;

e nature and extent of chemical and radiological contaminants in surface soil (0-6 inches bgs),
subsurface soil (below 6 inches bgs), and sediment;

e potential releases of chemical and radiological contaminants to soil and groundwater from
operations in historical support areas;

e potential for VOCs detected in groundwater to be present in soil gas along the Site boundary;
e nature and extent of radiological anomalies and distributed contamination;

e potential presence of landfill gases resulting from waste fill; and

e reference area concentrations of chemical and radiological contaminants in soil and sediment.

SCP RI sampling has been designed to address these data gaps so that the results can be combined with
the 2020 EE/CA Field Investigation to develop the SCP RI Report.

2.2.9 Contaminants of Potential Concern

Contamination is present at the Site due to historical waste disposal operations that resulted in the
placement of waste fill and the soil amendment containing sewage sludge. Based on past investigations,
contaminants of potential concern to be investigated through the SCP RI sampling include: VOCs,
SVOCs including PAHs, pesticides, PCBs, dioxins/furans, metals, herbicides, and landfill gases.

Previous investigations have identified radiological contamination within the waste filled area at the Site.
Based on the results of previous investigations, the radionuclides identified for further investigation are
radium-226, uranium-238, and thorium-232.

2.2.10 Media of Potential Concern
The media of potential concern for SCP include:

e surface soil;

e subsurface soil;

e sediment;

e groundwater and;

e soil gas.
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2.3 Current and Future Property Use Scenarios

Current Land Use. SCP is open to the public year-round. There are three gates to the park that prevent
vehicle access but allow pedestrian access. The park is situated within a densely populated residential area
and is used, according to local NPS workers, primarily for walking, jogging and/or birdwatching. There
are several fire roads (mainly dirt or old pavement) that run throughout the park and down to the beach
area; there are no playground areas. Some of the fire roads and unmaintained trails are also illegally used
for all-terrain vehicles; there are also several social trails related to unauthorized use of the SCP,
including fishing.

While visitors of the park will walk along the shoreline, people typically do not swim in the portions of
Old Mill Creek or Jamaica Bay adjacent to the Site, according to conversations with NPS staff, although
it is possible that some swimming may occasionally occur. Homeless encampments are routinely removed
from SCP. Also, evidence of Hindu ritual practices along the shoreline of SCP near Cross Bay Boulevard
have also been noted (HDR, 2016). Fishing (finfish or shellfish) has been observed to occur along the
shoreline, although the New York State Department of Health (NYSDOH) has issued a fish consumption
advisory for Old Mill Creek and Jamaica Bay due to the known presence of PCBs and other contaminants
in these waterways. Recreational opportunities in the freshwater wetlands/streams in the park are limited
by dense vegetation, shallow/intermittent water depths and unconsolidated substrate.

Coastal areas of the Site are characterized as stable sandy along the southern coast parallel to 165"
Avenue and transitions to destabilized sandy around the lower half of the semi-circle of the southern
portion (USACE, 2017). At the westernmost point of the southern portion of the Site, the shoreline
transitions to marsh and continues as marsh to the northern Site boundary. The coastal areas and adjoining
waters, the Old Mill Creek and Jamaica Bay, are directly adjacent to the Site where waste fill is present.
Based on the coastal nature of SCP, Site groundwater is a mix of fresh water and saltwater. No water in or
around SCP is currently being used for drinking water, which is not expected to change in the future.

Future Land Use. SCP is part of the Jamaica Bay Unit of Gateway. In June 2014, NPS issued the Record
of Decision for the Final Gateway National Recreation Area General Management Plan/Environmental
Impact Statement (Gateway GMP/EIS). Subsequent to public comment, NPS weighed the proposed
alternatives and selected Alternative B: Discovering Gateway as the most appropriate for the future
management of Gateway (NPS, 2014b).

Future land use at SCP is expected to remain primarily as a natural area with limited recreation, consistent
with the management zones specified in the Final Gateway GMP/EIS. NPS intends to limit recreational
use of SCP to only passive activities (trails, parking and picnicking areas) in the eastern portions of the
park that border adjacent neighborhoods and roadways, and to restore and maintain the remaining
portions of the park as natural areas. The plan suggests in the recreation zone new facilities such as
trailheads and parking areas, orientation kiosk, trails and picnic areas would be developed to invite
recreational use and promote exploration of the SCP area. In the natural zone, efforts to control
Phragmites would be increased, saltmarsh and forested areas would be monitored, assessed, restored,
protected and maintained to promote resiliency, social trails would be eliminated and access limited to
designated trails, and water access would also be developed such as boat launch and landing sites,
observation deck, and fishing access areas (NPS, 2014b).
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Figure 2-14 presents a map of the Site showing the management zones specified in the Final Gateway
GMP/EIS. As shown in Figure 2-14, a majority of the Site is specified as a natural management zone,
with a limited recreation management zone along the eastern boundary of the Site adjacent to the
residential area.

2.4  Graphical Conceptual Site Model

A graphical CSM of the Site is presented in Figure 2-15 and the key CSM assumptions are discussed
below.

2.4.1 Key CSM Assumptions

e Sources suspected to have contributed to Site-related contamination include areas containing
waste fill, areas having received the soil amendment containing sewage sludge, and two
historical support areas. Waste fill is present across a majority of the Site. Sewage sludge was
dried in defined sludge pits and the soil amendment was spread widely across the Site. Two
historical support areas existed at the Site.

e Radiological artifacts are items contained in waste fill. To date, the radiological artifacts
identified at the Site emit gamma radiation in sufficient strength and frequency to enable their
detection using traditional gamma walk over survey methodologies (i.e., when the source is
located at or near the ground surface).

e The shallow Site geology consists of the soil amendment containing sewage sludge, overlying
waste fill that was placed directly on top of the Holocene deposit or open water bay deposits.
The Holocene deposit is a low permeability clay-silt lithology throughout most of the
northern portion of the Site. The Holocene deposit and open water bay deposits overlies the
Pleistocene glacial outwash, which is the primary water bearing interval at the Site.

e Underlying the Site, groundwater is present in two aquifers: (1) a shallow, unconfined aquifer
that overlies the Holocene deposit and is in direct contact with waste fill and (2) the
underlying regional aquifer within the Pleistocene glacial outwash deposit. The Holocene
deposit serves as a confining to semi-confining layer between the two aquifers and there is a
downward hydraulic gradient from the shallow aquifer to the regional aquifer. Hydraulic
conductivities are variable between the shallow and deep aquifer and across the Site.

e Site contaminants present within the shallow aquifer may migrate through the Holocene
deposit and into the regional aquifer in the Pleistocene glacial outwash deposit. Additionally,
shallow groundwater flows from inland toward Jamaica Bay, with minimal tidal influence
being observed in the shallow aquifer. The deep aquifer is tidally influenced flowing from
inland towards Jamaica Bay at low tide and from Jamaica Bay towards the inland boundary
during high tides.

e Surface water runoff is conveyed through the Site following the surface topography to the
Jamaica Bay. Surface runoff from the northernmost area of the Site flows to a drainage ditch
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which outfalls to Old Mill Creek. Surface runoff from the adjacent residential area is
conveyed via storm sewers to Shellbank Basin.

e Subsurface soil contamination may be brought to the ground surface through bioturbation
from plants and burrowing animals. Contaminants within surface and subsurface soil may be
transported to Site surface water and sediment through erosion from surface runoff.
Contaminants within surface and subsurface soil may be transported to groundwater via
leaching and infiltration of precipitation.

e With respect to human and ecological receptors, the primary exposure media are the surface
and subsurface soil, groundwater, surface water and sediment. Additionally, certain
constituents may bioaccumulate into plants and animals, or may migrate into indoor air of a
building via groundwater and soil gas. Exposure routes include dermal contact, ingestion,
inhalation of dust and volatiles, and external radiation. Figure 2-16 is a preliminary receptor
pathway diagram that summarizes the sources of contaminated media, release mechanisms,
contaminant transport, exposure media, and exposure routes to human and ecological
receptors. The exposure routes summarized in Figure 2-16 include the transport mechanisms
and pathways that are considered complete, as well as those for which there are currently
insufficient sample data to determine completeness. Analytical data and other information
collected for the RI will be used to refine exposure media, exposure routes and receptors;
based on these data, the preliminary receptor pathway diagram will be revised as needed to
reflect the RI findings.
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3 DQO Planning Team and Stakeholders

The DQO Planning Team includes the primary decision makers and project team members, such as risk
assessors or remediation engineers, who will use the data generated as a result of the DQOs. The DQO
Planning Team members, primary decision makers, and stakeholders for the RI are identified in Sections
3.1, 3.2, and 3.3, respectively.

3.1 Data Quality Objective Planning Team

The DQO Planning Team develops the project DQOs according to the DQO process. The DQO process is
iterative, and team members may be added or changed to address technical issues that were not initially
identified. The DQO Planning Team for the RI includes:

e Jeffrey Johnson, NPS, Environmental Compliance and Cleanup Division, Federal Government
Lead (Jeffrey G_Johnson@nps.gov)

e TBD, Cleanup Lead (TBD)

e Kathleen Cuzzolino, USACE, New York District (NAN), Project Manager (PM)
(Kathleen.Cuzzolino(@usace.army.mil)

e Marc Randrianarivelo, USACE, Baltimore District (NAB), Technical Manager
(Marc.H.Randrianarivelo@usace.army.mil)

e Eric Barbour, NAB, Health Physicist (Eric. W.Barbour@usace.army.mil)
e Ryan Wensink, G2S, PM (ryan.wensink@tideh20.net)
e Clif Gray, G28S, Project Radiological Lead (clif. gray@tideh2o0.net)

e James Reese, G2S, Project Certified Health Physicist (james.reese@tideh20.net)

e Sara McGarity, G28S, Project Engineer (sara.mcgarity@tideh2o.net)
o John Wyckoff, G2S, Project Geologist (john.wyckoff@tideh20.net)

e Lisa MclIntosh, Woodard & Curran, Risk Assessor (Imcintosh@woodardcurran.com)

3.2 Decision Makers

The decision makers have the ultimate authority for making final decisions based on the
recommendations of the DQO Planning Team. The decision makers for this project are:

o Jeffrey Johnson, NPS, Environmental Compliance and Cleanup Division, Federal Government
Lead

e Kathleen Cuzzolino, USACE, Cleanup Lead
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3.3 Stakeholders

Stakeholders are parties who may be affected by the results of the investigation and/or persons who may
later use the data resulting from the DQO process. Stakeholders for NPS-managed lands may include
tribal governments, States, non-governmental organizations, and other Federal agencies. The stakeholders
for this project, including those with jurisdictional or legal authority over the Site and/or areas affecting
the Site, include:

e USEPA, Region II;

e NYSDEC;

e New York Department of Health (NYDOH); and
e U.S. Nuclear Regulatory Commission (USNRC).
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4 Data Quality Objectives

The DQO process specifies anticipated project decisions, the data quality required to support those
decisions, specific data types needed, data collection requirements, and analytical techniques necessary to
generate the specified data quality. The process also ensures that the resources required to generate the
data are justified.

The DQO process consists of the following seven steps, described in detail below:
1. State the Problem;
Identify the Goal of the Investigation;

Identify the Information Inputs;

2
3
4. Define the Boundaries of the Investigation;
5. Develop the Analytic Approach;

6

Specify Performance or Acceptance Criteria; and
7. Develop the Plan for Obtaining the Data.

The following sections detail each step in the DQO process for this investigation.

4.1 State the Problem

Waste disposal operations were conducted at the Site from 1948 to the early 1960s. After the completion
of waste disposal activities, sewage sludge was mixed with clay and used as a soil amendment to support
revegetation. Historical investigations have been conducted to assess chemical and radiological
contamination at the Site. These investigations identified the presence of man-made radiological artifacts
(e.g., deck markers) buried in near surface soil and potential releases of radiological and chemical
contamination to the environment. Based upon prior Site investigations and historical information, the
potential contaminants include:

e metals (including mercury and hexavalent chromium)

e SVOCs/PAHs

e VOCs

e pesticides

e herbicides

e PCBs

o dioxins/furans

o radiological constituents (e.g., radium-226, thorium-232, natural uranium)

While there is a substantial amount of usable environmental data available for the Site, the current dataset
is insufficient to complete the RI. Therefore, additional data are needed to characterize the nature and
extent of contamination, evaluate the fate and transport of Site-related contamination, and determine if
chemical and radiological contaminants are present at levels that pose an unacceptable risk to human and
ecological receptors.
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4.2 Identify the Goal of the Investigation
The primary goals of RI sampling are to:

e Further characterize the nature and extent of potential contamination at the Site, specifically in
soil and sediment; and

e generate data of sufficient quality to complete the risk assessment.
Additional goals of RI sampling are to:

e determine whether contaminant releases to soil and groundwater occurred related to support
activities in the 1951 and 1954 historical support areas;

e determine whether volatile contaminants detected in groundwater or soil leachate are also present
in soil gas at the Site boundary;

e characterize concentrations of contaminants in soil and sediment that may be attributable to
background sources, and

e assess whether landfill gases are present at levels that require further investigation.

While RI sampling has been designed to thoroughly characterize the Site, depending on the results,
additional phases of investigation may be necessary to address data gaps and complete the RI.

4.2.1 Principal Investigation Question(s)
The principal investigation questions for the RI are as follows:

e Principal Investigation Question 1: Did support activities in historical support areas result in
releases of chemical and radiological contamination to soil and groundwater? If so, what is the
nature of contamination?

Statement: Determine if contaminants concentrations in soil and groundwater in historical
support areas indicate a release of chemical and/or radiological contamination that
exceeds the PALs.

e Principal Investigation Question 2: What is the nature and extent of contamination in soil and
sediment at the Site?

Statement: Determine if contaminants are present in soil and sediment and evaluate their
spatial distribution at the Site.

e Principal Investigation Question 3: Are VOCs that were detected in groundwater or soil leachate
also present in soil gas above the vapor intrusion screening levels (VISLs) along the Site
boundary?

Statement: Determine if concentrations of VOCs are present in soil gas above the VISLs
along the Site boundary.

e Principal Investigation Question 4: What is the nature and extent of radiological anomalies within
the Site boundary?
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Statement: Estimate the locations of near-surface radiological contamination as well as
surface and subsurface anomalies in waste fill and evaluate representative locations to
determine the source of elevated radioactivity.

e Principal Investigation Question 5: Are landfill gases present at levels that require mitigation?
Statement: Determine whether landfill gases are present at levels that require mitigation.

e Principal Investigation Question 6: What are the concentrations of chemical and radiological
contaminants in reference area soil and sediment?

Statement: Estimate concentrations of chemical and radiological contaminants present in
reference area soil and sediment.

4.2.2 Decision Criteria for Chemical Contamination

The following human health screening benchmarks will be used to evaluate the presence of chemical
contamination:

e Surface Soil, Subsurface Soil, and Sediment — USEPA Regional Screening Levels (RSLs)
(USEPA, 2021) for soil based on residential land use (residential criteria will be used to inform
decisions regarding risk to human receptors);

e Groundwater — Federal Maximum Contaminant Levels (MCLs) for drinking water and USEPA
RSLs for tap water (USEPA, 2021); and

o Soil Gas — USEPA Residential VISLs for target sub-slab and near-source soil gas.

Note: The USEPA RSLs correspond to a cancer risk of 1 x 10" and a hazard quotient [HQ] of 0.1 and represent the latest release at the
time of writing the SAP (i.e., May 2021). The USEPA Residential VISLs correspond to a to a target cancer risk of 1 x 10 and a
hazard quotient [HQ] of 0.1 and were retrieved from the USEPA VISL Calculator on October 22, 2021.

Chemicals that are detected at concentrations that exceed human health screening benchmarks will be
identified as a contaminant of potential concern (COPC) for further evaluation in the human health risk
assessment (HHRA) (see Section 8).

NPS Ecological Screening Values (ESVs) (NPS, 2018c) will be used as ecological screening benchmarks
for surface soil and sediment. Chemicals that are detected at concentrations that exceed the relevant NPS
ESVs will be identified as a contaminant of potential ecological concern (COPEC) for further evaluation
in the screening level ecological risk assessment (SLERA) (see Section 8).

4.2.3 Decision Criteria for the Radiological Contamination

The following human health screening benchmarks will be used to evaluate the presence of radiological
contamination:

e Surface Soil, Subsurface Soil, and Sediment — USNRC technical report designation (NUREG)
1757, Volume 1 Revision 2, Table B.2, Screening Values of Common Radionuclides for Soil
Surface Contamination per 25 millirem [mrem] per year above background (USNRC, 2006) and
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USEPA Radionuclide Preliminary Remediation Goals (PRGs) calculator (https://epa-
prgs.ornl.gov/radionuclides/); and

e Groundwater — Federal MCLs for drinking water, including total radium (226/228) at 5 picocuries
per liter [pCi/L], gross alpha of 15 pCi/L, gross beta of 4 mrem per year (50 pCi/L) and uranium
of 30 pg/L. The methods selected to evaluate radiological contamination in groundwater and
surface water align with the USEPA 2000 Radionuclide Rule, 66 Federal Register (FR) 76708,
December 7, 2000, Effective Date December 8, 2003 (USEPA, 2000).

Radionuclides that are detected at concentrations that exceed human health screening benchmarks will be
identified as a COPC for further evaluation in the HHRA and dose assessment.

NPS ESVs (NPS, 2018d) will be used as ecological screening benchmarks for surface soil and sediment.
Radionuclides that are detected at concentrations that exceed the relevant NPS ESVs will be identified as
COPEC:s for further evaluation in the SLERA and dose assessment.

4.3 Identify the Information Inputs

4.3.1 Previous Data Usability

Several environmental investigations have been conducted at SCP, primarily to advance ecological
restoration initiatives (See Section 2.2). These investigations included sampling subsurface soil, groundwater,
and surface water and radiological surveys with limited radiological removals, which provide useful
information that was used to inform the Site CSM in Figure 2-15.

The analytical data produced during the 2020 EE/CA Field Investigation was validated in accordance with
final, approved SAPs and the resulting data was determined to be usable for remedial decision-making under
CERCLA (See Section 2.2.1). Additional data collection is needed because the existing usable data indicate
the presence of radiological and chemical contamination, but do not provide sufficient spatial coverage in
surface soil, subsurface soil, and sediment to adequately characterize Site conditions for remedial decision
making. The results of the 2020 EE/CA investigation will be combined with the additional data collection
efforts described in this SAP to support the development of the RI Report.

The following provides a summary of previous data that are usable in the RI:

e Groundwater data: The 2020 EE/CA Field Investigation produced groundwater data for 29
monitoring wells. Analytical data for VOCs, SVOCs, pesticides, PCBs, metals, radium-226,
radium-228, total uranium, and gross alpha and beta, dioxins and furans, herbicides,
alkalinity, sulfide, DOC, chloride, sulfate and pH will be included in the risk assessment.

o Surface water data: The 2020 EE/CA Field Investigation produced surface water data for eight
locations. Analytical data for VOCs, SVOC:s, pesticides, PCBs, metals (total and dissolved),
dioxins and furans, hardness, radium-226, radium-228, total uranium, and gross alpha and
beta activity will be included in the risk assessment.

e Radiological artifact removal data: Records of removals of radiological artifacts from the
USACE 2017 Limited Gamma Radiation Walkover Survey and the two surveys documented
in the 2020 EE/CA Field Investigation Report will be used to inform the answer to Principal
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Investigation Question 4: What is the nature and extent of radiological anomalies within the
Site boundary? Table 4-1 provides a summary of radiological artifacts historically recovered

from waste fill at the Site.

4.3.2 Data to be Collected in the Current Investigation

The investigation approach for the SCP RI has been designed to produce the data summarized in Table 4-
2. The investigation approach is presented in Figure 4-1 and the rationale for each specific sampling
location is summarized in Table 4-3 by sample media. Section 5 details the field sampling approaches
that will be used to obtain the data to be collected during the SCP RI. This approach has been designed to
produce data to answer the principal investigation questions specified in Section 4.2.1 and repeated for
reference, as follows:

e Principal Investigation Question 1: Were there releases of chemical and/or radiological
contamination to soil and groundwater from related support activities in historical support
areas that exceed the PALs?

One discrete surface and one discrete subsurface soil sample will be collected in each
of the historical support areas (see Figure 4-1). Historical support areas include the
area south of 92nd Street shown in the 1951 aerial imagery (1951 support area) and
the area west of 165th Avenue shown in the 1954 aerial imagery (1954 support area)
(see Figure 2-4). Soil samples will be analyzed according to the analytical approach
described in Section 4.5.

Groundwater samples will be collected from two new shallow monitoring wells
(SCP-MW-22 and SCP-MW-23) to be installed within the historical support areas
(See Figure 4-1). Groundwater samples will be analyzed according to the analytical
approach described in Section 4.5.

e Principal Investigation Question 2: What is the nature and extent of chemical and radiological
contamination in soil and sediment at the Site that exceed the PALs?

Surface and subsurface soil samples will be collected from 105 locations, which is
based on achieving a minimum sample density of one soil sampling location per two
acres within the waste filled area at the Site (See Figure 4-1). Subsurface soil cores
will be advanced to 10 ft bgs at each sampling location. Soil samples will be
analyzed according to the analytical approach described in Section 4.5, with 25% of
surface soil samples being analyzed for TOC to support the risk assessment.

Sediment in areas of existing on-Site surface waters will be collected at the same
locations as the on-Site surface water samples collected as part of the 2020 EE/CA
investigation (See Figure 4-1). Sediment samples will be analyzed according to the
analytical approach described in Section 4.5. All sediment samples will be analyzed
for TOC to support the risk assessment.
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e Principal Investigation Question 3: Are VOCs that were detected in groundwater or soil
leachate also present in soil gas above the VISLs along the Site boundary?

Ten probes will be installed using direct push technology (DPT) to evaluate soil gas.
The soil gas probe locations are presented in Figure 4-1. At each location, a boring
will be advanced to a depth of 5 ft bgs and a soil gas probe will be constructed in the
vadose zone with a screen placed between 4 and 5 ft bgs. A discrete soil gas sample
will be collected from each probe using a summa canister. The soil gas samples will
be analyzed for VOCs as indicated in the analytical approach described in Section
4.5.

e Principal Investigation Question 4: What is the nature and extent of radiological anomalies
within the Site boundary?

A refined gamma walkover survey (GWS) will be performed of all fire roads (plus a
10 ft buffer on either side) (See Figure 4-1). The GWS will be performed to locate
surface and near-surface radiological anomalies indicating the potential presence of
radiological artifacts. An in-situ gamma spectroscopy system will be used to quantify
the radionuclides in selected areas based on the results of GWS.

Intrusive investigations of representative anomalies or anomaly areas will be
performed, including the collection of biased count rates, dose rates, and soil samples
at the ground surface and on contact with the source of the anomaly. Soil samples to
investigate radiological anomalies will be analyzed according to the analytical
approach described in Section 4.5. In addition, physical measurements, a photolog,
and a gamma spectrum will be generated for each radiological artifact or source of
contamination recovered during focused investigations.

e Principal Investigation Question 5: Are landfill gases present along the Site boundary at
levels that exceed the PALs?

At each of the 10 soil gas probe locations presented in Figure 4-1, field screening-
level sampling/analyses will be conducted using a portable (direct reading)
instrument (e.g., combustible gas indicator [GEM™2000 Plus with the targeted gas
probes or similar]) to determine the presence/levels of methane (CHas) (%), carbon
dioxide (CO») (%), oxygen (O2) (%), carbon monoxide (CO) (ppm), and hydrogen
sulfide (H2S) (ppm). The GEM™2000 Plus will also provide measurements of
barometric pressure, and temperature at each soil gas probe. Due to the age of the
landfill (i.e., over 60 years since operations ceased around 1960) and because an
engineered cap was not installed (i.e., landfill gases would not accumulate), high
levels of landfill gases are not anticipated. However, if field screening determines
that methane is present above 5% in soil gas, then further evaluation may be
necessary to fully characterize landfill gases throughout the Site.

e Principal Investigation Question 6: What are the concentrations of chemical and radiological
contaminants in reference area soil and sediment?
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— Surface and subsurface soil samples will be collected from 15 sampling locations
within a reference area across the Belt Parkway from SCP (See Figure 4-1).
Subsurface soil core depths will be to 10 ft bgs. Reference are soil samples will be
analyzed according to the analytical approach described in Section 4.5.

— Sediment samples will be collected at five locations within a stream located within
the established reference area across the Belt Parkway from SCP (See Figure 4-1).
Reference area sediment samples will be analyzed according to the analytical
approach described in Section 4.5.

4.4 Define the Boundaries of the Investigation

The objective of this step is to identify the sampling units (SUs) and to define the spatial and temporal
elements of the investigation area. The boundaries of the investigation are delineated by combining the
target population (population of interest) with the spatial and temporal boundaries. Implementing this step
helps ensure the data are representative of the population. Spatial and temporal boundaries permit the
identification of decision units (DUs), the smallest user-defined area(s) for which a decision will be made.

4.4.1 Spatial Boundaries
The spatial boundaries of the SCP RI sampling activities are as follows:
e Soil:
— Lateral extent is the waste filled extent.
— Vertical extent for surface soil is limited to 0-6 inches bgs.
— Vertical extent for subsurface soil extends from the 6 inches bgs to 10 ft bgs.
e Reference Soil:
— Lateral extent is the identified soil sampling reference area north of the Belt Parkway.
— Vertical extent for surface soil is limited to 0-6 inches bgs.
— Vertical extent for subsurface soil extends from the 6 inches bgs to 10 ft bgs.
e  Groundwater:

— Lateral extents are the two historic support areas where groundwater monitoring wells are
planned.

— Vertical extent is limited to the shallow unconfined aquifer.
e Sediment:

— Lateral extent is the area encompassed by the existing on-Site surface water sampling
locations (SW-01 through SW-05).

— Vertical extent is the expected sampling interval from 0-6 inches below sediment surface

(bss).

Spring Creek Park Site Rl SAP
December 2024 Page | 35



Spring Creek Park Site National Park Service

GATE, Northeast Region U.S. Department of the Interior

e Reference Sediment:
— Lateral extent is the identified sediment sampling reference area north of the Belt Parkway.
— Vertical extent is the expected sampling interval from 0-6 inches bss.

e Soil Gas and Landfill Gas:

— Lateral extent for soil gas and landfill gas is a 200 ft wide buffer from the Site boundary
adjacent to the residential areas.

— Vertical extent for soil vapor is the vadose zone (4-5 ft bgs or adjusted shallower if
groundwater is encountered shallower than 5 ft bgs).

¢ Radiological Anomalies:
— Lateral extent is the waste filled extent.
— Vertical extent for intrusive investigation of radiological anomalies is 5ft bgs.

The reference area for SCP is immediately to the north of the Site in an area that has not been developed or
altered. Reference area sampling is being performed to understand the ambient levels of chemicals and
radionuclides in environmental media outside of the Site to support conclusions regarding the attribution of
chemicals and radionuclides detected in environmental media collected on Site (i.e., determining whether
they are Site-Related or Not Site-Related). Figure 4-1 provides a map of the Site and reference areas
detailing the location of investigation activities to be performed during the SCP RI.

4.4.2 Temporal Boundaries
The temporal boundaries of the SCP RI sampling activities are as follows:
e Soil, Reference Soil, Sediment, Reference Sediment and Soil Gas

— Concentrations of contaminants in soil, sediment, and soil gas are unlikely to vary
seasonally; therefore, samples may be collected at any time during fieldwork.

e  Groundwater

—  Only shallow groundwater will be investigated for the purpose of identifying if a release has
occurred from operations in the historic support areas. Since shallow groundwater does not
experience significant tidal influence, samples may be collected at any time during
fieldwork.

e Radiological Anomalies

— The current boundary of the waste filled extent at the Site, that corresponds to the area of
potential disposition of radiological artifacts, is not expected to vary temporally; therefore,
investigation activities may be performed at any time during fieldwork.

e Landfill Gas:
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— Concentrations of landfill gases vary seasonally with highest concentrations occurring in the
warmer summer months (USEPA, 2005); therefore, samples should be collected during the
warmer months of fieldwork.

SCP RI sampling activities will be performed as a part of a single event planned for Fall 2024. Fieldwork
is expected to take approximately two months to complete.

4.4.3 Sampling Units
The SUs for SCP RI sampling activities are as follows:
e Soil

— Surface Soil: Discrete surface soil samples (one at 0-6 inches bgs) will be collected from the
approximate center location within the sampling unit of a 2-acre cell of a grid laid out across
the waste fill extent (105 samples). The generation of the 2-acre grid and placement of
planned sampling locations within grid cells was completed using Visual Sample Plan
(VSP). Within each of the two historical support areas, one surface soil sampling location is
bias placed in accordance with professional judgment in the location most likely to contain
contamination based on knowledge of historic operations (2 samples).

—  Subsurface Soil: Up to two discrete subsurface soil samples will be collected from 10 ft bgs
at each soil boring location. Soil borings will be advanced at the approximate center location
within the sampling unit of a of a 2-acre cell of a grid laid out across the waste fill extent
(105 samples). The generation of the 2-acre grid and placement of planned sampling
locations within grid cells was completed using VSP. Within each of the two historical
support areas, one soil boring location is bias placed in accordance with professional
judgment in the location most likely to contain contamination based on knowledge of
historic operations (2 samples). Discrete subsurface and discrete surface soil samples will be
co-located.

e Reference Soil

— Surface Soil: Discrete reference surface soil samples (one at 0-6 inches bgs) will be collected
according to a systematic grid generated using VSP to place fifteen (15) samples within the
identified soil reference area. Each discrete surface soil sample is considered a unique SU.

— Subsurface Soil: Discrete reference subsurface soil samples will be collected at 10 ft bgs
according to a systematic grid generated using VSP to place fifteen (15) samples within the
identified soil reference area. Each discrete subsurface soil sample is considered a unique
SU. Discrete subsurface and discrete surface soil samples will be co-located.

Note: Reference soil will be analyzed for the same list of analytes as Site soil.

e Groundwater

— Each new monitoring well in the historical support areas is considered a unique SU.

e Sediment
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— Each discrete sediment sampling location is considered a unique SU. A discrete sediment
sample will be collected from each of the 2020 EE/CA on-Site surface water sampling
locations (SW-01 through SW-05) at a depth of 0-6 inches bss.

e Reference Sediment

— Each discrete reference sediment sampling location is considered a unique SU. Discrete
sediment samples will be collected at intervals 200-250 ft apart along the stream in the
sediment reference area north of the Belt Parkway (5 samples) at a depth of 0-6 inches bss.
Note: Reference sediment will be analyzed for the same list of analytes as Site sediment.

e Soil Gas and Landfill Gas:
— Each sampling location is considered a unique SU.

e Radiological Anomalies:

— Waste filled extent with surveys being performed to an assumed depth of 1 ft bgs and
intrusive investigations being advanced to a maximum depth of 5 ft bgs, as follows:

= Full coverage GWS of all fire roads (plus a 10 ft buffer on either side) in the
waste filled extent is considered a SU.

» In-situ gamma spectroscopy performed in select areas, with each select area
considered a unique SU.

» Intrusive investigation locations for representative anomalies or anomaly areas
with biased radiological measurements and soil samples collected at each

location. Each representative anomaly of anomaly area is considered a unique
SU.

4.4.4 Decision Units
The established DUs (see Figure 2-14) are as follows:
e Surface Soil
— Area designated for future recreational use in the Gateway 2014 GMP/EIS
— Area designated as future natural areas in the Gateway 2014 GMP/EIS
— Reference Area
e Subsurface Soil
— Area designated for future recreational use in the Gateway 2014 GMP/EIS
— Area designated as future natural areas in the Gateway 2014 GMP/EIS
— 1951 Support Area
— 1954 Support Area

— Reference Area
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e  Groundwater
— Shallow groundwater within 1951 Support Area
— Shallow groundwater within 1954 Support Area
e Sediment
— Northern drainage ditch
— Wetland near the Cove
— Pool near northeastern corner of the Site
— Reference Area
e Soil Gas
— Site boundary adjacent to the residential area
e Landfill Gas
— Site boundary adjacent to the residential area
e Radiological Anomalies
— Area along Fire roads (plus a 10 ft buffer on either side) within the waste filled extent
— Area designated for future recreational use in the Gateway 2014 GMP/EIS
— Area designated as future natural areas in the Gateway 2014 GMP/EIS

4.5 Develop the Analytical Approach

The following types of samples will be collected and analyzed for the following parameters to address the
principal investigation questions. Analytical methods are indicated in Section 4.7.

o Soil: Site and reference area surface and subsurface soil samples will be analyzed for VOCs,
SVOCs, PAHs, metals (including mercury and hexavalent chromium), pesticides, PCBs,
herbicides, dioxins and furans, and radionuclides (gross alpha/gross beta, uranium-238, radium-
226, thorium-232 and isotopic uranium and thorium). 25% of surface soil samples will be
analyzed for TOC.

e Soil investigated for radiological anomalies: Surface and subsurface soil samples will be analyzed
for radionuclides (gross alpha/gross beta, uranium-238, radium-226, thorium-232 and isotopic
uranium and thorium).

e Groundwater: Groundwater samples will be analyzed for VOCs, SVOCs, PAHs, metals
(including mercury and hexavalent chromium), pesticides, PCBs, herbicides, dioxins and furans,
and radionuclides (gross alpha/gross beta, total uranium, radium-226, and radium-228).

e Sediment: Site and reference area sediment samples will be analyzed for VOCs, SVOCs, PAHs,
metals (including mercury and hexavalent chromium), pesticides, PCBs, herbicides, dioxins and
furans, and radionuclides (gross alpha/gross beta, uranium-238, radium-226, thorium-232 and
isotopic uranium and thorium). All sediment samples will be analyzed for TOC.
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e Soil Gas: Soil gas samples will be analyzed for VOCs.

4.5.1 Decision or Estimation Parameters

Decision criteria for identifying COPCs and COPECs are discussed in Sections 4.2.2 and 4.2.3.
Chemicals and radionuclides detected above the relevant decision criteria will be identified as COPCs
and/or COPECs. Section 8 provides details of the planned approach for completing the HHRA and
SLERA. Both the HHRA and SLERA establish exposure point concentration (EPCs) as the 95% upper
confidence limit (UCL) of the mean concentration for the relevant Site datasets. The EPCs will be
combined with appropriate exposure parameters and toxicity values to calculate risk estimates to
determine if concentrations could pose an unacceptable risk to human and/or ecological receptors. Also,
EPCs and dose rates collected during focused investigations of radiological artifacts will be used in the
dose assessment to estimate the potential radiological dose to human and ecological receptors.

4.5.2 Action Levels

Specific analytes, their respective screening benchmarks (i.e., MCLs, RSLs, and ESVs), and analytical
detection limits are presented in Tables 4-4 through 4-7.

4.6 Specify Performance or Acceptance Criteria

The purpose of this step is to establish the criteria needed to maximize the ability of the investigation to
obtain the data needed to answer the principal investigation question(s) accurately and with confidence.

4.6.1 Quality Assurance / Quality Control

QA/QC measures will be implemented during the investigation to minimize variability, mitigate the
potential for false positive and/or false negative error, and increase accuracy and defensibility in the
collected data. The analytical laboratory for SCP RI sampling is Eurofins, which has Department of
Defense (DoD) Environmental Laboratory Accreditation Program (ELAP) and New York State
certifications. QA/QC measures that will be implemented with respect to the analytical laboratory
operations and field activities include:

e Field QC will be implemented and measured through collection of field QC samples, including
field-designated matrix spike/matrix spike duplicates (MS/MSDs) (5% frequency), field
duplicates (10% frequency), equipment blanks (10% frequency), and trip blanks (one per cooler
with VOC samples); and implementation of sample collection, handling, and shipping standard
operating procedures (SOPs) (presented in Appendix B).

¢ Environmental samples will be analyzed following laboratory SOPs (Appendix C) that employ
appropriate QC checks to ensure precision and accuracy of data.

e Project-specific Data Quality Indicators (DQIs) —precision, accuracy, representativeness,
completeness, comparability, and sensitivity (PARCCS) — have been established to aid in
assessing overall data quality. The DQIs specify the performance criteria, QC sample and/or
activity that will be used to assess the performance criteria and the type of error (sampling,
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analytical, or both) that will be used to assess data quality. The project-specific DQIs have been
established for environmental media (soil, sediment, groundwater, and soil gas) to be sampled
and laboratory analyses to be conducted. The project-specific DQIs for soil/sediment,
groundwater, and soil gas are provided in Tables 4-8, 4-9, and 4-10 respectively.

Laboratory Quality Assurance / Quality Control and Samples

Laboratory QA/QC as well as laboratory QA/QC samples are outlined by the laboratory SOPs presented
in Appendix C.

Field Quality Assurance / Quality Control

Field QC will be implemented and measured through the collection of field QC samples, including field-
designated matrix spike/matrix spike duplicates (MS/MSDs) (5% frequency), field duplicates (10%
frequency), equipment blanks (10% frequency), and trip blanks (one per cooler with VOC samples); and
implementation of sample collection, equipment decontamination, handling, and shipping SOPs
(presented in Appendix B). Field sampling personnel will properly identify samples collected in the field
with an adhesive sample label attached to each sample container. The sample label will contain the Site
name, field identification number, date, time, location of the sample collected, and identification of
preservatives used. Sample information will be legibly printed with waterproof ink. The sample
identification numbers will be used on field sheets, chain-of-custody forms, and other documentation
records.

Field Quality Control Samples

Field QC samples will consist of field-designated MS/MSDs, field duplicates, and trip blanks. Field-
designated MS/MSDs will be collected at the standard collection frequency of 5% (i.e., one MS/MSD per
20 samples). Field duplicates and equipment blanks will be collected at a frequency of 10%. Equipment
blanks will only be performed for sampling conducted using non-dedicated sampling equipment. One trip
blank will accompany each cooler shipped to the analytical laboratory that contains samples for VOC
analysis. Samples will be collected in appropriate sample containers with appropriate preservatives and
stored on ice at 4 degrees Celsius ('C) + 2 "C. Table 4-11 provides a summary of sample handling,
including container requirements, number of containers, volume requirements, preservatives, and holding
times.

Decontamination Procedures

Decontamination will be performed on equipment (e.g., drilling equipment, scoops, and pumps) that is to
be reused at each sampling location. Decontamination will be performed before sampling at each
sampling location to minimize the possibility for sample cross-contamination. Decontamination
procedures are presented in Appendix B. Equipment blanks will be collected at a rate of 10% for
sampling activities that use non-dedicated sampling equipment to demonstrate that equipment
decontamination is being performed properly.
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Instrument/Equipment Testing, Inspection, and Maintenance

Equipment that is to be used on Site will be inspected daily before use. Equipment inspection will follow
the Equipment Inspection Worksheet (Appendix D). If the equipment is found to be deficient, the use of
that equipment will be discontinued until proper maintenance can be performed and it passes a re-
inspection. If the maintenance cannot be performed promptly or the equipment does not pass a re-
inspection, the equipment will be replaced and the replacement will be inspected before use. Equipment
testing, inspection, and maintenance guidelines are outlined in Table 4-12.

Instrument/Equipment Calibration and Frequency

Instruments to be used on Site will be, at a minimum, quality control checked daily, which may include
daily calibration for specific instruments. Quality control checks may occur more frequently as the
conditions require. Instrument calibration and frequency guidelines are outlined in Table 4-12.

Radiological measurement instrumentation will be inspected by the Site Radiation Safety Lead or
designee to ensure its proper working condition prior to use. Field equipment and instruments will be
properly protected against inclement weather conditions during the field investigation. At the end of each
working day, field equipment and instruments will be removed from the field and placed in a dry location
for overnight storage and charging, as appropriate to the instrument. An overview of the QC requirements
for radiological field instrumentation is presented in Table 4-12.

Sodium iodide (Nal) detectors will be used to measure gamma radiation levels. SOPs will be used as the
procedure for operation of these instruments. Radiation instrumentation used in the investigation will be
maintained and calibrated to operate within manufacturer’s specifications listed in SOPs to ensure the
required sensitivity and precision. Specific calibrations and maintenance are conducted by a vendor
authorized to perform the calibrations by an NRC or Agreement State licensed personnel trained on the
equipment or by the manufacturer.

Operational procedures will be utilized for field instruments to verify the equipment is operating properly
and used correctly in the field to produce accurate and reliable data. At a minimum, calibrations of
radiation detection instruments will be performed annually and after repair. Field instrument checks will
verify instrument response and will be performed at the beginning of each day, at a minimum. National
Institute of Standards and Technology (NIST) traceable sources will be used for calibrations (i.e., for
instruments that use a source). If the instrument checks reveal that the instrument is outside established
accuracy limits (i.e., an acceptable range of +/- 20%), the instrument will be marked out of service. If
necessary, the instrument will be returned to the manufacturer for immediate repair and servicing. At a
minimum, calibration records will contain the following information:

e Instrument name and identification number (e.g., model and serial number);
e  Manufacturer;

e Date of calibration;

e (alibration due date;

¢ Name of company and person performing the calibration;

e (Calibration points;
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e  Results of the calibration; and

e (Calibration source documentation (e.g., serial number, certification, and radionuclides).
Inspection/Acceptance of Supplies and Consumables

At the beginning and end of each day, the field personnel will inspect consumables to ascertain their
condition and supply. If the field personnel determine that the condition or supply of the consumables will
impact work performance, the Field Team Leader will procure additional consumables prior to the start of
field activities the following day.

Special Training and Certification

Onsite field personnel will receive 40-hour Hazardous Waste Operations and Emergency Response
(HAZWOPER) training (and associated 8-hour refresher training as necessary), Radiation Worker
training in accordance with the Radiation Protection Plan (RPP), and additional training, if necessary, as
outlined in the Site-Wide Accident Prevention Plan. These training requirements apply to field personnel
that are working within the Site on a daily basis. Site visitors will receive project-specific awareness
training prior to entering the Site and will be escorted at all times when on Site.

Data Quality Indicators Table

e DQIs for soil/sediment are presented in Table 4-8;
e DQIs for groundwater are presented in Table 4-9; and

e DQIs for soil gas are presented in Table 4-10.

4.6.2 Decision Error Limits and Uncertainty Evaluation

Uncertainty limits are proposed by establishing performance goals of the analytical data for precision,
accuracy, repetitiveness, completeness, and comparability parameters. Uncertainty limits will be
examined through statistical evaluation, which is an important tool used in the data assessment to
determine:

e  Whether the data meet the assumptions under which the DQO and the data collection design were
developed.

e  Whether the total error in the data is small enough to indicate that the data is of sufficient quality
to allow the decision maker to use the data to support decisions within tolerable decision error
rates.

Sample collection and measurement decision errors will be minimized by following the SOPs provided in
Appendices B and C and documenting field activities that deviated from the SOPs. Similarly, laboratory
analyses will follow the standard laboratory procedures and QA/QC samples will be collected to identify
errors associated with sample collection and analyses. Ideally, laboratory limits would be less than the
various risk-based screening levels that used to screen the analytical results. Analytical methods selected
for this project optimize achievement of the required low reporting limits.
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4.6.3 Data Validation and Usability
Data Verification

Data verification will be performed on 100% of the analytical data obtained during field activities. Data
verification may be performed electronically or manually, or by a combination of both, and shall include,
but is not limited to, the following:

e Sampling documentation (e.g., field records, chain-of-custody forms, etc.);
e Preservation summary and technical holding times;

e Presence of all analyses and analytes requested;

e Use of the required sample preparation and analysis procedures;

e Limit of quantitation (LOQ) and limit of detection (LOD) evaluated against the project
requirements;

e The correctness of the concentration units; and

e (Case narrative.
Data Validation

The data validation process builds on data verification. The laboratory case narrative, QC sample results,
and calibrations will be reviewed and data qualifiers removed or added considering project knowledge for
100% of the data. Method-specific instrument calibration and QC parameters will be reviewed for
compliance with calibration and for QC requirements.

The first data package for each analytical method and matrix will be specified for Stage IV data
validation. The remaining data packages will be subject to Stage IIb data validation. Data Validation will
be conducted in accordance with the processes summarized in Table 4-13. Validation qualifiers will be
applied in accordance with National Functional Guidelines (NFG) for organic and inorganic data review.
Validation of radionuclide data will be performed in accordance with USACE guidance (USACE, 2008).
Methods for which no data validation guidelines exist will be validated following the NFG deemed most
appropriate by the data validator.

An in-depth review of the raw data to verify accuracy will be performed on 10% of the data and include,
but not limited to, the following:

e Instrument calibration and QC parameters (method-specific) (these will be reviewed for
compliance with the criteria specified in the applicable Summary of Calibration and QC
Procedures tables and flagged, as necessary);

e Review of raw data such as instrument print outs, preparation logs, and run logs;
e Review of system performance;

¢ Random check of calculations, including, but not limited to, sample and QC results, initial
calibration response factors and relative standard deviations, calibration verification standard
response factors, and percent differences or percent drifts from expected values;
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e Random verification of sample results to the raw data;

e  Check for interference problems or system performance problems;

e [Estimated results (J-qualifiers); and

e Resolution by the laboratories of any identified problems, as necessary.

Assessment, which includes data validation, will be accomplished by the Project Chemist. The data
assessment will identify out-of-control data points and omissions and coordinate with the laboratories to
correct data deficiencies.

4.7 Develop the Plan for Obtaining the Data

Soil, sediment, groundwater, and soil gas samples will be collected and analyzed for a wide range of
analytes; the planned analytical methods include:

e VOCs— SW 846 Method 8260; EPA Method TO-15

e SVOCs— SW 846 Method 8270D;

e PAHs - SW 846 Method 8270D-SIM;

e Metals (including mercury and hexavalent chromium) — SW 846 Method 6020; 7471; 7199/218.6
e Herbicides — SW 846 Method 8151A;

e Pesticides — SW 846 Method 8081B;

e PCBs—SW 846 Method 8082A;

e Dioxins/Furans — SW 846 Method 8290A;

e  Uranium-238, Radium-226, and Thorium-232 — USEPA 901.1M;

e Isotopic Uranium and Thorium — HASL 300;

e Gross alpha and gross beta — USEPA 900.0;

e Total uranium for drinking water — USEPA 200.8; and

e Radium-226 and Radium-228 for drinking water — USEPA 903/904.

The FSP to collect soil, sediment, groundwater, and soil gas samples for laboratory analysis is presented
in Section 5. Analytical data generated from this investigation will be provided from the analytical
laboratories with electronic data deliverables. One hundred percent (100%) of the analytical data will be
validated (See Section 4.6.3).
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5 Field Sampling Plan

This FSP guides the data collection for the SCP RI. The planned investigation was developed using the
DQO process included as Section 4. The following section describes investigation methods, sample
media, sampling locations, sampling procedures, and analyses that will be performed. Appendix B
presents the activity-specific SOPs that will supplement the sampling methods described in this section.

5.1 Soil Investigation Activities

This section describes the soil investigation activities that will be conducted to meet the objectives of the
SCP RI. DPT will be used to advance 107 borings within the Site for the collection of continuous soil
cores and soil samples. The planned DPT boring locations are presented on Figure 4-1 and the
coordinates for the planned 107 DPT boring locations are presented in Table 5-1. The soil investigation
approach involves advancing the soil cores to a maximum depth of 10 ft bgs or the bottom of waste fill
(whichever comes first). Additional reference area soil sampling will also be performed. Fifteen (15)
surface and subsurface soil samples will be collected from the reference area north of the Belt Parkway
(see Figure 4-1). A Geoprobe® DT45 Dual-Tube sampling system will be used to collect continuous soil
cores at each reference location in accordance with the Geoprobe® Dual-Tube Sampling System SOP (see
Appendix B).

5.1.1 Geologic Logging and Field Screening of Soil Cores

Each soil core will be logged using the Unified Soil Classification System (USCS) to define geologic
characteristics observed along the core. Each core will also be evaluated for the presence of waste fill.
Based on the timeframe in which waste disposal operations occurred at SCP, the waste fill is nearly 60
years old and highly decomposed, which poses challenges in discerning soil horizons that contain waste
fill. The identification of waste fill will be accomplished by observing pieces of debris that were less
susceptible to decomposition, such as glass, masonry, ceramics, rubber, and metal, in the core.

As part of the soil boring advancement activities, the soil cores will be field screened for VOCs and
methane gas using a MiniRAE 3000 photoionization detector (PID) and a flame ionization detector (FID),
respectively; measurements will be collected along each soil core at a frequency of one reading every
foot. The results of geologic logging and field screening of the soil cores will be recorded on boring logs,
using the template presented in Appendix D.

5.1.2 Radiological Scanning of Open Soil Borings and Soil Cores

At each DPT soil boring location, a 2-inch outer diameter (O.D.) polyvinyl chloride (PVC) pipe
(Schedule 40) will be placed into the borehole to prevent it from collapsing while a gamma scan is
performed along the open borehole. Once the PVC tubing is secured in the open borehole, the vadose
zone at each location will be surveyed for gamma radiation by performing a down-hole gamma logging
(DGL) survey that will involve collecting gamma count rates at 1-ft intervals. The measurements will be
collected using a 0.5-inch by 1-inch Nal gamma detector (Ludlum 44-62 or equivalent). The
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measurements will be one-minute integrated counts reported in counts per minute (cpm). The data for
each segment will be recorded on the boring logs using the template presented in Appendix D.

Radiological surveys will also be performed along the soil cores by performing a gamma scan of the soil
core after it has been removed from the ground. Soil cores will be scanned in 1-ft increments using a three
inch by three-inch Nal (Ludlum Model 44-20 or equivalent) connected to a Ludlum Model 2221 data
logger (or equivalent). The measurements will be one-minute integrated counts reported in cpm at the
highest location identified during the core scan for that interval. The data for each segment will be
recorded on the boring logs using the template presented in Appendix D.

5.1.3 Soil Sampling

Surface and subsurface soil samples will be collected at each DPT boring location depicted in Figure 4-1.
A surface soil sample will be collected from O to 6 inches bgs and analyzed for both chemical and
radiological contamination. If waste fill is observed within the top two feet of the soil core, then two
subsurface soil samples will be collected. The first subsurface soil sample will be collected from 0.5 ft to
2 ft bgs and the second subsurface soil core will be collected from 2 ft to 10 ft bgs within the vadose zone.
If waste fill is not present within the top 2 ft of the soil core, then a single subsurface soil sample will be
collected from the vadose zone between 0.5 ft to 10 ft bgs. Subsurface soil samples will be discrete, with
each sample being collected over approximately 12 to 18 inches of the soil core. Subsurface radiological
samples will be collected at the depth exhibiting the highest levels of gamma radiation, as determined by
radiological scans of the soil core. In the unlikely event that the maximum count rate is duplicated at
multiple locations along the core, professional judgment will be used to select the sampling interval and
the resulting field decision will be noted on the boring log. Subsurface samples for chemical analysis will
be biased to coincide with the subsurface interval that exhibits evidence of contamination within the soil
core (e.g., based on visual observations, olfactory, elevated PID readings, etc.). If discernable
contamination is not observed, the subsurface sample for chemical analysis will be collected from the
mid-point of the sampling interval. Additional sampling will be performed to evaluate surface and
subsurface soil in the reference area (see Figure 4-1). Following collection, samples will be immediately
labeled and transferred to a cooler with ice and a trip blank, as required. Sampling equipment (spoon or
scoop) will be stainless steel and will be decontaminated with Alconox/Liquinox cleaner and de-ionized
water between each location. Resulting fluid will be containerized in a 55-gallon steel drum and disposed
of as investigation derived waste (IDW).

Surface and subsurface DPT soil samples will be analyzed according to the analytical approach described
in Section 4.5. Container type, quantities, required volumes, preservation requirements, and holding times
for the soil samples are presented in Table 4-11. Table 4-4 presents the screening benchmarks and
laboratory limits for each soil analyte. Tables 5-2 and 5-3 present the location ID, sample ID, field
parameters to be measured, chemical analyses, and associated QC sample frequency for surface and
subsurface soil samples that will be collected, respectively.

Soil cuttings will be handled as contamination, scanned for the presence of radiological artifacts (i.e., to
segregate them from soil if present), containerized in 55-gallon steel drums, and transported to the IDW
storage area. A temporary decontamination pad will be constructed in a centralized location of the Site
with a berm and plastic sheeting. Drill tooling will be pressure washed and then decontaminated with

Spring Creek Park Site Rl SAP
December 2024 Page | 47



Spring Creek Park Site National Park Service

GATE, Northeast Region U.S. Department of the Interior

Alconox/Liquinox cleaner and water at the decontamination pad between the installation of each soil
boring. Decontamination fluid will be containerized in a 55-gallon steel drum and disposed of as IDW.

5.2 Groundwater Investigation Activities

Permanent monitoring wells will be installed at 2 locations to investigate the historical support areas, (see
Figure 4-1). The following section describes well installation and sampling activities planned to achieve
the SCP RI sampling objectives for groundwater.

5.2.1 Monitoring Well Installation

Monitoring wells will be installed at the two locations depicted in Figure 4-1. The numbering scheme for
monitoring wells accounts for the monitoring wells previously installed at SCP during the 2020 EE/CA,
which have already been numbered through MW-21. The coordinates for each monitoring well are
presented in Table 5-1. A shallow well will be installed at each location. Each shallow well will be
constructed with a screen that spans the water level surface so that light non-aqueous phase liquid
(LNAPL) can be detected if present.

Each groundwater monitoring well will be constructed with a 2-inch inner diameter (I.D.) schedule 40
PVC riser pipe using a DPT rig with 4.5-inch diameter DPT tooling. The shallow wells will be
constructed with a 15-ft screened interval spanning the shallow water level surface. The longer screened
interval was selected for the shallow wells to account for seasonal fluctuations in the groundwater surface.
The well screen will include 0.010-inch (ten slot) slotted Schedule 40 PVC and the filter pack will be
constructed using #0 silica sand and will be installed to approximately 2-ft above the screened interval.
Each well will be sealed with a 2-ft layer of bentonite pellets which will be hydrated prior to grouting the
well to the ground surface with Portland cement using the tremie method. The DPT rods will be extracted
during the construction of the well to prevent the borehole from collapsing. Monitoring wells will be
constructed as “flush mounts” (i.e., at/below grade well completions) with a secured well vault encased in
concrete. Each well will be permanently labeled for identification and wells will be provided with locks.

Each monitoring well will be developed no sooner than 48 hours after installation. During development,
water quality parameters will be observed and recorded every five (5) minutes. Well development will be
performed until water quality parameters have stabilized (i.e., when three consecutive field parameter
measurements of temperature, pH, specific conductivity, oxidation-reduction potential (ORP), salinity,
and turbidity are within 10%) or until three well-volumes has been pumped from the well. Well
development activities will be documented on the log sheets provided in Appendix D. Soil cuttings and
development purge water will be containerized in 55-gallon steel drums, scanned for the presence of
radiological contamination (i.e., soil will be scanned prior to being added to the drum and fluid drums
will be scanned for external contamination), and transported to the IDW storage area. Drill tooling and
well installation equipment will be pressure washed and then decontaminated with Alconox/Liquinox
cleaner and water at the decontamination pad between the installation of each monitoring well.
Decontamination fluid will be containerized in a 55-gallon steel drum and disposed of as IDW.
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5.2.2 Groundwater Sampling

Groundwater samples will be collected no sooner than 24 hours after monitoring well development has
been completed. Sampling will be performed using low-flow methods with a QED Sample Pro Bladder
Pump #7944 and dedicated Teflon lined tubing. Static water level measurements will be collected prior to
sampling each monitoring well. During purging and sampling, the submersible low-flow bladder pump
will be placed at the mid-point of the submerged screen interval. During sampling, the purge rate will be
adjusted as necessary to achieve flow between 0.1 to 0.5 liters per minute with minimal drawdown (i.e., a
target of less than 0.1-meter).

Purge water will be directed through a flow-through cell housing a multi-parameter water quality meter
(Horiba U-52). Parameters will be observed and recorded every five (5) minutes until water quality
parameters have stabilized (i.e., when three consecutive field parameter measurements of temperature,
pH, specific conductivity, dissolved oxygen, ORP, salinity, and turbidity are within 10%) or until the well
has been pumped dry three (3) times. Well purging observations will be recorded on groundwater
sampling log sheets which are provided in Appendix D. Groundwater samples will be unfiltered.
Following sample collection, samples will be immediately labeled and transferred to a cooler with ice and
a trip blank, as required. Plastic tubing will be disposed of between wells. Non-dedicated sampling
equipment (i.e., the bladder pump) will be decontaminated with Alconox/Liquinox cleaner and deionized
water using a triple-wash decontamination approach in between each well. Decontamination fluid and
development/sampling purge water will be containerized in 55-gallon steel drums, which are scanned for
the presence of external radiological contamination and transported to the IDW storage area.

Groundwater samples will be analyzed according to the analytical approach described in Section 4.5.
Container type, quantities, required volumes preservation requirements, and holding time for the
groundwater samples are presented in Table 4-11. Table 4-5 presents the screening benchmarks, and
laboratory limits for each individual groundwater analyte. Table 5-4 presents the location identification
(ID), sample ID, field parameters to be measured, chemical analyses, and associated QC sample
frequency for each groundwater sample to be collected.

5.3 Sediment Investigation Activities

Sediment samples will be collected from five locations within the Site at the same locations as the five
on-Site surface water samples collected during the 2020 EE/CA (SW-01 through SW-05). Figure 4-1
shows the proposed sediment sampling locations and the coordinates for each are presented in Table 5-1.
Additional reference area sediment sampling will be performed to evaluate sediment background. Five
reference area sediment samples will be collected from a stream north of the Belt Parkway at intervals of
200-250 ft apart (see Figure 4-1).

Sediment samples will be collected with either a stainless-steel slide hammer or a Ponar sediment grab
sampler (depending on accessibility and sediment grain size at each sampling location). Sediment samples
will be screened with a PID and a gamma radiation detector. Samples will be immediately labeled and
transferred to a cooler with ice and a trip blank, as required. Sediment sampling activities will be
documented using the log sheets provided in Appendix D. Non-dedicated sampling equipment will be
decontaminated with Alconox/Liquinox cleaner and deionized water using a triple-wash decontamination
approach in between each sampling location. Decontamination fluid will be containerized in 55-gallon
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steel drums, which are scanned for the presence of external radiological contamination and transported to
the IDW storage area.

Sediment samples will be analyzed according to the analytical approach described in Section 4.5.
Container type, quantities, required volumes, preservation requirements, and technical holding times for
the sediment samples are presented in Table 4-11. Table 4-6 presents the screening benchmarks, and
laboratory limits for each individual sediment analyte. Table 5-5 presents the sample ID, field
parameters, chemical analyses, and associated QC sample frequency for each sediment sample to be
collected.

5.4 Soil Gas and Landfill Gas Investigation Activities

Ten (10) shallow soil gas probes will be installed using DPT to evaluate the Site boundary for VOCs and
landfill gas. Figure 4-1 shows the locations of planned soil gas probes and the coordinates for each are
presented in Table 5-1. Each soil gas probe will be installed using DPT, with screens installed between 4
and 5 ft bgs. Each soil gas probe will consist of a 6-inch stainless-steel wire mesh screen connected to low
density polyethylene (LDPE) tubing. At each soil gas probe location, field screening-level
sampling/analyses will be conducted using a portable (direct reading) instrument (e.g., combustible gas
indicator [GEM™2000 Plus with the targeted gas probes, or similar]) to determine the presence of CHa,
CO,, O,, CO, and H»S. The GEM will also provide measurements of barometric pressure, temperature,
and gas flow rate, at each soil gas probe. Soil gas samples will be collected using a VOC canister (summa
canister) and sampler capable of filling an initially evacuated canister by action of the flow-controlled
pump from vacuum to near atmospheric pressure. Both the summa canisters and samplers will be
provided by the analytical laboratory. The filled canister will be properly labeled and packaged for
shipment to the laboratory for VOC analysis via method TO-15.

Container type, quantities, required volumes, and technical holding times for soil gas samples are
presented in Table 4-11. Table 4-7 presents the screening benchmarks, and laboratory limits for VOCs in
soil gas. Table 5-6 presents the sample ID, chemical analyses, and associated QC sample frequency for
each soil gas sample to be collected. Appendix B presents an SOP for the installation of soil gas probes
and operation of the GEM for the evaluation of landfill gases.

5.5 Gamma Walkover Surveys

Gamma walkover surveys (GWSs) will be conducted along the fire roads (plus a 10 ft buffer on either
side) (see Figure 4-1). GWS will be performed by qualified radiological control technicians using a 3-
inch by 3-inch sodium iodide (Nal) detector connected to a Ludlum Model 2221 (or equivalent) and a
global positioning system (GPS). The detector will be suspended approximately 4 inches over the surface
being measured and will move at a rate of approximately 0.5 meters per second along paths
approximately 1 meter apart. Following each day of surveying, the resulting data will be downloaded and
exported to a text file that will include coordinates, instrument count rate, and log time for each point.
Time-series plots will be generated and reviewed to ensure the survey instrumentation is operating
properly. Geospatial modeling software will be used to develop count rate contours and a color-coded plot
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using Surfer software. Geospatially correlated survey maps will be available to the project team on a near
real-time basis. These plots will be reviewed daily to ensure sufficient survey coverage is maintained.

Personnel will designate a fixed GPS calibration point and will conduct daily quality control checks at the
start of each workday. Internal checks will also be conducted to ensure proper communication between
the Ludlum 2221 and the Trimble Geo 7X or equivalent to ensure that data is collected on a per second
basis. Data will be extracted at the end of each day. The nearest governmental base station or base station
with equivalent error will be used for differential correction before integration into the Site GIS.

The gamma count rate will be recorded every second during the GWSs along with the location of the
measurement, the time of the measurement, and the elevation above mean sea level. Data will be
evaluated using the Microsoft Excel® data analysis tool and ProUCL Version 5.1. The data analysis tool
will be used to generate basic descriptive statistics. Summary tables will include mean, median, mode,
standard deviation, standard variance, kurtosis, minimum, maximum, and sample population count. The
mean and the standard deviation variables will be used in the calculation of the Z-score (described
below). ProUCL software will be used to provide similar general statistics and generated percentile
information for the data subsets. ProUCL will also be used to generate histograms, quantile-quantile plots,
and scatter plots for each data subset.

Each data subset will be normalized by the calculation of Z-scores per the formula below

X—HU
o

Z-score =

Where:

y, = result;
p = mean of the population; and
o = standard deviation.

For the data analysis, a Z-score greater than three standard deviations will be considered indicative of
contamination. The review will combine observation of individual data points that exceed three standard
deviations with any identifiable spatial patterns or trends that may indicate areas of relatively elevated
activity.

5.6 Focused Investigations of Radiological Anomalies

Elevated locations identified during the GWSs will be pin-pointed and flagged to perform isotopic
analysis of the localized areas of elevated radioactivity with an in-situ gamma spectroscopy system. A
Trimble Geo 7X handheld device (or equivalent) will be used to reacquire the flagged location selected
for focused investigation. A verification survey will be collected using the flagged location using a three-
inch by three-inch Nal (Ludlum Model 44-20 or equivalent, shielded [if necessary]) connected to a
Ludlum Model 2221 data logger (or equivalent); measurements will be logged for count rate and dose rate
using a dose rate meter appropriate for the source fluency (e.g., Bicron Microrem detector or Ludlum
Model 9 Ion Chamber) at waist level and ground surface. The AMETEK Ortec Trans-SPEC will be used
for isotopic identification. The Trans-Spec is a high purity germanium gamma-ray spectrometer with a
GEM Series P-type crystal that is 65 millimeter (mm) in diameter x 50 mm in length and >40% relative
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efficiency. The resulting gamma spectrum will be analyzed using Ortec GammaVision for isotopic
identification. GammaVision will analyze the data collected and provide the amount of radiation detected
at each identified gamma energy. Since the gamma energy of a radionuclide is unique to the radionuclide,
increased activity at a specific energy is an indication that a specific radionuclide is present. This
information will be used to identify whether locations at the Site exhibit spectrum that may be attributed
to the presence of a radiological anomaly (e.g., a discrete man-made artifact, monazite sand, a rock, or
other natural feature) that requires additional intrusive investigation to evaluate the source of the
radiation.

Following the collection of a gamma spectrum for radiological anomalies, focused investigations will be
performed for representative anomalies or anomaly areas identified at the Site. Focused investigations
will be prioritized based on the likelihood of radiological artifacts and/or distributed radiological
contamination being present, which will be determined through evaluations of the GWS, dose rate
measurements, and in-situ gamma spectroscopy results. Once locations have been selected, each focused
investigation of radiological anomalies will proceed, as follows:

e Collect a surface soil sample for radiological analysis.

e Advance the investigation in 1 ft lifts through excavation (i.e., for suspected discrete radiological
anomalies) or by collecting a 5 ft soil core using DPT (i.e., for suspected distributed radiological
contamination). A shielded Nal connected to a Ludlum 2221 data logger (or equivalent) will be
used to guide intrusive investigations. The shielded Nal detectors will be used to reduce radiation
from other potential sources. The shield will be approximately 0.25 inches thick and will
surround the lower 6 inches of the detector.

e Each investigation will be advanced to a maximum depth of 5 ft bgs.

e Remove the source of contamination or radiological artifact and collect a contact and 1 ft dose
measurement of the item with a dose rate meter (i.e., to determine the activity of the artifact). A
dose rate meter with sufficient capability will be used to determine an accurate dose rate of an
item (e.g., Bicron Microrem, Bicron RSO-500, or equivalent).

e Collect a subsurface soil sample of the contaminated material or soil in direct contact with the
radiological artifact for radiological analysis.

e Perform an assay of the artifact using the AMETEK Ortec Trans-SPEC detector (or equivalent) to
generate a spectrum of gamma radiation. The resulting gamma spectrum will be analyzed using
Ortec Gamma Vision for isotopic identification.

e Collect physical measurements of the artifact (size/weight) and photolog the radiological artifact
or source of contamination.

The data resulting from these focused investigations include analytical results for radionuclides via
laboratory analysis (i.e., methods 900, 901.1M, and alpha spectroscopy [HASL 300]) , count rates, and
dose rates (waist level and contact) for both surface and subsurface soil at each anomaly location. In
addition, physical measurements, a photolog, and a gamma spectrum will be generated for each recovered
radiological artifact or source of contamination. The focused investigation results will support the
evaluation of the nature and extent of contamination as well as the dose assessment, which will be
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included in the risk assessment. Appendix B includes SOPs for the various activities that will be
performed as part of these focused investigations. Radiological artifacts or other radiological material
resulting from these investigations will be managed in accordance with the project RPP.

5.7 Investigation Derived Waste Handling

IDW generated during Site field activities will be managed pursuant to applicable Federal, State, and
local regulations. Solid IDW will include soil from soil borings and monitoring well installations and
personal protective equipment (PPE) that is contaminated. Liquid IDW will include monitoring well
development water, purge water from sampling, and decontamination fluids generated at the
decontamination pad. Solid and liquid IDW will be stored in 55-gallon drums meeting Department of
Transportation requirements and staged in the designated IDW storage location. A composite solid and
liquid sample will be collected from each IDW drum to support a waste profile for subsequent offsite
disposal.

All IDW drums will be transported, staged, and inventoried within a secured, fenced area established at
the Site. Additional details relating to the management of IDW are included in Appendix B.

5.8 Handling of Radiological Contamination

Recovered radiological artifacts will be stored in shielded containers and radiological soil contamination
will be stored in 55-gallon drums. The drums and containers will be secured onsite in a locked conex box
(or similar locking structure) to prevent tampering, pending sampling and disposition. If the radiation
dose at any exterior wall of the conex box (or similar locking structure) is 2 mrem/hr or greater and
cannot be reduced by use of shielding or placement of containers, the conex box will be posted
accordingly per radiological requirements associated with Tidewater’s NY State Radiological Materials
License.

5.9 Health and Safety

Field sampling activities described in Section 5 will be performed in accordance with the Final Gateway-
Wide Accident Prevention Plan (G2S, 2022).

5.10 Sample Handling

This section describes the sample handling protocol for environmental samples collected during the SCP
RIL

5.10.1 Sample Designation

Each sample will receive a unique designator. (i.e., the field sample ID). Unique designators will be an
alpha-numeric combination that signifies the sample location or decision area, matrix, and/or depth.
Sample handling and designation will conform to the procedure presented in Appendix B.
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5.10.2 Sample Labeling

Field sampling personnel will properly identify samples collected in the field with an adhesive sample
label attached to each sample container. The sample label will contain the Site/project name, sample
designation (field sample ID), date, time, sample location, sampler’s initials, analyses required, and
identification of preservatives used. Sample information will be legibly printed with waterproof ink. The
sample designation will be used on field sheets, chain-of-custody forms, and other documentation.

A sample numbering system will be used to uniquely identify each sample collected and submitted for
analysis. The purpose of the numbering system is to assist in the tracking of samples and facilitate
retrieval of analytical results. Sample identification numbers will be used on sample labels, chain-of-
custody forms, field logbooks, and other applicable documentation. All sample identification numbers
will be recorded in the field logbook along with the depth of samples if collected in the subsurface.
Sample labeling for field samples (including duplicates) and water quality control samples follows.

Field and Duplicate Samples. The general labeling scheme for normal field samples will be as follows:

e Soil Samples: XXX-TTZZZ-D

e Soil Samples focused radiological investigation: XXX-TTYYYY-#-D
e Groundwater Samples: XXX-TTZZZ

e Sediment Samples: XXX-TTZZZ

1. XXX-=*“SCP-"to be used for samples within the SCP Site. “REF-"to be used for reference
samples.

2. TTZZZ = Location ID (5 characters) — unique identifier for the sampling locations.

2a. TT = Sample Location Type: SE — sediment location; SS— surface soil sample; SU- sub-
surface soil sample; SG — soil gas sample; and MW — permanent monitoring well;

2b. ZZZ = A sequential three-digit integer starting with 001 and running through 999. Unique ID
assigned by G2S to identify the sampling location.

— Surface and subsurface soil samples collected at the same location (i.e., soil boring) will
be assigned the same location ID.

— Monitoring well numbering will continue the sequential numbering established by the
2020 EE/CA.

2c¢. D = Integer identifying approximate depth of subsurface soil sample in ft bgs. For surface soil
samples, the D suffix is omitted.

3. TTYYYY = Location ID (6 characters) - unique identifier for the sampling locations.
3a. TT = Sample Location Type: SS— surface soil sample; and SU- sub-surface soil sample.

3b. YYYY = Alpha-numeric grid identification. The 1-acre alpha numeric-grid will be
established following the gamma walkover surveys.
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3c. # = Intrusive investigation number

3d. D = Integer identifying approximate depth of subsurface soil sample in ft bgs. For surface
soil samples, the D suffix is omitted.

Field duplicate sample IDs will include “DUP” at the end of the associated field or parent ID. In addition
to field duplicates, MS/MSDs will be collected at a rate of 5%. The MS/MSD samples will be identified
on the chain-of-custody forms.

Examples of field sample IDs for surface and subsurface soil samples are as follows:

e For Soil Boring Location 003: SCP-SS003 (surface soil sample); SCP-SS003-DUP (surface soil
sample duplicate); SCP-SU003-3 (subsurface soil sample collected at 3-ft bgs); SCP-SU003-3-
DUP (sub-surface soil sample duplicate collected at 3-ft bgs).

Examples of field sample IDs for sediment samples collected are as follows:

e For Sediment Location 002: SCP- SE002 (sediment sample); and SCP-SE002-DUP (sediment
sample duplicate)

Examples of field sample IDs for groundwater samples are as follows:
e For groundwater sample collected at Monitoring Well MW022: SCP-MW022.
Water Quality Control Samples. The labeling scheme for trip and equipment blanks is as follows:
e Field Sample ID = XXXTTMMDDYY-CCC
where:
1. XXX =SCP to be used for all samples.
2. TT=QC Sample Type. TB — trip blank; EB — equipment blank.
3. MMDDYY = Sample Date.
4

CCC = Sample Counter. A sequential two-digit integer starting with 001. Unique ID assigned by
G2S to be used if multiple samples of a particular type (trip blank) are collected on the same day.

Examples of field sample IDs for water quality control samples are as follows:
e For trip blank #1 collected on May 7, 2024: SCPTB050724-001.
e For trip blank #2 collected on May 7, 2024: SCPTB050724-002.
e For equipment blank #1 collected on June 20, 2024: SCPEB062024-001.
e For equipment blank #2 collected on June 20, 2024: SCPEB062024-002.
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6 Data Management

This section summarizes the data management procedures that will be implemented for SCP RI sampling,
specifically:

¢ Field documentation procedures;
e The analytical laboratories’ electronic data deliverables (EDDs);
e Project file management and retention; and

e The project database.

6.1 Field Documentation Procedures

Fieldwork will include fully documented sample collection, preservation, and handling procedures as
defined in the FSP (Section 5). A number of different documents will be completed for the fieldwork.
The documents will provide a summary of the sample collection procedures and conditions, shipment
method, analyses requested, sample custody history, and field technique improvements as required. Field
documentation will include:

o Field logbooks;

e Sample collection forms;
e chain-of-custody; and

e Field QC reports.

Direct read data and/or measurements collected during fieldwork will be written into the field logbook or
on customized and numbered field forms, immediately upon collection of measurements. Notations will
be written in indelible ink and entries will be signed and dated. If entries must be changed, the reason for
the change shall be noted and the change should not obscure the original entry (e.g., a single line drawn
through text or an X through figures, tables, or maps). The change will be initialed and dated by the
responsible person. If space is available, revisions will be added to the same page. Otherwise, the page
where the revision is entered will be noted. Any lost, damaged, or voided field logbooks will be reported
to the PM immediately.

Field records will be collected and verified daily by the Site Supervisor (or designee), who will review the
data for completeness, accuracy, legibility, and comparability with other data collected, and verify the
field data records have been signed and dated. Based on this review, the Site Supervisor will direct field
staff to make necessary corrections to the record and to initial and date the corrections. Any omissions or
inconsistencies discovered will be resolved by the Site Supervisor, who will seek clarification from the
field personnel responsible for data collection.

After data reduction and entry into the project database, field data will be verified by qualified personnel
for completeness, consistency with hardcopy records, and anomalous values. Field data, including both
electronic and hardcopy documentation, will be reviewed by the Site Supervisor and/or PM prior to
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inclusion in technical reports, and may be reviewed by the Project Chemist (or technical designee) as part
of ongoing QC review of project activities.

6.2 Analytical Laboratory Electronic Data Deliverables

Analytical data from the laboratories for the SCP RI will be managed using ADR.Net and EDMSi. The
ADR.Net software will be used to perform data verification, electronic data deliverable (EDD)
compliance checks and automated review/validation and EDMSi will be used as the project database.
Analytical data will be delivered by the laboratory in the ADR EDD format and verified for content and
format compliance prior to delivery using the ADR.Net software. The ADR EDD format specifications
and ADR.Net software are available from Laboratory Data Consultants, Inc (LDC) (http://www.lab-
data.com/). The LDC Data Manager will provide Eurofins with the ADR.Net Project cQAPP containing
the analytical requirements, data quality indicators and required valid values before the first sampling
event begins.

EDD files received from the laboratory will be stored in the project file archive (see Section 6.3). The
LDC Data Manager will verify the EDD is error free using the ADR.Net software. If error free, the EDD
will be validated and loaded into the project EDMSi database. The laboratory will be contacted for
corrective action if errors are found in the EDD. The laboratory will also be required to provide .pdf
document files of the laboratory final data reports. The laboratory will be required to make available any
supplemental information (e.g., chromatograms, instrument calibrations) upon request. Electronic data
submitted by the laboratory will be required to be error-free and in complete agreement with the hardcopy
data. Data files will be delivered via e-mail, or by posting on LDC Advantage, a secure project portal
made available by Laboratory Data Consultants, Inc. The data files will be submitted with a transmittal
letter from each laboratory that certifies that the files agree with hardcopy data reports and have been
found to be free of errors using the ADR.Net software and ADR EDD format referenced above. The
laboratory, at their cost, will be required to correct any errors identified.

6.3 Project File Management and Repository

Electronic Data. Electronic files provided by the analytical laboratories and GIS data layers and
historical records/documents (including previous study reports, historical drawings and maps, and related
items) provided by USACE or other stakeholders will be securely stored on a secure private network
located at the Tidewater office (i.e., G2S JV member) in Elkridge, Maryland. Access to these files is
restricted to only those personnel with key responsibilities to the project and who have been granted
authority by the G2S PM.

Hardcopy Data. Various hardcopy files, including the Task Order and any modifications,
correspondence, including meeting minutes and monthly reports, relevant records, reports, logs, field
logbooks, photographs, subcontractor reports, data reviews, draft submittals, responses to comments and
final submittals, and correspondence will also be stored within the secure G2S project files. The project
files are located at the Tidewater office (i.e., G2S JV member) in Elkridge, Maryland. Access to these
offices is limited to G2S personnel though a door security system and employees and visitors are badged.

The project information files will include, at a minimum:
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e Field logbooks;

e Field data and data deliverables;

e Photographs;

e Drawings;

e Laboratory data deliverables;

e Data validation reports;

e Data quality assessment reports;

e Progress reports, QA reports, interim project reports; and
e Custody documentation (e.g., tags, forms, air bills).

In addition to the above information, the project files will also maintain contractual information. This
includes, but is not limited to, contract information, cost proposal information, and invoice records.

6.4 Project Database

Field sampling and laboratory data will be compiled in an EDMSi (http://www.lab-data.com/) database.
EDMSi is an industry-standard environmental data management platform, which will allow the project
team to rapidly integrate, verify, and report on sampling and lab test results. EDMSi is cloud-based using
SQL storage on elastic servers along with the latest encryption technology. Therefore, G2S is always
using the latest version including features and security. Access to the EDMSi database will be controlled
so that only the LDC Data Manager and other trained personnel designated by G2S will be allowed to
view, add, edit, remove, or export data. The EDMSi database will be available to select project team staff
for reporting purposes, and the LDC Data Manager will verify that these staff are trained to perform these
tasks accurately.
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7 Assessment and Oversight

This section describes the measures that will be employed to ensure that this SAP is implemented
properly. These include conducting planned and documented performance audits for field operations to
assess the accuracy of the measurement systems, to determine the effectiveness of QA/QC procedures
outlined in Section 4.6, and compliance with project SOPs.

7.1  Assessment and Corrective Actions
The assessment and corrective actions will be implemented as follows:

e The PM will have the ultimate responsibility for implementing project QA/QC procedures.
USACE will provide QA oversight and will review the work being conducted.

e USACE QA personnel will meet with the field supervisor and/or field staff to assess adherence
with SAP requirements, review field forms related to the sampling that was performed, and
review of the chain of custody (COC) forms submitted with samples.

e During fieldwork, USACE will communicate deficiencies in a timely manner. G2S will
investigate any deficiency noted, determine the cause of the condition identified in the finding,
schedule corrective action (including measures to prevent recurrence), evaluate the impact of the
finding on completed work, and notify USACE of action taken or planned. The PM or designee
will be responsible for verifying and documenting completion of the corrective action.

7.1.1 Field Audit and Response Actions

USACE will review the records of field operations to verify that field-related activities are performed in
accordance with appropriate project procedures. Items to be examined will, as appropriate, include:

e Availability and implementation of approved SOPs;

e (alibration and operation of equipment;

e Labeling, packaging, storage, and shipping of samples;
e Performance documentation and checking;

¢ Field documentation and the collection of field quality control samples, including
duplicates/replicates and field quality control samples; and

USACE will document noted deviations from the SAP, which will be communicated to the PM. The
PM will be responsible for identifying necessary corrective actions, communicating the corrective
actions to the field team, and verifying the corrective actions have been implemented.

7.2  Quality Assessment Reporting

In addition to the performance audit reporting discussed in Section 7.1, QA reports will be generated for
activities discussed in the following sections.
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7.2.1 Data Verification

Data verification procedures described in Section 4.6.3 will be conducted on each sample data group
(SDQ) by the Project Chemist as sample data packages are generated by the laboratories. Verification
activity findings will be included along with data summaries in the RI Report. Issues potentially affecting
the usability of data will be reported by the Project Chemist to the PM as soon as they are identified so
that appropriate corrective actions can be identified and implemented.

7.2.2 Data Validation

Data validation procedures described in Section 4.6.3 will be conducted on each SDG by the Project
Chemist as sample data packages are generated by the laboratories. Validation activity findings will be
included along with data summaries in the RI Report. Issues potentially affecting the usability of data will
be reported by the Project Chemist to the PM as soon as they are identified so that appropriate corrective
actions can be identified and implemented.

7.3  Reconciliation with DQOs and Data Usability

An assessment of data quality will be conducted to determine whether the project DQOs have been
achieved. The Project Chemist will document the results of the assessment, including whether any
changes are necessary to the DQOs because data do not meet usability criteria, in data quality assessment
reports that will be included in the RI Report.

The data usability assessment will include a review of the sampling and analysis activities in comparison
to the project DQOs. The results of the data validation will be reviewed to identify specific limitations to
the data (i.e., results qualified as estimated [J/UJ] or rejected [R]) for particular uses, such as data
interpretation, analysis, and/or risk assessment. The assessment will also consist of a comprehensive
evaluation of how the data meet the DQIs (PARCCS) to identify potential or actual problems with the
data collection process and impacts to data so that corrective measure can be identified and implemented.
Data that do not satisfy DQIs will be evaluated to determine the potential impacts based on the extent of
the deficiencies and the importance of the data in the overall context of the investigation. Corrective
measures will be implemented including conducting additional field measurements and resampling, as
warranted, to ensure that data are valid, legally defensible, of known quality, and can be used without
limitations as qualified to meet the investigation DQOs.
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8 Investigation Outputs

After completion of RI field activities at SCP, results of the 2020 EE/CA investigation (JCO, 2020) will be
combined with the additional data collection efforts described in this SAP to support the development of the
RI Report. The RI Report will be developed in accordance with USEPA Guidance (USEPA, 1988) and will
present a detailed summary of the nature and extent of contamination, an evaluation of contaminant fate and
transport, and risk assessments.

A baseline HHRA and SLERA will be performed as components of the RI. The HHRA will evaluate
potential human receptors and exposure pathways, as identified in the pathway-receptor diagram
presented in Figure 2-16 and quantify noncancer and cancer risks that may result from exposure to the
COPCs in Site media. The HHRA will be conducted in accordance with:

o USEPA Superfund risk assessment guidelines presented in EPA/540/1-89-002, Risk Assessment
Guidance for Superfund, Volume 1, Human Health Evaluation Manual (Part A) (Interim Final)
(USEPA, 1989);

e and other USEPA HHRA risk assessment guidance.
The SLERA will follow NPS and USEPA ecological risk assessment methodology, including:

o USEPA Ecological Risk Assessment Guidance for Superfund: Process for Designing and
Conducting Ecological Risk Assessments, EPA 540-R-97-006 (USEPA, 1997);

e USEPA ECO Update: The Role of Screening-Level Risk Assessments and Refining
Contaminants of Concern in Baseline Ecological Risk Assessments, EPA 540/F-01/014 (USEPA,
2001b);

e NPS Protocol for the Selection and Use of Ecological Screening Values for Non-Radiological
Analytes. Revision 3 (NPS, 2018c¢);

e NPS Protocol for the Selection and Use of Ecological Screening Values for Radionuclides.
Revision. 1 (NPS, 2018d);

e and other pertinent ecological risk assessment guidelines.

This evaluation may also include a refinement step, in which the constituents retained by the conservative
approach of the SLERA are re-evaluated using a broader array of exposure, effects, and contaminant
distribution and concentration data to define potential risks more accurately.

The RI Report will summarize the results of the nature and extent evaluation, fate and transport
evaluation, and the risk assessments to support conclusions and a recommended path forward for the Site
under CERCLA.
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Figure 2-4. 1951 Aerial Imagery and 1954 Aerial Imagery of Spring Creek Park
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5 Source: USGS. 1975. Aerial Photograph.
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Figure 2-9. GMP Maps for the Jamaica Bay Unit Showing NPS Management Zones for Spring Creek Park
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Source: USDA. 2017. Historical Aerial Photograph. 7200 X 7200 GeoTiff. <https://www.historicaerials.com> Source: State of New York. 2020. Discover GIS Data NY, Orthoimagery Half-Foot Resolution. <https://orthos.dhses.ny.gov/>
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Figure 2-10. Aerial Imagery of Spring Creek Park 2004, 2008, 2017, 2020
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Above: Feasibility Study recommended alternative concept plan for Above: Revised favored concept for
ecological restoration at Spring Creek Park. (USACE, 2013) ecological restoration incorporating coastal

storm risk management features. (USACE,
2017b)
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Right: Rendering of specific
features of the revised favored
concept. (Scape Studio, 2021)

Figure 2-11. Past Proposed Ecological Restoration Plans for Spring Creek Park
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Northern Area - Conceptual Cross Section:

Natural Area

Southern Area - Conceptual Cross Section
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Figure 2-15. Graphical Conceptual Site Model for the Spring Creek Park Site
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NOTES:

WOCs = yolgtile organic compounds.

1. Vapor intrusion will only be congiderad a viable pathway if VOCs are detected in shallow grounciwater (<10 feet below grade) near the Site perimeter

by the adjacent neighborhond

2. For ecological receptors, shallow groundwater is considered a surrogate for sediment pore water exposure

3. While it is possible that fishing could occur in Jamaica Bay, there is a fish advisory for the bay. Wellands located within the foolprint of the landfill are generally small and shallow

and are not considered significant for recreational fishing Thus, the fish ingestion palhway is considered incomplete for human receptors

Additionally, a park user is not expected to be exposed through ingestion of wild or farmed foods. As the Site is located in an urban setting within & Mational Recreational Area, the land is not
used and will not be used for hunting or farming {including community gardens). Collection of wald foods 15 not anlicipated o occur to any appreciable degree

Figure 2-16. Preliminary Pathway Receptor Diagram
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Table 4-1. Summary of Recovered Artifacts

Article Dose Details
5 Deck Markers 5 to 6 mR/hr on contact Depth of burial 3" to 12" below ground surface
1 Clip 0.7 mR/hr on contact Depth of burial 6"
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Table 4-2. Summary of Data to be Collected

Data Description

How the Data Will Be Used

Soil samples analyzed for VOCs, SVOCs, PAHSs,
metals (including mercury and hexavalent
chromium), herbicides, pesticides, PCBs,

Evaluate risks to human health and the environment, characterize the nature and
extent of contamination in soil, and evaluate the fate and transport of
contaminants in soil.

Groundwater samples analyzed for VOCs, SVOCs,
PAHs, metals (including mercury and hexavalent
chromium), herbicides, pesticides, PCBs,
dioxins/furans, and radionuclide.

Evaluate risks to human health, characterize the nature and extent of
contamination in groundwater, and evaluate the fate and transport of
contaminants in groundwater.

Sediment analyzed for VOCs, SVOCs, PAHs, metals
(including mercury and hexavalent), herbicides,
pesticides, PCBs, dioxins/furans, and radionuclide.

Evaluate risks to human health and the environment, characterize the nature and
extent of contamination in Site drainage channels, and evaluate the fate and
transport of Site contaminants within drainage channels.

Soil gas samples analyzed for VOCs.

Assess the potential for VOC migration into the adjacent neighborhood and
evaluate potential risks to human health as a result of vapor intrusion into indoor
air.

Field screening of soil gas using a portable
combustible gas indicator to determine the presence
of CH4, COQ, 02, CO, and HzS

Evaluate the Site for the presence of landfill gases and determine whether
mitigation is required.

Results of gamma walkover surveys along
established firebreaks (including a 10-ft buffer) and
within 100-ft by 100-ft areas around the 105 soil
sampling locations.

Evaluate the Site for the presence elevated radioactivity at the ground surface to
support the selection of radiological anomalies and/or anomaly areas to be
included in the focused investigations in waste fill.

Results of focused investigations of radiological
anomalies in waste fill, including soil analytical
results, count rates, and dose rates (waist level and
contact).

Conduct a dose assessment and characterize the nature and extent of
radiological artifacts and/or radiological soil contamination within waste fill.

Visual and field screening instrumentation readings
during processing of soil borings.

Determine the screened intervals for groundwater monitoring wells, develop soil
boring logs, assess the vertical extent of waste fill in OU2, and determine the
interval of subsurface soil samples.

Other water quality parameters (e.g., temperature,
conductivity, pH, ORP, salinity, dissolved oxygen,
and turbidity) will be measured in the field during
groundwater and surface water sampling.

Determine the point at which groundwater parameters have stabilized so the well
can be sampled and provide groundwater geochemical information to aide in
interpreting analytical data.

Land Survey information.

Geo-reference the activities listed above.
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Table 4-3. Summary of Planned Site Sampling Activities

Location ID

|Rationa|e

Surface Soil

SCP-DPT-001 to
SCP-DPT-105

Evaluate risks to human health and the environment, characterize the nature and extent of
contamination, and evaluate fate and transport of contaminants for soil in waste filled areas of the Site.

SCP-DPT-106 to
SCP-DPT-107

Characterize the nature of surface soil contamination in the waste disposal operational support areas
shown on the 1951 and 1954 aerial photographs.

Subsurface Soil

SCP-DPT-001 to
SCP-DPT-105

Evaluate risks to human health and the environment, characterize the nature and extent of
contamination, and evaluate fate and transport of contaminants for soil in waste filled areas of the Site.

SCP-DPT-106 to

Characterize the nature of subsurface soil contamination in the waste disposal operational support areas

SCP-DPT-107 shown on the 1951 and 1954 aerial photographs.

Groundwater

SCP-MW-22 and  |Characterize the nature of shallow groundwater contamination underlying the waste disposal operational
SCP-MW-23 support areas shown on the 1951 and 1954 aerial photographs.

Surface Water and Sediment

SCP-SED-001 to
SCP-SED-005

Evaluate risks to human health and the environment, characterize the nature and extent of
contamination, and evaluate the fate and transport of Site contaminants in sediment present in Site
surface water features.

Soil Gas

SCP-SG-001 to
SCP-SG-010

Assess the potential for VOC migration into the adjacent neighborhood and evaluate potential risks to
human health as a result of vapor intrusion into indoor air.
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Table 4-4. SAP Reference Limits for Soil

Screening Benchmarks Laboratory Limits
. . EPA Res. EPAInd. |Plantand]| Bird and
Chemical Method CAS# Unit | psL (2021, | RSL (2021, | Invert, | Mammal | LOQ LOD
HQ=0.1) HQ=0.1) ESV ESV
Pesticides
4,4'-DDD 8081B 72-54-8 mg/kg 0.19 2.5 NE 0.0063 0.0017 0.0012
4,4-DDE 8081B 72-55-9 mg/kg 2 9.3 NE 0.021 0.0017 0.0012
4,4-DDT 8081B 50-29-3 mg/kg 1.9 8.5 4.1 0.021 0.0017 0.0016
Aldrin 8081B 309-00-2 mg/kg 0.039 0.18 0.00332 | 0.037 0.00083 0.0006
alpha Chlordane 8081B 5103-71-9 mg/kg 3.6 50 2.2 0.27 0.00083 0.0006
alpha-BHC 8081B 319-84-6 mg/kg 0.086 0.36 NE 0.1 0.00083 0.0006
beta-BHC 8081B 319-85-7 mg/kg 0.3 1.3 0.00398 NE 0.001 0.0009
Chlordane 8081B 12789-03-6 | mglkg 1.7 7.7 0.224 0.27 0.017 0.008
delta-BHC 8081B 319-86-8 mg/kg NE NE NE 0.1 0.001 0.0009
Dieldrin 8081B 60-57-1 mg/kg 0.034 0.14 10 NE 0.0017 0.0012
Endosulfan | 8081B 959-98-8 mg/kg NE NE NE 0.64 0.00083 0.0006
Endosulfan || 8081B 33213-65-9 | mglkg NE NE NE 0.64 0.0023 0.0022
Endosulfan sulfate 8081B 1031-07-8 mg/kg 38 490 NE 0.64 0.0017 0.0012
Endrin 8081B 72-20-8 mg/kg 1.9 25 0.0034 | 0.0014 0.0017 0.0012
Endrin aldehyde 8081B 7421-93-4 mg/kg NE NE NE NE 0.0017 0.0012
Endrin ketone 8081B 53494-70-5 | mglkg NE NE NE NE 0.002 0.0018
gamma-Chlordane 8081B 5103-74-2 mg/kg NE NE 2.2 2.2 0.00083 0.0006
gamma-BHC (Lindane) 8081B 58-89-9 mg/kg 0.57 2.5 0.005 0.0094 | 0.00083 0.0006
Heptachlor 8081B 76-44-8 mg/kg 0.13 0.63 0.4 0.059 0.00083 0.00062
Heptachlor epoxide 8081B 1024-57-3 mg/kg 0.07 0.33 NE NE 0.00083 0.0006
Methoxychlor 8081B 72-43-5 mg/kg 32 410 NE 5 0.0067 0.0065
Toxaphene 8081B 8001-35-2 mg/kg 0.49 2.1 NE 4.1 0.033 0.028
PCBs
Aroclor 1016 8082A 12674-11-2 | mg/kg 0.41 5.1 NE 1 0.017 0.01
Aroclor 1221 8082A 11104-28-2 | mg/kg 0.2 0.83 NE NE 0.017 0.01
Aroclor 1232 8082A 11141-16-5 | mg/kg 0.17 0.72 NE NE 0.017 0.01
Aroclor 1242 8082A 53469-21-9 | mg/kg 0.23 0.95 NE 0.041 0.017 0.01
Aroclor 1248 8082A 12672-29-6 | mg/kg 0.23 0.94 NE 0.0072 0.017 0.01
Aroclor 1254 8082A 11097-69-1 mg/kg 0.12 0.97 160 0.041 0.017 0.01
Aroclor 1260 8082A 11096-82-5 | mglkg 0.24 0.99 NE 0.14 0.017 0.01
Aroclor 1262 8082A 37324-23-5 | mg/kg NE NE NE NE 0.017 0.01
Aroclor 1268 8082A 11100-14-4 | mg/kg NE NE NE NE 0.017 0.01
Herbicides
2,45-T 8151A 93-76-5 mg/kg 63 820 NE NE 0.0017 0.00164
2,4,5-TP (Silvex) 8151A 93-72-1 mg/kg 51 660 NE NE 0.0017 0.0015
2,4-D 8151A 94-75-7 mg/kg 70 960 NE NE 0.036 0.024
2,4-DB 8151A 94-82-6 mg/kg 190 2500 NE NE 0.021 .0.02
Dalapon 8151A 75-99-0 mg/kg 190 2500 NE NE 0.09 0.088
Dicamba 8151A 1918-00-9 mg/kg 190 2500 NE NE 0.012 0.008
Dichlorprop 8151A 120-36-5 mg/kg NE NE NE NE 0.02 0.018
Dinoseb 8151A 88-85-7 mg/kg 6.3 82 NE NE 0.024 0.018
MCPA (2-Methyl-4-chlorophenoxy acetic acid) 8151A 94-74-6 mg/kg 3.2 41 NE NE 2.5 1.52
MCPP (2-(2-Methyl-4-chlorophenoxy) propanoic acid) 8151A 93-65-2 mg/kg 6.3 82 NE NE 7.7 7.6
VOCs
1,1,1-Trichloroethane 8260C 71-55-6 mg/kg 810 3600 260 NE 0.0005 0.0002
1,1,2,2-Tetrachloroethane 8260C 79-34-5 mg/kg 0.6 2.7 NE NE 0.005 0.001
1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) 8260C 76-13-1 mg/kg 670 2800 NE NE 0.01 0.002
1,1,2-Trichloroethane 8260C 79-00-5 mg/kg 0.15 0.63 NE NE 0.005 0.002
1,1-Dichloroethane 8260C 75-34-3 mg/kg 3.6 16 NE 210 0.005 0.002
1,1-Dichloroethene 8260C 75-35-4 mg/kg 23 100 NE 11 0.005 0.002
1,2,4-Trichlorobenzene 8260C 120-82-1 mg/kg 5.8 26 1.2 0.27 0.01 0.008
1,2-Dibromo-3-chloropropane 8260C 96-12-8 mg/kg 0.0053 0.064 NE NE 0.005 0.001
1,2-Dibromoethane 8260C 106-93-4 mg/kg 0.036 0.16 NE NE 0.005 0.001
1,2-Dichlorobenzene 8260C 95-50-1 mg/kg 180 930 20 0.92 0.005 0.002
1,2-Dichloroethane 8260C 107-06-2 mg/kg 0.46 2 NE 0.85 0.005 0.002
1,2-Dichloropropane 8260C 78-87-5 mg/kg 1.6 6.6 NE NE 0.005 0.002
1,3-Dichlorobenzene 8260C 541-73-1 mg/kg NE NE NE 0.73 0.005 0.002
1,4-Dichlorobenzene 8260C 106-46-7 mg/kg 2.6 11 NE 0.88 0.005 0.001
2-Butanone 8260C 78-93-3 mg/kg 2700 19000 NE NE 0.01 0.004
2-Hexanone 8260C 591-78-6 mg/kg 20 130 NE 0.36 0.01 0.004
4-Methyl-2-pentanone 8260C 108-10-1 mg/kg 3300 14000 NE 9.8 0.01 0.004
Acetone 8260C 67-64-1 mg/kg 6100 67000 NE 1.2 0.02 0.016
Benzene 8260C 71-43-2 mg/kg 1.2 5.1 NE 24 0.005 0.002
Bromodichloromethane 8260C 75-27-4 mg/kg 0.29 1.3 NE NE 0.005 0.001
Bromoform 8260C 75-25-2 mg/kg 19 86 NE NE 0.01 0.008
Bromomethane 8260C 74-83-9 mg/kg 0.68 3 NE NE 0.005 0.002
Carbon disulfide 8260C 75-15-0 mg/kg 77 350 NE 0.82 0.005 0.002
Carbon tetrachloride 8260C 56-23-5 mg/kg 0.65 2.9 NE 58.6 0.005 0.002
Chlorobenzene 8260C 108-90-7 mg/kg 28 130 2.4 43 0.005 0.002
Chloroethane 8260C 75-00-3 mg/kg 1400 5700 NE NE 0.005 0.004
Chloroform 8260C 67-66-3 mg/kg 0.32 1.4 NE 8 0.005 0.002
Chloromethane 8260C 74-87-3 mg/kg 11 46 NE NE 0.005 0.002
cis-1,2-Dichloroethene 8260C 156-59-2 mg/kg 16 230 NE 89.6 0.005 0.002
cis-1,3-Dichloropropene 8260C 10061-01-5 mg/kg NE NE NE NE 0.005 0.001
cyclohexane 8260C 110-82-7 mg/kg 650 2700 NE NE 0.005 0.002
Cyclohexanone 8260C 108-94-1 mg/kg 2800 13000 NE NE 12.5 5
Dibromochloromethane 8260C 124-48-1 mg/kg 8.3 39 NE NE 0.005 0.001
Dichlorodifluoromethane 8260C 75-71-8 mg/kg 8.7 37 NE NE 0.005 0.002
Ethylbenzene 8260C 100-41-4 mg/kg 5.8 25 NE NE 0.005 0.001
Isopropylbenzene 8260C 98-82-8 mg/kg 190 990 NE NE 0.005 0.001
Methylacetate 8260C 79-20-9 mg/kg 7800 120000 NE NE 0.005 0.004
Methyl tert-butyl ether 8260C 1634-04-4 mg/kg 47 210 NE NE 0.005 0.002
methylcyclohexane 8260C 108-87-2 mg/kg NE NE NE NE 0.005 0.002
Methylene chloride 8260C 75-09-2 mg/kg 35 320 1600 2.6 0.005 0.004
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Table 4-4. SAP Reference Limits for Soil

Screening Benchmarks Laboratory Limits
. . EPA Res. EPAInd. [Plantand| Bird and
Chemical Method CAS# Unit 1 psL (2021, | RSL (2021, | Invert, | Mammal | LOQ LOD
HQ=0.1) HQ=0.1) ESV ESV
Styrene 8260C 100-42-5 ma/kg 600 3500 1.2 NE 0.005 0.001
Tetrachloroethene 8260C 127-18-4 mg/kg 8.1 39 10 0.18 0.005 0.002
Toluene 8260C 108-88-3 mg/kg 490 4700 200 23 0.005 0.002
trans-1,2-Dichloroethene 8260C 156-60-5 mg/kg 7 30 NE 89.6 0.005 0.002
trans-1,3-Dichloropropene 8260C 10061-02-6 | mg/kg NE NE NE NE 0.005 0.001
Trichloroethene 8260C 79-01-6 mg/kg 0.41 1.9 NE 1.387 0.005 0.002
Trichlorofluoromethane 8260C 75-69-4 mg/kg 2300 35000 NE 52 0.005 0.002
Vinyl chloride 8260C 75-01-4 mg/kg 0.059 1.7 NE 0.12 0.005 0.002
Xylenes (total) 8260C 1330-20-7 mg/kg 58 250 10 1.4 0.01 0.002
SVOCs
1,2,4-Trichlorobenzene 8270D 120-82-1 mg/kg 5.8 26 1.2 0.27 0.0367 0.0333
1,2-Dichlorobenzene 8270D 95-50-1 mg/kg 180 930 20 0.92 0.0367 0.0333
1,3-Dichlorobenzene 8270D 541-73-1 mg/kg NE NE NE 0.73 0.0367 0.0333
1,4-Dichlorobenzene 8270D 106-46-7 mg/kg 2.6 11 NE 0.88 0.0367 0.0333
1,4-Dioxane 8270D 123-91-1 mg/kg 5.3 24 NE NE 0.167 0.0667
2,4,5-Trichlorophenol 8270D 95-95-4 mg/kg 630 8200 4 NE 0.0367 0.0333
2,4,6-Trichlorophenol 8270D 88-06-2 mg/kg 6.3 82 10 NE 0.0367 0.0333
2,4-Dichlorophenol 8270D 120-83-2 mg/kg 19 250 NE NE 0.0433 0.04
2,4-Dimethylphenal 8270D 105-67-9 mg/kg 130 1600 0.01 NE 0.0367 0.0333
2,4-Dinitrophenol 8270D 51-28-5 mg/kg 13 160 20 NE 1 0.333
2,4-Dinitrotoluene 8270D 121-14-2 mg/kg 1.7 74 NE 2.5 0.167 0.0667
2,6-Dinitrotoluene 8270D 606-20-2 mg/kg 0.36 1.5 NE 1.8 0.0367 0.0333
2-Chloronaphthalene 8270D 91-58-7 mg/kg 480 6000 NE NE 0.0333 0.0267
2-Chlorophenol 8270D 95-57-8 mg/kg 39 580 NE 0.39 0.0367 0.0333
2-Methylnaphthalene 8270D 91-57-6 mg/kg 24 300 NE 16 0.0167 0.00999
2-Methylphenol 8270D 95-48-7 mg/kg 320 4100 0.67 590 0.05 0.04
2-Nitroaniline 8270D 88-74-4 mg/kg 63 800 NE 5.4 0.05 0.0333
2-Nitrophenol 8270D 88-75-5 mg/kg NE NE 7 NE 0.05 0.04
3,3-Dichlorobenzidine 8270D 91-94-1 mg/kg 1.2 5.1 NE NE 0.167 0.0667
3-Nitroaniline 8270D 99-09-2 mg/kg NE NE NE NE 0.167 0.0667
4 6-Dinitro-2-methylphenol 8270D 534-52-1 mg/kg 0.51 6.6 NE NE 0.5 0.333
4-Bromophenyl-phenylether 8270D 101-55-3 mg/kg NE NE NE NE 0.0367 0.0333
4-Chloro-3-methylphenol 8270D 59-50-7 mg/kg 630 8200 NE NE 0.05 0.04
4-Chloroaniline 8270D 106-47-8 mg/kg 2.7 11 1 NE 0.167 0.0667
4-Chlorophenyl-phenylether 8270D 7005-72-3 mg/kg NE NE NE NE 0.0367 0.0333
4-Nitroaniline 8270D 100-01-6 mg/kg 25 110 NE NE 0.167 0.0667
4-Nitrophenol 8270D 100-02-7 mg/kg NE NE 7 NE 0.5 0.333
Aniline 8270D 62-53-3 mg/kg 44 400 NE NE 0.167 0.0667
Benzyl Alcohol 8270D 100-51-6 mg/kg 630 8200 NE NE 0.5 0.333
Bis(2-chloro-1-methylethyl) ether 8270D 108-60-1 mg/kg 310 4700 NE NE 0.0433 0.04
Bis(2-chloroethoxy)methane 8270D 111-91-1 mg/kg 19 250 NE NE 0.0367 0.0333
Bis(2-chloroethyl)ether 8270D 111-44-4 mg/kg 0.23 1 NE NE 0.0367 0.0333
Bis(2-ethylhexyl)phthalate 8270D 117-81-7 mg/kg 39 160 NE 0.02 0.167 0.133
CARBAZOLE 8270D 86-74-8 mg/kg NE NE NE 80 0.0367 0.0333
Dibenzofuran 8270D 132-64-9 mg/kg 7.8 120 6.1 NE 0.0367 0.0333
Diethyl phthalate 8270D 84-66-2 mg/kg 5100 66000 100 3600 0.167 0.133
Dimethyl phthalate 8270D 131-11-3 mg/kg NE NE 10 38 0.167 0.133
Di-n-butyl phthalate 8270D 84-74-2 mg/kg 630 8200 160 0.011 0.167 0.133
Di-n-octyl phthalate 8270D 117-84-0 mg/kg 63 820 NE 0.91 0.167 0.133
Hexachlorobenzene 8270D 118-74-1 mg/kg 0.21 0.96 10 0.079 0.0167 0.0133
Hexachlorobutadiene 8270D 87-68-3 mg/kg 1.2 5.3 NE NE 0.05 0.04
hexachlorocyclopentadiene 8270D 77-47-4 mg/kg 0.18 0.75 10 NE 0.5 0.333
Hexachloroethane 8270D 67-72-1 mg/kg 1.8 8 NE NE 0.167 0.0667
Isophorone 8270D 78-59-1 mg/kg 570 2400 NE NE 0.0667 0.0333
Nitrobenzene 8270D 98-95-3 mg/kg 5.1 22 2.2 4.9 0.0367 0.0333
n-Nitroso-di-n-propylamine 8270D 621-64-7 mg/kg 0.078 0.33 NE NE 0.0667 0.05
n-Nitrosodiphenylamine 8270D 86-30-6 mg/kg 110 470 20 NE 0.0367 0.0333
Pentachlorophenol 8270D 87-86-5 mg/kg 1 4 3 0.36 0.167 0.133
Phenol 8270D 108-95-2 mg/kg 1900 25000 0.79 38 0.0367 0.0333
Pyridine 8270D 110-86-1 mg/kg 7.8 120 NE NE 0.167 0.133
PAHs
Acenaphthene 8270D-SIM 83-32-9 mg/kg 360 4500 0.25 120 0.00167 0.00133
Acenaphthylene 8270D-SIM 208-96-8 mg/kg NE NE NE 120 0.00167 0.00133
Anthracene 8270D-SIM 120-12-7 mg/kg 1800 23000 6.8 210 0.00167 0.00133
Benzo(a)anthracene 8270D-SIM 56-55-3 mg/kg 1.1 21 18 0.8 0.00167 0.00133
Benzo(a)pyrene 8270D-SIM 50-32-8 mg/kg 0.11 2.1 NE 53 0.00167 0.00133
Benzo(b)fluoranthene 8270D-SIM 205-99-2 mg/kg 1.1 21 18 38 0.00167 0.00133
Benzo(g,h,i)perylene 8270D-SIM 191-24-2 mg/kg NE NE NE 1.98 0.00167 0.00133
Benzo(k)fluoranthene 8270D-SIM 207-08-9 mg/kg 11 210 NE 62 0.00167 0.00133
Chrysene 8270D-SIM 218-01-9 mg/kg 110 2100 2.4 NE 0.00167 0.00133
Dibenz(a,h)anthracene 8270D-SIM 53-70-3 mg/kg 0.11 2.1 NE 12 0.00167 0.00133
Fluoranthene 8270D-SIM 206-44-0 mg/kg 240 3000 10 22 0.00167 0.00133
Fluorene 8270D-SIM 86-73-7 mg/kg 240 3000 3.7 250 0.00167 0.00133
Indeno(1,2,3-cd)pyrene 8270D-SIM 193-39-5 mg/kg 1.1 21 NE 62 0.00167 0.00133
Naphthalene 8270D-SIM 91-20-3 mg/kg 2 8.6 1 34 0.00333 0.00267
Phenanthrene 8270D-SIM 85-01-8 mg/kg NE NE 55 10 0.00233 0.002
Pyrene 8270D-SIM 129-00-0 mg/kg 180 2300 10 22 0.00167 0.00133
Metals
Aluminum 6020B 7429-90-5 mg/kg 7700 110000 50 NE 10 8
Antimony 6020B 7440-36-0 mg/kg 3.1 47 0.05 0.248 0.2 0.1
Arsenic 6020B 7440-38-2 mg/kg 0.68 3 6.8 0.25 0.2 0.16
Barium 6020B 7440-39-3 mg/kg 1500 22000 110 17.2 0.2 0.16
Beryllium 6020B 7440-41-7 mg/kg 16 230 2.5 2.42 0.5 0.025
Cadmium 6020B 7440-43-9 mg/kg 7.1 98 4 0.27 0.05 0.04
Calcium (Ca) 6020B 7440-70-2 mg/kg NE NE NE NE 25 16
Chromium 6020B 7440-47-3 mg/kg NE NE 0.35 28 04 0.16
RI SAP
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Table 4-4. SAP Reference Limits for Soil

Screening Benchmarks Laboratory Limits
. . EPA Res. EPAInd. [Plantand| Bird and
Chemical Method CAS# Unit 1 psL (2021, | RSL (2021, | Invert, | Mammal | LOQ LOD
HQ=0.1) HQ=0.1) ESV ESV
Cobalt 60208 7440-48-4 mg/kg 2.3 35 13 96 0.1 0.05
Copper 60208 7440-50-8 mg/kg 310 4700 50 15 0.2 0.16
Iron (Fe) 60208 7439-89-6 mg/kg 5500 82000 NE NE 10 10
Lead 60208 7439-92-1 mg/kg 400 800 50 0.94 0.1 0.05
Magnesium (Mg) 60208 7439-95-4 mg/kg NE NE NE NE 5 5
Manganese (Mn) 60208 7439-96-5 mglkg NE NE 220 322 0.2 0.16
Nickel 60208 7440-02-0 mglkg 150 2200 30 9.7 0.2 0.16
Potassium (K) 60208 7440-09-7 mglkg NE NE NE NE 20 16
Selenium 60208 7782-49-2 mglkg 39 580 NE NE 0.2 0.1
Silver 60208 7440-22-4 mglkg NE NE 2 2.6 0.05 0.04
Sodium (Na) 60208 7440-23-5 mglkg NE NE NE NE 25 20
Thallium 60208 7440-28-0 mglkg 0.078 1.2 0.1 0.027 0.05 0.04
Vanadium 60208 7440-62-2 mglkg 39 580 0.025 0.714 0.4 0.1
Zinc 60208 7440-66-6 mg/kg 2300 35000 6.62 12 15 0.75
Mercury 7471B 7439-97-6 mg/kg 1.1 4.6 0.05 0.013 0.083 0.066
Hexavalent Chromium 7199 18540-29-9 mg/kg 0.3 6.3 NE 12.01 0.4 0.3
Dioxins/Furans
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) 8290A 67562-39-4 | mg/kg NE NE NE NE 0.000005 [ 0.000004
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) 8290A 35822-46-9 | mg/kg NE NE NE NE 0.000005 [ 0.000004
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) 8290A 55673-89-7 | mg/kg NE NE NE NE 0.000005 [ 0.000004
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) 8290A 70648-26-9 | mg/kg NE NE NE NE 0.000005 [ 0.000004
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 8290A 39227-28-6 | mg/kg NE NE NE NE 0.000005 [ 0.000004
1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF) 8290A 57117-44-9 | mg/kg NE NE NE NE 0.000005 [ 0.000004
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 8290A 57653-85-7 | mg/kg NE NE NE NE 0.000005 [ 0.000004
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) 8290A 72918-21-9 | mg/kg NE NE NE NE 0.000005 [ 0.000004
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) 8290A 19408-74-3 | mg/kg NE NE NE NE 0.000005 [ 0.000004
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) 8290A 57117-41-6 | mg/kg NE NE NE NE 0.000005 [ 0.000004
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) 8290A 40321-76-4 | mglkg NE NE NE NE 0.000005 [ 0.000004
2,3,4,6,7,8-Hexachlorodibenzofuran (HXCDF) 8290A 60851-34-5 mg/kg NE NE NE NE 0.000005 | 0.000004
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) 8290A 57117-31-4 | mg/kg NE NE NE NE 0.000005 [ 0.000004
2,3,7,8-Tetrachlorodibenzofuran (TCDF) 8290A 51207-31-9 | mg/kg NE NE NE NE 0.000001 [ 0.0000008
Octachlorodibenzofuran (OCDF) 8290A 39001-02-0 [ mg/kg NE NE NE NE 0.00001 | 0.000008
Octachlorodibenzo-p-dioxin (OCDD) 8290A 3268-87-9 mg/kg NE NE NE NE 0.00001 | 0.000008
2,3,7,8-TCDD 8290A 1746-01-6 mg/kg [ 0.0000048 [ 0.000022 NE NE 0.000001 [ 0.0000008
Radionuclides"’

Uranium-238 (via Th-234) 901.1 7440-61-1 pCilg | 0.00176"" 14 400 1100 1 NE
Radium-226 (via Bi-214) 901.1 14733-03-0 | pCilg | 0.00182"" 0.62 54 15 1 NE
Thorium-232 (via Ac-228) 901.1 14331-83-0 | pCilg | 0.00174"" 1.1@ 24 6.2 1 NE
Thorium-228 (Isotopic Thorium) HASL 300 | 14274-82-9 | pCilg | 0.00706" 4.7% 140 43 1 NE
Thorium-230 (Isotopic Thorium) HASL 300 14269-63-7 pCilg | 0.00182" 1.89 200 52 1 NE
Thorium-232 (Isotopic Thorium) HASL 300 7440-29-1 pCilg | 0.00174" 119 24 6.2 1 NE
Uranium-234 (Isotopic Uranium) HASL 300 | 13966-29-5 | pCilg | 0.00179" 1.3@ 440 2200 1 NE
Uranium-235 (Isotopic Uranium) HASL300 | 15117-96-1 | pCilg | 0.00623" 8@ 440 1600 1 NE
Uranium-238 (Isotopic Uranium) HASL 300 7440-61-1 pCilg | 0.00176" 14@ 400 1100 1 NE
Gross Alpha 900 12587-46-1 pCilg NE NE NE NE 10 NE
Gross Beta 900 12587-47-2 pCilg NE NE NE NE 10 NE

1 Denotes a laboratory limit that exceeds one or more project screening benchmarks.

NE - Not Established

(1) Residential Preliminary Remediation Goals for Radionuclides calculated using the USEPA PRG calculator <https://epa-prgs.ornl.gov/radionuclides/>
(2) Human health soil screening benchmarks for radionuclides are based on soil screening levels for evaluating surface soil, as specified in US Nuclear Regulatory Commission

Regulation (NUREG) 1757, Volume 1 (U.S. NRC, 2006).

(3) Screening level is based on Radium-226 in equilibrium with all its progeny.
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Table 4-5. SAP Reference Limits for Groundwater

Screening Benchmarks Laboratory Limits
Chemical Method CAS # Unit ':22 2\/;[’3;9(; fos.:_)s Federal MCLs L0Q LOD
Pesticides
4,4'-DDD 8081B 72-54-8 ug/L 0.0063 NE 0.03 0.02
4,4'-DDE 8081B 72-55-9 ug/L 0.046 NE 0.03 0.02
4,4-DDT 8081B 50-29-3 ug/L 0.23 NE 0.03 0.02
Aldrin 8081B 309-00-2 ug/L 0.00092 NE 0.02 0.01
alpha Chlordane 8081B 5103-71-9 ug/L 0.36 NE 0.02 0.01
alpha-BHC 8081B 319-84-6 ug/L 0.0072 NE 0.02 0.01
beta-BHC 8081B 319-85-7 ug/L 0.025 NE 0.02 0.01
Chlordane 8081B 12789-03-6 | ug/L 0.02 2 0.5 0.32
delta-BHC 8081B 319-86-8 ug/L NE NE 0.02 0.01
Dieldrin 8081B 60-57-1 ug/L 0.0018 NE 0.03 0.02
Endosulfan | 8081B 959-98-8 ug/L NE NE 0.02 0.01
Endosulfan Il 8081B 33213-65-9 | ug/L NE NE 0.04 0.02
Endosulfan sulfate 8081B 1031-07-8 ug/L 11 NE 0.03 0.02
Endrin 8081B 72-20-8 ug/L 0.23 2 0.03 0.02
Endrin aldehyde 8081B 7421-93-4 ug/L NE NE 0.1 0.06
Endrin ketone 8081B 53494-70-5 | ug/lL NE NE 0.03 0.02
gamma-BHC (Lindane) 8081B 58-89-9 ug/L 0.042 0.2 0.02 0.01
gamma-Chlordane 8081B 5103-74-2 ug/L NE NE 0.02 0.02
Heptachlor 8081B 76-44-8 ug/L 0.0014 04 0.02 0.01
Heptachlor epoxide 8081B 1024-57-3 ug/L 0.0014 0.2 0.02 0.01
Methoxychlor 8081B 72-43-5 ug/L 37 40 0.11 0.1
Toxaphene 8081B 8001-35-2 ug/L 0.071 3 1 0.6
PCBs
Aroclor 1016 8082A 12674-11-2 | ug/L 0.14 NE 0.25 0.2
Aroclor 1221 8082A 11104-28-2 | ug/L 0.0047 NE 0.25 0.2
Aroclor 1232 8082A 11141-16-5 | ug/L 0.0047 NE 0.25 0.2
Aroclor 1242 8082A 53469-21-9 | ug/L 0.0078 NE 0.25 0.2
Aroclor 1248 8082A 12672-29-6 | ug/L 0.0078 NE 0.25 0.2
Aroclor 1254 8082A 11097-69-1 | ug/L 0.0078 NE 0.25 0.2
Aroclor 1260 8082A 11096-82-5 | ug/L 0.0078 NE 0.25 0.2
Aroclor 1262 8082A 37324-23-5 | ug/lL NE NE 0.25 0.2
Aroclor 1268 8082A 11100-14-4 | ug/L NE NE 0.25 0.2
Herbicides
24,5 T 8151A 93-76-5 ug/L 16 NE 0.15 0.13
2,4,5-TP (Silvex) 8151A 93-72-1 ug/L 11 50 0.05 0.03
2,4-D 8151A 94-75-7 ug/L 17 70 0.6 05
2,4-DB 8151A 94-82-6 ug/L 45 NE 1.5 1.3
Dalapon 8151A 75-99-0 ug/L 60 200 4 3.6
Dicamba 8151A 1918-00-9 ug/L 57 NE 0.3 0.16
Dichlorprop 8151A 120-36-5 ug/L NE NE 0.5 0.32
Dinoseb 8151A 88-85-7 ug/L 1.5 7 0.5 04
MCPA (2-Methyl-4-chlorophenoxy acetic acid) 8151A 94-74-6 ug/L 0.75 NE 200 100
MCPP (2-(2-Methyl-4-chlorophenoxy) propanoic acid]  8151A 93-65-2 ug/L 1.6 NE 200 100
VOCs

1,1,1-Trichloroethane 8260C 71-55-6 ug/L 800 200 0.5 0.2
1,1,2,2-Tetrachloroethane 8260C 79-34-5 ug/L 0.076 NE 0.5 0.2
1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) 8260C 76-13-1 ug/L 1000 NE 0.5 0.2
1,1,2-Trichloroethane 8260C 79-00-5 ug/L 0.041 5 0.5 0.2
1,1-Dichloroethane 8260C 75-34-3 ug/L 2.8 NE 0.5 0.2
1,1-Dichloroethene 8260C 75-35-4 ug/L 28 7 0.5 0.2
1,2,4-Trichlorobenzene 8260C 120-82-1 ug/L 04 70 0.5 0.2
1,2-Dibromo-3-chloropropane 8260C 96-12-8 ug/L 0.00033 0.2 0.5 04
1,2-Dibromoethane 8260C 106-93-4 ug/L 0.0075 0.05 0.5 0.2
1,2-Dichlorobenzene 8260C 95-50-1 ug/L 30 600 0.5 0.2
1,2-Dichloroethane 8260C 107-06-2 ug/L 0.17 5 0.5 0.2
1,2-Dichloropropane 8260C 78-87-5 ug/L 0.82 5 0.5 0.2
1,3-Dichlorobenzene 8260C 541-73-1 ug/L NE NE 0.5 0.2
1,4-Dichlorobenzene 8260C 106-46-7 ug/L 0.48 75 0.5 0.2
2-Butanone 8260C 78-93-3 ug/L 560 NE 5 2
2-Hexanone 8260C 591-78-6 ug/L 3.8 NE B 2
4-Methyl-2-pentanone 8260C 108-10-1 ug/L 630 NE 5 2
Acetone 8260C 67-64-1 ug/L 1400 NE 5 2
Benzene 8260C 71-43-2 ug/L 0.46 5 0.5 0.2
Bromodichloromethane 8260C 75-27-4 ug/L 0.13 NE 0.5 0.2
Bromoform 8260C 75-25-2 ug/L 3.3 NE 1 0.5
Bromomethane 8260C 74-83-9 ug/L 0.75 NE 0.5 0.2
Carbon disulfide 8260C 75-15-0 ug/L 81 NE 1 0.2
Carbon tetrachloride 8260C 56-23-5 ug/L 0.46 5 0.5 0.2
Chlorobenzene 8260C 108-90-7 ug/L 7.8 100 0.5 0.2
Chloroethane 8260C 75-00-3 ug/L NE NE 0.5 0.2
Chloroform 8260C 67-66-3 ug/L 0.22 NE 0.5 0.2
Chloromethane 8260C 74-87-3 ug/L 19 NE 0.5 0.2
cis-1,2-Dichloroethene 8260C 156-59-2 ug/L 3.6 70 0.5 0.2
cis-1,3-Dichloropropene 8260C 10061-01-5 | ug/L NE NE 0.5 0.2
cyclohexane 8260C 110-82-7 ug/L 1300 NE 0.5 0.2
Cyclohexanone 8260C 108-94-1 ug/L 140 NE 25 7.2
Dibromochloromethane 8260C 124-48-1 ug/L 0.87 NE 0.5 0.2
Dichlorodifluoromethane 8260C 75-71-8 ug/L 20 NE 0.5 0.2
Ethylbenzene 8260C 100-41-4 ug/L 1.5 700 0.5 0.2
Isopropylbenzene 8260C 98-82-8 ug/L 45 NE 0.5 0.2
Methyl tert-butyl ether 8260C 1634-04-4 ug/L 14 NE 0.5 0.2
Methylacetate 8260C 79-20-9 ug/L 2000 NE 1 0.2
methylcyclohexane 8260C 108-87-2 ug/L NE NE 0.5 0.2
Methylene chloride 8260C 75-09-2 ug/L 11 5 0.5 0.2
Styrene 8260C 100-42-5 ug/L 120 100 0.5 0.2
Tetrachloroethene 8260C 127-18-4 ug/L 4.1 5 0.5 0.2

Spring Creek Park Site
December 2024

RI SAP
Page | 94



Table 4-5. SAP Reference Limits for Groundwater

Screening Benchmarks Laboratory Limits
Chemical Method CAS # Unit ':22 2\/;[’3;9(; fos.:_)s Federal MCLs L0Q LOD

Toluene 8260C 108-88-3 ug/L 110 1000 0.5 0.2
trans-1,2-Dichloroethene 8260C 156-60-5 ug/L 6.8 100 0.5 0.2
trans-1,3-Dichloropropene 8260C 10061-02-6 | ug/L NE NE 0.5 0.2
Trichloroethene 8260C 79-01-6 ug/L 0.28 5 0.5 0.2
Trichlorofluoromethane 8260C 75-69-4 ug/L 520 NE 0.5 0.2
Vinyl chloride 8260C 75-01-4 ug/L 0.019 2 0.5 0.2
Xylenes (total) 8260C 1330-20-7 ug/L 19 10000 1 04

SVOCs
1,2,4-Trichlorobenzene 8270D 120-82-1 ug/L 0.4 70 2 1
1,2-Dichlorobenzene 8270D 95-50-1 ug/L 30 600 2 1
1,3-Dichlorobenzene 8270D 541-73-1 ug/L NE NE 2 1
1,4-Dichlorobenzene 8270D 106-46-7 ug/L 0.48 75 B 1
1,4-Dioxane 8270D 123-91-1 ug/L 0.46 NE 5 4
2,4 ,5-Trichlorophenol 8270D 95-95-4 ug/L 120 NE 2 1
2,4,6-Trichlorophenol 8270D 88-06-2 ug/L 1.2 NE 2 1
2,4-Dichlorophenol 8270D 120-83-2 ug/L 4.6 NE 2 1
2,4-Dimethylphenol 8270D 105-67-9 ug/L 36 NE 10 9
2,4-Dinitrophenol 8270D 51-28-5 ug/L 3.9 NE 30 28
2,4-Dinitrotoluene 8270D 121-14-2 ug/L 0.24 NE 5 2
2,6-Dinitrotoluene 8270D 606-20-2 ug/L 0.049 NE 2 1
2-Chloronaphthalene 8270D 91-58-7 ug/L 75 NE 1 0.8
2-Chlorophenol 8270D 95-57-8 ug/L 9.1 NE 2 1
2-Methylnaphthalene 8270D 91-57-6 ug/L 3.6 NE 0.5 0.2
2-Methylphenol 8270D 95-48-7 ug/L 93 NE 2 1
2-Nitroaniline 8270D 88-74-4 ug/L 19 NE 5 2
2-Nitrophenol 8270D 88-75-5 ug/L NE NE 5 2
3,3-Dichlorobenzidine 8270D 91-94-1 ug/L 0.13 NE 10 8
3,4-Methylphenol 8270D | 108394/106445 | ug/L NE NE 2 1
3-Nitroaniline 8270D 99-09-2 ug/L NE NE 5 4
4,6-Dinitro-2-methylphenol 8270D 534-52-1 ug/L 0.15 NE 21 20
4-Bromophenyl-phenylether 8270D 101-55-3 ug/L NE NE 2 1
4-Chloro-3-methylphenol 8270D 59-50-7 ug/L 140 NE 5 2
4-Chloroaniline 8270D 106-47-8 ug/L 0.37 NE 10 9
4-Chlorophenyl-phenylether 8270D 7005-72-3 ug/L NE NE 2 1
4-Nitroaniline 8270D 100-01-6 ug/L 3.8 NE 3 2
4-Nitrophenol 8270D 100-02-7 ug/L NE NE 30 20
Aniline 8270D 62-53-3 ug/L 13 NE 5 2
Benzyl Alcohol 8270D 100-51-6 ug/L 200 NE 10 8
Bis(2-chloro-1-methylethyl) ether 8270D 108-60-1 ug/L 71 NE 2 1
Bis(2-chloroethoxy)methane 8270D 111-91-1 ug/L 5.9 NE 2 1
Bis(2-chloroethyl)ether 8270D 111-44-4 ug/L 0.014 NE 2 1
Bis(2-ethylhexyl)phthalate 8270D 117-81-7 ug/L 5.6 6 5 4
Carbazole 8270D 86-74-8 ug/L NE NE 2 1
Dibenzofuran 8270D 132-64-9 ug/L 0.79 NE 2 1
Diethyl phthalate 8270D 84-66-2 ug/L 1500 NE 5 4
Dimethyl phthalate 8270D 131-11-3 ug/L NE NE 5 4
Di-n-butyl phthalate 8270D 84-74-2 ug/L 90 NE 5 4
Di-n-octyl phthalate 8270D 117-84-0 ug/L 20 NE 11 10
Diphenylamine 8270D 122-39-4 ug/L 130 NE 3 2
Hexachlorobenzene 8270D 118-74-1 ug/L 0.0098 1 0.5 0.22
Hexachlorobutadiene 8270D 87-68-3 ug/L 0.14 NE 2 1
hexachlorocyclopentadiene 8270D 77-47-4 ug/L 0.041 50 11 10
Hexachloroethane 8270D 67-72-1 ug/L 0.33 NE B 1
Isophorone 8270D 78-59-1 ug/L 78 NE 2 1
Nitrobenzene 8270D 98-95-3 ug/L 0.14 NE 2 1
n-Nitroso-di-n-propylamine 8270D 621-64-7 ug/L 0.011 NE 2 1
n-Nitrosodiphenylamine 8270D 86-30-6 ug/L 12 NE 2 1
Pentachlorophenol 8270D 87-86-5 ug/L 0.041 1 B 4
Phenol 8270D 108-95-2 ug/L 580 NE 2 1
Pyridine 8270D 110-86-1 ug/L 2 NE B 4

PAHs
Acenaphthene 8270D-SIM 83-32-9 ug/L 53 NE 0.05 0.03
Acenaphthylene 8270D-SIM 208-96-8 ug/L NE NE 0.05 0.03
Anthracene 8270D-SIM 120-12-7 ug/L 180 NE 0.05 0.03
Benzo(a)anthracene 8270D-SIM 56-55-3 ug/L 0.03 NE 0.05 0.03
Benzo(a)pyrene 8270D-SIM 50-32-8 ug/L 0.025 0.2 0.05 0.03
Benzo(b)fluoranthene 8270D-SIM 205-99-2 ug/L 0.25 NE 0.05 0.03
Benzo(g,h,i)perylene 8270D-SIM 191-24-2 ug/L NE NE 0.05 0.03
Benzo(k)fluoranthene 8270D-SIM 207-08-9 ug/L 2.5 NE 0.05 0.03
Chrysene 8270D-SIM 218-01-9 ug/L 25 NE 0.05 0.03
Dibenz(a,h)anthracene 8270D-SIM 53-70-3 ug/L 0.025 NE 0.05 0.04
Fluoranthene 8270D-SIM 206-44-0 ug/L 80 NE 0.05 0.03
Fluorene 8270D-SIM 86-73-7 ug/L 29 NE 0.05 0.03
Indeno(1,2,3-cd)pyrene 8270D-SIM 193-39-5 ug/L 0.25 NE 0.05 0.04
Naphthalene 8270D-SIM 91-20-3 ug/L 0.12 NE 0.07 0.06
Phenanthrene 8270D-SIM 85-01-8 ug/L NE NE 0.07 0.06
Pyrene 8270D-SIM 129-00-0 ug/L 12 NE 0.05 0.03

Metals
Aluminum 6020B 7429-90-5 ug/L 2000 NE 35 30
Antimony 6020B 7440-36-0 ug/L 0.78 6 1 0.8
Arsenic 6020B 7440-38-2 ug/L 0.052 10 2 1.6
Barium 6020B 7440-39-3 ug/L 380 2000 2 1.6
Beryllium 6020B 7440-41-7 ug/L 25 4 0.5 0.25
Cadmium 6020B 7440-43-9 ug/L NE 5 0.5 04
Calcium (Ca) 6020B 7440-70-2 ug/L NE NE 125 120
Chromium 6020B 7440-47-3 ug/L NE 100 2 0.8
Cobalt 6020B 7440-48-4 ug/L 0.6 NE 0.5 04

Spring Creek Park Site RI SAP

December 2024 Page | 95



Table 4-5. SAP Reference Limits for Groundwater

Screening Benchmarks Laboratory Limits

Chemical Method CAS # Unit ':22 Z\/;I’alt-le(; fos.:_)s Federal MCLs L0Q LOD
Copper 60208 7440-50-8 ug/L 80 1300 1 0.8
Iron (Fe) 60208 7439-89-6 ug/L 1400 NE 50 40
Lead 60208 7439-92-1 ug/L 15 15 0.5 0.25
Magnesium (Mg) 60208 7439-95-4 ug/L NE NE 50 25
Manganese (Mn) 6020B 7439-96-5 ug/L NE NE 2 1.6
Nickel 60208 7440-02-0 ug/L 39 NE 1.5 1
Potassium (K) 60208 7440-09-7 ug/L NE NE 200 160
Selenium 60208 7782-49-2 ug/L 10 50 1 0.8
Silver 60208 7440-22-4 ug/L 9.4 NE 0.5 0.4
Sodium (Na) 60208 7440-23-5 ug/L NE NE 200 160
Thallium 60208 7440-28-0 ug/L 0.02 2 0.5 0.4
Vanadium 60208 7440-62-2 ug/L 8.6 NE 4 1.6
Zinc 60208 7440-66-6 ug/L 600 NE 15 10
Mercury 7470A 7439-97-6 ug/L 0.063 2 0.2 0.16
Hexavalent Chromium 218.6 18540-29-9 | uglL 0.035 NE 10 9

Dioxins/Furans
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) 8290A 67562-39-4 | ug/L NE NE 0.000025 | 0.00001
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) 8290A 35822-46-9 | ug/L NE NE 0.000025 | 0.00001
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) 8290A 55673-89-7 | ug/L NE NE 0.000025 | 0.00001
1,2,3,4,7,8-Hexachlorodibenzofuran (HXCDF) 8290A 70648-26-9 | ug/L NE NE 0.000025 | 0.00001
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 8290A 39227-28-6 | ug/L NE NE 0.000025 | 0.00001
1,2,3,6,7,8-Hexachlorodibenzofuran (HXCDF) 8290A 57117-44-9 [ ug/L NE NE 0.000025 | 0.00001
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 8290A 57653-85-7 | ug/L NE NE 0.000025 | 0.00001
1,2,3,7,8,9-Hexachlorodibenzofuran (HXCDF) 8290A 72918-21-9 | ug/L NE NE 0.000025 | 0.00001
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) 8290A 19408-74-3 | uglL NE NE 0.000025 | 0.00001
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) 8290A 57117-41-6 [ ug/L NE NE 0.000025 | 0.00001
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) 8290A 40321-76-4 | uglL NE NE 0.000025 | 0.00001
2,3,4,6,7,8-Hexachlorodibenzofuran (HXCDF) 8290A 60851-34-5 [ ug/L NE NE 0.000025 | 0.00001
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) 8290A 57117-31-4 [ ug/L NE NE 0.000025 | 0.00001
2,3,7,8-Tetrachlorodibenzofuran (TCDF) 8290A 51207-31-9 [ ug/L NE NE 0.000005 | 0.000002
Octachlorodibenzofuran (OCDF) 8290A 39001-02-0 | ug/L NE NE 0.00005 | 0.00002
Octachlorodibenzo-p-dioxin (OCDD) 8290A 3268-87-9 ug/L NE NE 0.00011 | 0.0000725
TCDD, 2,3,7,8- 8290A 1746-01-6 ug/L 0.00000012 0.00003 0.000005 | 0.000002
Radionuclides

Gross alpha 900 12587-46-1 | pCilL NE 15 3 NE
Gross beta 900 12587-47-2 | pCilL NE 50 4 NE
Radium 226 903 13982-63-3 | pCilL NE 5 1 NE
Radium 228 904 15262-20-1 | pCilL NE 5() 1 NE
Total Uranium 200.8 7440-61-1 ug/L 0.4 30 1 0.8

Denotes a laboratory limit that exceeds one or more project screening benchmarks.

(1) The MCL of 5 pCilL is for the sum of Radium-226 and Radium-228.

NE - Not Established
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Table 4-6. SAP Reference Limits for Sediment

December 2024

Screening Benchmarks Laboratory Limits
. . EPA Res |EPAInd RSL| Freshwater Marine
Chemical Method CAS# Unit | psi (2021, | (2021, | Invertebrate | Invertebrate | LOQ LOD
HQ=0.1) HQ=0.1) ESV ESV
Pesticides
4,4'-DDD 8081B 72-54-8 mg/kg 0.19 2.5 0.00488 0.00122 0.0017 0.0012
4,4'-DDE 8081B 72-55-9 mg/kg 2 9.3 0.00316 0.002 0.0017 0.0012
4,4-DDT 8081B 50-29-3 mg/kg 1.9 8.5 0.00416 0.001 0.0017 0.0016
Aldrin 8081B 309-00-2 mg/kg 0.039 0.18 7.4 3.19 0.00083 0.0006
alpha Chlordane 8081B 5103-71-9 mg/kg 3.6 50 NE NE 0.00083 0.0006
alpha-BHC 8081B 319-84-6 mg/kg 0.086 0.36 0.03 NE 0.00083 0.0006
beta-BHC 8081B 319-85-7 mg/kg 0.3 1.3 0.03 NE 0.001 0.0009
Chlordane 8081B 12789-03-6 | mglkg 1.7 7.7 0.00324 0.0005 0.017 0.008
delta-BHC 8081B 319-86-8 mg/kg NE NE 0.14 NE 0.001 0.0009
Dieldrin 8081B 60-57-1 mg/kg 0.034 0.14 0.0019 0.00002 0.0017 0.0012
Endosulfan | 8081B 959-98-8 mg/kg NE NE NE NE 0.00083 0.0006
Endosulfan || 8081B 33213-65-9 | mglkg NE NE 0.0000064 0.000004 0.0023 0.0022
Endosulfan sulfate 8081B 1031-07-8 mg/kg 38 490 0.0000064 0.000004 0.0017 0.0012
Endrin 8081B 72-20-8 mg/kg 1.9 25 0.0022 NE 0.0017 0.0012
Endrin aldehyde 8081B 7421-93-4 mg/kg NE NE 0.0044 0.00028 0.0017 0.0012
Endrin ketone 8081B 53494-70-5 | mglkg NE NE NE NE 0.002 0.0018
gamma-BHC (Lindane) 8081B 58-89-9 mg/kg 0.57 2.5 0.00237 0.00032 0.00083 0.0006
gamma-Chlordane 8081B 5103-74-2 mg/kg NE NE NE NE 0.00083 0.0006
Heptachlor 8081B 76-44-8 mg/kg 0.13 0.63 0.05 0.0508 0.00083 0.00062
Heptachlor epoxide 8081B 1024-57-3 mg/kg 0.07 0.33 0.00247 NE 0.00083 0.0006
Methoxychlor 8081B 72-43-5 mg/kg 32 410 0.02 0.0293 0.0067 0.0065
Toxaphene 8081B 8001-35-2 mg/kg 0.49 2.1 0.00051 0.0005 0.033 0.028
PCBs
Aroclor 1016 8082A 12674-11-2 | mg/kg 0.41 5.1 NE NE 0.017 0.01
Aroclor 1221 8082A 11104-28-2 | mg/kg 0.2 0.83 NE NE 0.017 0.01
Aroclor 1232 8082A 11141-16-5 | mglkg 0.17 0.72 NE NE 0.017 0.01
Aroclor 1242 8082A 53469-21-9 | mglkg 0.23 0.95 NE NE 0.017 0.01
Aroclor 1248 8082A 12672-29-6 | mglkg 0.23 0.94 NE NE 0.017 0.01
Aroclor 1254 8082A 11097-69-1 | mg/kg 0.12 0.97 NE NE 0.017 0.01
Aroclor 1260 8082A 11096-82-5 | mg/kg 0.24 0.99 NE NE 0.017 0.01
Aroclor 1262 8082A 37324-23-5 | mglkg NE NE NE NE 0.017 0.01
Aroclor 1268 8082A 11100-14-4 | mglkg NE NE NE NE 0.017 0.01
Herbicides
2,4,5-T 8151A 93-76-5 mg/kg 63 820 NE NE 0.0017 0.00164
2,4,5-TP (Silvex) 8151A 93-72-1 mg/kg 51 660 NE NE 0.0017 0.0015
2,4-D 8151A 94-75-7 mg/kg 70 960 NE NE 0.036 0.024
2,4-DB 8151A 94-82-6 mg/kg 190 2500 NE NE 0.021 .0.02
Dalapon 8151A 75-99-0 mg/kg 190 2500 NE NE 0.09 0.088
Dicamba 8151A 1918-00-9 mg/kg 190 2500 NE NE 0.012 0.008
Dichlorprop 8151A 120-36-5 mg/kg NE NE NE NE 0.02 0.018
Dinoseb 8151A 88-85-7 mg/kg 6.3 82 NE NE 0.024 0.018
MCPA (2-Methyl-4-chlorophenoxy acetic acid) 8151A 94-74-6 mg/kg 3.2 41 NE NE 2.5 1.52
MCPP (2-(2-Methyl-4-chlorophenoxy) propanoic acid) 8151A 93-65-2 mg/kg 6.3 82 NE NE 7.7 7.6
VOCs
1,1,1-Trichloroethane 8260C 71-55-6 mg/kg 810 3600 0.01 NE 0.005 0.002
1,1,2,2-Tetrachloroethane 8260C 79-34-5 mg/kg 0.6 2.7 0.57 NE 0.005 0.001
1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) 8260C 76-13-1 mg/kg 670 2800 NE NE 0.01 0.002
1,1,2-Trichloroethane 8260C 79-00-5 mg/kg 0.15 0.63 0.6 NE 0.005 0.002
1,1-Dichloroethane 8260C 75-34-3 mg/kg 3.6 16 0.01 NE 0.005 0.002
1,1-Dichloroethene 8260C 75-35-4 mg/kg 23 100 0.01 NE 0.005 0.002
1,2,4-Trichlorobenzene 8260C 120-82-1 mg/kg 5.8 26 0.0961 0.0961 0.01 0.008
1,2-Dibromo-3-chloropropane 8260C 96-12-8 mg/kg 0.0053 0.064 NE NE 0.005 0.001
1,2-Dibromoethane 8260C 106-93-4 mg/kg 0.036 0.16 NE NE 0.005 0.001
1,2-Dichlorobenzene 8260C 95-50-1 mg/kg 180 930 NE 0.259 0.005 0.002
1,2-Dichloroethane 8260C 107-06-2 mg/kg 0.46 2 0.02 NE 0.005 0.002
1,2-Dichloropropane 8260C 78-87-5 mg/kg 1.6 6.6 NE NE 0.005 0.002
1,3-Dichlorobenzene 8260C 541-73-1 mg/kg NE NE 0.44 NE 0.005 0.002
1,4-Dichlorobenzene 8260C 106-46-7 mg/kg 2.6 11 0.09 NE 0.005 0.001
2-Butanone 8260C 78-93-3 mg/kg 2700 19000 NE NE 0.01 0.004
2-Hexanone 8260C 591-78-6 mg/kg 20 130 0.01 NE 0.01 0.004
4-Methyl-2-pentanone 8260C 108-10-1 mg/kg 3300 14000 0.03 NE 0.01 0.004
Acetone 8260C 67-64-1 mg/kg 6100 67000 0.27 NE 0.02 0.016
Benzene 8260C 71-43-2 mg/kg 1.2 5.1 0.08 0.0648 0.005 0.002
Bromodichloromethane 8260C 75-27-4 mg/kg 0.29 1.3 NE NE 0.005 0.001
Bromoform 8260C 75-25-2 mg/kg 19 86 0.28 NE 0.01 0.008
Bromomethane 8260C 74-83-9 mg/kg 0.68 3 NE NE 0.005 0.002
Carbon disulfide 8260C 75-15-0 mg/kg 77 350 NE NE 0.005 0.002
Carbon tetrachloride 8260C 56-23-5 mg/kg 0.65 2.9 0.02 NE 0.005 0.002
Chlorobenzene 8260C 108-90-7 mg/kg 28 130 0.0028 0.0548 0.005 0.002
Chloroethane 8260C 75-00-3 mg/kg NE NE NE NE 0.005 0.004
Chloroform 8260C 67-66-3 mg/kg 0.32 1.4 0.00072 NE 0.005 0.002
Chloromethane 8260C 74-87-3 mg/kg 11 46 NE NE 0.005 0.002
cis-1,2-Dichloroethene 8260C 156-59-2 mg/kg 16 230 NE NE 0.005 0.002
cis-1,3-Dichloropropene 8260C 10061-01-5 | mg/kg NE NE NE NE 0.005 0.001
cyclohexane 8260C 110-82-7 mg/kg 650 2700 NE NE 0.005 0.002
Cyclohexanone 8260C 108-94-1 mg/kg 2800 13000 NE NE 12.5 5
Dibromochloromethane 8260C 124-48-1 mg/kg 8.3 39 NE NE 0.005 0.001
Dichlorodifluoromethane 8260C 75-71-8 mg/kg 8.7 37 NE NE 0.005 0.002
Ethylbenzene 8260C 100-41-4 mg/kg 5.8 25 0.026 0.0908 0.005 0.001
Isopropylbenzene 8260C 98-82-8 mg/kg 190 990 NE NE 0.005 0.001
Methyl tert-butyl ether 8260C 1634-04-4 mg/kg 47 210 NE NE 0.005 0.002
Methylacetate 8260C 79-20-9 mg/kg 7800 0.000012 NE NE 0.005 0.004
methylcyclohexane 8260C 108-87-2 mg/kg NE NE NE NE 0.005 0.002
Methylene chloride 8260C 75-09-2 mg/kg 35 320 NE NE 0.005 0.004
Styrene 8260C 100-42-5 mg/kg 600 3500 0.56 NE 0.005 0.001
Tetrachloroethene 8260C 127-18-4 mg/kg 8.1 39 0.078 NE 0.005 0.002
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Table 4-6. SAP Reference Limits for Sediment

December 2024

Screening Benchmarks Laboratory Limits
. . EPA Res |EPAInd RSL| Freshwater Marine
Chemical Method CAS# Unit | Rsi (2021, | (2021, | Invertebrate | Invertebrate | LOQ LOD
HQ=0.1) HQ=0.1) ESV ESV

Toluene 8260C 108-88-3 mg/kg 490 4700 NE 0.391 0.005 0.002
trans-1,2-Dichloroethene 8260C 156-60-5 mg/kg 7 30 0.31 NE 0.005 0.002
trans-1,3-Dichloropropene 8260C 10061-02-6 | mg/kg NE NE NE NE 0.005 0.001
Trichloroethene 8260C 79-01-6 mg/kg 0.41 1.9 0.035 NE 0.005 0.002
Trichlorofluoromethane 8260C 75-69-4 mg/kg 2300 35000 NE NE 0.005 0.002
Vinyl chloride 8260C 75-01-4 mg/kg 0.059 1.7 NE NE 0.005 0.002
Xylenes (total) 8260C 1330-20-7 mg/kg 58 250 226 NE 0.01 0.002

SVOCs
1,2,4-Trichlorobenzene 8270D 120-82-1 mg/kg 5.8 26 0.0961 0.0961 0.0367 0.0333
1,2-Dichlorobenzene 8270D 95-50-1 mg/kg 180 930 NE 0.259 0.0367 0.0333
1,3-Dichlorobenzene 8270D 541-73-1 mg/kg NE NE 0.44 NE 0.0367 0.0333
1,4-Dichlorobenzene 8270D 106-46-7 mg/kg 2.6 11 0.09 NE 0.0367 0.0333
1,4-Dioxane 8270D 123-91-1 mg/kg 5.3 24 NE NE 0.167 0.0667
2,4,5-Trichlorophenol 8270D 95-95-4 mg/kg 630 8200 0.29 NE 0.0367 0.0333
2,4,6-Trichlorophenol 8270D 88-06-2 mg/kg 6.3 82 NE NE 0.0367 0.0333
2,4-Dichlorophenol 8270D 120-83-2 mg/kg 19 250 NE NE 0.0433 0.04
2,4-Dimethylphenol 8270D 105-67-9 mg/kg 130 1600 NE NE 0.0367 0.0333
2,4-Dinitrophenol 8270D 51-28-5 mg/kg 13 160 NE NE 1 0.333
2,4-Dinitrotoluene 8270D 121-14-2 mg/kg 1.7 7.4 NE NE 0.167 0.0667
2,6-Dinitrotoluene 8270D 606-20-2 mg/kg 0.36 1.5 NE NE 0.0367 0.0333
2-Chloronaphthalene 8270D 91-58-7 mg/kg 480 6000 NE NE 0.0333 0.0267
2-Chlorophenol 8270D 95-57-8 mg/kg 39 580 0.027 NE 0.0367 0.0333
2-Methylnaphthalene 8270D 91-57-6 mg/kg 24 300 4.47 0.0202 0.0167 0.00999
2-Methylphenol 8270D 95-48-7 mg/kg 320 4100 0.012 NE 0.05 0.04
2-Nitroaniline 8270D 88-74-4 mg/kg 63 800 NE NE 0.05 0.0333
2-Nitrophenol 8270D 88-75-5 mg/kg NE NE NE NE 0.05 0.04
3,3-Dichlorobenzidine 8270D 91-94-1 mg/kg 1.2 5.1 NE NE 0.167 0.0667
3-Nitroaniline 8270D 99-09-2 mg/kg NE NE NE NE 0.167 0.0667
4 6-Dinitro-2-methylphenol 8270D 534-52-1 mg/kg 0.51 6.6 NE NE 0.5 0.333
4-Bromophenyl-phenylether 8270D 101-55-3 mg/kg NE NE 0.26 NE 0.0367 0.0333
4-Chloro-3-methylphenol 8270D 59-50-7 mg/kg 630 8200 NE NE 0.05 0.04
4-Chloroaniline 8270D 106-47-8 mg/kg 2.7 11 NE NE 0.167 0.0667
4-Chlorophenyl-phenylether 8270D 7005-72-3 mg/kg NE NE NE NE 0.0367 0.0333
4-Nitroaniline 8270D 100-01-6 mg/kg 25 110 NE NE 0.167 0.0667
4-Nitrophenol 8270D 100-02-7 mg/kg NE NE NE NE 0.5 0.333
Aniline 8270D 62-53-3 mg/kg 44 400 NE NE 0.167 0.0667
Benzyl Alcohol 8270D 100-51-6 mg/kg 630 8200 NE NE 0.5 0.333
Bis(2-chloro-1-methylethyl) ether 8270D 108-60-1 mg/kg 310 4700 NE NE 0.0433 0.04
Bis(2-chloroethoxy)methane 8270D 111-91-1 mg/kg 19 250 NE NE 0.0367 0.0333
Bis(2-chloroethyl)ether 8270D 111-44-4 mg/kg 0.23 1 NE NE 0.0367 0.0333
Bis(2-ethylhexyl)phthalate 8270D 117-81-7 mg/kg 39 160 453 0.182 0.167 0.133
CARBAZOLE 8270D 86-74-8 mg/kg NE NE NE NE 0.0367 0.0333
Dibenzofuran 8270D 132-64-9 mg/kg 7.8 120 0.3 NE 0.0367 0.0333
Diethyl phthalate 8270D 84-66-2 mg/kg 5100 66000 0.6 NE 0.167 0.133
Dimethyl phthalate 8270D 131-11-3 mg/kg NE NE NE NE 0.167 0.133
Di-n-butyl phthalate 8270D 84-74-2 mg/kg 630 8200 1.2 NE 0.167 0.133
Di-n-octyl phthalate 8270D 117-84-0 mg/kg 63 820 17 NE 0.167 0.133
Hexachlorobenzene 8270D 118-74-1 mg/kg 0.21 0.96 NE NE 0.0167 0.0133
Hexachlorobutadiene 8270D 87-68-3 mg/kg 1.2 5.3 0.7 NE 0.05 0.04
hexachlorocyclopentadiene 8270D 77-47-4 mg/kg 0.18 0.75 NE NE 0.5 0.333
Hexachloroethane 8270D 67-72-1 mg/kg 1.8 8 0.21 NE 0.167 0.0667
Isophorone 8270D 78-59-1 mg/kg 570 2400 NE NE 0.0667 0.0333
Nitrobenzene 8270D 98-95-3 mg/kg 5.1 22 NE NE 0.0367 0.0333
n-Nitroso-di-n-propylamine 8270D 621-64-7 mg/kg 0.078 0.33 NE NE 0.0667 0.05
n-Nitrosodiphenylamine 8270D 86-30-6 mg/kg 110 470 0.52 NE 0.0367 0.0333
Pentachlorophenol 8270D 87-86-5 mg/kg 1 4 NE NE 0.167 0.133
Phenol 8270D 108-95-2 mg/kg 1900 25000 0.0012 NE 0.0367 0.0333
Pyridine 8270D 110-86-1 mg/kg 7.8 120 NE NE 0.167 0.133

PAHs
Acenaphthene 8270D-SIM 83-32-9 mg/kg 360 4500 4.91 0.00671 0.00167] 0.00133
Acenaphthylene 8270D-SIM 208-96-8 mg/kg NE NE 4.52 0.00587 0.00167] 0.00133
Anthracene 8270D-SIM 120-12-7 mg/kg 1800 23000 NE 0.0469 0.00167] 0.00133
Benzo(a)anthracene 8270D-SIM 56-55-3 mg/kg 1.1 21 0.015 0.0748 0.00167] 0.00133
Benzo(a)pyrene 8270D-SIM 50-32-8 mg/kg 0.11 2.1 0.032 0.0888 0.00167] 0.00133
Benzo(b)fluoranthene 8270D-SIM 205-99-2 mg/kg 1.1 21 9.79 9.79 0.00167] 0.00133
Benzo(g,h,i)perylene 8270D-SIM 191-24-2 mg/kg NE NE 0.016 10.95 0.00167] 0.00133
Benzo(k)fluoranthene 8270D-SIM 207-08-9 mg/kg 11 210 9.81 9.81 0.00167] 0.00133
Chrysene 8270D-SIM 218-01-9 mg/kg 110 2100 0.026 0.108 0.00167] 0.00133
Dibenz(a,h)anthracene 8270D-SIM 53-70-3 mg/kg 0.11 2.1 0.033 0.00622 0.00167] 0.00133
Fluoranthene 8270D-SIM 206-44-0 mg/kg 240 3000 0.031 0.113 0.00167] 0.00133
Fluorene 8270D-SIM 86-73-7 mg/kg 240 3000 0.01 0.0212 0.00167] 0.00133
Indeno(1,2,3-cd)pyrene 8270D-SIM 193-39-5 mg/kg 1.1 21 0.017 11.15 0.00167] 0.00133
Naphthalene 8270D-SIM 91-20-3 mg/kg 2 8.6 NE 0.0346 0.00333] 0.00267
Phenanthrene 8270D-SIM 85-01-8 mg/kg NE NE 0.019 0.0867 0.00233 0.002
Pyrene 8270D-SIM 129-00-0 mg/kg 180 2300 0.044 0.153 0.00167] 0.00133

Metals
Aluminum 6020B 7429-90-5 mg/kg 7700 110000 NE NE 10 8
Antimony 6020B 7440-36-0 mg/kg 3.1 47 NE 2 0.2 0.1
Arsenic 6020B 7440-38-2 mg/kg 0.68 3 9.79 7.24 0.2 0.16
Barium 6020B 7440-39-3 mg/kg 1500 22000 NE NE 0.2 0.16
Beryllium 6020B 7440-41-7 mg/kg 16 230 NE NE 0.5 0.025
Cadmium 6020B 7440-43-9 mg/kg 7.1 98 0.583 0.68 0.05 0.04
Calcium (Ca) 6020B 7440-70-2 mg/kg NE NE NE NE 25 16
Chromium 6020B 7440-47-3 mg/kg NE NE 36.2 52.3 0.4 0.16
Cobalt 6020B 7440-48-4 mg/kg 2.3 35 NE NE 0.1 0.05
Copper 6020B 7440-50-8 mg/kg 310 4700 28 18.7 0.2 0.16
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Table 4-6. SAP Reference Limits for Sediment

Screening Benchmarks Laboratory Limits
. . EPARes |EPAInd RSL| Freshwater Marine
Chemical Method CAS# Unit | Rsi (2021, | (2021, | Invertebrate | Invertebrate | LOQ LOD
HQ=0.1) HQ=0.1) ESV ESV
Iron (Fe) 60208 7439-89-6 | mglkg 5500 82000 188400 NE 10 10
Lead 60208 7439-92-1 mg/kg 400 800 35.8 30.2 0.1 0.05
Magnesium (Mg) 60208 7439-95-4 | mglkg NE NE NE NE 5 5
Manganese (Mn) 6020B 7439-96-5 mg/kg NE NE 631 NE 0.2 0.16
Nickel 60208 7440-02-0 | mglkg 150 2200 19.5 15.9 0.2 0.16
Potassium (K) 60208 7440-09-7 | mglkg NE NE NE NE 20 16
Selenium 60208 7782-49-2 | mglkg 39 580 NE NE 0.2 0.1
Silver 60208 7440-22-4 | mglkg 39 580 NE 0.73 0.05 0.04
Sodium (Na) 60208 7440-23-5 | mglkg NE NE NE NE 25 20
Thallium 60208 7440-28-0 | mglkg 0.078 1.2 NE NE 0.05 0.04
Vanadium 60208 7440-62-2 | mglkg 39 580 NE NE 0.4 0.1
Zinc 60208 7440-66-6 | mglkg 2300 35000 98 120 15 0.75
Mercury 7471B 7439-97-6 | mglkg 1.1 4.6 0.18 0.13 0.083 0.066
Hexavalent Chromium 7199 18540-29-9 | mglkg 0.3 6.3 NE NE 0.4 0.3
Dioxins/Furans
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) 8290A 67562-39-4 | mg/kg NE NE NE NE 0.000005] 0.000004
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) 8290A 35822-46-9 | mg/kg NE NE NE NE 0.000005| 0.000004
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) 8290A 55673-89-7 | mglkg NE NE NE NE 0.000005] 0.000004
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) 8290A 70648-26-9 | mg/kg NE NE NE NE 0.000005] 0.000004
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 8290A 39227-28-6 | mg/kg NE NE NE NE 0.000005] 0.000004
1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF) 8290A 57117-44-9 | mg/kg NE NE NE NE 0.000005] 0.000004
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 8290A 57653-85-7 | mg/kg NE NE NE NE 0.000005] 0.000004
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) 8290A 72918-21-9 | mg/kg NE NE NE NE 0.000005] 0.000004
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) 8290A 19408-74-3 | mglkg NE NE NE NE 0.000005] 0.000004
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) 8290A 57117-41-6 | mg/kg NE NE NE NE 0.000005] 0.000004
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) 8290A 40321-76-4 | mglkg NE NE NE NE 0.000005] 0.000004
2,3,4,6,7,8-Hexachlorodibenzofuran (HXCDF) 8290A 60851-34-5 | mg/kg NE NE NE NE 0.000005] 0.000004
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) 8290A 57117-31-4 | mg/kg NE NE NE NE 0.000005] 0.000004
2,3,7,8-Tetrachlorodibenzofuran (TCDF) 8290A 51207-31-9 | mg/kg NE NE NE NE 0.000001] 0.0000008
Octachlorodibenzofuran (OCDF) 8290A 39001-02-0 | mg/kg NE NE NE NE 0.00001f 0.000008
Octachlorodibenzo-p-dioxin (OCDD) 8290A 3268-87-9 mg/kg NE NE NE NE 0.00001] 0.000008
TCDD, 2,3,7,8- 8290A 1746-01-6 | mg/kg | 0.0000048 | 0.000022 NE NE 0.000001] 0.0000008
Radionuclides'"
Uranium-238 (via Th-234) 901.1 7440-61-1 pCilg | 0.00176"" 14@ 227 NE 1 NE
Radium-226 (via Bi-214) 901.1 14733-03-0 | pCilg | 0.00182" | 06%® 79.9 NE 1 NE
Thorium-232 (via Ac-228) 901.1 14331-83-0 | pCilg [ 0.00174" 1.1@ 1300 NE 1 NE
Thorium-228 (Isotopic Thorium) HASL 300 14274-82-9 | pCilg | 0.00706" 479 590 NE 1 NE
Thorium-230 (Isotopic Thorium) HASL 300 14269-63-7 | pCilg [ 0.00182" 1.8% 4130 NE 1 NE
Thorium-232 (Isotopic Thorium) HASL 300 7440-29-1 pCilg | 0.00174" 1.1@ 1300 NE 1 NE
Uranium-234 (Isotopic Uranium) HASL 300 | 13966-29-5 | pCilg | 0.00179" 1.3% 202 NE 1 NE
Uranium-235 (Isotopic Uranium) HASL 300 | 15117-96-1 | pCilg | 0.00623" g 218 NE 1 NE
Uranium-238 (Isotopic Uranium) HASL 300 | 7440-61-1 | pCilg [ 0.00176" 1492 227 NE 1 NE
Gross Alpha 900 12587-46-1 pCilg NE NE NE NE 10 NE
Gross Beta 900 12587-47-2 | pCilg NE NE NE NE 10 NE

[ Denotes a laboratory limit that exceeds one or more project screening benchmarks.

NE - Not Established

(1) Residential Preliminary Remediation Goals for Radionuclides calculated using the USEPA PRG calculator <https://epa-prgs.ornl.gov/radionuclides/>.
(2) Human health soil screening benchmarks for radionuclides are based on soil screening levels for evaluating surface soil, as specified in US Nuclear Regulatory Commission

Regulation (NUREG) 1757, Volume 1 (U.S. NRC, 2006).

(3) Screening level is based on Radium-226 in equilibrium with all its progeny.
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Table 4-7. SAP Reference Limits for Soil Gas

Screening Benchmarks Laboratory Limits
Chemical Method CAS # Unit US:PA Va.por Intru:)lon RL NDL
creening Level
VOCs

1,1,1-Trichloroethane TO-15 71-55-6 ug/m’ 17400 2.7 0.68
1,1,2,2-Tetrachloroethane TO-15 79-34-5 ug/m3 1.61 3.4 0.89
1,1,2-Trichloroethane TO-15 79-00-5 ug/m’ 0.695 2.7 0.59
1,1-Dichloroethane TO-15 75-34-3 ug/m’ 58.5 0.68
1,1-Dichloroethene TO-15 75-35-4 ug/m’ 695 1.06
1,2,4-Trichlorobenzene TO-15 120-82-1 ug/m’ 6.95 15 5.89
1,2,4-Trimethylbenzene TO-15 95-63-6 ug/m’ 209 24 1.06
1,2-Dibromoethane (EDB) TO-15 106-93-4 ug/m’ 0.156 3.8 0.82
1,2-Dichlorobenzene TO-15 95-50-1 ug/m’ 695 3 0.72
1,2-Dichloroethane TO-15 107-06-2 ug/m’ 3.6 2 0.68
1,2-Dichloropropane TO-15 78-87-5 ug/m® 13.9 2.3 0.89
1,3,5-Trimethylbenzene TO-15 108-67-8 ug/m’ 209 24 0.79
1,3-Butadiene T0-15 106-99-0 | ug/m® 3.12 1.1 0.89
1,3-Dichlorobenzene TO-15 541-73-1 ug/m’ NE 3 0.84
1,4-Dichlorobenzene TO-15 106-46-7 ug/m’ 8.51 3 0.73
1,4-Dioxane TO-15 123-91-1 ug/m’ 18.7 7.2 0.79
2,2,4-Trimethylpentane TO-15 540-84-1 ug/m3 NE 2.3 0.56
2-Butanone (Methyl Ethyl Ketone) TO-15 78-93-3 ug/m’ 17400 5.9 1.92
2-Hexanone TO-15 591-78-6 ug/m’ 104 8.2 3.89
2-Propanol TO-15 67-63-0 ug/m’ 695 4.9 1.68
3-Chloropropene TO-15 107-05-1 ug/m3 3.48 6.3 1.41
4-Ethyltoluene TO-15 622-96-8 ug/m’ NE 24 0.82
4-Methyl-2-pentanone TO-15 108-10-1 ug/m’ 10400 2 0.61
Acetone TO-15 67-64-1 ug/m’ 107000 12 3.90
alpha-Chlorotoluene TO-15 100-44-7 ug/m® 1.91 2.6 0.66
Benzene TO-15 71-43-2 ug/m’ 12 1.6 0.56
Bromodichloromethane TO-15 75-27-4 ug/m’ 2.53 3.4 0.95
Bromoform TO-15 75-25-2 ug/m’ 85.1 5.2 0.94
Bromomethane TO-15 74-83-9 ug/m’ 17.4 19 3.45
Carbon Disulfide T0-15 75-15-0 ug/m’ 2430 6.2 2.25
Carbon Tetrachloride TO-15 56-23-5 ug/m’ 15.6 3.1 0.62
Chlorobenzene TO-15 108-90-7 ug/m’ 174 2.3 0.35
Chloroethane TO-15 75-00-3 ug/m’ 34800 5.3 1.80
Chloroform TO-15 67-66-3 ug/m’ 4.07 24 0.92
Chloromethane TO-15 74-87-3 ug/m’ 313 10 2.25
cis-1,2-Dichloroethene TO-15 156-59-2 ug/m’ NE 2 0.84
cis-1,3-Dichloropropene TO-15 10061-01-5 ug/m3 NE 2.3 0.70
Cumene TO-15 98-82-8 ug/m’ 1390 24 0.89
Cyclohexane TO-15 110-82-7 ug/m’ 20900 1.7 0.30
Dibromochloromethane TO-15 124-48-1 ug/m’ NE 4.2 0.61
Ethanol TO-15 64-17-5 ug/m’ NE 3.8 2.98
Ethyl Benzene TO-15 100-41-4 ug/m’ 374 2.2 0.60
Freon 11 TO-15 75-69-4 ug/m’ NE 2.8 0.82
Freon 113 TO-15 76-13-1 ug/m’ 17400 3.8 0.87
Freon 114 TO-15 76-14-2 ug/m’ 17400 3.5 1.22
Freon 12 T0-15 75-71-8 ug/m’ 348 2.5 0.97
Heptane TO-15 142-82-5 ug/m’ 1390 2 0.87
Hexachlorobutadiene TO-15 87-68-3 ug/m’ 4.25 21 6.69
Hexane T0-15 110-54-3 | ug/m’ 2430 1.8 0.49
m,p-Xylene TO-15 108-38-3 | ugim® 348 2.2 0.63
Methyl tert-butyl ether T0-15 1634-04-4 | ug/im® 360 7.2 0.93
Methylene Chloride TO-15 75-09-2 ug/m’ 2090 17 2.62
Naphthalene (by request) TO-15 91-20-3 ug/m’ 2.75 5.24 0.66
0-Xylene TO-15 95-47-6 ug/m’ 348 2.2 0.67
Propylbenzene TO-15 103-65-1 ug/m’ 3480 24 0.61
Styrene TO-15 100-42-5 ug/m® 3480 2.1 0.78
Tetrachloroethene TO-15 127-18-4 ug/m’ 139 3.4 0.86
Tetrahydrofuran TO-15 109-99-9 ug/m® 6950 1.5 0.62
Toluene TO-15 108-88-3 ug/m’ 17400 1.9 0.34
trans-1,2-Dichloroethene TO-15 156-60-5 | ug/m® 139 2 0.95
trans-1,3-Dichloropropene TO-15 10061-02-6 ug/m3 NE 2.3 0.55
Trichloroethene TO-15 79-01-6 ug/m’ 6.95 2.7 1.17
Vinyl Chloride TO-15 75-01-4 ug/m’ 5.59 1.3 0.92

[ Denotes a laboratory limit that exceeds one or more project screening benchmarks.

NE - Not Established
RL = Reporting Limit
MDL = Method Detection Limit

(1) USEPA Residential VISLs (i.e., target sub-slab and near-source soil gas concentration) correspond to a to a target cancer risk of 1 x 10-6 and a

hazard quotient of 0.1 and were retrieved from the USEPA VISL Calculator on October 22, 2021.
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Table 4-8. Data Quality Indicators for Soil/Sediment

Data Qualit QC Sample and/or Activity QC Sample Assesses Error for
. y Matrix Parameter Measurement Performance Criteria | Used to Assess Measurement | Sampling (S), Analytical (A) or
Indicators (DQls)
Performance Both (S&A)
VOCs/SVOCs
Accuracy/Bias Soil/Sediment VOCs/SVOCs +30% recovery Second so.urce.callbratlon A
verification.
Inertness of the Soil/Sediment VOCs/SVOCs <20% for DDT Breakdown check (SVOC analysis A
injection port only)
Accuracy/Bias Soil/Sediment VOCs/SVOCs As per DoD QSM V5.3 MS/MSD S&A
Area count within -50 to +100% RT
Accuracy/Bias Soil/Sediment VOCs/SVOCs must be + 30 seconds from the last Internal Standards A
calibration check
Accuracy/Bias Soil/Sediment VOCs/SVOCs As per DoD QSM V5.3 LCS A
Accuracy/Bias Soil/Sediment VOCs/SVOCs As per DoD QSM V5.3 Surrogate Spikes A
. . . RPD <30% when VOC/SVOC detects ,
Precision Soil/Sediment VOCs/SVOCs for both duplicates are L0Q. Laboratory Duplicates A
. . . RPD <30% when VOC/SVOC detects ) .
Precision Soil/Sediment VOCs/SVOCs for both duplicates are L0Q. Field Duplicates S&A
Accuracy/Bias . . ; Equipment Blanks, Method
Contamination Soil/Sediment VOCs/SVOCs No target analytes detected > %2 LOQ Blanks, Trip Blanks (VOC only) S&A
Sensitivity Soil/Sediment VOCs/SVOCs +20% recovery at LOQ Laboratory Fortified Blank at LOQ A
Completeness Soil/Sediment VOCs/SVOCs 295% Data Completeness Check S&A
Metals
. . . Second source calibration
Accuracy/Bias Soil/Sediment Metals +10% recovery e A
verification.
Accuracy/Bias Soil/Sediment Metals As per DoD QSM V5.3 MS/MSD S&A
Accuracy/Bias Soil/Sediment Metals +20% recovery Interference check sample A
Accuracy/Bias Soil/Sediment Metals As per DoD QSM V5.3 LCS A
. . . RPD <20% when detects for both .
Precision Soil/Sediment Metals duplicates are 5x LOQ. Laboratory Duplicates A
- . . RPD <20% when detects for both ' .
Precision Soil/Sediment Metals duplicates are 5X LOQ. Field Duplicates S&A
Accuracy/Bias Soil/Sediment Metals No target analytes detected > .LOQ Equipment Blanks S&A

Contamination
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Table 4-8. Data Quality Indicators for Soil/Sediment

Data Qualit QC Sample and/or Activity QC Sample Assesses Error for
. y Matrix Parameter Measurement Performance Criteria | Used to Assess Measurement | Sampling (S), Analytical (A) or
Indicators (DQls)
Performance Both (S&A)
Accurac'y/B{as Soil/Sediment Metals No target analytes detected > LOD Method Blanks A
Contamination
Sensitivity Soil/Sediment Metals +20% recovery at LOQ Laboratory Fortified Blank at LOQ A
Completeness Soil/Sediment Metals 295% Data Completeness Check S&A
Herbicides/Pesticides/PCBs
Accuracy/Bias Soil/Sediment Herbicides/Pesticides/PCBs | £20% of expected value from the ICAL Secondvsec;iléicaeiig:llbratlon A
Ineriness of the Soil/Sediment | Herbicides/Pesticides/PCBs | <15% for both DDT and Endrin Breakdown check (pesficide A
injection port analysis only)
Accuracy/Bias Soil/Sediment Herbicides/Pesticides/PCBs As per DoD QSM V5.3 MS/MSD S&A
Accuracy/Bias Soil/Sediment Herbicides/Pesticides/PCBs As per DoD QSM V5.3 LCS A
Accuracy/Bias Soil/Sediment Herbicides/Pesticides/PCBs As per DoD QSM V5.3 Surrogate Spikes A
RPD <30% when
Precision Soil/Sediment Herbicides/Pesticides/PCBs | Pesticides/PBCs/Herbicides detects for Laboratory Duplicates A
both duplicates are > LOQ.
RPD <50% when
Precision Soil/Sediment Herbicides/Pesticides/PCBs | Pesticides/PBCs/Herbicides detects for Field Duplicates S&A
both duplicates are > LOQ.
Accurac.y/Bllas Soil/Sediment Herbicides/Pesticides/PCBs | No target analytes detected > %2 LOQ |Equipment Blanks, Method Blanks S&A
Contamination
Sensitivity Soil/Sediment Herbicides/Pesticides/PCBs +40% recovery at LOQ Laboratory Fortified Blank at LOQ A
Completeness Soil/Sediment Herbicides/Pesticides/PCBs 295% Data Completeness Check S&A
Dioxins/Furans
Accuracy/Bias Soil/Sediment Dioxins/Furans Allreported analytes and IS within ICV and CCV A
+20% of expected value
Accuracy/Bias Soil/Sediment Dioxins/Furans As per DoD QSM V5.3 MS/MSD S&A
Accuracy/Bias Soil/Sediment Dioxins/Furans As per DoD QSM V5.3 LCS A
Accuracy/Bias Soil/Sediment Dioxins/Furans As per DoD QSM V5.3 Surrogate Spikes A
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Table 4-8. Data Quality Indicators for Soil/Sediment

Data Qualit QC Sample and/or Activity QC Sample Assesses Error for
. y Matrix Parameter Measurement Performance Criteria | Used to Assess Measurement | Sampling (S), Analytical (A) or
Indicators (DQls)
Performance Both (S&A)
<209
Precision Soil/Sediment Dioxins/Furans RPD _20./0 when detects for both Laboratory Duplicates A
duplicates are > LOQ.
< 0,
Precision Soil/Sediment Dioxins/Furans RPD '204) when detects for both Field Duplicates S&A
duplicates are > LOQ.
Accurac'y/B{as Soil/Sediment Dioxins/Furans No target analytes detected > %2 LOQ |Equipment Blanks, Method Blanks S&A
Contamination
Completeness Soil/Sediment Dioxins/Furans 295% Data Completeness Check S&A
Radionuclides
Precision Soil/Sediment Radionuclides ND < 1.96 Field Duplicates A
Precision Soil/Sediment Radionuclides ND < 1.96 Laboratory Duplicates A
Accuracy/Bias Soil/Sediment Radionuclides Recovery (80-120%) LCS and MS/MSD A
Contamination
Completeness Soil/Sediment Radionuclides >90% Data Completeness Check S&A
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Table 4-9. Data Quality Indicators for Groundwater

Data Quality QC Sample and/or Activity Used |QC Sample Assesses Error for
Indicators Matrix Parameter Measurement Performance Criteria to Assess Measurement Sampling (S), Analytical (A) or
(DQls) Performance Both (S&A)
VOCs and SVOCs
. Groundwater/Surface 8270D - £30% Recovery Second source calibration
Accuracy/Bias Water VOCs/SVOCs 8260C - +30% Recovery verification. A
!ngrtqess of the | Groundwater/Surface VOCs/SVOCs <20% for DDT Breakdown check (SVOC analysis A
injection port Water only)
. Groundwater/Surface As per DoD Quality Systems Manual
Accuracy/Bias Water VOCs/SVOCs (QSM) V5.3 MS/MSD S&A
Groundwater/Surface Area count within -50 to +100% RT must
Accuracy/Bias Water VOCs/SVOCs be +/- 30 seconds from the last Internal Standards A
calibration check
Accuracy/Bias Gro“”d"vv\f‘atf; Surface | \0csisvocs As per DoD QSM /5.3 LCS A
Accuracy/Bias Gro“”d"vv\‘/”‘atf; Surface | \/0csisvocs As per DoD QSM V5.3 Surrogate Spikes A
. Groundwater/Surface RPD <30% when VOC/SVOC detects for .
Precision Water VOCs/SVOCs both duplicates are >LOQ. Laboratory Duplicates A
0,
Precision Groundwater/Surface VOCS/SVOCs RPD <30% wheq VOC/SVOC detects for Field Duplicates S8A
Water both duplicates are >LOQ.
Accuracy/Bias Groundwater/Surface , Equipment Blanks, Method Blanks,
Contamination Water VOCs/SVOCs No target analytes detected > %2 LOQ Trip Blanks (VOC only) S&A
Sensitivity Groundv\;\?:gSurface VOCs/SVOCs +20% recovery at LOQ Laboratory Fortified Blank at LOQ A
Completeness Groundv\;\?;;agSurface VOCs/SVOCs 295% Data Completeness Check S&A
Metals
Accuracy/Bias Groundwater/Surface Metals +10% recovery Second source .callbrat|on A
Water verification
Accuracy/Bias Gro“”d"vv\f:; Surface Metals As per DoD QSM V5.3 MS/MSD S8A
Accuracy/Bias Groundv\;\?attta;Surface Metals +20% recovery of true value Interference check sample ISCAB A
Accuracy/Bias Groundv\;\?atf;Surface Metals As per DoD QSM V5.3 LCS A
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Table 4-9. Data Quality Indicators for Groundwater

Data Quality QC Sample and/or Activity Used |QC Sample Assesses Error for
Indicators Matrix Parameter Measurement Performance Criteria to Assess Measurement Sampling (S), Analytical (A) or
(DQls) Performance Both (S&A)
Precision Groundwater/Surface Metals RPD <20% when detects for both Laboratorv Duplicates A
Water duplicates are 5x LOQ. yeup
- Groundwater/Surface RPD <20% when detects for both . .
Precision Water Metals duplicates are 5x LOQ. Field Duplicates S&A
Accurac.y/B|.as Groundwater/Surface Metals No target analytes detected > %10Q Equipment Blanks and Method S8A
Contamination Water Blanks
Accurac.y/B|.as Groundwater/Surface Metals No target analytes detected > LOD Calibration Blanks A
Contamination Water
Sensitivity Groundv\;\?atf;Surface Metals +20% recovery at LOQ Laboratory Fortified Blank at LOQ A
Completeness Groundv\;\?atf;Surface Metals >95% Data Completeness Check S&A
Herbicides/Pesticides/PCBs
Accuracy/Bias Groundwater/Surface |Herbicides/Pesticides/P +20% of expected value from the ICAL Second sogrce 'callbratlon A
Water CBs verification
!ngrtqess of the | Groundwater/Surface |Herbicides/Pesticides/P <15% for both DDT and Endrin Breakdown check (pesticide A
injection port Water CBs analysis only)
Accuracy/Bias Groundv\y\;aat?;Surface Herb|C|def:/gzst|C|des/P As per DoD QSM V5.3 MS/MSD S&A
Accuracy/Bias Groundwater/Surface |Herbicides/Pesticides/P As per DoD QSM V5.3 LCS A
Water CBs
Accuracy/Bias Groundwater/Surface |Herbicides/Pesticides/P As per DoD QSM V5.3 Surrogate Spikes A
Water CBs
. . RPD <30% when
Precision Groundwater/Surface |Herbicides/Pesicides/P Pesticides/PBCs/Herbicides detects for Laboratory Duplicates A
Water CBs .
both duplicates are > LOQ.
- - RPD <30% when
Precision Groundwater/Surface |Herbicides/Pesficides/P Pesticides/PBCs/Herbicides detects for Field Duplicates S&A
Water CBs )
both duplicates are > LOQ.
Accuragy/B[as Groundwater/Surface |Herbicides/Pesticides/P No target analytes detected > %2 LOQ | Equipment Blanks, Method Blanks S&A
Contamination Water CBs
Sensitivity Groundv\;\?atf;Surface Herb|0|desc/gtsest|0|des/P +40% recovery at LOQ Laboratory Fortified Blank at LOQ A
Completeness Groundv\;\?;;Surface HerMmdez/Egshmdes/P 295% Data Completeness Check S&A
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Table 4-9. Data Quality Indicators for Groundwater

Data Quality QC Sample and/or Activity Used |QC Sample Assesses Error for
Indicators Matrix Parameter Measurement Performance Criteria to Assess Measurement Sampling (S), Analytical (A) or
(DQls) Performance Both (S&A)
Dioxins/Furans
Accuracy/Bias Groundwater/Surface Dioxins/Furans All reported analytes and IS within + ICV and CCV A
Water 20% of expected value
Accuracy/Bias Gr°“”d"vv\7‘;fg Surtace | pioxins/Furans As per DoD QSM V5.3 MS/IMSD S&A
Accuracy/Bias Gr°“”d‘\"/’\7‘;fg Surtace | pioxing/Furans As per DoD QSM V5.3 LCS A
Accuracy/Bias Groundv\;\zgiSurface Dioxins/Furans As per DoD QSM V5.3 Surrogate Spikes A
< 0,
Precision Groundwater/Surface Dioxins/Furans RPD _204’ when detects for both Laboratory Duplicates A
Water duplicates are > LOQ.
<709
Precision Groundwater/Surface Dioxins/Furans RPD _204) when detects for both Field Duplicates S8A
Water duplicates are > LOQ.
Accurac.y/Bl'as Groundwater/Surface Dioxins/Furans No target analytes detected > %2 LOQ | Equipment Blanks, Method Blanks S&A
Contamination Water
Completeness Groundv\;\?at?;Surface Dioxins/Furans 295% Data Completeness Check S&A
Radionuclides
Accuracy/Bias Gr°“”d"vv\‘/”‘;f; Surface | g dium 2261228 LCS +3 o of the mean. LCS A
Accuracy/Bias Groundwater/Surface |Gross alpha{beta, Total LCS +3 6 of the mean. LCS S8A
Water Uranium
Gross alpha/beta, 0
Precision Groundwater'Surface | o iiym 226/228, Total| 0 < S0/ When detects for both Laboratory Duplicates A
Water . duplicates are >LOQ
Uranium
Gross alpha/beta, 0
Precision Groundwater/Surface Radium 226/228, Total RPD < 20/? when detects for both Field Duplicates S&A
Water ) duplicates are >LOQ
Uranium
. Gross alpha/beta,
Accurac.y/B|.as Groundwater/Surface Radium 226/228, Total | No target analytes detected > %2 LOQ | Equipment Blanks, Method Blanks S&A
Contamination Water .
Uranium
Groundwater/Surface Gross alpha/beta,
Completeness Water Radium 226/228, Total 295% Data Completeness Check S&A

Uranium
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Table 4-10. Data Quality Indicators for Soil Gas

QC Sample and/or Activity Used

QC Sample Assesses Error for

D.ata Quality Matrix Parameter Measurement Performance Criteria to Assess Measurement Sampling (S), Analytical (A) or
Indicators (DQls)
Performance Both (S&A)
VOCs
Accuracy Gas VOCs Laboratory generated QC limits Surrogate Spike A
Accuracy/Bias/Pre Gas VOCs Recovery limits and RPDs per QSM 5.3 | Laboratory Control Spike/Matrix A
cision published limits Table C-43; RPD <30%. Spike and their Duplicates
Accuracy/Laborat No analytes detected >1/2 laboratory
o Coné mination Gas VOCs LOQ; Common lab contaminants must Method Blank A
y not be detected > LOQ.
Precision Gas VOCs RPD < 30% Field Duplicate S
Completeness Gas VOCs 295% Data Completeness Check S&A
Bias/Holding Time Gas VOCs <30 days preparation/analysis Reported Sample Data A
Sensitivity Gas VOCs Laboratory Limits (RL, MDL) Data validation A
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Table 4-11. Summary of Sample Handling Requirements

Analysis Analytical Method Container Type No. Containers | Required Vol. Preservation Technical Holding Time
Soil/Sediment
40 ml vials, Terracore Methanol, DI water,
VOCs SW-846 Method 8260C ’ 3 vials, 1 Terracore 159 and/or Sodium 48 hours/14 days to analysis
sampler .
Bisulfate; 2-6C
SVOCs SW-846 Method 8270D 30g 14 days to prep/40 days to
analysis
PAHSs SW-846 Method 8270D-SIM 30g 14 days to prep/4Q days to
analysis
Inorganics SW-846 Method 6020B 249 6 months
Mercury SW-Method 7471B 29 28 days
8 0z. glass 1 none; 2-6C
Pesticides SW-846 Method 8081B 309 14 days to prep/40 days to
analysis
PCBs SW-846 Method 8082A 30g 14 days to prep/4Q days to
analysis
TOC Lloyd-Kahn 109 14 days
Herbicides SW-846 Method 8151A 30g 14 days to prep/40 days to
analysis
Dioxins/Furans SW-846 Method 8290A 8 0z. amber glass 1 30g none; 2-6C 365 days t‘;np;;‘;’izﬁs days o
Uranium-238, Radium-
226 and Thorium-232 EPAS01.1m 5009
Isotopic Thgnum and | HASL 300 / Alpha Spec (A- 3202 wide mouth poly 1 none 6 months
Uranium 01-R)
Gross Alpha and Gross EPA 900
Beta
Groundwater
VOCs SW-846 Method 8260C 40 ml vial 3 120 ml HCI; 2-6C 14 days
SVOCs SW-846 Method 8270D 250 ml 7 days to prep/40 days to
analysis
PAHs SW-846 Method 8270D-SIM 250 ml 7 days t°aﬁ§§:i‘so days o
250 ml amber glass 4 none; 2-6C
Pesticides SW-846 Method 8081B 250 ml 7 days to prep/40 days to
analysis
PCBs SW-846 Method 8082A 250 ml 7 days to prep/d0 days to
analysis
Inorganics SW-846 Method 6020B 50 ml 6 months
250 ml plastic 1 HNO;; 2-6C
Mercury SW-Method 7470A 2ml 28 days
Dioxins/Furans SW-846 Method 8290A | 1000 ml amber glass 2 1000 ml none; 2-6C 365 days tznp;y‘;/iz’GE’ days o
Gross Alpha and Gross EPA 900 200 ml 6 months
Beta
Radium-226/228 EPA 804/903 Gas Flow 1L poly 3 2L Nitric acid 6 months
Proportional
Total Uranium EPA 200.8 100ml min 6 months
Herbicides SW-846 Method 8151A 1L amber glass 2 1000 ml none; 2-6C 7 days t°aﬁ§$:i‘so days to
Soil Gas
VOCs SW-846 Method 8260C | 1L Summa Canister 1 1L none, ambient 30 days

temperature
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Table 4-12. Field Equipment, Calibration, Maintenance, Testing, and Inspection

December 2024

. . I . Maint. Testing Inspection Acceptance . .
Field Equipment Calibration Activity Activity Activity Activity Frequency Criteria Corrective Action Resp. Person
Individual calibration
Horiba U-52 Multi- of pll-l,lspecm(.: . As per Daily before use Calibration | Re-calibrate if cahbrahop .
. conductivity, turbidity, , accepted for [ error message appears in Field Team
Parameter Water Quality . manufacturer’s NA NA and post-use . X
dissolved oxygen, . . I each display or readings are leader
Sensor L . instructions calibration check .
oxidation-reduction parameter unstable or inaccurate
potential
Calibration and field . Daily before use Calibration
- . Equipment
calibration using zero inspected prior to and post use accepted for Re-calibrate if calibration
GEM™2000 Plus Gas channels ambient  [As per As per P ) P calibration and if each } )
, , . |use on-site and . . error message appears in Field Team
Analyzer and Extraction | (auto zero) and check |manufactuer's [manufacturer's |\~ gas reading drit | parameter.C |~ ,
) . . . . daily; Check . display or readings are Leader
Monitor span channels  [instruction instructions . . . |duetochangesin | OandH,S .
L . Equip Calibration unstable or inaccurate
(calibration) with records 120 degree +10% Full
known calibration gas ' change Scale (FS)
As per As per Equipment .Succets,sful . - .
. , . . . inspection of Maintenance as per Drilling Rig
Geoprobe Rig NA manufacturer's| manufacturer's Inspection Daily before use ) s .
. . . ) . applicable | manufacturer's instructions Operator
instructions | instructions Checklist
parts
Successful
Low Volume Air Samplers | Annual Calibration N/A I.:Iow. |nspelct|on of Malntenar?cg as per
Calibration applicable | manufacturer's instructions
narts
Bicron Microrem Annual Calibration | Battery Check | Source Check +20% Repair/Recalbrate as
necessary
Ludlum Modef 9 fon Annual Calibration | Battery Check | Source Check +20% RepairRecalibrate as
Chamber necessary
Alpha/Beta Scintillation RepairRecalibrate as
Detector (Ludlum 2360/43-| Annual Calibration | Battery Check | Source Check [Equipment +20% P
. necessary
93) inspected for
damage prior to
Gamma Detector (Ludlum 0 use on-Site; . Repair/Recalibrate as Project
N Daily bef +209
2221/44-10-1) Waterproof Annual Calibration | Battery Check | Source Check Calibration aily before use 20% necessary CHP/SRSL
records reviewed
by Project . .
Gamma Detector (Ludlum | s\ o1 Caibration | Battery Check | Source Check [CHPISRSL +20% RepairRecalibrate as
2221/44-20) necessary
Geiger-Mueller Detector Annual Calibration | Battery Check | Source Check +20% Repair/Recalibrate as
(Ludlum 3/44-9) necessary
Swipe/Air Sample Counter - Background/ Repair/Recalibrate as
+
(Ludlum 3030E) Annual Calibration NA Source Check *3s necessary
Downhole Gamma - Repair/Recalibrate as
+ 0,
Detector (Ludlum 3/44-2) Annual Calibration | Battery Check | Source Check +20% necessary
. Successful | Contact rental company
As per As per Equipment . ) .
. , , . . inspection of | representative to perform [Rental Company
Heavy Equipment NA manufacturer's| manufacturer's Inspection Daily before use ) . )
. . . ) . applicable maintenance as per Representative
instructions instructions Checklist " )
parts manufacturer's instructions
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Table 4-13. Data Verification and Validation Process

Responsible for

Data Review Input Description Verification Step l/llalllb
Review that the samples were shipped and stored at the required temperature. Ensure that the analyses were performed within the
Holding Times holding times. If holding times were not met, confirm that deviations were documented. Holding time examination will be documented |  Project Chemist lla
in the data validation report.
Check that the laboratory recorded both the temperature at sample receipt and the pH of the chemically preserved samples (if
Sample results for . . . . . . . ) . . .
. applicable) to ensure sample integrity was sustained from sample collection to analysis. Representativeness will be documented in Project Chemist lla/llb
representativeness e
the data validation report.
Laboratorv data results for Ensure that the laboratory QC samples were analyzed and that the measurement performance criteria were met for all field samples
Y and QC analyses. Check that specified field QC samples were collected and analyzed and that the analytical QC criteria were met. Project Chemist lla/llb
accuracy . ) -
Accuracy will be documented in the data validation report.
Field and laboratory Check the field sampling precision by calculating the RPD for field duplicate samples. Check the laboratory precision by reviewing
duplicate analyses for the RPD or percent difference values from laboratory duplicate analyses; MS/MSDs; and LCS/LCS duplicates. Precision will be Project Chemist lla/llb
precision documented in the data validation report.
Assess and document the impact on matrix interferences or sample dilutions performed because of the high concentration of one or
Project action limits more contaminant on the other target compounds reported as undetected. Project action limit achievement will be documented in the [  Project Chemist lla/llb
data validation report.
SAP QC sample Ensure that all QC samples were collected and analyzed and that the associated results were within acceptance limits. QC sample . .
) N . o Project Chemist lla/llb
documentation documentation will be documented in the data validation report
. - Determine the impact of any deviation from sampling or analytical methods, and laboratory SOP requirements and matrix . .
Analytical data deviations interferences effect on the analytical results. Data deviations will be documented in the data validation report. Project Chemist llb
Project quantitation limits [Ensure that the project LOD and LOQ were achieved. Project quantitation limit achievement will be documented in the data validation . .
e Project Chemist lb
for sensitivity report.
Validation qualifiers applied in accordance with National Functional Guidelines for organic and inorganic data review. Methods for
Validation which no data validation guidelines exist will be validated following the NFG deemed most appropriate by the data validator. Project Chemist lla/llb
Validation will be limited to reviewing laboratory quality control summary information and raw data will not be reviewed.
Qualifiers that will be applied during the data validation process are summarized below and, as indicated, results will be considered
usable unless qualified by an R-flag. Rejected data will be evaluated and may be used in circumstances identified by the Partnering
Team.
. Data Qualifier Interpret Result as Result Potential ' '
Data qualifiers Qualifier Definition Detection? Usable? Result Bias Project Chemist llarllb
no qualifier Acceptable Yes Yes None expected
J+/J- Estimated Yes Yes High or Low
U Undetected No Yes None expected
uJ Undetected and Estimated  No Yes High or Low
R Rejected No No Unspecified
Spring Creek Park Site RI SAP
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Table 5-1. Sample Location Coordinates

Location ID [ Latitude [ Longitude
Site Surface and Subsurface Soil

SCP-DPT-001 40.655033 -73.858095
SCP-DPT-002 40.654253 -73.857893
SCP-DPT-003 40.655187 -73.857070
SCP-DPT-004 40.654407 -73.856868
SCP-DPT-005 40.653626 -73.856666
SCP-DPT-006 40.652846 -73.856464
SCP-DPT-007 40.656121 -73.856248
SCP-DPT-008 40.655341 -73.856046
SCP-DPT-009 40.654561 -73.855843
SCP-DPT-010 40.653780 -73.855641
SCP-DPT-011 40.653000 -73.855439
SCP-DPT-012 40.652219 -73.855237
SCP-DPT-013 40.651439 -73.855035
SCP-DPT-014 40.657056 -73.855425
SCP-DPT-015 40.656275 -73.855223
SCP-DPT-016 40.655495 -73.855021
SCP-DPT-017 40.654715 -73.854819
SCP-DPT-018 40.653934 -73.854617
SCP-DPT-019 40.653154 -73.854414
SCP-DPT-020 40.652373 -73.854212
SCP-DPT-021 40.651593 -73.854010
SCP-DPT-022 40.650812 -73.853808
SCP-DPT-023 40.657210 -73.854400
SCP-DPT-024 40.656429 -73.854198
SCP-DPT-025 40.655649 -73.853996
SCP-DPT-026 40.654869 -73.8537%4
SCP-DPT-027 40.654088 -73.853592
SCP-DPT-028 40.653308 -73.853390
SCP-DPT-029 40.652527 -73.853188
SCP-DPT-030 40.651747 -73.852985
SCP-DPT-031 40.647064 -73.851773
SCP-DPT-032 40.646284 -73.851571
SCP-DPT-033 40.653462 -73.852365
SCP-DPT-034 40.652681 -73.852163
SCP-DPT-035 40.651901 -73.851961
SCP-DPT-036 40.647999 -73.850950
SCP-DPT-037 40.647218 -73.850748
SCP-DPT-038 40.646438 -73.850546
SCP-DPT-039 40.645657 -73.850344
SCP-DPT-040 40.653616 -73.851340
SCP-DPT-041 40.652835 -73.851138
SCP-DPT-042 40.652055 -73.850936
SCP-DPT-043 40.648933 -73.850128
SCP-DPT-044 40.648152 -73.849926
SCP-DPT-045 40.647372 -73.849724
SCP-DPT-046 40.646592 -73.849522
SCP-DPT-047 40.645811 -73.849320
SCP-DPT-048 40.645031 -73.849117
SCP-DPT-049 40.653769 -73.850316
SCP-DPT-050 40.652989 -73.850113
SCP-DPT-051 40.652209 -73.849911
SCP-DPT-052 40.650648 -73.849507
SCP-DPT-053 40.649867 -73.849305
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Table 5-1. Sample Location Coordinates

Location ID Latitude Longitude
SCP-DPT-054 40.649087 -73.849103
SCP-DPT-055 40.648306 -73.848901
SCP-DPT-056 40.647526 -73.848699
SCP-DPT-057 40.646745 -73.848497
SCP-DPT-058 40.645965 -73.848295
SCP-DPT-059 40.645185 -73.848093
SCP-DPT-060 40.653923 -73.849291
SCP-DPT-061 40.653143 -73.849089
SCP-DPT-062 40.652362 -73.848887
SCP-DPT-063 40.651582 -73.848685
SCP-DPT-064 40.650802 -73.848483
SCP-DPT-065 40.650021 -73.848280
SCP-DPT-066 40.649241 -73.848078
SCP-DPT-067 40.648460 -73.847876
SCP-DPT-068 40.647680 -73.847674
SCP-DPT-069 40.646899 -73.847472
SCP-DPT-070 40.646119 -73.847270
SCP-DPT-071 40.645338 -73.847068
SCP-DPT-072 40.647053 -73.846448
SCP-DPT-073 40.646273 -73.846246
SCP-DPT-074 40.645492 -73.846044
SCP-DPT-075 40.644712 -73.845842
SCP-DPT-076 40.647207 -73.845423
SCP-DPT-077 40.646427 -73.845221
SCP-DPT-078 40.645646 -73.845019
SCP-DPT-079 40.644866 -73.844817
SCP-DPT-080 40.647361 -73.844398
SCP-DPT-081 40.646581 -73.844196
SCP-DPT-082 40.645800 -73.843994
SCP-DPT-083 40.647515 -73.843374
SCP-DPT-084 40.646734 -73.843172
SCP-DPT-085 40.645954 -73.842970
SCP-DPT-086 40.647669 -73.842349
SCP-DPT-087 40.646888 -73.842147
SCP-DPT-088 40.646108 -73.841945
SCP-DPT-089 40.645327 -73.841743
SCP-DPT-090 40.647823 -73.841324
SCP-DPT-091 40.647042 -73.841122
SCP-DPT-092 40.646262 -73.840921
SCP-DPT-093 40.645481 -73.840719
SCP-DPT-094 40.647976 -73.840300
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Table 5-1. Sample Location Coordinates

Location ID Latitude Longitude
SCP-DPT-095 40.647196 -73.840098
SCP-DPT-096 40.646415 -73.839896
SCP-DPT-097 40.645635 -73.839694
SCP-DPT-098 40.648130 -73.839275
SCP-DPT-099 40.647350 -73.839073
SCP-DPT-100 40.646569 -73.838871
SCP-DPT-101 40.645789 -73.838669
SCP-DPT-102 40.648284 -73.838250
SCP-DPT-103 40.647503 -73.838049
SCP-DPT-104 40.646723 -73.837847
SCP-DPT-105 40.645943 -73.837645
SCP-DPT-106 40.648169 -73.847772
SCP-DPT-107 40.648603 -73.838386

Reference Surface and Subsurface Soil
REF-DPT-001 40.656317 -73.860344
REF-DPT-002 40.656313 -73.859906
REF-DPT-003 40.656603 -73.860120
REF-DPT-004 40.656599 -73.859682
REF-DPT-005 40.656595 -73.859244
REF-DPT-006 40.656886 -73.859458
REF-DPT-007 40.656881 -73.859020
REF-DPT-008 40.656877 -73.858583
REF-DPT-009 40.657168 -73.858797
REF-DPT-010 40.657164 -73.858359
REF-DPT-011 40.657450 -73.858135
REF-DPT-012 40.657732 -73.857474
REF-DPT-013 40.658015 -73.856812
REF-DPT-014 40.658301 -73.856588
REF-DPT-015 40.658588 -73.856364
Site Groundwater
SCP-MW-22 40.647834 -73.847977
SCP-MW-23 40.648475 -73.838244
Site Sediment
SCP-SED-001 40.651258 -73.848866
SCP-SED-002 40.651116 -73.849252
SCP-SED-003 40.658000 -73.854547
SCP-SED-004 40.657695 -73.855269
SCP-SED-005 40.654725 -73.858729
Reference Sediment

REF-SED-001 40.660193 -73.854105
REF-SED-002 40.660085 -73.854871
REF-SED-003 40.659704 -73.855296
REF-SED-004 40.659458 -73.855863
REF-SED-005 40.659087 -73.856359
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Table 5-1. Sample Location Coordinates

Location ID [ Latitude | Longitude
Site Soil Gas
SCP-SG-001 40.657349 -73.854532
SCP-SG-002 40.655241 -73.854026
SCP-SG-003 40.653357 -73.852519
SCP-SG-004 40.653767 -73.849433
SCP-SG-005 40.652608 -73.848216
SCP-SG-006 40.650679 -73.847982
SCP-SG-007 40.648389 -73.847380
SCP-SG-008 40.647653 -73.844555
SCP-SG-009 40.648190 -73.841485
SCP-SG-010 40.648605 -73.838709
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Table 5-2. Sample Analysis Summary for Surface Soil

Field Parameters Laboratory Analysis
Downhole | Soil Core Metals Dioxins/
Gamma Gamma VOCs SVOCs PAHs (6020B/ | Herbicides | Pesticides PCBs Furans
Location ID Sample ID PID| Scans Scans (8260C) (8270D) | (8270D SIM)|7471B/ 7199)] (8151A) (8081B) (8082A) (8290A) Rad'
Site Systematic Grid-Based Surface Soil Samples®
SCP-DPT-001 SCP-SS001 X X X X X X X X X X X X
SCP-DPT-002 SCP-SS002 X X X X X X X X X X X X
SCP-DPT-003 SCP-SS003 X X X X X X X X X X X X
SCP-DPT-004 SCP-SS004 X X X X X X X X X X X X
SCP-DPT-005 SCP-SS005 X X X X X X X X X X X X
SCP-DPT-006 SCP-SS006 X X X X X X X X X X X X
SCP-DPT-007 SCP-SS007 X X X X X X X X X X X X
SCP-DPT-008 SCP-SS008 X X X X X X X X X X X X
SCP-DPT-009 SCP-SS009 X X X X X X X X X X X X
SCP-DPT-010 SCP-SS010 X X X X X X X X X X X X
SCP-DPT-011 SCP-SS011 X X X X X X X X X X X X
SCP-DPT-012 SCP-SS012 X X X X X X X X X X X X
SCP-DPT-013 SCP-SS013 X X X X X X X X X X X X
SCP-DPT-014 SCP-SS014 X X X X X X X X X X X X
SCP-DPT-015 SCP-SS015 X X X X X X X X X X X X
SCP-DPT-016 SCP-SS016 X X X X X X X X X X X X
SCP-DPT-017 SCP-SS017 X X X X X X X X X X X X
SCP-DPT-018 SCP-SS018 X X X X X X X X X X X X
SCP-DPT-019 SCP-SS019 X X X X X X X X X X X X
SCP-DPT-020 SCP-SS020 X X X X X X X X X X X X
SCP-DPT-021 SCP-SS021 X X X X X X X X X X X X
SCP-DPT-022 SCP-SS022 X X X X X X X X X X X X
SCP-DPT-023 SCP-SS023 X X X X X X X X X X X X
SCP-DPT-024 SCP-SS024 X X X X X X X X X X X X
SCP-DPT-025 SCP-SS025 X X X X X X X X X X X X
SCP-DPT-026 SCP-SS026 X X X X X X X X X X X X
SCP-DPT-027 SCP-SS027 X X X X X X X X X X X X
SCP-DPT-028 SCP-SS028 X X X X X X X X X X X X
SCP-DPT-029 SCP-SS029 X X X X X X X X X X X X
SCP-DPT-030 SCP-SS030 X X X X X X X X X X X X
SCP-DPT-031 SCP-SS031 X X X X X X X X X X X X
SCP-DPT-032 SCP-SS032 X X X X X X X X X X X X
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Table 5-2. Sample Analysis Summary for Surface Soil

Field Parameters Laboratory Analysis
Downhole | Soil Core Metals Dioxins/
Gamma Gamma VOCs SVOCs PAHs (6020B/ | Herbicides | Pesticides PCBs Furans
Location ID Sample ID PID| Scans Scans (8260C) (8270D) | (8270D SIM) |7471B/ 7199)| (8151A) (8081B) (8082A) (8290A) Rad'
SCP-DPT-033 SCP-SS033 X X X X X X X X X X X X
SCP-DPT-034 SCP-SS034 X X X X X X X X X X X X
SCP-DPT-035 SCP-SS035 X X X X X X X X X X X X
SCP-DPT-036 SCP-SS036 X X X X X X X X X X X X
SCP-DPT-037 SCP-SS037 X X X X X X X X X X X X
SCP-DPT-038 SCP-SS038 X X X X X X X X X X X X
SCP-DPT-039 SCP-SS039 X X X X X X X X X X X X
SCP-DPT-040 SCP-SS040 X X X X X X X X X X X X
SCP-DPT-041 SCP-SS041 X X X X X X X X X X X X
SCP-DPT-042 SCP-SS042 X X X X X X X X X X X X
SCP-DPT-043 SCP-SS043 X X X X X X X X X X X X
SCP-DPT-044 SCP-SS044 X X X X X X X X X X X X
SCP-DPT-045 SCP-SS045 X X X X X X X X X X X X
SCP-DPT-046 SCP-SS046 X X X X X X X X X X X X
SCP-DPT-047 SCP-SS047 X X X X X X X X X X X X
SCP-DPT-048 SCP-SS048 X X X X X X X X X X X X
SCP-DPT-049 SCP-SS049 X X X X X X X X X X X X
SCP-DPT-050 SCP-SS050 X X X X X X X X X X X X
SCP-DPT-051 SCP-SS051 X X X X X X X X X X X X
SCP-DPT-052 SCP-SS052 X X X X X X X X X X X X
SCP-DPT-053 SCP-SS053 X X X X X X X X X X X X
SCP-DPT-054 SCP-SS054 X X X X X X X X X X X X
SCP-DPT-055 SCP-SS055 X X X X X X X X X X X X
SCP-DPT-056 SCP-SS056 X X X X X X X X X X X X
SCP-DPT-057 SCP-SS057 X X X X X X X X X X X X
SCP-DPT-058 SCP-SS058 X X X X X X X X X X X X
SCP-DPT-059 SCP-SS059 X X X X X X X X X X X X
SCP-DPT-060 SCP-SS060 X X X X X X X X X X X X
SCP-DPT-061 SCP-SS061 X X X X X X X X X X X X
SCP-DPT-062 SCP-SS062 X X X X X X X X X X X X
SCP-DPT-063 SCP-SS063 X X X X X X X X X X X X
SCP-DPT-064 SCP-SS064 X X X X X X X X X X X X
SCP-DPT-065 SCP-SS065 X X X X X X X X X X X X
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Table 5-2. Sample Analysis Summary for Surface Soil

Field Parameters Laboratory Analysis
Downhole | Soil Core Metals Dioxins/
Gamma Gamma VOCs SVOCs PAHs (6020B/ | Herbicides | Pesticides PCBs Furans
Location ID Sample ID PID| Scans Scans (8260C) (8270D) | (8270D SIM) |7471B/ 7199)| (8151A) (8081B) (8082A) (8290A) Rad'
SCP-DPT-066 SCP-SS066 X X X X X X X X X X X X
SCP-DPT-067 SCP-SS067 X X X X X X X X X X X X
SCP-DPT-068 SCP-SS068 X X X X X X X X X X X X
SCP-DPT-069 SCP-SS069 X X X X X X X X X X X X
SCP-DPT-070 SCP-SS070 X X X X X X X X X X X X
SCP-DPT-071 SCP-SS071 X X X X X X X X X X X X
SCP-DPT-072 SCP-SS072 X X X X X X X X X X X X
SCP-DPT-073 SCP-SS073 X X X X X X X X X X X X
SCP-DPT-074 SCP-SS074 X X X X X X X X X X X X
SCP-DPT-075 SCP-SS075 X X X X X X X X X X X X
SCP-DPT-076 SCP-SS076 X X X X X X X X X X X X
SCP-DPT-077 SCP-SS077 X X X X X X X X X X X X
SCP-DPT-078 SCP-SS078 X X X X X X X X X X X X
SCP-DPT-079 SCP-SS079 X X X X X X X X X X X X
SCP-DPT-080 SCP-SS080 X X X X X X X X X X X X
SCP-DPT-081 SCP-SS081 X X X X X X X X X X X X
SCP-DPT-082 SCP-SS082 X X X X X X X X X X X X
SCP-DPT-083 SCP-SS083 X X X X X X X X X X X X
SCP-DPT-084 SCP-SS084 X X X X X X X X X X X X
SCP-DPT-085 SCP-SS085 X X X X X X X X X X X X
SCP-DPT-086 SCP-SS086 X X X X X X X X X X X X
SCP-DPT-087 SCP-SS087 X X X X X X X X X X X X
SCP-DPT-088 SCP-SS088 X X X X X X X X X X X X
SCP-DPT-089 SCP-SS089 X X X X X X X X X X X X
SCP-DPT-090 SCP-SS090 X X X X X X X X X X X X
SCP-DPT-091 SCP-SS091 X X X X X X X X X X X X
SCP-DPT-092 SCP-SS092 X X X X X X X X X X X X
SCP-DPT-093 SCP-SS093 X X X X X X X X X X X X
SCP-DPT-094 SCP-SS094 X X X X X X X X X X X X
SCP-DPT-095 SCP-SS095 X X X X X X X X X X X X
SCP-DPT-096 SCP-SS096 X X X X X X X X X X X X
SCP-DPT-097 SCP-SS097 X X X X X X X X X X X X
SCP-DPT-098 SCP-SS098 X X X X X X X X X X X X
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Table 5-2. Sample Analysis Summary for Surface Soil

Field Parameters Laboratory Analysis
Downhole | Soil Core Metals Dioxins/
Gamma Gamma VOCs SVOCs PAHs (6020B/ | Herbicides | Pesticides PCBs Furans
Location ID Sample ID PID| Scans Scans (8260C) (8270D) | (8270D SIM)|7471B/ 7199)| (8151A) (8081B) (8082A) (8290A) Rad'
SCP-DPT-099 SCP-SS099 X X X X X X X X X X X X
SCP-DPT-100 SCP-SS100 X X X X X X X X X X X X
SCP-DPT-101 SCP-SS101 X X X X X X X X X X X X
SCP-DPT-102 SCP-SS102 X X X X X X X X X X X X
SCP-DPT-103 SCP-SS103 X X X X X X X X X X X X
SCP-DPT-104 SCP-SS104 X X X X X X X X X X X X
SCP-DPT-105 SCP-SS105 X X X X X X X X X X X X
Site Biased Surface Soil Samples in the 1951 and 1954 Support Areas
SCP-DPT-106 SCP-SS106 X X X X X X X X X X X X
SCP-DPT-107 SCP-SS107 X X X X X X X X X X X X
Site Surface Soil Samples Collected During Focused Radiological Investigations
SCP-A1-1° scP-ss0A0t-1 | NA|  NA NA X
Reference Surface Soil Samples2
REF-DPT-001 REF-SS001 NA NA NA X X X X X X X X X
REF-DPT-002 REF-SS002 NA NA NA X X X X X X X X X
REF-DPT-003 REF-SS003 NA NA NA X X X X X X X X X
REF-DPT-004 REF-SS004 NA NA NA X X X X X X X X X
REF-DPT-005 REF-SS005 NA NA NA X X X X X X X X X
REF-DPT-006 REF-SS006 NA NA NA X X X X X X X X X
REF-DPT-007 REF-SS007 NA NA NA X X X X X X X X X
REF-DPT-008 REF-SS008 NA NA NA X X X X X X X X X
REF-DPT-009 REF-SS009 NA NA NA X X X X X X X X X
REF-DPT-010 REF-SS010 NA NA NA X X X X X X X X X
REF-DPT-011 REF-SS011 NA NA NA X X X X X X X X X
REF-DPT-012 REF-SS012 NA NA NA X X X X X X X X X
REF-DPT-013 REF-SS013 NA NA NA X X X X X X X X X
REF-DPT-014 REF-SS014 NA NA NA X X X X X X X X X
REF-DPT-015 REF-SS015 NA NA NA X X X X X X X X X
Field QC Samples’
Field Duplicates (10%) NA NA NA X X X X X X X X X
Equipment Blanks (10%) NA NA NA X X X X X X X X X
MS/MSDs (5%) NA NA NA X X X X X X X X X
Spring Creek Park Site RI SAP
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Table 5-2. Sample Analysis Summary for Surface Soil

Field Parameters Laboratory Analysis
Downhole | Soil Core Metals Dioxins/
Gamma Gamma VOCs SVOCs PAHs (6020B/ | Herbicides | Pesticides PCBs Furans
Location ID Sample ID PID| Scans Scans (8260C) (8270D) | (8270D SIM)|7471B/ 7199)] (8151A) (8081B) (8082A) (8290A) Rad'
Trip Blanks (Daily) NA NA NA X NA NA NA NA NA NA NA NA
Spring Creek Park Site RI SAP

December 2024
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Table 5-2. Sample Analysis Summary for Surface Soil

Field Parameters Laboratory Analysis
Downhole | Soil Core Metals Dioxins/
Gamma Gamma VOCs SVOCs PAHs (6020B/ | Herbicides | Pesticides PCBs Furans
Location ID Sample ID PID| Scans Scans (8260C) (8270D) | (8270D SIM)|7471B/ 7199)] (8151A) (8081B) (8082A) (8290A) Rad'

1 - Radiological analysis for soil includes uranium-238, radium-226 and thorium-232 via EPA Method 901.1, isotopic uranium and thorium via HASL 300, and gross alpha and gross beta via EPA 900.

2 - 25% of surface soil samples will be analyzed for TOC (Lloyd-Kahn Method).
3 - Soil samples collected during focused radiological investigations will be labeled according to an alpha-numeric grid cell in which the sample is collected. The alpha numeric-grid will be established

following the gamma walkover surveys; the example above represents a sample collected at intrusive investigation #1 from Grid 0A01.

4 - QC samples will be collected to meet the specified sample frequency and the number of required QC samples for soil is dependent on the number of total samples collected. The sample labeling

convention for field QC samples is discussed in Section 5.7; the sample IDs for field QC samples are dependent on the date on which they are collected.

NA- Not Applicable
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Table 5-3. Sample Analysis Summary for Subsurface Soil

Field Parameters Laboratory Analysis
Metals
Downhole | Soil Core PAHSs | (6020B/ Dioxins/
Boring Target Gamma | Gamma | VOCs | SVOCs |(8270D | 7471B/ | Herbicides | Pesticides | PCBs | Furans 1
Location ID Sample ID Depth PID Scans Scans | (8260C) | (8270D)  SIM) | 7199) (8151A) (8081B) |(8082A)| (8290A) | Rad
Site Systematic Grid-Based Subsurface Soil Samples2

SCP-DPT-001 SCP-SU001 10 ft X X X X X X X X X X X X
SCP-DPT-002  [SCP-SU002 10 ft X X X X X X X X X X X X
SCP-DPT-003  [SCP-SU003 10 ft X X X X X X X X X X X X
SCP-DPT-004  [SCP-SU004 10 ft X X X X X X X X X X X X
SCP-DPT-005  [SCP-SU005 10 ft X X X X X X X X X X X X
SCP-DPT-006  [SCP-SU006 10 ft X X X X X X X X X X X X
SCP-DPT-007  [SCP-SU007 10 ft X X X X X X X X X X X X
SCP-DPT-008  [SCP-SU008 10 ft X X X X X X X X X X X X
SCP-DPT-009  [SCP-SU009 10 ft X X X X X X X X X X X X
SCP-DPT-010  [SCP-SU010 10 ft X X X X X X X X X X X X
SCP-DPT-011 SCP-SU011 10 ft X X X X X X X X X X X X
SCP-DPT-012  [SCP-SU012 10 ft X X X X X X X X X X X X
SCP-DPT-013  [SCP-SU013 10 ft X X X X X X X X X X X X
SCP-DPT-014  [SCP-SU014 10 ft X X X X X X X X X X X X
SCP-DPT-015  [SCP-SU015 10 ft X X X X X X X X X X X X
SCP-DPT-016  [SCP-SU016 10 ft X X X X X X X X X X X X
SCP-DPT-017  [SCP-SU017 10 ft X X X X X X X X X X X X
SCP-DPT-018  [SCP-SU018 10 ft X X X X X X X X X X X X
SCP-DPT-019  |SCP-SU019 10 ft X X X X X X X X X X X X
SCP-DPT-020  [SCP-SU020 10 ft X X X X X X X X X X X X
SCP-DPT-021 SCP-SU021 10 ft X X X X X X X X X X X X
SCP-DPT-022  [SCP-SU022 10 ft X X X X X X X X X X X X
SCP-DPT-023  [SCP-SU023 10 ft X X X X X X X X X X X X
SCP-DPT-024  [SCP-SU024 10 ft X X X X X X X X X X X X
SCP-DPT-025  [SCP-SU025 10 ft X X X X X X X X X X X X
SCP-DPT-026  [SCP-SU026 10 ft X X X X X X X X X X X X
SCP-DPT-027  [SCP-SU027 10 ft X X X X X X X X X X X X
SCP-DPT-028  [SCP-SU028 10 ft X X X X X X X X X X X X
SCP-DPT-029  [SCP-SU029 10 ft X X X X X X X X X X X X
SCP-DPT-030  [SCP-SU030 10 ft X X X X X X X X X X X X
SCP-DPT-031 SCP-SU031 10 ft X X X X X X X X X X X X
SCP-DPT-032  [SCP-SU032 10 ft X X X X X X X X X X X X
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Table 5-3. Sample Analysis Summary for Subsurface Soil

Field Parameters Laboratory Analysis
Metals
Downhole | Soil Core PAHSs | (6020B/ Dioxins/
Boring Target Gamma | Gamma | VOCs | SVOCs |(8270D | 7471B/ | Herbicides | Pesticides | PCBs | Furans 1

Location ID Sample ID Depth PID Scans Scans | (8260C) | (8270D)  SIM) | 7199) (8151A) (8081B) |(8082A)| (8290A) | Rad
SCP-DPT-033  |SCP-SU033 10 ft X X X X X X X X X X X X
SCP-DPT-034  [SCP-SU034 10 ft X X X X X X X X X X X X
SCP-DPT-035  |SCP-SU035 10 ft X X X X X X X X X X X X
SCP-DPT-036  |SCP-SU036 10 ft X X X X X X X X X X X X
SCP-DPT-037  |SCP-SU037 10 ft X X X X X X X X X X X X
SCP-DPT-038  |SCP-SU038 10 ft X X X X X X X X X X X X
SCP-DPT-039  |SCP-SU039 10 ft X X X X X X X X X X X X
SCP-DPT-040  |SCP-SU040 10 ft X X X X X X X X X X X X
SCP-DPT-041  |SCP-SU041 10 ft X X X X X X X X X X X X
SCP-DPT-042  |SCP-SU042 10 ft X X X X X X X X X X X X
SCP-DPT-043  |SCP-SU043 10 ft X X X X X X X X X X X X
SCP-DPT-044  |SCP-SU044 10 ft X X X X X X X X X X X X
SCP-DPT-045  |SCP-SU045 10 ft X X X X X X X X X X X X
SCP-DPT-046  |SCP-SU046 10 ft X X X X X X X X X X X X
SCP-DPT-047  |SCP-SU047 10 ft X X X X X X X X X X X X
SCP-DPT-048  |SCP-SU048 10 ft X X X X X X X X X X X X
SCP-DPT-049  |SCP-SU049 10 ft X X X X X X X X X X X X
SCP-DPT-050  |SCP-SU050 10 ft X X X X X X X X X X X X
SCP-DPT-051  |SCP-SU051 10 ft X X X X X X X X X X X X
SCP-DPT-052  [SCP-SU052 10 ft X X X X X X X X X X X X
SCP-DPT-053  |SCP-SU053 10 ft X X X X X X X X X X X X
SCP-DPT-054  |SCP-SU054 10 ft X X X X X X X X X X X X
SCP-DPT-055  |SCP-SU055 10 ft X X X X X X X X X X X X
SCP-DPT-056  |SCP-SU056 10 ft X X X X X X X X X X X X
SCP-DPT-057  |SCP-SU057 10 ft X X X X X X X X X X X X
SCP-DPT-058  |SCP-SU058 10 ft X X X X X X X X X X X X
SCP-DPT-059  |SCP-SU059 10 ft X X X X X X X X X X X X
SCP-DPT-060  |SCP-SU060 10 ft X X X X X X X X X X X X
SCP-DPT-061  |SCP-SU061 10 ft X X X X X X X X X X X X
SCP-DPT-062  |SCP-SU062 10 ft X X X X X X X X X X X X
SCP-DPT-063  |SCP-SU063 10 ft X X X X X X X X X X X X
SCP-DPT-064  |SCP-SU064 10 ft X X X X X X X X X X X X
SCP-DPT-065 |SCP-SU065 10 ft X X X X X X X X X X X X
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Table 5-3. Sample Analysis Summary for Subsurface Soil

Field Parameters Laboratory Analysis
Metals
Downhole | Soil Core PAHSs | (6020B/ Dioxins/
Boring Target Gamma | Gamma | VOCs | SVOCs |(8270D | 7471B/ | Herbicides | Pesticides | PCBs | Furans 1

Location ID Sample ID Depth PID Scans Scans | (8260C) | (8270D)  SIM) | 7199) (8151A) (8081B) |(8082A)| (8290A) | Rad
SCP-DPT-066  |SCP-SU0G6 10 ft X X X X X X X X X X X X
SCP-DPT-067  [SCP-SU067 10 ft X X X X X X X X X X X X
SCP-DPT-068  |SCP-SU0G8 10 ft X X X X X X X X X X X X
SCP-DPT-069  |SCP-SU069 10 ft X X X X X X X X X X X X
SCP-DPT-070  |SCP-SU070 10 ft X X X X X X X X X X X X
SCP-DPT-071  |SCP-SU071 10 ft X X X X X X X X X X X X
SCP-DPT-072  |SCP-SU072 10 ft X X X X X X X X X X X X
SCP-DPT-073  |SCP-SU073 10 ft X X X X X X X X X X X X
SCP-DPT-074  |SCP-SU074 10 ft X X X X X X X X X X X X
SCP-DPT-075  |SCP-SU075 10 ft X X X X X X X X X X X X
SCP-DPT-076 ~ |SCP-SU076 10 ft X X X X X X X X X X X X
SCP-DPT-077  |SCP-SU077 10 ft X X X X X X X X X X X X
SCP-DPT-078  |SCP-SU078 10 ft X X X X X X X X X X X X
SCP-DPT-079  |SCP-SU079 10 ft X X X X X X X X X X X X
SCP-DPT-080  |SCP-SU080 10 ft X X X X X X X X X X X X
SCP-DPT-081  |SCP-SU081 10 ft X X X X X X X X X X X X
SCP-DPT-082  |SCP-SU082 10 ft X X X X X X X X X X X X
SCP-DPT-083  |SCP-SU083 10 ft X X X X X X X X X X X X
SCP-DPT-084  |SCP-SU084 10 ft X X X X X X X X X X X X
SCP-DPT-085  [SCP-SU085 10 ft X X X X X X X X X X X X
SCP-DPT-086  |SCP-SU086 10 ft X X X X X X X X X X X X
SCP-DPT-087  |SCP-SU087 10 ft X X X X X X X X X X X X
SCP-DPT-088  |SCP-SU088 10 ft X X X X X X X X X X X X
SCP-DPT-089  |SCP-SU089 10 ft X X X X X X X X X X X X
SCP-DPT-090  |SCP-SU090 10 ft X X X X X X X X X X X X
SCP-DPT-091  |SCP-SU091 10 ft X X X X X X X X X X X X
SCP-DPT-092  |SCP-SU092 10 ft X X X X X X X X X X X X
SCP-DPT-093  |SCP-SU093 10 ft X X X X X X X X X X X X
SCP-DPT-094  |SCP-SU094 10 ft X X X X X X X X X X X X
SCP-DPT-095  |SCP-SU095 10 ft X X X X X X X X X X X X
SCP-DPT-096  |SCP-SU096 10 ft X X X X X X X X X X X X
SCP-DPT-097  |SCP-SU097 10 ft X X X X X X X X X X X X
SCP-DPT-098  |SCP-SU098 10 ft X X X X X X X X X X X X
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Table 5-3. Sample Analysis Summary for Subsurface Soil

Field Parameters Laboratory Analysis
Metals
Downhole | Soil Core PAHSs | (6020B/ Dioxins/
Boring Target Gamma Gamma | VOCs | SVOCs | (8270D | 7471B/ | Herbicides | Pesticides [ PCBs | Furans 1

Location ID Sample ID Depth PID Scans Scans | (8260C) | (8270D) | SIM) | 7199) (8151A) (8081B) |(8082A)| (8290A) | Rad
SCP-DPT-099  [SCP-SU099 10 ft X X X X X X X X X X X X
SCP-DPT-100  [SCP-SU100 10 ft X X X X X X X X X X X X
SCP-DPT-101 SCP-SU101 10 ft X X X X X X X X X X X X
SCP-DPT-102  [SCP-SU102 10 ft X X X X X X X X X X X X
SCP-DPT-103  [SCP-SU103 10 ft X X X X X X X X X X X X
SCP-DPT-104  [SCP-SU104 10 ft X X X X X X X X X X X X
SCP-DPT-105  |SCP-SU105 10 ft X X X X X X X X X X X X

Site Biased Subsurface Soil Samples in the 1951 and 1954 Support Areas
SCP-DPT-106  [SCP-SU106 10 ft X X X X X X X X X X X X
SCP-DPT-107  [SCP-SU107 10 ft X X X X X X X X X X X X
Site Subsurface Soil Samples Collected During Focused Radiological Investigations
SCP-A1-1°  |SCP-SSOAQ1-1-5 NA [ Na| oNa | ona ] | | | | X
Reference Subsurface Soil Samples
REF-DPT-001 REF-SU001 10 ft NA NA NA X X X X X X X X X
REF-DPT-002 REF-SU002 10 ft NA NA NA X X X X X X X X X
REF-DPT-003 REF-SU003 10 ft NA NA NA X X X X X X X X X
REF-DPT-004 REF-SU004 10 ft NA NA NA X X X X X X X X X
REF-DPT-005  |REF-SU005 10 ft NA NA NA X X X X X X X X X
REF-DPT-006 REF-SU006 10 ft NA NA NA X X X X X X X X X
REF-DPT-007 REF-SU007 10 ft NA NA NA X X X X X X X X X
REF-DPT-008  |REF-SU008 10 ft NA NA NA X X X X X X X X X
REF-DPT-009  |REF-SU009 10 ft NA NA NA X X X X X X X X X
REF-DPT-010 REF-SU010 10 ft NA NA NA X X X X X X X X X
REF-DPT-011 REF-SU011 10 ft NA NA NA X X X X X X X X X
REF-DPT-012 REF-SU012 10 ft NA NA NA X X X X X X X X X
REF-DPT-013 REF-SU013 10 ft NA NA NA X X X X X X X X X
REF-DPT-014 REF-SU014 10 ft NA NA NA X X X X X X X X X
REF-DPT-015  |REF-SU015 10 ft NA NA NA X X X X X X X X X
Field QC Samples’

Field Duplicates (10%) NA NA NA NA X X X X X X X X X
Equipment Blanks (10%) NA NA NA NA X X X X X X X X X
MS/MSDs (5%) NA NA NA NA X X X X X X X X X
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Table 5-3. Sample Analysis Summary for Subsurface Soil

Field Parameters Laboratory Analysis
Metals
Downhole | Soil Core PAHSs | (6020B/ Dioxins/
Boring Target Gamma | Gamma | VOCs | SVOCs |(8270D | 7471B/ | Herbicides | Pesticides | PCBs | Furans
Location ID Sample ID Depth PID Scans Scans | (8260C) | (8270D)  SIM) | 7199) (8151A) (8081B) |(8082A)| (8290A) | Rad'
Trip Blanks (Daily) NA NA NA NA X NA NA NA NA NA NA NA NA
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Table 5-3. Sample Analysis Summary for Subsurface Soil

Location ID Sample ID

Boring Target
Depth

Field Parameters Laboratory Analysis
Metals
Downhole | Soil Core PAHSs | (6020B/ Dioxins/
Gamma Gamma | VOCs | SVOCs | (8270D | 7471B/ | Herbicides | Pesticides [ PCBs | Furans
PID Scans Scans | (8260C) | (8270D)  SIM) | 7199) (8151A) (8081B) |(8082A)| (8290A) | Rad'

1 - Radiological analysis for soil includes uranium-238, radium-226 and thorium-232 via EPA Method 901.1, isotopic uranium and thorium via HASL 300, and gross alpha and gross beta via

EPA 900.

2 - Up to two subsurface soil samples will be collected from the top 10 ft of the vadose zone and/or to the bottom of the waste fill layer. The sample ID for all subsurface samples will be
expanded to specify the sample depth as a suffix of digit depth in feet bgs (e.g., SCP-SU001-3 for a soil sample collected at 3 ft bgs).

3 - Soil samples collected during focused radiological investigations will be labeled according to the alpha-numeric grid cell in which the sample is collected. The alpha numeric-grid will be
established following the gamma walkover surveys; the example above represents a sample collected at intrusive investigation #1 from Grid 0A01 at a depth of 5 ft bgs.

4 - QC samples will be collected to meet the specified sample frequency and the number of required QC samples for soil is dependent on the number of total samples collected. The
sample labeling convention for field QC samples is discussed in Section 5.7; the sample IDs for field QC samples are dependent on the date on which they are collected.

NA- Not Applicable
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Table 5-4. Sample Analysis Summary for Groundwater

Field Parameters Laboratory Analysis
Metals
PAHs (6020B/ Dioxins/
VOCs SVOCs | (8270D- | 7471B/ | Herbicides | Pesticides| PCBs Furans
LocationID | Sample ID Temp | pH | Cond | DO | ORP | Turb | (8260C) | (8270D) SIM) 218.6) (8151A) (8081B) | (8082A) | (8290A) Rad'
Site Groundwater Samples
MW-22 SCP-MW022 X X| X | X] X X X X X X X X X X X
MW-23 SCP-MW023 X X| X | X] X X X X X X X X X X X
Field QC Samples’
Field Duplicates (10%) NA [ NA[ NA |NA| NA | NA X X X X X X X X X
Equipment Blanks (10%) NA [ NA[ NA |NA| NA | NA X X X X X X X X X
MS/MSDs (5%) NA [ NA[ NA |NA| NA | NA X X X X X X X X X
Trip Blanks (Daily) NA [ NA[ NA |NA| NA | NA X NA NA NA NA NA NA NA NA

1 - Radiological analysis for groundwater includes gross alpha and gross beta via EPA Method 900, Radium-226/228 via EPA Method 904/903, and total Uranium via EPA Method

200.8.

2 - QC samples will be collected to meet the specified sample frequency. The sample labeling convention for field QC samples is discussed in Section 5.7; the sample IDs for field QC
samples are dependent on the date on which they are collected.

NA- Not Applicable
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Table 5-5. Sample Analysis Summary for Sediment

Laboratory Analysis
Metals Dioxins/
SVOCs PAHs (6020B/ Pesticides | Herbicides Furans
Location ID Sample ID VOCs (8260C)| (8270D) (8270D SIM) |7471B/7199)] (8081B) (8151A) | PCBs (8082A)]  (8290A) Rad'
Site Sediment Samples®
SCP-SE-001 SCP-SE001 X X X X X X X X X
SCP-SE-002 SCP-SE002 X X X X X X X X X
SCP-SE-003 SCP-SE003 X X X X X X X X X
SCP-SE-004 SCP-SE004 X X X X X X X X X
SCP-SE-005 SCP-SE005 X X X X X X X X X
Reference Sediment Samples®
REF-SE-001 REF-SE001 X X X X X X X X X
REF-SE-002 REF-SE002 X X X X X X X X X
REF-SE-003 REF-SE003 X X X X X X X X X
REF-SE-004 REF-SE004 X X X X X X X X X
REF-SE-005 REF-SE005 X X X X X X X X X
Field QC Samples’
Field Duplicates (10%) X X X X X X X X X
Equipment Blanks (10%) X X X X X X X X X
MS/MSDs (5%) X X X X X X X X X
Trip Blanks (Daily) X NA NA NA NA NA NA NA NA

1 - Radiological analysis for soil includes uranium-238, radium-226 and thorium-232 via EPA Method 901.1, isotopic uranium and thorium via HASL 300, and gross alpha and gross beta via

EPA 900.

2 - 100% of sediment samples will be analyzed for TOC (Llyod-Kahn Method).

3 - QC samples will be collected to meet the specified sample frequency and the number of required QC samples for sediment is dependent on the number of total samples collected. The

sample labeling convention for field QC samples is discussed in Section 5.7; the sample IDs for field QC samples are dependent on the date on which they are collected.

NA- Not Applicable
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Table 5-6. Sample Analysis Summary for Soil Gas

Field Parameters Laboratory Analysis
Temp, Pressure, Gas
Location ID Sample ID CH, co, 0, co H,S pFIow Rate VOCs (T0-15)
Site Soil Gas Samples
SCP-SG-001 SCP-SG001 X X X X X X X
SCP-SG-002 SCP-SG002 X X X X X X X
SCP-SG-003 SCP-SG003 X X X X X X X
SCP-SG-004 SCP-SG004 X X X X X X X
SCP-SG-005 SCP-SG005 X X X X X X X
SCP-SG-006 SCP-SG006 X X X X X X X
SCP-SG-007 SCP-SG007 X X X X X X X
SCP-SG-008 SCP-SG008 X X X X X X X
SCP-SG-009 SCP-SG009 X X X X X X X
SCP-SG-010 SCP-SG010 X X X X X X X
Field QC Samples'
Field Duplicates (10%) NA [ NA | NA | NA | NA | NA X

1 - QC samples will be collected to meet the specified sample frequency. The sample labeling convention for field QC samples is discussed in Section 5.7; the

sample IDs for field QC samples are dependent on the date on which they are collected.

NA- Not Applicable
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Appendix A — Previous Investigation Figures



Spring Creek South | Howard Beach Site Investigation Report and
Screening Level Ecological Risk Assessment (USACE, 2017a)



ey ".—f

¢
a“

v

]

Proposed Cut Depth (feet)

[ -13.3t0-12

Proposed Composite
Sample Location

Y Historic Boring Location

[ ] -12t0o-10

] -10t0-8

Proposed PCB Delineation

Sample Locations

I _ j StudyArea

Each grid cell is approximately 1 acre. [ -4 to -2

A

Feet 600

0

Earthstar Geographics,

Esri, DigitalGlobe, GeoEye,

CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and

Service Layer Credits: Source:
the GIS User Commu

nity




Site Investigation Sample
PCB Hotspot Delineation

Historic Sample with
Elevated PCBs

I, StudyArea

Each grid cell is approximately 1 acre.

0 Feet 600

Service Layer  Credits: Source: Esri,
DigitalGlobe, GeoEye, Earthstar Geographics,
CNES/Airbus DS, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, swisstopo, and
the GIS User Community

-DRILLED SAMPLE LOCATIONS
SPRING CREEK SOUTH
FIGURE 3-2

PATH: \MAHPI-FILE01\ACTIVEPROJE CTS\201482\CON0088538\CON01020521000000000266185\7.0_GIS_MODELS\7.2_ WORK_IN_PROGRESS\MAP_D OCS\DRAFTIINVESTIGATION REPORT\FIGURE 3-2 - AS-DRILLED SAMPLE LOCATIONS.MXD - USER: CMILLS - DATE: 5/16/2016 SPRING CREEK SOUTH SITE INVESTIGATION REPORT




BENZO(A)ANTHRACENE

B BENZO(B)FLUORANTHENE

[INDENO(1,2:3-C.0)PYRENE | 0:59 |
| | |

S g B K8 [ L8 |

o K9 B8 L9 |

Use SCO
033
:
LrY! |
Mee ]
I
_
:
0.33

All concentrations in mg/ke.

[l Centroid of composite grid cell.

@ As-drilled location of borings.

NOTES:

Sampling was began on February 8, 2016 and
completed by March 3, 2016.

N

Results compared to 6 NYCRR Part 375 Unrestricted
Use Soil Cleanup Objectives (UUSCOs).

Results in mg/kg. Only exceedances of the SCO are shown.

Databoxes without analytes indicate no exceedances
for the analyte group shown on this figure.
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[l Centroid of composite grid cell.

@ As-drilled location of borings. DDT 0.0097 J

NOTES: N

Sampling was began on February 8, 2016 and
completed by March 3, 2016.

Results compared to 6 NYCRR Part 375 Unrestricted
Use Soil Cleanup Objectives (UUSCOs).

Results in mg/kg. Only exceedances of the SCO are shown.

Databoxes without analytes indicate no exceedances
for the analyte group shown on this figure.
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Databoxes without analytes indicate no exceedances
for the analyte group shown on this figure.
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[l Centroid of composite grid cell.
@ As-drilled location of borings.

NOTES: N

Sampling was began on February 8, 2016 and
completed by March 3, 2016.

Results compared to 6 NYCRR Part 375 Unrestricted
Use Soil Cleanup Objectives (UUSCOs).

Results in mg/kg. Only exceedances of the SCO are shown.

Databoxes without analytes indicate no exceedances
for the analyte group shown on this figure.
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Sampling was began on February 8, 2016 and
completed by March 3, 2016.

I I I
Results compared to 6 NYCRR Part 375 Unrestricted m__m
Use Soil Cleanup Objectives (UUSCOs).

Results in mg/kg. Only exceedances of the SCO are shown.

Databoxes without analytes indicate no exceedances
for the analyte group shown on this figure.
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Sampling was began on February 8, 2016 and
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Use Soil Cleanup Objectives (UUSCOs).

Results in mg/kg. Only exceedances of the SCO are shown.

Databoxes without analytes indicate no exceedances
for the analyte group shown on this figure.
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completed by March 3, 2016.

Results compared to 6 NYCRR Part 375 Unrestricted
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Results in mg/kg. Only exceedances of the SCO are shown.

Databoxes without analytes indicate no exceedances
for the analyte group shown on this figure.
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Sampling was began on February 8, 2016 and
completed by March 3, 2016.

Results compared to 6 NYCRR Part 375 Unrestricted
Use Soil Cleanup Objectives (UUSCOs).

Results in mg/kg. Only exceedances of the SCO are shown.

Databoxes without analytes indicate no exceedances
for the analyte group shown on this figure.
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00-20 [ 022016 | 0.22 |
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40-60 [ 022016 | ND |
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ey | O | i
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Depth PCBs Depth PCBs
(feet) (mg/kg) N (feet) (mg/kg) [
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6.0-8.0 | 0212016 | 0.045 |
 8.0-10.0 | 0212016 | 13 |
10.0-120 | 0212016 | 04 |
| 12.0-14.0 | 0212016 | ND

02/2016 | 0.073

 40-60 [ 022016 | ND |
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TOTAL

[l Centroid of composite grid cell.

@ As-drilled location of borings.

NOTES:

Sampling was began on February 8, 2016 and

completed by March 3, 2016.

Results compared to 6 NYCRR Part 375 Unrestricted

Use Soil Cleanup Objectives (UUSCOs).

Results in mg/kg. Only exceedances of the SCO are shown.

Databoxes without analytes indicate no exceedances

for the analyte group shown on this figure.
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4.0-6.0 | 0212016 | 0.56 |
6.0-80 | 02/2016 | 041 |
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| 10.0-12.0 | 01/2016 | 017 |
| 12.0-14.0 | 0212016 | ND_|
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8.0-10.0 | 022016 | 2 |
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| 12.0-14.0 | 0212016 | ND_|
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Final Field Investigation Summary Report, Gateway National
Recreation Area Spring Creek Park Site (JCO, 2020)
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i___j Approximate Site Boundary

Soil/Fill Sample - At Least One Screening
Level Exceedance

Soil/Fill Sample - No Screening
Level Exceedances

All concentrations are reported in pg/L.

Detection exceeds lowest HHSL
Detection exceeds ESL
Detection exceeds both lowest HHSL and ESL

SCREENING LEVELS FOR LEACHATE VOCs (ug/L)

1,2-Dichloroethane 5 0.17 0.6 2.2 100
1,4-Dichlorobenzene 75 0.48 3 2.6 15
Benzene 0.46 1 1.6 46
Carbon disulfide - 81 60 1200 0.92
Chlorobenzene 100 7.8 5 410 13
Methylene Chloride 5 11 5 760 98.1
Toluene 1000 110 5 19000 2
Trichloroethene 5 0.28 5 1.2 21
Vinyl chloride 2 0.019 2 0.15 =
Notes:

MCL: Federal maximum contaminant level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

TW: Federal tap water screening level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

GA: New York state standard for class GA water,

6 CRR-NY 703.5.

VISL: Vapor intrusion screening level target groundwater
concentration at target risk of 1E-06 and hazard quotient 1,
average groundwater temperature 25°C.

ESV: 2018 NPS ecological screening value from Table 1a

and Table 7 in NPS protocol for selection and use of
ecological screening values for non-radiological analyses (2018),
HHSL: Human Health Screening Level.
ESL: Ecological Screening Level.
DUP: duplicate.

ftBGS: feet below ground surface.

J: estimated; J+: biased high.
Basemap from ESRI.

Location data provided by

Rogers Surveying (August 2018).
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Reviewed by: BNH  Date: 02/13/2020

Scale: 1" =500"

Project: 58345.29

\\vhb\gis\proj\Montpelier\58345.29 NPS Spring Creek\gis\MXDs\Figure 3.3 - Exceedances of VOCs in Leachate.mxd



/

7

Naphthalene
7o

4

Location ID: MW-01
Sample Date: 7/14/2018
Soil Sample Interval (ftBGS): 12-14

\
SR
\

-

1B/

P

. r

Hwﬂ

Location ID: NPS-B-01
sample Date: 7/23/2018 B e a C h
Soil Sample Interval (ftBGS): 4.5-8.9
Anthracene
Fluoranthene
Phenanthrene
Pyrene
| Location ID: MW-02A
- - Sample Date: 7/15/2018 _ . . _ 3 -
Soil Sample Interval (ftBGS): 4-7.5 3 3
NPS-B-02 Anthracene : . =
MW-08A Location ID: MW-03B -
Sample Date: 7/15/2018 - e
Soil Sample Interval (ftBGS): 11-16 -
Anthracene
MW-15B MW-02A \
Location ID: MW-03B DUP
. Location ID: MW-07A \ Sample Date: 7/15/2018
\ — - ~ Sample Date: 7/24/2018 Soil Sample Interval (ftBGS): 11-16
NPS:B04 Soil Sam:lnet:]r::eczja; (ftBGS): 8.2-124 MW-03B ;mzt:y:nap:thalene 2) s ; E - :
ylnaphthalene 5J) ? 3 { i
Fluoranthene Anthracene = " M= s “
Naphthalene 0.2) Dibenzofuran 1J)- i
Pyrene Naphthalene e " e
Phenanthrene - v = N
MW-07A o - g
Y :
MW-09B | ¥ " : s . :
NPS-B-05 . Location ID: MW-12A " & .
Sample Date: 7/12/2018 = o 1
MW-16A - Soil Sample Interval (ftBGS): | 16-18 ooation1D: oo 1 ,
b - 1-Methylnaphthalene 3) Sample Date: 2/11/2018 i
~ ZMethylnaphthalene @ Soil Sample Interval (ftBGS): 17-19 L
Anthracene
Location ID: MW-16A - A Benzo(a)anthracene Anthracene
Sample Date: 7/24/2018 Location ID: MW-10A - Chrysene
Soil Sample Interval (ftBGS): 2-6 Sample Date: 7/10/2018 = Dibenzofuran 1 - \
Benzo(k)fluoranthene Soil Sample Interval (ftBGS): 45-6.7 Fluoranthene Location ID: Mw-058 !
Chrysene Anthracene % Naphthalene i Sample Date: 7/11/2018
Fluoranthene Phenanthrene Soil Sample Interval (ftBGS): 4-5.5 -
Pyrene Pyrene 1-Methylnaphthalene 4 i .
— 2-Methylnaphthalene 12
MW-10A i Anthracene * =
) Benzo(a)anthracene 2 . 3
Location ID: NPS-B-08 Benzo(a)pyrene K
Sample Date: 7/12/2018 Benzo(k)fluoranthene MW-06B
. Soil Sample Interval (ftBGS): 14-16 Chrysene
- Chrysene Dibenzofuran
" Naphthalene 0.9 Fluoranthene
Location ID: MW-04A Naphthalene
Sample Date: 7/24/2018 -
Soil Sample Interval (ftBGS): 6-17.5 Location ID: MW-198 MW-05B Phenanthrene
Sample Date: 7/12/2018 Pyrene
Naphthalene 0.6J- -
Soil Sample Interval (ftBGS): 8-10.2
Location ID: NPS-B-06 2-Methylnaphthalene 7 MW-13A
Sample Date: 7/26/2018 MW-17B MW-04A Anthracene 4
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Legend
Soil/Fill Sample - At Least One Screening
@ Level Exceedance
o Soil/Fill Sample - No Screening
Level Exceedances

i___j Approximate Site Boundary

All concentrations are reported in pg/L.

Detection exceeds lowest HHSL
Detection exceeds ESL
Detection exceeds both lowest HHSL and ESL

SCREENING LEVELS FOR LEACHATE SVOCs (ug/L)

1,1-Biphenyl - 0.083 5 33 -
1-Methylnaphthalene - 11 - - -
2-Methylnaphthalene - 3.6 - - 330
Anthracene - 180 - - 0.012
Benzo(a)anthracene - 0.03 - - 0.018
Benzo(a)pyrene 0.2 0.025 - - 0.014
Benzo(k)fluoranthene - 2.5 - - 0.0041
Chrysene - 25 - - 0.0018
Dibenzofuran - 0.79 - - 3.7
Fluoranthene - 80 - - 0.04
Naphthalene - 0.17 - 4.6 1.1
Phenanthrene - - - - 0.4
Pyrene - 12 - - 0.025

Notes:

MCL: Federal maximum contaminant level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

TW: Federal tap water screening level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

GA: New York state standard for class GA water,

6 CRR-NY 703.5.

VISL: Vapor intrusion screening level target groundwater
concentration at target risk of 1E-06 and hazard quotient 1,
average groundwater temperature 25°C.

ESV: 2018 NPS ecological screening value from Table 1a

and Table 7 in NPS protocol for selection and use of
ecological screening values for non-radiological analyses (2018).|
HHSL: Human Health Screening Level.
ESL: Ecological Screening Level.
Basemap from ESRI.

Location data provided by

Rogers Surveying (August 2018).

DUP: duplicate.

ftBGS: feet below ground surface.

J: estimated; J+: biased high; J-: biased low.
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Legend

Soil/Fill Sample - At Least One Screening
@ Level Exceedance

o Soil/Fill Sample - No Screening

- . Level Exceedances

i___j Approximate Site Boundary

All concentrations are reported in pg/L.

Detection exceeds lowest HHSL

Detection exceeds ESL

Detection exceeds both lowest HHSL and ESL

, SCREENING LEVELS FOR LEACHATE METALS (pg/L)

Aluminum - 2000 - - 5

Antimony 6 0.78 3 - 30

Arsenic 10 0.052 25 - 3.1

i Barium 2000 380 1000 - 3.9

i Beryllium | 4 2.5 - - 0.66
LR _ I Cadmium | 5 0.92 5 - 0.07
L ‘& - : Chromium | 100 - 50 - -
: Cobalt - 0.6 - - 3
Copper 1300 80 200 - 0.23

Iron - 1400 300 - 158

Lead 15 15 25 - 0.92

5 Manganese - 43 300 - 112

re— ] Ly Mercury 2 0.063 0.7 0.89 0.026
3= . | Nickel - 39 100 - 5
Selenium 50 10 10 - 1

Silver - 9.4 50 - 0.067
Sodium - - 20000 - 680000

Thallium 2 0.02 - - 0.03

Vanadium - 8.6 - - 19

Zinc - 600 - - 30

Notes:

i
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Sample Date:

7/15/2018

Aluminum
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Iron

Mercury

Selenium

Vanadium

MCL: Federal maximum contaminant level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.
TW: Federal tap water screening level, regional screening
. v i ) level for target cancer risk of 1E-06 and hazard quotient of

Soil Sample Interval (ftBGS):| _ 11-16 | 7 bt o 0.1, June 2017 update.
: { gt GA: New York state standard for class GA water,
6 CRR-NY 703.5.
VISL: Vapor intrusion screening level target groundwater
concentration at target risk of 1E-06 and hazard quotient 1,
average groundwater temperature 25°C.
ESV: 2018 NPS ecological screening value from Table 1a
and Table 7 in NPS protocol for selection and use of
ecological screening values for non-radiological analyses (2018).|
HHSL: Human Health Screening Level.
ESL: Ecological Screening Level. TN
DUP: duplicate.
ftBGS: feet below ground surface.
J: estimated. J+: biased high; J-: biased low.
Basemap from ESRI.
Location data provided by
Rogers Surveying (August 2018).
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Zin L 1D: MW-11A Sample Date: 7/12/2018 Soil Sample Interval (ftBGS): | 5-12 Soil Sample Interval (ftBGS): | 5-12
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Soil/Fill Sample - At Least One Screening
@ Level Exceedance
o Soil/Fill Sample - No Screening
Level Exceedances

i___j Approximate Site Boundary

All concentrations are reported in pg/L.

Detection exceeds lowest HHSL
Detection exceeds ESL
Detection exceeds both lowest HHSL and ESL

SCREENING LEVELS FOR LEACHATE METALS (ug/L)

Aluminum - 2000 - - 5
Antimony 6 0.78 3 - 30
Arsenic 10 0.052 25 - 3.1
Barium 2000 380 1000 - 3.9
Beryllium 4 2.5 - - 0.66
Cadmium 5 0.92 5 - 0.07
Chromium | 100 - 50 - -
Cobalt - 0.6 - - 3
Copper 1300 80 200 - 0.23
Iron - 1400 300 - 158
Lead 15 15 25 - 0.92
Manganese - 43 300 - 112
Mercury 2 0.063 0.7 0.89 0.026
Nickel - 39 100 - 5
Selenium 50 10 10 - 1
Silver - 9.4 50 - 0.067
Sodium - - 20000 - 680000
Thallium 2 0.02 - - 0.03
Vanadium - 8.6 - - 19
Zinc - 600 - - 30
Notes:

MCL: Federal maximum contaminant level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

TW: Federal tap water screening level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

GA: New York state standard for class GA water,

6 CRR-NY 703.5.

VISL: Vapor intrusion screening level target groundwater
concentration at target risk of 1E-06 and hazard quotient 1,
average groundwater temperature 25°C.

ESV: 2018 NPS ecological screening value from Table 1a
and Table 7 in NPS protocol for selection and use of

ecological screening values for non-radiological analyses (2018).|
HHSL: Human Health Screening Level.

ESL: Ecological Screening Level.

DUP: duplicate.

ftBGS: feet below ground surface.
J: estimated. J+: biased high; J-: biased low.

Basemap from ESRI.

TN

Location data provided by
Rogers Surveying (August 2018).
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SCREENING LEVELS FOR LEACHATE PESTICIDES, PCBs, AND DIOXINS AND

MW-1 4A/ Location ID: NPS-B-02
‘ sample Date: 7/16/2018
/ Soil Sample Interval (ftBGS): 6.5-9
/ Total PCBs (pg/L)
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Soil Sample Interval (ftBGS): 4-7.5 = pe=: -
NRS-B-01 Total PCBs (ug/L) !
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MW-09B t = i i ]
\ ) W g it
NPS-B-05 - , _1 .
MW-16A ¥ :
\ £ ‘
p— VITETTY ~ Location ID: MW-06B
Sample Date: 7/20/2018 Location ID: MW-058 i Sample Date: 7/11/2018 {
- - N Sample Date: 7/11/2018 Soil Sample Interval (ftBGS): 17-19 f o
Soil Sample Interval (ftBGS): 2-6 P
Total PCBs (pg/L) Soil Sample Interval (ftBGS): 4-55 _Dioxins and Furans TEQ (pg/:.) L] 2
Dioxins and Furans TEQ (pg/L) MW-10A cis-Chlordane (pg/L) Pl !
gamma-Chlordane (pg/L)
4,4-DDT (pg/L)
o 1 ‘
/ - \
— |
/ T ron 1D NPS-B.08 ”’ MW-06B
Sample Date: 7/12/2018 ‘
Soil Sample Interval (ftBGS): 14-16 o — MW-05B ‘
Total PCBs (pg/L) —
Dioxins and Furans TEQ (pg/L)
Location ID: NPS-B-07
Sample Date: 7/12/2018 N
Soil Sample Interval (ftBGS): 12-16 MW:-04A MW13A Y
Dioxins and Furans TEQ (pg/L) 0.34) NPS-B-08 -13 " ron ID: MW-T3A
Sample Date: 7/12/2018
NPS-B-07 Soil Sample Interval (ftBGS): 8-14
NPS-B-06 Dioxins and Furans TEQ (pg/L) 0.196J
MW-12A
MW-18A
\O MW-11A Location ID: MW-12A N PS-B-09
\N ) Sample Date: 7/12/2018 MW-21B ‘
\ Soil Sample Interval (ftBGS): 16- 18
\ Total PCBs (/L) H —
Dioxins and Furans TEQ (pg/L) 0.523) ’
\ ————— /
\ — —
—
—
——
. —
N e — —

FURANS
4,4'-DDT ug/L - 0.23 0.2 0.001
cis-Chlordane ug/L - - - 0.0043
gamma-Chlordane ug/L - - - 0.0043
Total PCBs ug/L 0.5 - 0.09 0.014
Dioxins and Furans TEQ pg/L - 0.12 0.7 2
Notes:

MCL: Federal maximum contaminant level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

TW: Federal tap water screening level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

GA: New York state standard for class GA water,

6 CRR-NY 703.5.

ESV: 2018 NPS ecological screening value from Table 1a
and Table 7 in NPS protocol for selection and use of
ecological screening values for non-radiological analyses (2018).
HHSL: Human Health Screening Level.

ESL: Ecological Screening Level.

DUP: duplicate.

ftBGS: feet below ground surface.

J: estimated; J+: biased high; J-: biased low.

TEQ: Toxic Equivalent.

Dioxins and Furans concentrations via TEQ.

Basemap from ESRI. TN
Location data provided by

Rogers Surveying (August 2018).
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1) Spikes in the logger recording barometric pressure occurred between 7:40 PM - 9:00 PM on July 27; likely due to high wave action washing
water over the data logger installed in SG-01. The resulting "chatter in water levels of approximately 0.2 feet has not been corrected.

2) The surface water logger installed at SG-02 was not sufficiently deep enough to measure the lowest levels of low tide, resulting in limited
measures during the low tide cycles.
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Spikes in the logger recording barometric pressure occurred between 7:40 PM - 9:00 PM on July 27; likely due to high wave action washing
water over the data logger installed in SG-01. The resulting "chatter in water levels of approximately 0.2 feet has not been corrected.

The surface water logger installed at SG-02 was not sufficiently deep enough to measure the lowest levels of low tide, resulting in limited
measures during the low tide cycles.
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All concentrations are reported in pg/L.
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Level Exceedances

Site Boundary

Detection exceeds lowest HHSL
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Detection exceeds both lowest HHSL and ESL

SCREENING LEVELS FOR GROUNDWATER VOCs (pg/L)

1,4-Dichlorobenzene 75 048 | 3 2.6 15
Benzene 5 046 | 1 1.6 46
Carbon disulfide - 81 | 60 1200 0.92
Chlorobenzene 100 78 | 5 410 13
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—
\ —
o —— M Location ID: MW-08A MW-08A
\ -— Sample Date: 7/20/2018 4/11/2019
| MW-02A MW-08A \ Screen Interval (ftBGS): | 4.45-8.95 4.45-8.95
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~ MW-03A . ~ : . ;iw
- - ¥
Location ID: MW-07A MW-07A - = el M
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Location ID: MW-16A MW-16A
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ple Date: 7/23/2018 4/11/2019 }
Screen Interval (ftBGS): [ 3.95- 13.45 3.95- 13.45 [\
1,4-Dichlorob 2.3 1.2 - - - i
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Notes:

MCL: Federal maximum contaminant level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of

0.1, June 2017 update.

TW: Federal tap water screening level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of

0.1, June 2017 update.

GA: New York state standard for class GA water,

6 CRR-NY 703.5.

VISL: Vapor intrusion screening level target groundwater
concentration at target risk of 1E-06 and hazard quotient 1,
average groundwater temperature 25°C.

ESV: 2018 NPS ecological screening value from Table 1a
and Table 7 in NPS protocol for selection and use of
ecological screening values for non-radiological analyses (2018),
HHSL: Human Health Screening Level.
ESL: Ecological Screening Level.

DUP: duplicate.

ftBGS: feet below ground surface.

J: estimated.
Basemap from ESRI.

Location data provided by
Rogers Surveying (August 2018).
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All concentrations are reported in pg/L.
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SCREENING LEVELS FOR GROUNDWATER VOCs (pg/L)

1,4-Dichlorobenzene 75 048 | 3 2.6 15
Carbon disulfide - 81 | 60 1200 0.92
Chlorobenzene 100 7.8 5 410 1.3

Chloroform 80 | 022 | 7 0.81 1.8
Notes:

MCL: Federal maximum contaminant level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

TW: Federal tap water screening level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

GA: New York state standard for class GA water,

6 CRR-NY 703.5.

VISL: Vapor intrusion screening level target groundwater
concentration at target risk of 1E-06 and hazard quotient 1,
average groundwater temperature 25°C.

ESV: 2018 NPS ecological screening value from Table 1a

and Table 7 in NPS protocol for selection and use of
ecological screening values for non-radiological analyses (2018),
HHSL: Human Health Screening Level.
ESL: Ecological Screening Level.
DUP: duplicate.

ftBGS: feet below ground surface.

J: estimated.

Basemap from ESRI.

Location data provided by

Rogers Surveying (August 2018).
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$’ Screening Level Exceedance

Groundwater Sample - No Screening
Level Exceedances
i___j Approximate Site Boundary

All concentrations are reported in pg/L.

Detection exceeds lowest HHSL
Detection exceeds ESL
Detection exceeds both lowest HHSL and ESL

SCREENING LEVELS FOR GROUNDWATER SVOCs (ug/L)

1-Methylnaphthalene - 1.1 - - -

Anthracene -- 180 - - 0.012
Benzo(a)anthracene - 0.03 - - 0.018
Chrysene - 25 - - 0.0018

Fluoranthene - 80 - = 0.04

Naphthalene - 0.17 - 4.6 11
Pyrene - 12 - - 0.025

Notes:

MCL: Federal maximum contaminant level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

TW: Federal tap water screening level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

GA: New York state standard for class GA water,

6 CRR-NY 703.5.

VISL: Vapor intrusion screening level target groundwater
concentration at target risk of 1E-06 and hazard quotient 1,
average groundwater temperature 25°C.

ESV: 2018 NPS ecological screening value from Table 1a
and Table 7 in NPS protocol for selection and use of
ecological screening values for non-radiological analyses (2018),
HHSL: Human Health Screening Level.

ESL: Ecological Screening Level.

DUP: duplicate.

ftBGS: feet below ground surface.

J: estimated.

Basemap from ESRI.

Location data provided by

Rogers Surveying (August 2018).
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Legend

$_ Groundwater Sample - At Least One
Screening Level Exceedance

_& Groundwater Sample - No Screening
Level Exceedances

i___j Approximate Site Boundary

All concentrations are reported in pg/L.

Detection exceeds lowest HHSL
Detection exceeds ESL
Detection exceeds both lowest HHSL and ESL

SCREENING LEVELS FOR GROUNDWATER METALS (pg/L)

Aluminum -- 2000 - - 5
Antimony 6 0.78 3 - 30
Arsenic 10 0.052 25 - 3.1
Barium 2000 380 1000 - 3.9
Cadmium 5 0.92 5 - 0.07
Calcium -- -- -- -- 116000
Chromium 100 - 50 - -
Cobalt -- 0.6 - - 3
Copper
Iron - 1400 300 - 158
Lead 15 15 25 - 0.92
Magnesium -- -- -- -- 82000
Manganese - 43 300 - 112
Nickel - 39 100 - 5
Potassium - - - - 53000
Selenium 50 10 10 - 1
Sodium - - 20000 - 680000
Vanadium -- 8.6 - - 19
Zinc - 600 - - 30
Notes:

MCL: Federal maximum contaminant level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

TW: Federal tap water screening level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

GA: New York state standard for class GA water,

6 CRR-NY 703.5.

VISL: Vapor intrusion screening level target groundwater
concentration at target risk of 1E-06 and hazard quotient 1,
average groundwater temperature 25°C.

ESV: 2018 NPS ecological screening value from Table 1a

and Table 7 in NPS protocol for selection and use of
ecological screening values for non-radiological analyses (2018).|
HHSL: Human Health Screening Level.

ESL: Ecological Screening Level.

DUP: duplicate.

ftBGS: feet below ground surface.

J: estimated.

Basemap from ESRI.

Location data provided by TN
Rogers Surveying (August 2018).
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Groundwater Sample - No Screening
Level Exceedances

All concentrations are reported in pg/L.

Detection exceeds lowest HHSL
Detection exceeds ESL
Detection exceeds both lowest HHSL and ESL

SCREENING LEVELS FOR GROUNDWATER METALS (pg/L)

Aluminum -- 2000 - - 5
Antimony 6 0.78 3 - 30
Arsenic 10 0.052 25 - 3.1
Barium 2000 380 1000 - 3.9
Cadmium 5 0.92 5 - 0.07
Calcium -- - - - 116000
Chromium 100 - 50 - -
Cobalt -- 0.6 - - 3
Copper
Iron - 1400 300 - 158
Lead 15 15 25 - 0.92
Magnesium -- -- -- -- 82000
Manganese - 43 300 - 112
Nickel - 39 100 - 5
Potassium - - - - 53000
Selenium 50 10 10 - 1
Sodium - - 20000 - 680000
Vanadium -- 8.6 - - 19
Zinc - 600 - - 30
Notes:

MCL: Federal maximum contaminant level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

TW: Federal tap water screening level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

GA: New York state standard for class GA water,

6 CRR-NY 703.5.

VISL: Vapor intrusion screening level target groundwater
concentration at target risk of 1E-06 and hazard quotient 1,
average groundwater temperature 25°C.

ESV: 2018 NPS ecological screening value from Table 1a

and Table 7 in NPS protocol for selection and use of
ecological screening values for non-radiological analyses (2018).|
HHSL: Human Health Screening Level.
ESL: Ecological Screening Level.
DUP: duplicate.

ftBGS: feet below ground surface.

J: estimated.

Basemap from ESRI.

Location data provided by

Rogers Surveying (August 2018).
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MW-14A SCREENING LEVELS FOR GROUNDWATER PESTICIDES, HERBICIDES, PCBs,
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ple Date: 7/23/2018 | 4/14/2019 Heptchlor epoxide pg/L| 02 |00014) 003 | - |0.004
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MW-15A Endosulfan sulfate (pg/L) <0.081

Notes:

MCL: Federal maximum contaminant level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

TW: Federal tap water screening level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

GA: New York state standard for class GA water,
MW-16A 6 CRR-NY 703.5.

VISL: Vapor intrusion screening level target groundwater
concentration at target risk of 1E-06 and hazard quotient 1,
average groundwater temperature 25°C.

ESV: 2018 NPS ecological screening value from Table 1a
and Table 7 in NPS protocol for selection and use of
ecological screening values for non-radiological analyses (2018).,
HHSL: Human Health Screening Level.

ESL: Ecological Screening Level.

DUP: duplicate.

ftBGS: feet below ground surface.

J: estimated; J-: biased low.

TEQ: Toxic Equivalent.

Dioxins and Furans concentrations via TEQ.

Basemap from ESRI.

Location data provided by

Rogers Surveying (August 2018).

MW-10A

TN

MW-05A

pr

0 250 500 750 1,000
’ Location ID: MW-12A MW-12A [ aaa— S—
— : Feet
bw-tia_1 w1ia Scrcon tntamel (3651 | 755 1705 | 7.5 1705
creen Interval H . - . . - . . . .
Sample Date: 7/31/2018 | 4/10/2019 Figure 3.14a: Exceedances of Pesticides
Screen Interval (ftBGS): 9.25-18.75 | 9.25-18.75 beta-BHC (ug/L) 0.02)- - 0.03)- . . P ’.
) 0 Herbicides, PCBs, and Dioxins and Furans in
Endosulfan sulfate (pg/L) <0.016) [ e 1 e | s v '
e 2 . A o : T Shallow Groundwater
EE/CA Investigation Summary Report
Spring Creek Park Site

MW-18A MW-11A Queens, New York

MW-20A
100 State Street, Suite 600

Montpelier, VT 05602

Drawn by: DEB Date: 09/10/2019
Reviewed by: BNH  Date: 02/13/2020

Scale: 1" =500" Project: 58345.29
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Legend

Groundwater Sample - At Least One
$’ Screening Level Exceedance

$ Groundwater Sample - No Screening
Level Exceedances

i___j Approximate Site Boundary

All concentrations are reported in pg/L.

Detection exceeds lowest HHSL
Detection exceeds ESL
Detection exceeds both lowest HHSL and ESL

SCREENING LEVELS FOR GROUNDWATER PESTICIDES AND PCBs

4,4-DDT pg/L| - 0.23 0.2 - ] 0.001
Total PCBs ug/L| 05 - 0.09 - _10.014

\

Notes:
MCL: Federal maximum contaminant level, regional screening
ole Date: 7/18/2018 21370019 | ° I(;excyelﬁ);etazn'g%cua::aetreflsk of 1E-06 and hazard quotient of
Screen Interval (ftBGS): 22.55-27.05 | 22.55-27.05 |3 i 18 ! i RS . | TW: Federal tap water screening level, regional screening

4,4-DDT (g/L) : E f 4 L " \ 3 | level for target cancer risk of 1E-06 and hazard quotient of

_Total PCBs (pg/L) 0. 0.029 X . ) el 5 i 0.1, June 2017 update.
' Y ; ! . ] : 3 : GA: New York state standard for class GA water,

6 CRR-NY 703.5.
VISL: Vapor intrusion screening level target groundwater
concentration at target risk of 1E-06 and hazard quotient 1,
average groundwater temperature 25°C.
ESV: 2018 NPS ecological screening value from Table 1a
and Table 7 in NPS protocol for selection and use of
ecological screening values for non-radiological analyses (2018).|
HHSL: Human Health Screening Level.
ESL: Ecological Screening Level.
ftBGS: feet below ground surface.
J: estimated. J-: biased low.
Basemap from ESRI.
Location data provided by
Rogers Surveying (August 2018).

TN

0 250 500 750 1,000
[ Saaaa— E—
Feet

Figure 3.14b: Exceedances of Pesticides and PCBs
in Deep Groundwater
EE/CA Investigation Summary Report
Spring Creek Park Site
Queens, New York

100 State Street, Suite 600
Montpelier, VT 05602

MWwW-19B
Drawn by: DEB Date: 09/10/2019
$ Reviewed by: BNH  Date: 02/13/2020

Jamaica

~
\\~_—————”—— Scale: 1" =500" Project: 58345.29
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1
/ d \ Legend
/ \ Groundwater Sample - At Least One
/ $ Screening Level Exceedance
7 MW. 1') _$, Groundwater Sample - No Screening

Level Exceedances

i___j Approximate Site Boundary

All concentrations are reported in pCi/L.

/ Location ID: MW-14A MW-14A Detection exceeds HHSL
/ Sample Date: 8/1/2018 4/12/2019 Detection exceeds lowest ESL
/ Screen Interval (ftBGS):| 4.85-9.35 4.85 - 9.35 Detection exceeds both HHSL and lowest ESL
/ Gross Beta 171 17.6
MwW-1 ;IA Radium-228 —E SCREENING LEVELS FOR.RADIC.)CHEMISTRY IN GROUNDWATER (pCi/L)
Analyte Radlsz:::hde Terrestrial ESV Aquatic ESV

Location ID: mw-14a0up | '\ e . o o

Sample Date: 8/1/2018 \ Location ID: MW-02A MW-02A Radium-228 5 6780 0.09

Screen Interval (ftBGS):| 4.85-9.35 Sample Date: 7/19/2018 4/9/2019 Gross Beta 50 — -

Gross Beta 308 : | Screen Interval (ftBGS):| 5.25-9.75 5.25-9.75

Radium-228 3 i Radium-228

| X LN T J

\ 5 b 19 W ok

pS 1, A ; Location ID: MW-08A
. ) sample Date: 7/20/2018 | 4/11/2019

MW-02A Screen Interval (ftBGS):| 4.45-8.95 | 4.45-8.95

\ MW-15A Radium-226 <0.5
N _$_/ Location ID: MW-15A MW-15A
~N o — Sample Date: 7/23/2018 4/14/2019
- Screen Interval (ftBGS):| 5.25-9.75 5.25-9.75

__Radium-228

Location ID: MW-03A
! Sample Date: 7/18/2018
Screen Interval (ftBGS):| 7.85- 12.35

0 Mwo7A -

Gross Beta
Location ID: MW-07A MW-07A -
Radium-226
Sample Date: 7/31/2018 4/14/2019 Radium-22
Screen Interval (ftBGS):| 7.35-11.85 | 7.35-11.85 [ 3 7

Radium-226

Notes:
ESV: 2018 NPS ecological screening value from Table 1a
sample Date: 8/1/2018 and Ta_ble 7in NRS protocol for selectio_n an(_i use of
- ecological screening values for non-radiological analyses (2018).|

Screen Interval (ftBGS):| 3.05-7.55 i [ Yo " B L - 5 HHSL: Human Health Screening Level.

Gross Beta 382 i \ . | r A= ’ e i . [y 5y = : o b -3 ESL: Ecological Screening Level.

Location ID: P 1 Y ! i 5 DUP: duplicate.
Sample Date: 7/23/2018 | 4/11/2019 |~ ?Beiﬁr;:g dbe"’W ground surface.

Screen Interval (ftBGS):| 3.95-13.45 | 3.95-13.45 [~ . B.asemap from ESRI.

Radium-228 <0.8

L)

Location ID: MW-16A

Location data provided by
Rogers Surveying (August 2018).

TN
\
MW-04A.
0 250 500 750 1,000
[ SEaaa—  SS——
Location ID: MW-12A MW-12A Feet
Sample Date: 7/20/2018 7/20/2018 1
Screen Interval (ftBGS):| 7.55-17.05 | 7.55-17.05 ! : o Figure 3.15a: Exceedances of Radionuclides in
Radium-226 <0.6 i ' | Shallow Groundwater
Radium-228 <1 MW.21A EE/CA Investigation Summary Report
Location ID: MW-18A MW-18A '$' \ Spring Creek Park Site
Sample Date: 8/1/2018 4/16/2019 $_ Tocation ID- W-20R -2 ‘ Queens, New York
Screen Interval (ftBGS):| 3.25-12.75 | 3.25-12.75 \ MW-11A I}
Radium-228 \ MW-20A Sample Date: 7/31/2018 4/16/2019 100 State Street, Suite 600
\ Screen Interval (ftBGS): | 3.65-13.15 [ 3.65-13.15 Montpelier, VT 05602
\ e Radium-226 Drawn by: DEB  Date: 09/10/2019
— Reviewed by: BNH  Date: 02/13/2020
\\ MW-19A -$- —”—’ view Y.
N~ = Scale:1"=500"  Project: 58345.29
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MW-15B

Legend

Groundwater Sample - At Least One
$’ Screening Level Exceedance

$ Groundwater Sample - No Screening
Level Exceedances

i___j Approximate Site Boundary

All concentrations are reported in pCi/L.

Detection exceeds HHSL
Detection exceeds lowest ESL
Detection exceeds both HHSL and lowest ESL

SCREENING LEVELS FOR RADIOCHEMISTRY IN GROUNDWATER (pCi/L)

Howard

~ Location ID: MW-15B MW-15B | MW-03-B
sample Date: 7/23/2018 | 4/14/2019 : B rera’c h b
L]
Screen Interval (ftBGS): | 14.35-18.85 | 14.35- 18.85 7 .
Radium-228 R L S ;
MW-09B ! . -
3 B -+ ‘ =
: = 5 -
Location ID: MW-09B MW-09B ik ',
Sample Date: 7/18/2018 4/13/2019 : 5
Screen Interval (ftBGS): | 22.55-27.05 | 22.55- 27.05
Radium-226 <0.3 L
z :
' )
il
4
\ ]
/ - — MV‘V-OGB
/ -
\ —— ‘
—
— - ‘
-
MW-17B MW-05B
Location ID: MW-05B MW-05B
Location ID: VW-178 VW-178 Sample Date: 7/22/2018 4/12/2019
S oca I'°'I; " : 7/22/'2018 4/15/'2019 Screen Interval (ftBGS): | 22.85-27.35 | 22.85- 27.35
ample Date:
Gross Beta 106 90
Screen Interval (ftBGS):| 16.15-20.65 | 16.15 - 20.65 - Radium-226 <03
Gross Beta (pCi/L) 82 57 - Radium-228 -
Radium-226 <0.4 ¢
Radium-228 '
Location ID: MW-198 MW-198 '$ \
sample Date: 7/22/2018 | 4/12/2019 MW"21 B
Screen Interval (ftBGS): [ 20.25-24.75 | 20.25- 24.75 e o e
" ——
Gross Beta (pCi/L) 80 117 —
Radium-28 | 138 | <08 |  mw-19B e ————T
\ —— -
—
\\ — — — —
——
=~ iy p—— — -

Radionuclide
Analyte IRu:a ! Terrestrial ESV Aquatic ESV
Radium-226 5 8110 0.1
Radium-228 5 6780 0.09
Gross Beta 50 -- -
Notes:

ESV: 2018 NPS ecological screening value from Table 1a

and Table 7 in NPS protocol for selection and use of

ecological screening values for non-radiological analyses (2018),
HHSL: Human Health Screening Level.

ESL: Ecological Screening Level.

ftBGS: feet below ground surface.

J: estimated.

Basemap from ESRI.

Location data provided by

Rogers Surveying (August 2018).

TN

0 250 500 750 1,000
[ aaa— S—
Feet

Figure 3.15b: Exceedances of Radionuclides in
Deep Groundwater
EE/CA Investigation Summary Report
Spring Creek Park Site
Queens, New York

100 State Street, Suite 600
Montpelier, VT 05602

Drawn by: DEB Date: 09/10/2019
Reviewed by: BNH  Date: 02/13/2020

Scale: 1"=500" Project: 58345.29
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Howard Beach

It i<
Location ID:

Sample Date: | 7/23/2018 | 4/13/2019
Toluene

Legend

Surface Water Sample - At Least One Screening
A Level Exceedance

A Surface Water Sample - No Screening
Level Exceedances

i___j Approximate Site Boundary

All concentrations are reported in pg/L.

Detection exceeds lowest HHSL
Detection exceeds ESL
Detection exceeds both lowest HHSL and ESL

SCREENING LEVELS FOR SURFACE WATER VOCs (pg/L)
Analyte W GA ESV
Toluene 110 -- 2

Notes:

TW: Federal tap water screening level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

GA: New York state standard for class GA water,

6 CRR-NY 703.5.

ESV: 2018 NPS ecological screening value from Table 1a
and Table 7 in NPS protocol for selection and use of
ecological screening values for non-radiological analyses (2018).|
HHSL: Human Health Screening Level.
ESL: Ecological Screening Level.
DUP: duplicate.

J: estimated.

Basemap from ESRI.

Location data provided by

Rogers Surveying (August 2018). TN
0 240 480 720 960
[ —aaa——— —

Feet

Figure 3.16: Exceedances of VOCs in Surface
Water
EE/CA Investigation Summary Report
Spring Creek Park Site
Queens, New York

100 State Street, Suite 600
Montpelier, VT 05602

Drawn by: DEB Date: 09/10/2019
Reviewed by: BNH  Date: 02/13/2020

Scale: 1"=500" Project: 58345.29
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Location ID: SW-04 SW-04 SW-04 \ SW-06
Sample Date: 7/23/2018 | 4/15/2019
Benzo(k)fluoranthene <0.05
Chrysene < 0.05
7/
Location ID: SW-06 SW-06
Sample Date: 7/23/2018 | 4/15/2019
Chrysene <0.05

\
\

\

\
\
\

\
\

Location ID:

SW-07 SW-07

Sample Date:

7/23/2018 | 4/13/2019

Chrysene

<0.05

N~

Location ID:

SW-03 DUP

SW-03
PA—

Location ID:

SW-03

SW-03

Sample Date:

7/23/2018

Sample Date:

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(k)fluoranthene

Chrysene

Fluoranthene

Pyrene

7/23/2018

7/23/2018

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(k)fluoranthene

Chrysene

Fluoranthene

Pyrene

oward Bech

|

Sample Date:

Chrysene

7/23/2018 | 4/13/2019
<0.05

1---!
k 1

Legend

Surface Water Sample - At Least One Screening
A Level Exceedance

A Surface Water Sample - No Screening
Level Exceedances

i___j Approximate Site Boundary

All concentrations are reported in pg/L.

Detection exceeds lowest HHSL
Detection exceeds ESL
Detection exceeds both lowest HHSL and ESL

SCREENING LEVELS FOR SURFACE WATER SVOCs (pg/L)

Analyte TW GA ESV
Benzo(a)anthracene 0.03 - 0.018
Benzo(a)pyrene 0.025 - 0.014
Benzo(k)fluoranthene 2.5 -- 0.0041
Chrysene 25 -- 0.0018

Fluoranthene 80 - 0.04
Pyrene 12 -- 0.025

Notes:

TW: Federal tap water screening level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

GA: New York state standard for class GA water,

6 CRR-NY 703.5.

ESV: 2018 NPS ecological screening value from Table 1a
and Table 7 in NPS protocol for selection and use of
ecological screening values for non-radiological analyses (2018),
HHSL: Human Health Screening Level.

ESL: Ecological Screening Level.

DUP: duplicate.

J: estimated.

Basemap from ESRI. TN
Location data provided by

Rogers Surveying (August 2018).

0 250 500 750 1,000
[ —aaaa—— "
Feet

Figure 3.17: Exceedances of SVOCs in Surface
Water
EE/CA Investigation Summary Report
Spring Creek Park Site
Queens, New York

100 State Street, Suite 600
Montpelier, VT 05602

Drawn by: DEB Date: 09/10/2019
Reviewed by: BNH  Date: 02/13/2020

Scale: 1"=500" Project: 58345.29
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)

7
Location ID: | SW-04 SW-04 SW-03 ooaior - | SWw.03500p Legend
Sample Date:| 7/23/2018 | 4/15/2019 N _ f
o 0 \ Location ID: SW-03 SW-03 Sample. Date:| 7/23/2018 A fg\r/f;csx\(/:\;a:z; l?é:lemple At Least One Screening
- 2 X sample Date:| 7/23/2018 | 4/15/2019 | | Aluminum )
Antimony 3.4) 0.97J 7/ SW-04 \ SW-06 Yo Antimony 6.7 - ‘ . . /\ Surface Water Sample - No Screening
Arsenic 0.76J 1 Antimony ” 07 Arsenic 15) g \ 2 Level Exceedances
Bari 5 3 - E — — . .
arufm Arsenic 13) 16J Barium K 1 d Approximate Site Boundary
Cadmium <1 Copper —
Barium
Copper <40 - H : f
ron Location ID: | SW-04 DUP Chromium VI - Iron All concentrations are reported in pg/L.
Lead Sample Date:| 4/15/2019 Copper lie.ad
i inc i
Nickel 2] Aluminum \ Iron Detection eﬁxceeds lowest HHSL
N Antimony 1.2) Lead Detection exceeds ESL
Sodium 585000 - "
Vanadium 45) Arsenic 0.88J) \ Zinc Detection exceeds both lowest HHSL and ESL
Zinc 7.2) Barium SCREENING LEVELS FOR SURFACE WATER TOTAL METALS (pg/L)
Iron \ Location ID: SW-06 SW-06 Analyte ™w ESV
/ Lead \ Sample Date: | 7/23/2018 | 4/13/2019 Aluminum 2000 5
/ Sodium \ Aluminum <400 Antimony 0.78 30
(SW-05 Arsenic 1.4) <2 ';rs_e"'c 0'3(;';’)2 ;;
N sw_os arium .
o Barium 24) J ; = = " - Calcium -- 116000
— Iron 91.2) : ; ' Chromium VI 0.04 1
Location ID: | SW-05 SW-05 Lead <3 .— - = L Cobalt 0.6 3
Sample Date:| 7/24/2018 4/15/2019 A - iy i Iron 1400 158
Aluminum SW-07. Location ID: SW-08 SW-08 ! Lead 15 0.92
Antimony 0.57) 12) SZrInplg Date:| 7/23/2018 | 4/ 134(2)319 I Magnesium - 82000
N <
Arsenic 3.1J 13) LocationID: | SW-07 SW-07 Jminum Manganese 43 112
i Arsenic 1) 2 Nickel 39 5
Barium Sample Date:| 7/23/2018 | 4/13/2019 - Potassium -- 53000
Calcium 78200 Aluminum <400 Barium Selom m 1
Iron elenium
Cobalt <2) 11 Antimony 0.98) <2 Load Sodium - 680000
Iron Arsenic 3)J 2.8 £d i & - W Vanadium 8.6 19
Lead <6 Barium - ) : s : Zinc 600 30
Magnesium Iron 58 J+ - ¥ = 2
Manganese 107 Lead <6 i
Potassium 51400 p # 2 ’ )
Sodium Sy et ;
SW-02 ' ! -
Location ID: |  SW-01 SW-01 - - _ - -
Sample Date:| 7/24/2018 | 4/15/2019 : v g e 4B "By h —
Aluminum W r
Location ID: |  SW-02 SW-02 Antimony 1) 11J 0 A/ a eacC J
Sample Date: | 7/24/2018 | 4/16/2019 Arsenic 1.7) N X Notes:
Aluminum <400 Barium TW: Federal tap water screening level, regional screening
A - 11 - \ level for target cancer risk of 1E-06 and hazard quotient of
rsenic : Calcium 106000 5. v 0.1, June 2017 update.
Barium Cobalt <2) 1.2 A _'-_;{ GA: New York state standard for class GA water,
Calcium 72300 Copper <80 T 6 CRR-NY 703.5.
Iron Ipp ESV: 2018 NPS ecological screening value from Table 1a
ron " and Table 7 in NPS protocol for selection and use of
Lead <6 Lead f\ ecological screening values for non-radiological analyses (2018).|
Magnesium Magnesium = HHSL: Human Health Screening Level.
Manganese 92.2 Manganese ST gﬁ;iﬁgﬁggﬁ:' Screening Level.
Potas'smm 48100 Potassium E J: estimated; J+: biased high. ™
Sodium Sodium Basemap from ESRI.
- | Location data provided by
g Location ID: SW-10 SW-10 | Rogers Surveying (August 2018).
Sample Date:| 7/23/2018 | 4/13/2019
Aluminum <400
4 SW-09 Arsenic 0.98) 2)
Bari
- arum 0 250 500 750 1,000
LocationID: | SW-09 SW-09 : Iron [ e— s
Sample Date: | 7/23/2018 | 4/13/2019 L8 Lead Feet
A Aluminum <400 Zinc <30
: Arsenic 0.78) 1) Figure 3.18: Exceedances of Total Metals in
B?”um 27 Surface Water
ron ..
\ Lead EE/CA Investigation Summary Report
AN Spring Creek Park Site
\\ Queens, New York
100 State Street, Suite 600
> Montpelier, VT 05602
Drawn by: DEB Date: 09/10/2019
Reviewed by: BNH  Date: 02/13/2020
ik Scale: 1"=500"  Project: 58345.29
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7\

Location ID: SW-04 SW-04
Sample Date:| 7/23/2018 | 4/15/2019
Aluminum
Antimony 2.9) 0.96)
Arsenic <2
Barium
Iron
Lead
Nickel 1.8)
Sodium 608000
Vanadium 17.5 3.3
//
/
/7
/7
(év-os
~
Location ID: SW-05 SW-05
Sample Date:| 7/24/2018 | 4/15/2019
Arsenic 2.9) <100J
Barium <200)
Calcium
Iron <5000J
Magnesium
Manganese 70.6
Potassium
Sodium
N
0
L.

SW;03 A\ Location ID: [ SW-03 DUP
\ Location ID: | SW-03 SW-03 Sample Date: | 7/23/2018
/ SW-04 \SW-06 Samplt? Date:| 7/23/2018 | 4/15/2019 AIur.ninum
Aluminum Antimony 5 — ) X 3 2
: Antimony 5 3.6 Arsenic 0.76) !
Arsenic 0.86) 1) Barium K |
Barium Copper
Location ID: | SW-04 DUP Copper Lead 5
Sample Date:| 4/15/2019 Iron 92.6J Zinc
Aluminum \ Lead
Antimony 0.9) \ Zinc
Arsenic 0.72) \
Barium \ [Location 0: [ sw-06 SW-06
Iron Sample Date:| 7/23/2018 | 4/13/2019
Sodium \ Aluminum <400
‘ Arsenic 11) <2
Barium 1.6J SW-08
s ‘. = .
SW-07 Location ID: | SW-08 SW-08 = \ ;
Sample Date:| 7/23/2018 | 4/13/2019 b,
Location ID: |  SW-07 SW-07 Arsenic 0.81) 19)
Sample Date:| 7/23/2018 | 4/13/2019 \ Barium
Aluminum <400 \ Iron 47)
Antimony 1.1) <2 Lead <6
Arsenic 3) 2.9 ~ ) o4 T _ W
Barium = e = " .
= = = )
M - ‘- .
SW-01 .
SW-02 3 "f ' '.I_' ]
Location ID: | SW-01 SW-01 = " .
Sample Date:| 7/24/2018 | 4/15/2019 : R 3 "B =
Location ID: | SW-02 SW-02 A,::IS:,::Y 03;_712 JJ ﬁj ‘H [0 walr, dfBielalc h
Sample Date:| 7/24/2018 | 4/16/2019 Barium 7 7 . “ .
Arsenic 2.6J 0.85) Calcium 85700
Barium Cobalt 0.25J- 0.87J , J
Calcium 71300 Iron A i
Iron Magnesium P '
Magnesium Manganese -
Manganese 86.1 Potassium
Potassium 47500 Sodium ) h
Sodium
= SW-10
3 Location ID: SW-10 SW-10
Sample Date:| 7/23/2018 | 4/13/2019
Aluminum <400
4 SW-09 Arsenic 0.93 1.7)
Barium
Location ID: SW-09 SW-09 . Iron 84.1)
Sample Date:| 7/23/2018 | 4/13/2019 L8
Aluminum <400
Barium 2.2)
Iron

Legend

Surface Water Sample - At Least One Screening
A Level Exceedance

A Surface Water Sample - No Screening
Level Exceedances

i___j Approximate Site Boundary

All concentrations are reported in pg/L.

Detection exceeds lowest HHSL
Detection exceeds ESL
Detection exceeds both lowest HHSL and ESL

SCREENING LEVELS FOR SURFACE WATER DISSOLVED METALS (ug/L)

Analyte TW ESV
Aluminum 2000 5
Antimony 0.78 30

Arsenic 0.052 3.1

Barium 380 3.9

Calcium - 116000

Cobalt 0.6 3

Copper 80 0.23

Iron 1400 158
Magnesium - 82000
Manganese 43 112
Nickel 39 5
Potassium - 53000

Selenium 10 1

Sodium -- 680000
Vanadium 8.6 19

Zinc 600 30

Notes:

TW: Federal tap water screening level, regional screening
level for target cancer risk of 1E-06 and hazard quotient of
0.1, June 2017 update.

GA: New York state standard for class GA water,

6 CRR-NY 703.5.

ESV: 2018 NPS ecological screening value from Table 1a
and Table 7 in NPS protocol for selection and use of
ecological screening values for non-radiological analyses (2018).|
HHSL: Human Health Screening Level.

ESL: Ecological Screening Level.

DUP: duplicate.

J: estimated; J+: biased high. TN
Basemap from ESRI.

Location data provided by

Rogers Surveying (August 2018).

0 240 480 720 960
[ —aaa—  —
Feet

Figure 3.19: Exceedances of Dissolved Metals in
Surface Water
EE/CA Investigation Summary Report
Spring Creek Park Site
Queens, New York

100 State Street, Suite 600
Montpelier, VT 05602

Drawn by: DEB Date: 09/10/2019
Reviewed by: BNH  Date: 02/13/2020

Scale: 1" =500" Project: 58345.29
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7\
SW-03 | I Legend
Location ID: SW-03 DUP
Location ID: SW-04 SW-04 \ Location ID: SW-03 SW-03 ple Date: 7/23/2018 A Surface Water Sample - At Least One Screening
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Appendix B — Standard Operating Procedures



List of Standard Operating Procedures:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Utility Clearance

Logbooks

Records, Sample Labels, and CoCs

Sample Handling, Storage, and
Shipping

IDW Management

Equipment Decontamination
Surface Water Sampling
Monitoring Well Installation
Monitoring Well Development
Monitoring Well Sampling

Soil and Rock Classification
Direct Push Sampling

Headspace Screening for VOCs

Operation and Calibration of a PID

Surface and Subsurface Soil Sampling

Sediment Sampling

Landfill Gas Screening Procedures

Gamma Scanning Survey
In Situ Gamma Spectroscopy

Geoprobe Dual Tube Operation



Utility Clearance

Procedure 3-01

1.0
1.1

1.2

1.3

1.4

15

2.0
2.1

3.0
3.1

3.2

3.3

Purpose and Scope

This standard operating procedure (SOP) describes the process for determining the presence of
subsurface utilities and other cultural features at locations where planned site activities involve the
physical disturbance of subsurface materials.

The procedure applies to the following activities: soil gas surveying, excavating, trenching, drilling of
borings and installation of monitoring and extraction wells, use of soil recovery or slide-hammer hand
augers, and all other intrusive sampling activities.

The primary purpose of the procedure is to minimize the potential for damage to underground utilities
and other subsurface features, which could result in physical injury, disruption of utility service, or
disturbance of other subsurface cultural features.

If there are procedures, whether it be from AECOM-Tidewater, Inc. Joint Venture (AECOM-Tidewater JV),
state, and/or federal, that are not addressed in this SOP and are applicable to utility clearance, those
procedures should be added as an appendix to the project specific SAP.

As guidance for specific activities, this procedure does not obviate the need for professional judgment.
Deviations from this procedure while planning or executing planned activities must be approved in
accordance with Program requirements for technical planning and review.

Safety

Field and subcontractor personnel shall adhere to a site-specific health and safety plan (HASP).

Terms and Definitions
Utility

For the proposes of this SOP, a utility is defined as a manmade underground line or conduit, cable, pipe,
vault or tank that is, or was, used for the transmission of material or energy (e.g., gas, electrical,
telephone, steam, water or sewage, product transfer lines, or underground storage tanks).

As-Built Plans

As-built plans are plans or blueprints depicting the locations of structures and associated utilities on a
property.

One-Call

The Utility Notification Center is the one-call agency for nationwide call before you dig. The Utility
Notification Center is open 24 hours a day, and accepts calls from anyone planning to dig. The phone
number 811 is the designated call before you dig phone number that directly connects you to your local
one-call center. Additional information can be found at www.call811.com.

Calling before you dig ensures that any publicly owned underground lines will be marked so that you can
dig around them safely. Having the utility lines marked not only prevents accidental damage to the lines,
but prevents property damage and personal injuries that could result in breaking a line.

The following information will need to be provided when a call is placed to One-Call:
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3.4

4.0
4.1

4.2
4.3

4.4

5.0
5.1

6.0

6.1

6.2

e Your name, phone number, company name (if applicable), and mailing address.
e  What type or work is being done.

e  Who the work is being done for.

e The county and city the work is taking place in.

e The address or the street where the work is taking place.

e  Marking instructions, (specific instructions as to where the work is taking place).

Under normal circumstances it takes between 2 to 5 days from the time you call (not counting the day of
the call, weekends or holidays) to have the underground lines marked. Because these laws vary from
state to state, exactly how long it will take depends on where your worksite is located. You will be given
an exact start time and date when your locate request is completed, which will comply with the laws in
your area.

In the event of an emergency (any situation causing damage to life or property, or a service outage),
lines can be marked sooner than the original given time if requested.

Toning

Toning is the process of surveying an area utilizing one or more surface geophysical methods to
determine the presence or absence of underground utilities. Typically, toning is conducted after
identifying the general location of utilities and carefully examining all available site utility plans. Each
location is marked according to the type of utility being identified. In addition, areas cleared by toning are
flagged or staked to indicate that all identified utilities in a given area have been toned.

Training and Qualifications

The Delivery Order (DO) Manager is responsible for verifying that these utility locating procedures are
performed prior to the initiation of active subsurface exploration.

The Program Quality Manager is responsible for ensuring overall compliance with this procedure.

The Field Manager is responsible for ensuring that all utility locating activities are performed in
accordance with this procedure.

All Field Personnel are responsible for the implementation of this procedure.

Equipment and Supplies

Equipment and supplies necessary for locating subsurface utilities will be provided by the subcontractor;
however, the project Field Manager/Field Personnel will provide any additional equipment and supplies
as needed as well as maintain information regarding the utility clearance activities in the field logbook.

Procedure

Proceed with the following steps where subsurface exploration will include excavations, drilling, or any
other subsurface investigative method that could damage utilities at a site. In addition to the steps
outlined below, always exercise caution while conducting subsurface exploratory work.

Prepare Preliminary Site Plan

e Prepare a preliminary, scaled site plan depicting the proposed exploratory locations as part of the
project specific Sampling and Analysis Plan (SAP) or Work Plan. Include as many of the cultural and
natural features as practical in this plan.

Review Background Information
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6.3

3-01 Utility Clearance

Search existing plan files to review the as-built plans to identify the known location of utilities at the
site. Plot the locations of utilities identified onto a preliminary, scaled site plan. Inform the DO
Manager if utilities lie within close proximity to a proposed exploration or excavation location. The
DO Manager will determine if it is necessary to relocate proposed sampling or excavation locations.

Include the utility location information gathered during previous investigations (e.g., remedial
investigation or remedial site evaluation) in the project design documents for removal or remedial
actions. In this manner, information regarding utility locations collected during implementation of a
DO can be shared with the subcontractor during implementation of a particular task order. In many
instances, this will help to reduce the amount of additional geophysical surveying work the
subcontractor may have to perform.

Conduct interviews with onsite and facility personnel familiar with the site to obtain additional
information regarding the known and suspected locations of underground utilities. In addition, if
appropriate, contact shall be made with local utility companies to request their help in locating
underground lines. Pencil in the dimensions, orientation, and depth of utilities, other than those
identified on the as-built plans, at their approximate locations on the preliminary plans. Enter the
type of utility, the personnel who provided the information, and the date the information was provided
into the field log.

During the pre-field work interviewing process, the interviewer will determine which site personnel

should be notified in the event of an incident involving damage to existing utilities. Record this
information in the field logbook with the corresponding telephone numbers and addresses.

Site Visit/Locate Utilities/Toning

Prior to the initiation of field activities, the Field Task Manager or similarly qualified field personnel
shall visit the site and note existing structures and evidence of associated utilities, such as fire
hydrants, irrigation systems, manhole and vault box covers, standpipes, telephone switch boxes,
free-standing light poles, gas or electric meters, pavement cuts, and linear depression. Compare
notes of the actual site configuration to the preliminary site plan. Note deviations in the field logbook
and on the preliminary site plan. Accurately locate or survey and clearly mark with stakes, pins,
flags, paint, or other suitable devices all areas where subsurface exploration is proposed. These
areas shall correspond with the locations drawn on the preliminary site plan.

Following the initial site visit by the Field Task Manager, a trained utility locating subcontractor will
locate, identify, and tone all utilities depicted on the preliminary site plan. The Field Task Manager or
similarly qualified field personnel shall visit the site and identify the areas of subsurface disturbance
with white spray paint, chalk, white pin flags or some other easily identifiable marking. The utility
locator should utilize appropriate sensing equipment to attempt to locate utilities that might not have
appeared on the as-built plans. At a minimum, the utility subcontractor should utilize a metal
detector and/or magnetometer; however, it is important to consider the possibility that non-metallic
utilities or tanks might be present at the site. Use other appropriate surface geophysical methods
such as Ground Penetrating Radar, Radiodetection, etc. as appropriate. Clear proposed exploration
areas of all utilities in the immediate area where subsurface exploration is proposed. Clearly tone all
anomalous areas. Clearly identify all toned areas on the preliminary site plan. All utilities near the
area of subsurface disturbance should also be marked out by the utility subcontractor using the
universal colors for subsurface utilities (i.e., red — electric; blue — water; green — sewer; yellow — gas;
etc.). After toning the site and plotting all known or suspected buried utilities on the preliminary site
plan, the utility locator shall provide the Field Task Manager with a copy of the completed preliminary
site plan. Alternatively, the Field Task Manager or designee shall document the results of the survey
on the preliminary site plan.

Report to the Field Task Manager anomalous areas detected and toned that are in close proximity to
the exploration or excavation areas. The Field Task Manager shall determine the safe distance to
maintain from the known or suspected utility. It may be necessary to relocate the proposed
exploration or excavation areas. If this is required, the Field Task Manager or designee shall
relocate them and clearly mark them using the methods described above. Completely remove the
markings at the prior location. Plot the new locations on the site plan and delete the prior locations
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6.4

7.0
7.1

8.0

8.1
8.2

9.0

from the plan. In some instances, such as in areas extremely congested with subsurface utilities, it
may be necessary to dig by hand or use techniques such as air knife to determine the location of the
utilities.

Prepare Site Plan

e Prior to the initiation of field activities, draft a final site plan that indicates the location of subsurface
exploration areas and all known or suspected utilities present at the site. Provide copies of this site
plan to the DO Manager and the subcontractor who is to conduct the subsurface

exploration/excavation work. Review the site plan to verify its accuracy prior to initiating subsurface
sampling activities.

Quality Control and Assurance

Utility locating must incorporate quality control measures to ensure conformance to these and the project
requirements.

Records, Data Analysis, Calculations
A bound field logbook will be kept detailing all activities conducted during the utility locating procedure.

The logbook will describe any changes and modifications made to the original exploration plan. The
trained utility locator shall prepare a report and keep it in the project file. Also, a copy of the final site plan
will be kept in the project file.

Attachments or References

Department of Defense, United States (DoD). 2005.

Final Version 1. DoD: DTIC ADA 427785, EPA-505-B-04-
900A. In conjunction with the U. S. Environmental Protection Agency and the Department of Energy.
Washington: Intergovernmental Data Quality Task Force. March. On-line updates available at:
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Logbooks

Procedure 3-02

1.0
1.1

1.2

2.0
2.1

3.0
3.1

3.2

4.0
4.1

4.2

4.3
4.4

4.5

3-02 Logbooks

Purpose and Scope

This standard operating procedure (SOP) describes the activities and responsibilities pertaining to the
identification, use, and control of logbooks and associated field data records.

As guidance for specific activities, this procedure does not obviate the need for professional judgment.
Deviations from this procedure while planning or executing planned activities must be approved in
accordance with Program requirements for technical planning and review.

Safety

In order to keep the logbook clean, store it in a clean location and use it only when outer gloves used for
PPE have been removed.

Terms and Definitions
Logbook

A logbook is a bound field notebook with consecutively numbered, water-repellent pages that is clearly
identified with the name of the relevant activity, the person assigned responsibility for maintenance of
the logbook, and the beginning and ending dates of the entries.

Data Form

A data form is a predetermined format utilized for recording field data that may become, by reference, a
part of the logbook (e.g., soil boring logs, trenching logs, surface soil sampling logs, groundwater sample
logs, and well construction logs are data forms).

Training and Qualifications

The Delivery Order (DO) Manager or designee is responsible for determining which team members
shall record information in field logbooks and for obtaining and maintaining control of the required
logbooks. The DO Manager shall review the field logbook on at least a monthly basis. The DO
Manager or designee is responsible for reviewing logbook entries to determine compliance with this
procedure and to ensure that the entries meet the project requirements.

A knowledgeable individual such as the Field Manager, DO Manager, or Program Quality Manager
shall perform a technical review of each loghook at a frequency commensurate with the level of activity
(weekly is suggested, or, at a minimum, monthly). Document these reviews by the dated signature of
the reviewer on the last page or page immediately following the material reviewed.

The Program Quality Manager is responsible for ensuring overall compliance with this procedure.

The Field Manager is responsible for ensuring that all field personnel follow these procedures and
that the logbook is completed properly and daily. The Field Manager is also responsible for submitting
copies to the DO Manager, who is responsible for filing them and submitting a copy (if required by the
DO Statement of Work).

The logbook user is responsible for recording pertinent data into the logbook to satisfy project
requirements and for attesting to the accuracy of the entries by dated signature. The logbook user is
also responsible for safeguarding the logbook while having custody of it.
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4.6

5.0
5.1
5.2

6.0
6.1

6.2

6.3

6.4

3-02 Logbooks

All field personnel are responsible for the implementation of this procedure.

Equipment and Supplies
Field logbooks shall be bound field notebooks with water-repellent pages.

Pens shall have indelible black or blue ink.

Procedure

The field logbook serves as the primary record of field activities. Make entries chronologically and in
sufficient detail to allow the writer or a knowledgeable reviewer to reconstruct the applicable events.
Store the logbook in a clean location and use it only when outer gloves used for personal protective
equipment (PPE) have been removed.

Individual data forms may be generated to provide systematic data collection documentation. Entries on
these forms shall meet the same requirements as entries in the logbook and shall be referenced in the
applicable logbook entry. Individual data forms shall reference the applicable logbook and page number.
At a minimum, include names of all samples collected in the logbook even if they are recorded
elsewhere.

Enter field descriptions and observations into the logbook, as described in Attachment 1, using indelible
black or blue ink.

Typical information to be entered includes the following:

e Dates (month/day/year) and times (military) of all on-site activities and entries made in
logbooks/forms;

e Site name and description;

e Site location by longitude and latitude, if known;

e  Weather conditions, including temperature and relative humidity;
e  Fieldwork documentation, including site entry and exit times;

e Descriptions of, and rationale for, approved deviations from the work plan (WP) or field sampling
plan;

e  Field instrumentation readings;

e Names, job functions, and organizational affiliations of on-site personnel;

e  Photograph references;

e Site sketches and diagrams made on site;

e Identification and description of sample morphology, collection locations, and sample numbers;

e Sample collection information, including dates (month/day/year) and times (military) of sample
collections, sample collection methods and devices, station location numbers, sample collection
depths/heights, sample preservation information, sample pH (if applicable), analysis requested
(analytical groups), etc., as well as chain-of-custody (COC) information such as sample identification
numbers cross-referenced to COC sample numbers;

e  Sample naming convention;
e  Field quality control (QC) sample information;

e Site observations, field descriptions, equipment used, and field activities accomplished to reconstruct
field operations;
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6.5

6.6

6.7
6.8

6.9

7.0
7.1

8.0
8.1

8.2

9.0
9.1
9.2

3-02 Logbooks

e  Meeting information;

e Important times and dates of telephone conversations, correspondence, or deliverables;
e Field calculations;

e  PPE level;

e Calibration records;

e Contractor and subcontractor information (address, names of personnel, job functions,
organizational affiliations, contract number, contract name, and work assignment number);

e Equipment decontamination procedures and effectiveness;

e Laboratories receiving samples and shipping information, such as carrier, shipment time, number of
sample containers shipped, and analyses requested; and

e  User signatures.

The logbook shall reference data maintained in other logs, forms, etc. Correct entry errors by drawing a
single line through the incorrect entry, then initialing and dating this change. Enter an explanation for
the correction if the correction is more than for a mistake.

At least at the end of each day, the person making the entry shall sign or initial each entry or group of
entries.

Enter logbook page numbers on each page to facilitate identification of photocopies.

If a person’s initials are used for identification, or if uncommon acronyms are used, identify these on a
page at the beginning of the logbook.

At least weekly and preferably daily, the preparer shall photocopy and retain the pages completed
during that session for backup. This will prevent loss of a large amount of information if the logbook is
lost.

Quality Control and Assurance

Review per Section 4.2 shall be recorded.

Records, Data Analysis, Calculations

Retain the field logbook as a permanent project record. If a particular DO requires submittal of
photocopies of logbooks, perform this as required.

Deviations from this procedure shall be documented in field records. Significant changes shall be
approved by the Program Quality Manager.

Attachments or References
Attachment 1 — Description of Logbook Entries

Department of Defense, United States (DoD). 2005. Uniform Federal Policy for Quality Assurance Profect
Plans, Part 1. UFP-QAPP Manual. Final Version 1. DoD: DTIC ADA 427785, EPA-505-B-04-900A. In
conjunction with the U. S. Environmental Protection Agency and the Department of Energy. Washington:
Intergovernmental Data Quality Task Force. March. On-line updates available at:
http://www.epa.gov/fedfac/pdf/ufp_gapp_vl_0305.pdf.
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Attachment 1

Description of Logbook Entries

Logbook entries shall be consistent with Section A.1.4 Field Documentation SOPs of the UFP-QAPP Manual (DoD
2005) and contain the following information, as applicable, for each activity recorded. Some of these details may be
entered on data forms, as described previously.

Name of Activity

For example, Asbestos Bulk Sampling, Charcoal Canister Sampling,
Aquifer Testing.

Task Team Members and
Equipment

Activity Location
Weather

Level of PPE
Methods

Sample Numbers
Sample Type

and Volume
Time and Date

Analyses

Field Measurements
Chain of Custody
and Distribution

References

Narrative (including time and
location)

Recorded by

Checked by

Name all members on the field team involved in the specified activity. List
equipment used by serial number or other unique identification, including
calibration information.

Indicate location of sampling area as indicated in the field sampling plan.
Indicate general weather and precipitation conditions.

Record the level of PPE (e.g., Level D).

Indicate method or procedure number employed for the activity.

Indicate the unique numbers associated with the physical samples. Identify QC
samples.

Indicate the medium, container type, preservative, and the volume for each
sample.

Record the time and date when the activity was performed
(e.g., 0830/08/0CT/89). Use the 24-hour clock for recording the time and two
digits for recording the day of the month and the year.

Indicate the appropriate code for analyses to be performed on each sample, as
specified in the WP.

Indicate measurements and field instrument readings taken during the activity.

Indicate chain-of-custody for each sample collected and indicate to whom the
samples are transferred and the destination.

If appropriate, indicate references to other logs or forms, drawings, or photographs
employed in the activity.

Create a factual, chronological record of the team’s activities throughout the day
including the time and location of each activity. Include descriptions of general
problems encountered and their resolution. Provide the names and affiliations of
non-field team personnel who visit the site, request changes in activity, impact the
work schedule, request information, or observe team activities. Record any visual
or other observations relevant to the activity, the contamination source, or the
sample itself.

It should be emphasized that logbook entries are for recording data and
chronologies of events. The logbook author must include observations and
descriptive notations, taking care to be objective and recording no opinions or
subjective comments unless appropriate.

Include the signature of the individual responsible for the entries contained in the
logbook and referenced forms.

Include the signature of the individual who performs the review of the completed
entries.




Recordkeeping, Sample Labelling, and Chain-of-Custody

Procedure 3-03
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Purpose and Scope

The purpose of this standard operating procedure is to establish standard protocols for all field personnel
for use in maintaining field and sampling activity records, writing sample logs, labeling samples, ensuring
that proper sample custody procedures are utilized, and completing chain-of-custody/analytical request
forms.

As guidance for specific activities, this procedure does not obviate the need for professional judgment.
Deviations from this procedure while planning or executing planned activities must be approved in
accordance with Program requirements for technical planning and review.

Safety

Not applicable.

Terms and Definitions
Logbook

A logbook is a bound field notebook with consecutively numbered, water-repellent pages that is clearly
identified with the name of the relevant activity, the person responsible for maintenance of the logbook,
and the beginning and ending dates of the entries.

Chain-of-Custody

Chain-of-custody (COC) is documentation of the process of custody control. Custody control includes
possession of a sample from the time of its collection in the field to its receipt by the analytical
laboratory, and through analysis and storage prior to disposal.

Training and Qualifications

The Delivery Order (DO) Manager is responsible for determining which team members shall record
information in the field logbook and for checking sample logbooks and COC forms to ensure compliance
with these procedures. The DO Manager shall review COC forms on a monthly basis at a minimum.

The DO Manager and Program Quality Manager are responsible for evaluating project compliance
with the Project Procedures Manual.

The Program Quality Manager is responsible for ensuring overall compliance with this procedure.

The Laboratory Project Manager or Sample Control Department Manager is responsible for
reporting any sample documentation or COC problems to the DO Manager or DO Laboratory
Coordinator within 24 hours of sample receipt.

The Field Manager is responsible for ensuring that all field personnel follow these procedures. The
DO Laboratory Coordinator is responsible for verifying that the COC/analytical request forms have
been completed properly and match the sampling and analysis plan. The DO Manager or DO
Laboratory Coordinator is responsible for notifying the laboratory, data managers, and data
validators in writing if analytical request changes are required as a corrective action. These small
changes are different from change orders, which involve changes to the scope of the subcontract with
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the laboratory and must be made in accordance with a respective contract (e.g., CLEAN remedial action
contract).

4.6 All field personnel are responsible for following these procedures while conducting sampling activities.
Field personnel are responsible for recording pertinent data into the logbook to satisfy project
requirements and for attesting to the accuracy of the entries by dated signature.

50 Procedure

This procedure provides standards for documenting field activities, labeling the samples, documenting
sample custody, and completing COC/analytical request forms. The standards presented in this section
shall be followed to ensure that samples collected are maintained for their intended purpose and that the
conditions encountered during field activities are documented.

5.1 Recordkeeping

The field logbook serves as the primary record of field activities. Make entries chronologically and in
sufficient detail to allow the writer or a knowledgeable reviewer to reconstruct each day's events. Field
logs such as soil boring logs and ground-water sampling logs will also be used. These procedures are
described in Procedure 3-02, Logbooks.

5.2 Sample Labeling

Affix a sample label with adhesive backing to each individual sample container. Place clear tape over
each label (preferably prior to sampling) to prevent the labels from tearing off, falling off, being
smeared, and to prevent loss of information on the label. Record the following information with a
waterproof marker on each label:

o Project name or number (optional);

° COC sample number;

° Date and time of collection;

° Sampler's initials;

° Matrix (optional);

° Sample preservatives (if applicable); and

° Analysis to be performed on sample (this shall be identified by the method number or name
identified in the subcontract with the laboratory).

These labels may be obtained from the analytical laboratory or printed from a computer file onto
adhesive labels.

5.3 Custody Procedures

For samples intended for chemical analysis, sample custody procedures shall be followed through
collection, transfer, analysis, and disposal to ensure that the integrity of the samples is maintained.
Maintain custody of samples in accordance with the U.S. Environmental Protection Agency (EPA) COC
guidelines prescribed in EPA NEIC Policies and Procedures, National Enforcement Investigations Center,
Denver, Colorado, revised May 1986; EPA RCRA Ground Water Monitoring Technical Enforcement
Guidance Document (TEGD); Guidance for Conducting Remedial Investigations and Feasibility Studies
Under CERCLA (EPA OSWER Directive 9355 3-01); Appendix 2 of the Technical Guidance Manual for
Solid Waste Water Quality Assessment Test (SWAT) Proposals and Reports, and Test Methods for
Evaluating Solid Waste (EPA SW-846)

A description of sample custody procedures is provided below.

3-03 Recordkeeping, Sample Labelling, and Chain-of-Custody
Revision 0 March 2016 20f11

PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET.



5.3.1

53.2

Sample Collection Custody Procedures

According to the U.S. EPA guidelines, a sample is considered to be in custody if one of the following
conditions is met:

° It is in one’s actual physical possession or view;

° It is in one’s physical possession and has not been tampered with (i.e., it is under lock or official
seal);

° It is retained in a secured area with restricted access; and

o It is placed in a container and secured with an official seal such that the sample cannot be reached
without breaking the seal.

Place custody seals on sample containers immediately after sample collection and on shipping coolers if
the cooler is to be removed from the sampler's custody. Place custody seals in such a manner that they
must be broken to open the containers or coolers. Label the custody seals with the following
information:

° Sampler's name or initials; and

° Date and time that the sample/cooler was sealed.

These seals are designed to enable detection of sample tampering. An example of a custody seal is
shown in Attachment 1.

Field personnel shall also log individual samples onto COC forms (carbon copy or computer generated)
when a sample is collected. These forms may also serve as the request for analyses. Procedures for
completing these forms are discussed in Section 5.4, indicating sample identification number, matrix,
date and time of collection, number of containers, analytical methods to be performed on the sample,
and preservatives added (if any). The samplers will also sign the COC form signifying that they were
the personnel who collected the samples. The COC form shall accompany the samples from the field to
the laboratory. When a cooler is ready for shipment to the analytical laboratory, the person delivering
the samples for transport will sign and indicate the date and time on the accompanying COC form.
One copy of the COC form will be retained by the sampler and the remaining copies of the COC form
shall be placed inside a self-sealing bag and taped to the inside of the cooler. Each cooler must be
associated with a unique COC form. Whenever a transfer of custody takes place, both parties shall sign
and date the accompanying carbon copy COC forms, and the individual relinquishing the samples
shall retain a copy of each form. One exception is when the samples are shipped; the delivery service
personnel will not sign or receive a copy because they do not open the coolers. The laboratory shall
attach copies of the completed COC forms to the reports containing the results of the analytical tests. An
example COC form is provided in Attachment 2.

Laboratory Custody Procedures

The following custody procedures are to be followed by an independent laboratory receiving samples
for chemical analysis; the procedures in their Naval Facilities Engineering Service Center-evaluated
Laboratory Quality Assurance Plan must follow these same procedures. A designated sample
custodian shall take custody of all samples upon their arrival at the analytical laboratory. The
custodian shall inspect all sample labels and COC forms to ensure that the information is consistent,
and that each is properly completed. The custodian will also measure the temperature of the
temperature blank in the coolers upon arrival using either a National Institute for Standards and
Technology calibrated thermometer or an infra-red temperature gun. The custodian shall note the
condition of the samples including:
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5.4

° If the samples show signs of damage or tampering;
° If the containers are broken or leaking;
° If headspace is present in sample vials;

° If proper preservation of samples has occurred (made by pH measurement, except volatile organic
compounds [VOCs] and purgeable total petroleum hydrocarbons [TPH] and temperature). The pH
of VOC and purgeable TPH samples will be checked by the laboratory analyst after the sample
aliquot has been removed from the vial for analysis; and

o If any sample holding times have been exceeded.

All of the above information shall be documented on a sample receipt sheet by the custodian.

Discrepancies or improper preservation shall be noted by the laboratory as an out-of-control event and
shall be documented on an out-of-control form with corrective action taken. The out-of-control form
shall be signed and dated by the sample control custodian and any other persons responsible for
corrective action. An example of an out-of-control form is included as Attachment 4.

The custodian shall then assign a unique laboratory number to each sample and distribute the samples
to secured storage areas maintained at 4 degrees Celsius (soil samples for VOC analysis are to be stored
in a frozen state until analysis). The unique laboratory number for each sample, COC sample number,
client name, date and time received, analysis due date, and storage shall also be manually logged onto a
sample receipt record and later entered into the laboratory's computerized data management system.
The custodian shall sign the shipping bill and maintain a copy.

Laboratory personnel shall be responsible for the care and custody of samples from the time of their
receipt at the laboratory through their exhaustion or disposal. Samples should be logged in and out on
internal laboratory COC forms each time they are removed from storage for extraction or analysis.

Completing COC/Analytical Request Forms

COC form/analytical request form completion procedures are crucial in properly transferring the custody
and responsibility of samples from field personnel to the laboratory. This form is important for accurately
and concisely requesting analyses for each sample; it is essentially a release order from the analysis
subcontract.

Attachment 2 is an example of a generic COC/analytical request form that may be used by field
personnel. Multiple copies may be tailored to each project so that much of the information described
below need not be handwritten each time. Attachment 3 is an example of a completed site-specific
COC/analytical request form, with box numbers identified and discussed in text below.

COC forms tailored to each DO can be drafted and printed onto multi-ply forms. This eliminates the need
to rewrite the analytical methods column headers each time. It also eliminates the need to write the
project manager, name, and number; QC Level; TAT; and the same general comments each time.

Complete one COC form per cooler. Whenever possible, place all VOC analyte vials into one cooler in
order to reduce the number of trip blanks. Complete all sections and be sure to sign and date the COC
form. One copy of the COC form must remain with the field personnel.
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Box 2

Box 3

Box 4

Box 5

Box 6

Bill To: List the name and address of the person/company to bill only if it is not in the subcontract with
the laboratory.

Sample Disposal Instructions: These instructions will be stated in the Master Service Agreement or
each DO statement of work with each laboratory.

Shipment Method: State the method of shipment (e.g., hand carry or air courier via FedEx or DHL).

Comments: This area shall be used by the field team to communicate observations, potential hazards,
or limitations that may have occurred in the field or additional information regarding analysis (e.g., a
specific metals list, samples expected to contain high analyte concentrations).

Cooler No.: This will be written on the inside or outside of the cooler and shall be included on the COC.
Some laboratories attach this number to the trip blank identification, which helps track samples for VOC
analysis. If a number is not on the cooler, field personnel shall assign a number, write it on the cooler,
and write it on the COC.

QC Level: Enter the reporting quality control (QC) requirements (e.g., Full Data Package, Summary
Data Package).

Turnaround time (TAT): TAT will be determined by a sample delivery group (SDG), which may be
formed over a 14-day period, not to exceed 20 samples. Once the SDG has been completed, standard
TAT is 21 calendar days from receipt of the last sample in the SDG. Entering NORMAL or STANDARD in
this field will be acceptable. If quicker TAT is required, it shall be in the subcontract with the laboratory
and reiterated on each COC to remind the laboratory.

Type of Containers: Write the type of container used (e.g., 1-liter glass amber, for a given parameter
in that column).

Preservatives: Field personnel must indicate on the COC the correct preservative used for the analysis
requested. Indicate the pH of the sample (if tested) in case there are buffering conditions found in the
sample matrix.

Sample ldentification (ID) Number: This is typically a five-character alphanumeric identifier used by
the contractor to identify samples. The use of this identifier is important since the laboratories are
restricted to the number of characters they are able to use. Sample numbering shall be in accordance
with the project-specific sampling and analysis plan.

Description (Sample ID): This name will be determined by the location and description of the sample,
as described in the project-specific sampling and analysis plan. This sample identification should not be
submitted to the laboratory, but should be left blank. If a computer COC version is used, the sample
identification can be input, but printed with this block black. A cross-referenced list of the COC Sample
Number and sample identification must be maintained separately.

Date Collected: Record the collection date in order to track the holding time of the sample. Note: For
trip blanks, record the date it was placed in company with samples.

Time Collected: When collecting samples, record the time the sample is first collected. Use of the 24-
hour military clock will avoid a.m. or p.m. designations (e.g., 1815 instead of 6:15 p.m.). Record local
time; the laboratory is responsible for calculating holding times to local time.

Lab ID: This is for laboratory use only.
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Box 7 Matrix/QC: Identify the matrix (e.g., water, soil, air, tissue, fresh water sediment, marine sediment, or
product). If a sample is expected to contain high analyte concentrations (e.g., a tank bottom sludge or
distinct product layer), notify the laboratory in the comment section. Mark an “X” for the sample(s) that
have extra volume for laboratory QC matrix spike/matrix spike duplicate (MS/MSD) purposes. The
sample provided for MS/MSD purposes is usually a field duplicate.

Box 8  Analytical Parameters: Enter the parameter by descriptor and the method number desired (e.qg.,
BTEX 8260B, PAHs 8270C, etc.). Whenever practicable, list the parameters as they appear in the
laboratory subcontract to maintain consistency and avoid confusion.

If the COC does not have a specific box for number of sample containers, use the boxes below the
analytical parameter, to indicate the number of containers collected for each parameter.

Box 9 Sampler’s Signature: The person who collected samples must sign here.

Relinquished By: The person who turned over the custody of the samples to a second party other
than an express mail carrier, such as FedEx or DHL, must sign and date here.

Received By: Typically, a representative of the receiving laboratory signs and dates here. Or, a field
crew member who delivered the samples in person from the field to the laboratory might sign here. A
courier, such as FedEx or DHL, does not sign here because they do not open the coolers. It must also be
used by the prime contracting laboratory when samples are to be sent to a subcontractor.

Relinquished By: In the case of subcontracting, the primary laboratory will sign and date the
Relinquished By space and fill out an additional COC to accompany the samples being subcontracted.

Received By (Laboratory): This space is for the final destination (e.g., at a subcontracted laboratory).
A representative of the final destination (e.g., subcontracted laboratory) must sign and date here.

Box 10 Lab No. and Questions: This box is to be filled in by the laboratory only.

Box 11 Control Number: This number is the “COC” followed by the first contractor identification number in
that cooler, or contained on that COC. This control number must be unique (i.e., never used twice).
Record the date the COC is completed. It should be the same date the samples are collected.

Box 12 Total # of Containers: Sum the number of containers in that row.
Box 13 Totals: Sum the number of containers in each column. Because COC forms contain different formats

depending on who produced the form, not all of the information listed in items 1 to 13 may be recorded;
however, as much of this information as possible shall be included.

6.0 Quality Control and Assurance

6.1 Recordkeeping, sample labeling, and chain-of-custody activities must incorporate quality control
measures to ensure accuracy and completeness.

6.2 Deviations from this procedure or the project-specific DO work plan shall be documented in field records.
Significant changes shall be approved by the Program Quality Manager.

7.0 Records, Data Analysis, Calculations

7.1 The COC/analytical request form shall be faxed approximately daily to the DO Laboratory Coordinator
for verification of accuracy. Following the completion of sampling activities, the sample logbook and COC

3-03 Recordkeeping, Sample Labelling, and Chain-of-Custody
Revision 0 March 2016 6 of 11

PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET.



7.2

8.0
8.1
8.2
8.3
8.4
8.5

8.6

8.7

8.8

8.9

forms will be transmitted to the DO Manager for storage in project files. The data validators shall
receive a copy also. The original COC/analytical request form shall be submitted by the laboratory
along with the data delivered. Any changes to the analytical requests that are required shall be made in
writing to the laboratory. A copy of this written change shall be sent to the data validators and placed in
the project files. The reason for the change shall be included in the project files so that recurring
problems can be easily identified.

Deviations from this procedure or the project-specific sampling and analysis plan shall be documented in
the records. Significant changes shall be approved by the Program Quality Manager.

Attachments or References

Attachment 1 — Chain-of-Custody Seal

Attachment 2 — Generic Chain-of-Custody/Analytical Request Form
Attachment 3 — Sample Completed Chain-of-Custody

Attachment 4 — Sample Out-of-Control Form

Environmental Protection Agency, United States (EPA). 1988. Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA. Interim Final. EPA/540/G-89/004. Office of
Emergency and Remedial Response. October.

EPA. 1992. RCRA Groundwater Monitoring Draft Technical Guidance. EPA/530/R-93/001. Office of Solid
Waste. November.

EPA. 1997. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846. 3rd ed., Final
Update I11A. Office of Solid Waste.

Water Resources Control Board, State of California. 1988. Technical Guidance Manual for Solid Waste
Water Quality Assessment Test (SWAT) Proposals and Reports. August.

Procedure 3-02, Logbooks.
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Attachment 1

Example Chain-of-Custody Seal

CHAIN-OF-CUSTODY SEAL

[LABORATORY]

SAMPLE NO.

DATE

SEAL BROKEN BY

SIGNATURE

DATE

PRINT NAME AND TITLE (/nspector, Analyst or Technician
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Attachment 2
Generic Chain-of-Custody/Analytical Request Form

MBO15TE
CHAIN OF CUSTODY RECORD [

ClientProjest Hame: Project Location: Analysis Requesied

Project Mumber: Fleid Logoook Mo.:

SAMPIET (Prov Masrsa) IAMRation Chain of Cusiody Tape Mo

Send Reswis/Report to:
Signature:
i el Due | Tee |onefcom | SGELSEES | SENCE.)| Peese | Q55 Lee L3 Ramata

REINUSNEQ BY: it Harm) Date: RECEned DY: (Print ame) Date: Analytical Laboratory {Destnation):

Signatura: Time: Shgnature: Time:

Relinquished by: #rim Mere) Date: Recehiad DY {Prini Marme) Date:

Signature: Time: Signature: Time:

Rellnquished by: (o vees) Date: Received DY Prist Hie) Date:

Signature: Time: Sagnature: Time: Senal Mo
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Attachment 3

Sample Completed Chain-of-Custody
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Attachment 4

Sample Out-of-Control Form

OUT OF CONTROL FORM

Status Date

Initial

Noted OOC

Submit for CA*

Resubmit for CA*

Completed

Date Recognized: By: Samples Affected
Dated Occurred: Matrix (List by Accession
Parameter (Test Code): Method: AND Sample No.)
Analyst: Supervisor:

1. Type of Event
(Check all that apply)

2. Corrective Action (CA)*
(Check all that apply)

Calibration Corr. Coefficient <0.995

Repeat calibration

%RSD>20% Made new standards

Blank >MDL Reran analysis

Does not meet criteria: Sample(s) redigested and rerun
Spike Sample(s) reextracted and rerun
Duplicate Recalculated
LCS Cleaned system

Calibration Verification

Ran standard additions

Standard Additions

Notified

MS/MSD

Other (please explain)

BS/BSD

Surrogate Recovery

Calculations Error

Holding Times Missed

Other (Please explain Comments:

3. Results of Corrective Action
| Return to Control (indicated with)

| Corrective Actions Not Successful - DATA IS TO BE FLAGGED with

Analyst: Date:
Supervisor: Date:
QA Department: Date:
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Sample Handling, Storage, and Shipping

Procedure 3-04

1.0
1.1

1.2

2.0
2.1
2.2

3.0

4.0
4.1

4.2
4.3
4.4

4.5

5.0
5.1

Purpose and Scope

This standard operating procedure describes the actions to be used by personnel engaged in handling,
storing, and transporting samples. The objective is to obtain samples of actual conditions with as little
alteration as possible.

As guidance for specific activities, this procedure does not obviate the need for professional judgment.
Deviations from this procedure while planning or executing planned activities must be approved in
accordance with Program requirements for technical planning and review.

Safety
Avoid lifting heavy coolers with back muscles; instead, use leg muscles or dollies.

Wear proper gloves, such as blue nitrile and latex, as defined in the project-specific health and safety
plan, when handling sample containers to avoid contacting any materials that may have spilled out of the
sample containers.

Terms and Definitions

None.

Training and Qualifications

The Delivery Order (DO) Manager and the Laboratory Project Manager are responsible for identifying
instances of non-compliance with this procedure and ensuring that future sample transport activities
comply with this procedure.

The Field Manager is responsible for ensuring that all samples are shipped according to this procedure.
Field personnel are responsible for the implementation of this procedure.

The Program Quality Manager is responsible for ensuring that sample handling, storage, and transport
activities conducted during all DOs comply with this procedure.

All field personnel are responsible for the implementation of this procedure.

Procedure
Handling and Storage

Immediately following collection, label all samples according to Procedure 3-03, Recordkeeping, Sample
Labeling, and Chain-of-Custody. The lids of the containers shall not be sealed with duct tape, but may be
covered with custody seals or placed directly into self-sealing bags. Place the sample containers in an
insulated cooler with frozen gel packs (e.g., “blue ice”) or ice in double, sealed self-sealing bags.
Samples should occupy the lower portion of the cooler, while the ice should occupy the upper portion.
Place an absorbent material (e.g., proper absorbent cloth material) on the bottom of the cooler to contain
liquids in case of spillage. Fill all empty space between sample containers with Styrofoam® “peanuts” or
other appropriate material. Prior to shipping, wrap glass sample containers on the sides, tops, and
bottoms with bubble wrap or other appropriate padding and/or surround them in Styrofoam to prevent
breakage during transport. Pack all glass containers for water samples in an upright position, never
stacked or on their sides. Prior to shipment, replace the ice or cold packs in the coolers so that samples
will be maintained as close to 4 degrees Celsius (°C) as possible from the time of collection through
transport to the analytical laboratory. Ship samples within 24 hours or on a schedule allowing the
laboratory to meet holding times for analyses. The procedures for maintaining sample temperatures at
4°C pertain to all field samples.
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5.2

521

5.2.2

5.2.3

Shipping

Follow all appropriate U.S. Department of Transportation regulations (e.g., 49 Code of Federal
Regulations [CFR], Parts 171-179) for shipment of air, soil, water, and other samples. Elements of these
procedures are summarized below.

Hazardous Materials Shipment

Field personnel must state whether any sample is suspected to be a hazardous material. A sample
should be assumed hazardous unless enough evidence exists to indicate it is non-hazardous. If not
suspected to be hazardous, shipments may be made as described in the Section 5.2.2 for non-
hazardous materials. If hazardous, follow the procedures summarized below.

Any substance or material that is capable of posing an unreasonable risk to life, health, or property when
transported is classified as hazardous. Perform hazardous materials identification by checking the list of
dangerous goods for that particular mode of transportation. If not on that list, materials can be classified
by checking the Hazardous Materials Table (49 CFR 172.102 including Appendix A) or by determining if
the material meets the definition of any hazard class or division (49 CFR Part 173), as listed in
Attachment 2.

All persons shipping hazardous materials must be properly trained in the appropriate regulations, as
required by HM-126F, Training for Safe Transportation of Hazardous Materials (49 CFR HM-126F
Subpart H). The training covers loading, unloading, handling, storing, and transporting of hazardous
materials, as well as emergency preparedness in the case of accidents. Carriers, such as commercial
couriers, must also be trained. Modes of shipment include air, highway, rail, and water.

When shipping hazardous materials, including bulk chemicals or samples suspected of being hazardous,
the proper shipping papers (49 CFR 172 Subpart C), package marking (49 CFR 172 Subpart D), labeling
(49 CFR 172 Subpart E), placarding (49 CFR 172 Subpart F, generally for carriers), and packaging must
be used. Attachment 1 shows an example of proper package markings. Refer to a copy of 49 CFR each
time hazardous materials/potentially hazardous samples are shipped.

According to Section 2.7 of the International Air Transport Association Dangerous Goods Regulations
publication, very small quantities of certain dangerous goods may be transported without certain marking
and documentation requirements as described in 49 CFR Part 172; however, other labeling and packing
requirements must still be followed. Attachment 2 shows the volume or weight for different classes of
substances. A “Dangerous Goods in Excepted Quantities” label must be completed and attached to the
associated shipping cooler (Attachment 3). Certain dangerous goods are not allowed on certain airlines
in any quantity.

As stated in item 4 of Attachment 4, the Hazardous Materials Regulations do not apply to hydrochloric
acid (HCI), nitric acid (HNO,), sulfuric acid (H,SO,), and sodium hydroxide (NaOH) added to water
samples if their pH or percentage by weight criteria is met. These samples may be shipped as non-
hazardous materials as discussed below.

Non-Hazardous Materials Shipment

If the samples are suspected to be non-hazardous based on previous site sample results, field screening
results, or visual observations, if applicable, then samples may be shipped as non-hazardous.

When a cooler is ready for shipment to the laboratory, place two copies of the chain-of-custody form
inside a self-sealing bag and tape it to the inside of the insulated cooler. Then, seal the cooler with
waterproof tape and label it with “Fragile,” “This-End-Up” (or directional arrows pointing up), or other
appropriate notices. Place chain-of-custody seals on the coolers as discussed in Procedure 3-03,
Recordkeeping, Sample Labeling, and Chain-of-Custody.

Shipments from Outside the Continental United States

Shipment of sample coolers to the United States from locations outside the continental United States is
controlled by the U.S. Department of Agriculture (USDA) and is subject to their inspection and regulation.
A “USDA Soil Import Permit” is required to prove that the receiving analytical laboratory is certified by the
USDA to receive and properly dispose of soil. In addition, all sample coolers must be inspected by a
USDA representative, affixed with a label indicating that the coolers contain environmental samples,
and accompanied by shipping forms stamped by the USDA inspector prior to shipment.
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In addition, the U.S. Customs Service must clear samples shipped from U.S. territorial possessions or
foreign countries upon entry into the United States. As long as the commercial invoice is properly
completed (see below), shipments typically pass through U.S. Customs Service without the need to open
coolers for inspection.

Completion and use of proper paperwork will, in most cases, minimize or eliminate the need for the
USDA and U.S. Customs Service to inspect the contents. Attachment 5 shows an example of how
paperwork may be placed on the outside of coolers for non-hazardous materials. For hazardous
materials, refer to Section 5.2.1.

In summary, tape the paperwork listed below to the outside of the coolers to accompany sample
shipments. If a shipment is made up of multiple pieces (e.g., more than one cooler), the paperwork need
only be attached to one cooler, provided that the courier agrees. All other coolers in the shipment need
only to be taped and have the address and chain-of-custody seals affixed.

1. Courier Shipping Form & Commercial Invoice: See Attachment 6 and Attachment 7 for
examples of the information to be included on the commercial invoices for soil and water,
respectively. Place the courier shipping form and commercial invoice inside a clear, plastic,
adhesive-backed pouch that adheres to the package (typically supplied by the courier) and place it
on the cooler lid as shown in Attachment 5.

2. Soil Import Permit (soil only): See Attachment 8 and Attachment 9 for examples of the soil import
permit and soil samples restricted entry labels, respectively. The laboratory shall supply these
documents prior to mobilization. The USDA often stops shipments of soil without these documents.
Staple together the 2-inch x 2-inch USDA label (described below) and soil import permit, and place
them inside a clear plastic pouch. The courier typically supplies the clear, plastic, adhesive-backed
pouches that adhere to the package.

Placing one restricted entry label as shown in Attachment 5 (covered with clear packing tape) and
one stapled to the actual permit is suggested.

The USDA does not control water samples, so the requirements for soil listed above do not apply.

3. Chain-of-Custody Seals: The laboratory should supply the seals. DO personnel must sign and
date these. At least two seals should be placed in such a manner that they stick to both the cooler lid
and body. Placing the seals over the tape (as shown in Attachment 5), then covering it with clear
packing tape is suggested. This prevents the seal from coming loose and enables detection of
tampering.

4. Address Label: Affix a label stating the destination (laboratory address) to each cooler.

5. Special Requirements for Hazardous Materials: See Section 5.2.1.

Upon receipt of sample coolers at the laboratory, the sample custodian shall inspect the sample
containers as discussed in Procedure 3-03, Recordkeeping, Sample Labeling, and Chain-of-Custody.
The samples shall then be immediately extracted and/or analyzed, or stored in a refrigerated storage

area until they are removed for extraction and/or analysis. Whenever the samples are not being
extracted or analyzed, they shall be returned to refrigerated storage.

6.0 Quality Control and Assurance

6.1 Sample handling, storage, and shipping must incorporate quality control measures to ensure
conformance to these and the project requirements.

7.0 Records, Data Analysis, Calculations
7.1 Maintain records as required by implementing these procedures.
7.2 Deviations from this procedure or the project-specific sampling and analysis plan shall be documented in

field records. Significant changes shall be approved by the Program Quality Manager.

8.0 Attachments or Reference

8.1 Attachment 1 — Example Hazardous Material Package Marking
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8.2 Attachment 2 — Packing Groups

8.3 Attachment 3 — Label for Dangerous Goods in Excepted Quantities

8.4 Attachment 4 — SW-846 Preservative Exception

8.5 Attachment 5 — Non-Hazardous Material Cooler Marking Figure for Shipment from Outside the
Continental United States

8.6 Attachment 6 — Commercial Invoice — Soil

8.7 Attachment 7 — Commercial Invoice — Water

8.8 Attachment 8 — Soil Import Permit

8.9 Attachment 9 — Soil Samples Restricted Entry Labels

8.10 DoD Environmental Field Sampling Handbook Revision 1.0, April 2013.

8.11 Procedure 3-03, Recordkeeping, Sample Labeling, and Chain-of-Custody.
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Attachment 1
Example Hazardous Material Package Marking

N2 D\ @\

Ol

HAZARD
LABEL

UN NUMBER
PACKAGING INSTRUCTIONS,

9 PROPER SHIPPING NAME
CLASS @

PACKING GROUP
NET QUANTITY

@ E.R.G. GUIDE NUMBER
HG/Y40/5/93 (for example) @

USA/D.G.C.-M4554 (for example)

@ AIR BILL/ICOMMERCIAL INVOICE @ DIRECTION ARROWS STICKER -

USDA PERMIT (Letter to TWO REQUIRED
Laboratory from USDA) (7) THIS SIDE UP STICKERS

@ CUSTODY SEAL HAZARD LABEL

@ USDA 2" X 2" SOIL IMPORT PERMIT@ HAZARDOUS MATERIAL INFORMATION

@ WATERPROOF STRAPPING TAPE PACKAGE SPECIFICATIONS
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Attachment 2
Packing Groups

PACKING GROUP OF THE SUBSTANCE PACKING GROUP 1 PACKING GROUP II PACKING GROUP llI
CLASS or DIVISION of PRIMARY or | Packagings Packagings Packagings
SUBSIDIARY RISK
Inner Outer Inner Outer Inner Outer
1:  Explosives Forbidden ™ ?
2.1: Flammable Gas Forbidden e &
2.2: Non-Flammable, non-toxic gas See Notes A and B
2.3: Toxic gas Forbidden ™oc ™
3. Flammable liquid 30 mL 300mL | 30mL | 500 mL 30 mL | 1L
4.1 Self-reactive substances Forbidden Forbidden Forbidden
4.1: Other flammable solids Forbidden 30¢g | 500 g 30g | 1kg
4.2: Pyrophoric substances Forbidden Not Applicable Not Applicable
4.2 Spontaneously combustible substances Not Applicable 3049 500 g 30¢g 1 kg
4.3: Water reactive substances Forbidden 30gor 500 g or 30gor 1 kg or
30 mL 500 mL 30 mL 1L
5.1: Oxidizers Forbidden 30gor 500 g or 30gor 1 kg or
30 mL 500 mL 30 mL 1L
5.2: Organic peroxides "¢ See Note A 30gor 500 gor | Not Applicable
30 mL 250 mL
6.1: Poisons - Inhalation toxicity Forbidden lgorl 500 g or 30gor 1 kg or
mL 500 mL 30 mL 1L
6.1: Poisons - oral toxicity lgorl|300gor|lgorl 500 g or 30gor 1 kg or
mL 300 mL mL 500 mL 30 mL 1L
6.1: Poisons - dermal toxicity lgorl|300gor|lgorl 500 g or 30gor 1 kg or
mL 300 mL mL 500 mL 30 mL 1L
6.2: Infectious substances Forbidden ™%
7 Radioactive material “°° Forbidden ™°»
8: Corrosive materials Forbidden 30gor 500 g or 30gor 1 kg or
30 mL 500 mL 30 mL 1L
9:  Magnetized materials Forbidden ™o¢ ™
9:  Other miscellaneous materials ™" Forbidden 30gor 500gor | 30gor | 1kgor
30 mL 500 mL 30 mL 1L

Note A: Packing groups are not used for this class or division.

Note B: For inner packagings, the quantity contained in receptacle with a water capacity of 30 mL. For outer packagings, the sum of
the water capacities of all the inner packagings contained must not exceed 1 L.

Note C: Applies only to Organic Peroxides when contained in a chemical kit, first aid kit or polyester resin Kkit.

Note D: Samples will be shipped in accordance with DOT regulations for excepted packaged, as necessary.

Note E: For substances in Class 9 for which no packing group is indicated in the List of Dangerous Goods, Packing Group Il

guantities must be used.
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Attachment 3
Dangerous Goods in Excepted Quantities

N e\

‘ DANGEROUS GOODS IN EXCEPTED QUANTITIES
This packoge conloin: domgerous goods in excepled small quantities ond is in oll
reapects i comphance with the opphoble internotonal and nohonal government
regulations and the LATA Dangercus Goods Regulafions.

Signaturs of Shipper
Title Date

Mame and address of Shipper

This pockoge contains substonce(s) in Class (es)
[check applicable boxes]|
Class: 2 3 4 5 & B v
OO0OO0O00a0an
and the opplicable UN Mumbers or:

h--- o o o - -

NN N N NN N NN\ N

\

(777272722227
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Attachment 4
SW-846 Preservative Exception

Vol. Req.
Measurement (mL) Container? Preservative®* Holding Time®
MBAS 250 P, G Cool, 4°C 48 Hours
NTA 50 P, G Cool, 4°C 24 Hours

More specific instructions for preservation and sampling are found with each procedure as detailed in this
manual. A general discussion on sampling water and industrial wastewater may be found in ASTM, Part 31, p.
72-82 (1976) Method D-3370.

Plastic (P) or Glass (G). For metals, polyethylene with a polypropylene cap (no liner) is preferred.

Sample preservation should be performed immediately upon sample collection. For composite samples each
aliquot should be preserved at the time of collection. When use of an automated sampler makes it impossible to
preserve each aliquot, then samples may be preserved by maintaining at 4°C until compositing and sample
splitting is completed.

When any sample is to be shipped by common carrier or sent through the United States Mail, it must comply
with the Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). The person
offering such material for transportation is responsible for ensuring such compliance. for the preservation
requirements of Table 1, the Office of Hazardous Materials, Materials Transportation Bureau, Department of
Transportation has determined that the Hazardous Materials regulations do not apply to the following materials:
Hydrochloric acid (HCI) in water solutions at concentration of 0.04% by weight or less (pH about 1.96 or
greater); Nitric acid (HNOg) in water solutions at concentrations of 0.15% by weight or less (pH about 1.62 or
greater); Sulfuric acid (H,SOa) in water solutions at concentrations of 0.35% by weight or less (pH about 1.15 or
greater); Sodium hydroxide (NaOH) in water solutions at concentrations of 0.080% by weight or less (pH about
12.30 or less).

Samples should be analyzed as soon as possible after collection. The times listed are the maximum times that
samples may be held before analysis and still considered valid. Samples may be held for longer periods only if
the permittee, or monitoring laboratory, has data on file to show that the specific types of sample under study are
stable for the longer time, and has received a variance from the Regional Administrator. Some samples may not
be stable for the maximum time period given in the table. A permittee, or monitoring laboratory, is obligated to
hold the sample for a shorter time if knowledge exists to show this is necessary to maintain sample stability.

Should only be used in the presence of residual chlorine.

3-04 Sample Handling, Storage, and Shipping
Revision 0 March 2016

PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET.

8 of 13



Attachment 5
Non-Hazardous Material Cooler Marking Figure for Shipment
from Outside the Continental United States

@ @

t®

(&) &

@AIR BILL/COMMERCIAL INVOICE

@ USDA PERMIT (Letter to Laboratory from USDA)
(3) cusTODY SEAL

@ USDA 2" X 2" SOIL IMPORT PERMIT

@ WATERPROOF STRAPPING TAPE

@ DIRECTION ARROWS STICKER - TWO REQUIRED
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Attachment 6
Commercial Invoice — Soil

DATE OF EXPORTATION EXPORT REFERENCES (i.e., order no., invoice no., etc.)
1/1/94 <DO #>
SHIPPER/EXPORTER (complete name and address) CONSIGNEE
Joe Smith Sample Receipt
Ogden <Lab Name>
c/o <hotel name> <Lab Address>
<hotel address>
COUNTRY OF EXPORT IMPORTER - IF OTHER THAN CONSIGNEE
Guam, USA
COUNTRY OF ORIGIN OF GOODS
Guam, USA
COUNTRY OF ULTIMATE DESTINATION
USA
INTERNATIONAL (NOTE: All shipments must be
AIR WAYBILL NO. accompanied by a Federal Express
International Air Wayhill)
MARKS/NOS NO. OF TYPE OF FULL DESCRIPTION OF GOODS QTY UNIT OF WEIGHT UNIT TOTAL
PKGS | PACKAGING MEASURE VALUE VALUE
3 coolers Soil samples for $1.00 | $3.00
laboratory analysis
only
TOTAL TOTAL TOTAL
NO. OF WEIGHT INVOICE
PKGS. VALUE
3 $3.00
Check
one
OFo.B
O c&F
Oc.F

THESE COMMODITIES ARE LICENSED FOR THE ULTIMATE DESTINATION SHOWN.
DIVERSION CONTRARY TO UNITED STATES LAW IS PROHIBITED.
| DECLARE ALL THE INFORMATION CONTAINED IN THIS INVOICE TO BE TRUE AND CORRECT

SIGNATURE OF SHIPPER/EXPORTER (Type name and title and sign)

Joe Smith, Ogden Joe Sm|th 1/1/94

Name/Title Signature Date
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Attachment 7
Commercial Invoice — Water

DATE OF EXPORTATION
1/1/94

EXPORT REFERENCES (i.e., order no., invoice no., etc.)
<DO #>

SHIPPER/EXPORTER (complete name and address)
Joe Smith
Ogden
c/o <hotel name>
<hotel address>

CONSIGNEE
Sample Receipt
<Lab Name>

<Lab Address>

COUNTRY OF EXPORT
Guam, USA

COUNTRY OF ORIGIN OF GOODS
Guam, USA

COUNTRY OF ULTIMATE DESTINATION
USA

IMPORTER - IF OTHER THAN CONSIGNEE

INTERNATIONAL
AIR WAYBILL NO.

(NOTE: All shipments must be
accompanied by a Federal Express
International Air Wayhill)

MARKS/NOS NO. OF TYPE OF FULL DESCRIPTION OF GOODS QTY UNIT OF WEIGHT UNIT TOTAL VALUE
PKGS PACKAGING MEASURE VALUE
3 coolers | Water samples for $1.00 | $3.00
laboratory analysis
only
TOTAL TOTAL TOTAL INVOICE
NO. OF WEIGHT VALUE
PKGS.
3 $3.00
Check one
OF.0B.
O c&F
Oc.F.

THESE COMMODITIES ARE LICENSED FOR THE ULTIMATE DESTINATION SHOWN.

DIVERSION CONTRARY TO UNITED STATES LAW IS PROHIBITED.

| DECLARE ALL THE INFORMATION CONTAINED IN THIS INVOICE TO BE TRUE AND CORRECT

SIGNATURE OF SHIPPER/EXPORTER (Type name and title and sign)

Joe Smith, Ogden

Joe Smith

1/1/94
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Attachment 8

Soil Import Permit
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Attachment 9
Soil Samples Restricted Entry Labels

U.S. DEPARTMENT OF AGRICULTURE

ANIMAL AND PLANT HEALTH INSPECTION
SERVICE

PLANT PROTECTION AND QUARANTINE

HYATTSVILLE, MARYLAND 20782

SOIL SAMPLES

RESTRICTED ENTRY

The material contained in this
package is imported under authority
of the Federal Plant Pest Act of May
23, 1957.

For release without treatment if
addressee is currently listed as
approved by Plant Protection

and Quarantine.

PPQ FORM 550 Edition of 12/77 may be used

(JAN 83)
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Investigation Derived Waste Management

Procedure 3-05

1.0

2.0

3.0

4.0
4.1

4.2
4.3
4.4

Purpose and Scope

This standard operating procedure (SOP) describes activities and responsibilities with regard to
management of investigation-derived waste (IDW). The purpose of this procedure is to provide guidance
for the minimization, handling, labelling, temporary storage, inventory, classification, and disposal of
IDW. This procedure will also apply to personal protective equipment (PPE), sampling equipment,
decontamination fluids, non-IDW trash, non-indigenous IDW, and hazardous waste generated during
implementation of removal or remedial actions. The information presented will be used to prepare and
implement work plans (WPs) for IDW-related field activities. The results from implementation of WPs will
then be used to develop and implement final IDW disposal plans.

If there are procedures whether it be from AECOM-Tidewater, Inc. Joint Venture (AECOM-Tidewater JV),
state and/or federal that are not addressed in this SOP and are applicable to IDW then those procedures
may be added as an appendix to the project specific SAP.

This procedure shall serve as management-approved professional guidance for the LSl Sampling Plan
and is consistent with protocol in the Uniform Federal Policy-Quality Assurance Project Plan (DoD 2005).
As professional guidance for specific activities, this procedure is not intended to obviate the need for
professional judgment during unforeseen circumstances. Deviations from this procedure while planning
or executing planned activities must be approved by both the Delivery Order (DO) Manager and the
Quality Assurance (QA) Manager or Technical Director, and documented.

This procedure was developed to serve as management-approved professional guidance for the
management of IDW generated under LS| Sampling Plan. It focuses on the requirements for minimizing,
segregating, handling, labeling, storing, and inventorying IDW in the field. Certain drum inventory
requirements related to the screening, sampling, classification, and disposal of IDW are also noted in this
procedure.

Safety

The health and safety considerations for the work associated with this SOP, including both potential
physical and chemical hazards, will be addressed in the project Health and Safety Plan (HASP). In the
absence of a HASP, work will be conducted according to the DO WP and/or direction from the Site
Safety Officer (SSO).

All Field Personnel responsible for IDW management must adhere to the HASP and must wear the PPE
specified in the site-specific HASP. Generally, this includes, at a minimum, steel-toed boots or steel-toed
rubber boots, safety glasses, American National Standards Institute-standard hard hats, and hearing
protection (if heavy equipment is in operation). If safe alternatives are not achievable, discontinue site
activities immediately.

Terms and Definitions

None.

Training and Qualifications

The DO Manager is responsible for ensuring that IDW management activities comply with this
procedure. The DO Manager is responsible for ensuring that all personnel involved in IDW management
shall have the appropriate education, experience, and training to perform their assigned tasks.

The Program Quality Manager is responsible for ensuring overall compliance with this procedure.
The Field Manager is responsible for ensuring that all IDW is managed according to this procedure.

All Field Personnel are responsible for the implementation of this procedure.
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5.0 Equipment and Supplies

The equipment and supplies required for implementation of this SOP include the following:

° Containers for waste (e.g., [U.S. Department of Transportation] DOT approved 55-gallon open and
closed top drums) and material to cover waste to protect from weather (e.g., plastic covering);

° Hazardous /non-hazardous waste drum labels (weatherproof);

° Permanent marking pens;

° Inventory forms for project file;

° Plastic garbage bags, zip lock storage bags, roll of plastic sheeting; and

° Steel-toed boots, chemical resistant gloves, coveralls, safety glasses, and any other PPE required

in the HASP.
6.0 Procedure
The following procedures are used to handle the IDW.
6.1 Drum Handling
6.1.1 IDW shall be containerized using DOT approved drums. The drums shall be made of steel or

6.1.2

6.1.3

6.1.4

6.1.5

6.2 Labelling
6.2.1

6.2.2

6.2.3

plastic, have a 55-gallon capacity, be completely painted or opaque, and have removable
lids (i.e., United Nations Code 1A2 or 1H2). Typically 55-gallon drums are used, however
small drums may be used depending on the amount of waste generated. New steel drums
are preferred over recycled drums.

Recycled drums should not be used for hazardous waste, PCBs or other regulated
shipments. For short-term storage of liquid IDW prior to discharge, double-walled bulk steel
or plastic storage tanks may be used. For this scenario, consider the scheduling and cost-
effectiveness of this type of bulk storage, treatment, and discharge system versus longer-
term drum storage.

For long-term IDW storage at other project locations, the DOT approved drums with
removable lids are recommended. Verify the integrity of the foam or rubber sealing ring
located on the underside of some drum lids prior to sealing drums containing IDW liquids.

If the ring is only partially attached to the drum lid, or if a portion of the ring is missing, select
another drum lid with a sealing ring that is in sound condition.

To prepare IDW drums for labeling, wipe clean the outer wall surfaces and drum lids of all
material that might prevent legible and permanent labeling. If potentially contaminated
material adheres to the outer surface of a drum, wipe that material from the drum, and
segregate the paper towel or rag used to remove the material with visibly soiled PPE and
disposable sampling equipment. Label all IDW drums and place them on pallets prior to
storage.

Containers used to store IDW must be properly labelled. Two general conditions exist: 1)
from previous studies or on-site data, waste characteristics are known to be either
hazardous or nonhazardous; or 2) waste characteristics are unknown until additional data
are obtained.

For situations where the waste characteristics are known, the waste containers should be
packaged and labelled in accordance with state regulations and any federal regulations that
may govern the labelling of waste.

The following information shall be placed on all non-hazardous waste labels:
° Description of waste (i.e., purge water, soil cuttings);
° Contact information (i.e., contact name and telephone number);

° Date when the waste was first accumulated.
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6.3

6.2.4 The following information shall be placed on all hazardous waste labels:
° Description of waste (i.e., purge water, soil cuttings);
° Generator information (i.e., name, address, contact telephone number);
° EPA identification number (supplied by on-site client representative);

° Date when the waste was first accumulated.

6.2.5 When the final characterization of a waste is unknown, a notification label should be placed
on the drum with the words “waste characterization pending analysis” and the following
information included on the label:

° Description of waste (i.e., purge water, soil cuttings);
° Contact information (i.e., contact name and telephone number);

° Date when the waste was first accumulated.

6.2.6 Once the waste has been characterized, the label should be changed as appropriate for a
nonhazardous or hazardous waste.

6.2.7 Waste labels should be constructed of a weatherproof material and filled out with a
permanent marker to prevent being washed off or becoming faded by sunlight. It is
recommended that waste labels be placed on the side of the container, since the top is more
subject to weathering. However, when multiple containers are accumulated together, it also
may be helpful to include labels on the top of the containers to facilitate organization and
disposal.

6.2.8 Each container of waste generated shall be recorded in the field notebook used by the
person responsible for labelling the waste. After the waste is disposed of, either by
transportation off-site or disposal on-site in an approved disposal area, an appropriate
record shall be made in the same field notebook to document proper disposition of IDW.

Types of Site Investigation Waste

Several types of waste are generated during site investigations that may require special handling. These
include solid, liquid, and used PPE, as discussed further below.

Solid Waste

Soil cuttings from boreholes will typically be placed in containers unless site specific requirements allow
for soil cuttings to be placed back into the borehole after drilling is complete. Drilling mud generated
during investigation activities shall be collected in containers. Covers should be included on the
containers and must be secured at all times and only open during filling activities. The containers shall be
labelled in accordance with this SOP. An inventory containing the source, volume, and description of
material put in the containers shall be logged on prescribed forms and kept in the project file.

Non-hazardous solid waste can be disposed on-site in the designated site landfill or in a designated
evaporation pond if it is liquefied. Hazardous wastes must be disposed off-site at an approved hazardous
waste landfill.

Liguid Waste

Groundwater generated during monitoring well development, purging, and sampling can be collected in
truck-mounted containers and/or other transportable containers (i.e., 55-gallon drums). Lids or bungs on
drums must be secured at all times and only open during filling or pumping activities. The containers
shall be labelled in accordance with this SOP. Non-hazardous liquid waste can be disposed of in one of
the designated lined evaporation ponds on-site. Hazardous wastes must be handled separately and
disposed off-site at an approved hazardous waste facility.

Personal Protective Equipment

PPE that is generated throughout investigation activities shall be placed in plastic garbage bags. If the
solid or liquid waste that was being handled is characterized as hazardous waste, then the
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6.4

6.5

6.6

6.7

corresponding PPE should also be disposed as hazardous waste. If not, all PPE should be disposed as
non-hazardous waste in the designated on-site landfill. Trash that is generated as part of field activities
may be disposed of in the landfill as long as the trash was not exposed to hazardous media.

Waste Accumulation On-Site

6.4.1 Solid, liquid, or PPE waste generated during investigation activities that are classified as
nonhazardous or “characterization pending analysis” should be disposed of as soon as
possible. Until disposal, such containers should be inventoried, stored as securely as
possible, and inspected regularly, as a general good practice.

6.4.2 Solid, liquid, or PPE waste generated during investigation activities that are classified as
hazardous shall not be accumulated on-site longer than 90 days. All hazardous waste
containers shall be stored in a secured storage area. The following requirements for the
hazardous waste storage area must be implemented:

° Proper hazardous waste signs shall be posted as required by any state or federal
statutes that may govern the labelling of waste;

° Secondary containment to contain spills;
° Spill containment equipment must be available;
° Fire extinguisher;

° Adequate aisle space for unobstructed movement of personnel.

6.4.3 Weekly storage area inspections shall be performed and documented to ensure compliance
with these requirements. Throughout the project, an inventory shall be maintained to itemize
the type and quantity of the waste generated.

Waste Disposal

6.5.1 Solid, liquid, and PPE waste will be characterized for disposal through the use of client
knowledge, laboratory analytical data created from soil or groundwater samples gathered
during the field activities, and/or composite samples from individual containers.

6.5.2 All waste generated during field activities will be stored, transported, and disposed of
according to applicable state, federal, and local regulations. All wastes classified as
hazardous will be disposed of at a licensed treatment storage and disposal facility or
managed in other approved manners.

6.5.3 In general, waste disposal should be carefully coordinated with the facility receiving the
waste. Facilities receiving waste have specific requirements that vary even for non-
hazardous waste, so characterization should be conducted to support both applicable
regulations and facility requirements.

Regulatory Requirements

The following federal and state regulations shall be used as resources for determining waste
characteristics and requirements for waste storage, transportation, and disposal:

° Code of Federal Regulations (CFR), Title 40, Part 261;
o CFR, Title 49, Parts 172, 173, 178, and 179.
Waste Transport

A state-certified hazardous waste hauler shall transport all wastes classified as hazardous. Typically, the
facility receiving any waste can coordinate a hauler to transport the waste. Shipped hazardous waste
shall be disposed of in accordance with all RCRA/USEPA requirements. All waste manifests or bills of
lading will be signed either by the client or the client’s designee.
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7.0
7.1

8.0
8.1
8.2

9.0

Quality Control and Assurance

Management of IDW must incorporate quality control measures to ensure conformance to these and the
project requirements.

Records, Data Analysis, Calculations
Maintain records as required by implanting the procedures in this SOP.

Deviations from this procedure or the sampling and analysis plan shall be documented in field records.
Significant changes shall be approved by the Program Quality Manager.

Attachments or References

Department of Defense, United States (DoD). 2005. Uniform Federal Policy for Quality Assurance
Project Plans, Part 1: UFP-OAPP Manual. Final Version 1. DoD: DTIC ADA 427785, EPA-505-B-04-
900A. In conjunction with the U. S. Environmental Protection Agency and the Department of Energy.
Washington: Intergovernmental Data Quality Task Force. March. On-line updates available at:
http://www.epa.gov/fedfac/pdf/ufp_gapp vl 0305.pdf.

Department of Energy, United States (DOE). 1994. The Off-Site Rule. EH-231-020/0194. Office of
Environmental Guidance. March.

1999. Management of Remediation Waste under the Resource Conservation and Recovery Act (RCRA).
Office of Environmental Policy and Assistance. 20 December.

DoD Environmental Field Sampling Handbook Revision 1.0, April 2013

Environmental Protection Agency, United States (EPA). 1991. Management of Investigative-Derived
Wastes During Site Inspections. Office of Emergency and Remedial Response. EPA/540/G-91/009. May.

1992a. Guidance for Performing Site Inspections under CERCLA. EPA/540/R-92/021. Office of
Emergency and Remedial Response. September.

1992h. Guide to Management of Investigative-Derived Wastes. Quick reference fact sheet. OSWER Dir.
9345.3-03FS. Office of Solid Waste and Emergency Response. January.

1997a. Sending Wastes Off Site? OSC and RPM Responsibilities under the Off-Site Rule. EPA/540-F-
97-006, Office of Solid Waste and Emergency Response. September.

1997b. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846. 3rd ed., Final
Update IlIIA. Office of Solid Waste. Updates available: www.epa.gov/epaoswer/hazwaste/test/new-
meth.htm.

1998. Management of Remediation Waste under RCRA. EPA/530-F-98-026. Office of Solid Waste and
Emergency Response. October.

(No Date). Compliance with the Off-Site Rule During Removal Actions. Office of Regional Counsel
(Region 3). Hendershot, Michael.
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Equipment Decontamination

Procedure 3-06

1.0
1.1

1.2

2.0

21

2.2

3.0

Purpose and Scope

This standard operating procedure (SOP) describes methods of equipment decontamination, to be used
for activities where samples for chemical analysis are collected or where equipment will need to be
cleaned before leaving the site or before use in subsequent activities.

As guidance for specific activities, this procedure does not obviate the need for professional judgment.
Deviations from this procedure while planning or executing planned activities must be approved in
accordance with Program requirements for technical planning and review.

Safety

It is the responsibility of the Site Safety Officer (SSO) to set up the site zones (i.e., exclusion, transition,
and clean) and decontamination areas. Generally the decontamination area is located within the
transition zone, upwind of intrusive activities, and serves as the washing area for both personnel and
equipment to minimize the spread of contamination into the clean zone. Typically, for equipment, a series
of buckets are set up on a visqueen-lined bermed area. Separate spray bottles containing cleaning
solvents as described in this procedure or the Delivery Order (DO) Work Plan (WP) and distilled water
are used for final rinsing of equipment. Depending on the nature of the hazards and the site location,
decontamination of heavy equipment, such as augers, pump drop pipe, and vehicles, may be
accomplished using a variety of techniques.

All Field Personnel responsible for equipment decontamination must adhere to the site-specific health
and safety plan (HSP) and must wear the personal protective equipment (PPE) specified in the site-
specific HSP. Generally this includes, at a minimum, Tyvek® coveralls, steel-toed boots with boot covers
or steel-toed rubber boots, safety glasses, American National Standards Institute-standard hard hats,
and hearing protection (if heavy equipment is in operation). Air monitoring by the SSO may result in an
upgrade to the use of respirators and cartridges in the decontamination area; therefore, this equipment
must be available on site. If safe alternatives are not achievable, discontinue site activities immediately.

In addition to the aforementioned precautions, the following sections describe safe work practices that
will be employed.

Chemical Hazards associated with Equipment Decontamination
° Avoid skin contact with and/or incidental ingestion of decontamination solutions and water.
° Utilize PPE as specified in the site-specific HSP to maximize splash protection.

° Refer to material safety data sheets, safety personnel, and/or consult sampling personnel regarding
appropriate safety measures (i.e., handling, PPE including skin and respiratory).

° Take the necessary precautions when handling detergents and reagents.

Physical Hazards associated with Equipment Decontamination

° To avoid possible back strain, it is recommended to raise the decontamination area 1 to 2 feet
above ground level.

° To avoid heat stress, over exertion, and exhaustion, it is recommended to rotate equipment
decontamination among all site personnel.

° Take necessary precautions when handling field sampling equipment.

Terms and Definitions

None.
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4.0
4.1

4.2
4.3

4.4

5.0

51

52

5.3

Training and Qualifications

The DO Manager is responsible for ensuring that decontamination activities comply with this procedure.
The DO Manager is responsible for ensuring that all personnel involved in equipment decontamination
shall have the appropriate education, experience, and training to perform their assigned tasks.

The Program Quality Manager is responsible for ensuring overall compliance with this procedure.

The Field Manager is responsible for ensuring that all field equipment is decontaminated according to
this procedure.

All Field Personnel are responsible for the implementation of this procedure.

Procedure

Decontamination of equipment used in soil/sediment sampling, groundwater monitoring, well drilling and
well development, as well as equipment used to sample groundwater, surface water, sediment, waste,
wipe, asbestos, and unsaturated zone, is necessary to prevent cross-contamination and to maintain the
highest integrity possible in collected samples. Planning a decontamination program requires
consideration of the following factors:

° Location where the decontamination procedures will be conducted

° Types of equipment requiring decontamination

° Frequency of equipment decontamination

° Cleaning technique and types of cleaning solutions appropriate to the contaminants of concern

o Method for containing the residual contaminants and wash water from the decontamination process

° Use of a quality control measure to determine the effectiveness of the decontamination procedure

The following subsections describe standards for decontamination, including the frequency of
decontamination, cleaning solutions and techniques, containment of residual contaminants and cleaning
solutions, and effectiveness.

Decontamination Area

Select an appropriate location for the decontamination area at a site based on the ability to control
access to the area, the ability to control residual material removed from equipment, the need to store
clean equipment, and the ability to restrict access to the area being investigated. Locate the
decontamination area an adequate distance away and upwind from potential contaminant sources to
avoid contamination of clean equipment.

Types of Equipment

Drilling equipment that must be decontaminated includes drill bits, auger sections, drill-string tools, drill
rods, split barrel samplers, tremie pipes, clamps, hand tools, and steel cable. Decontamination of
monitoring well development and groundwater sampling equipment includes submersible pumps, bailers,
interface probes, water level meters, bladder pumps, airlift pumps, peristaltic pumps, and lysimeters.
Other sampling equipment that requires decontamination includes, but is not limited to, hand trowels,
hand augers, slide hammer samplers, shovels, stainless-steel spoons and bowls, soil sample liners and
caps, wipe sampling templates, composite liquid waste samplers, and dippers. Equipment with a porous
surface, such as rope, cloth hoses, and wooden blocks, cannot be thoroughly decontaminated and shall
be properly disposed of after one use.

Frequency of Equipment Decontamination

Decontaminate down-hole drilling equipment and equipment used in monitoring well development and
purging prior to initial use and between each borehole or well. Down-hole drilling equipment, however,
may require more frequent cleaning to prevent cross-contamination between vertical zones within a
single borehole. When drilling through a shallow contaminated zone and installing a surface casing to
seal off the contaminated zone, decontaminate the drilling tools prior to drilling deeper. Initiate
groundwater sampling by sampling groundwater from the monitoring well where the least contamination
is suspected. Decontaminate groundwater, surface water, and soil sampling devices prior to initial use
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54

55

and between collection of each sample to prevent the possible introduction of contaminants into
successive samples.

Cleaning Solutions and Techniques

Decontamination can be accomplished using a variety of techniques and fluids. The preferred method of
decontaminating major equipment, such as drill bits, augers, drill string, and pump drop-pipe, is steam
cleaning. To steam clean, use a portable, high-pressure steam cleaner equipped with a pressure hose
and fittings. For this method, thoroughly steam wash equipment and rinse it with potable tap water to
remove particulates and contaminants.

A rinse decontamination procedure is acceptable for equipment such as bailers, water level meters, new
and re-used soil sample liners, and hand tools. The decontamination procedure shall consist of the
following: (1) wash with a non-phosphate detergent (Alconox®, Liquinox®, or other suitable detergent)
and potable water solution; (2) rinse with potable water; (3) spray with laboratory-grade isopropyl alcohol;
(4) rinse with deionized or distilled water; and (5) spray with deionized or distilled water. If possible,
disassemble equipment prior to cleaning. Add a second wash at the beginning of the process if
equipment is very soiled.

Decontaminating submersible pumps requires additional effort because internal surfaces become
contaminated during usage. Decontaminate these pumps by washing and rinsing the outside surfaces
using the procedure described for small equipment or by steam cleaning. Decontaminate the internal
surfaces by recirculating fluids through the pump while it is operating. This recirculation may be done
using a relatively long (typically 4 feet) large-diameter pipe (4-inch or greater) equipped with a bottom
cap. Fill the pipe with the decontamination fluids, place the pump within the capped pipe, and operate the
pump while recirculating the fluids back into the pipe. The decontamination sequence shall include:
(1) detergent and potable water; (2) potable water rinse; (3) potable water rinse; and (4) deionized water
rinse. Change the decontamination fluids after each decontamination cycle.

Solvents other than isopropyl alcohol may be used, depending upon the contaminants involved. For
example, if polychlorinated biphenyls or chlorinated pesticides are contaminants of concern, hexane may
be used as the decontamination solvent; however, if samples are also to be analyzed for volatile
organics, hexane shall not be used. In addition, some decontamination solvents have health effects that
must be considered. Decontamination water shall consist of distilled or deionized water. Steam-distilled
water shall not be used in the decontamination process as this type of water usually contains elevated
concentrations of metals. Decontamination solvents to be used during field activities will be specified in
the DO WP.

Rinse equipment used for measuring field parameters, such as pH (indicates the hydrogen ion
concentration — acidity or basicity), temperature, specific conductivity, and turbidity with deionized or
distilled water after each measurement. Also wash new, unused soil sample liners and caps with a fresh
detergent solution and rinse them with potable water followed by distilled or deionized water to remove
any dirt or cutting oils that might be on them prior to use.

Containment of Residual Contaminants and Cleaning Solutions

A decontamination program for equipment exposed to potentially hazardous materials requires a
provision for catchment and disposal of the contaminated material, cleaning solution, and wash water.

When contaminated material and cleaning fluids must be contained from heavy equipment, such as drill
rigs and support vehicles, the area must be properly floored, preferably with a concrete pad that slopes
toward a sump pit. If a concrete pad is impractical, planking can be used to construct solid flooring that is
then covered by a nonporous surface and sloped toward a collection sump. If the decontamination area
lacks a collection sump, use plastic sheeting and blocks or other objects to create a bermed area for
collection of equipment decontamination water. Situate items, such as auger flights, which can be placed
on metal stands or other similar equipment, on this equipment during decontamination to prevent contact
with fluids generated by previous equipment decontamination. Store clean equipment in a separate
location to prevent recontamination. Collect decontamination fluids contained within the bermed area and
store them in secured containers as described below.

Use wash buckets or tubs to catch fluids from the decontamination of lighter-weight drilling equipment
and hand-held sampling devices. Collect the decontamination fluids and store them on site in secured
containers, such as U.S. Department of Transportation-approved drums, until their disposition is
determined by laboratory analytical results. Label containers in accordance with Procedure 3-05, IDW
Management.
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6.0

7.0

8.0
8.1

8.2
8.3

Quality Control and Assurance

A decontamination program must incorporate quality control measures to determine the effectiveness of
cleaning methods. Quality control measures typically include collection of equipment blank samples or
wipe testing. Equipment blanks consist of analyte-free water that has been poured over or through the
sample collection equipment after its final decontamination rinse. Wipe testing is performed by wiping a
cloth over the surface of the equipment after cleaning. These quality control measures provide "after-the
fact" information that may be useful in determining whether or not cleaning methods were effective in
removing the contaminants of concern.

Records, Data Analysis, Calculations

Any project where sampling and analysis is performed shall be executed in accordance with an approved
sampling and analysis plan. This procedure may be incorporated by reference or may be incorporated
with modifications described in the plan.

Deviations from this procedure or the sampling and analysis plan shall be documented in field records.
Significant changes shall be approved by the Program Quality Manager.

Attachments or References

ASTM Standard D5088. 2008. Standard Practice for Decontamination of Field Equipment Used at Waste
Sites. ASTM International, West Conshohocken, PA. 2008. DOI: 10.1520/D5088-02R08. www.astm.org.

DoD Environmental Field Sampling Handbook Revision 1.0, April 2013
Procedure 3-05, IDW Management.
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Surface Water Sampling

Procedure 3-10

1.0
1.1

1.2

13

1.4

2.0
2.1

2.2

2.3

2.4

Purpose and Scope

The purpose of this document is to define the standard operating procedure (SOP) for use in sampling
surface water. This SOP describes the equipment, field procedures, materials, and documentation
procedures necessary to collect surface water samples from shallow and deep water using a variety of
samplers. The procedure and equipment required for the measurement of surface water flow velocity in
association with stream gauging is also described. Specific information regarding surface water sampling
and stream gauging locations and project objectives can be found in the associated Sampling and
Analysis Plan (SAP).

This procedure is the Program-approved professional guidance for work performed by AECOM-
Tidewater, Inc. Joint Venture (AECOM-Tidewater JV).

As guidance for specific activities, this procedure does not obviate the need for professional judgment.
Deviations from this procedure while planning or executing planned activities must be approved in
accordance with Program requirements for technical planning and review. If there are procedures
whether it be from AECOM-Tidewater JV, state and/or federal that are not addressed in this SOP and
are applicable to surface water sampling then those procedures may be added as an appendix to the
project specific SAP.

It is fully expected that the procedures outlined in this SOP will be followed. Procedural modifications
may be warranted depending upon field conditions, equipment limitations, or limitations imposed by the
procedure. Substantive modification to this SOP will be approved in advance by the Program Quality
Manager. Deviations to this SOP will be documented in the field records.

Safety

Depending upon the site-specific contaminants, various protective programs must be implemented prior
to sampling the first surface water sampling location. All field sampling personnel responsible for
sampling activities must review the project-specific health and safety plan (HASP) paying particular
attention to the control measures planned for the sampling tasks. Conduct preliminary area monitoring to
determine the potential hazard to field sampling personnel. If significant contamination is observed,
minimize contact with potential contaminants in both the vapor and liquid phase through the use of
respirators and disposable clothing.

In addition, observe standard health and safety practices according to the project-specific HASP.
Suggested minimum protection during well sampling activities includes inner disposable vinyl gloves,
outer chemical-protective nitrile gloves, rubberized steel-toed boots, and an American National
Standards Institute-standard hard hat. Half-face respirators and cartridges and Tyvek® suits may be
necessary depending on the contaminant concentrations, and shall always be available on site.

Daily safety briefs will be conducted at the start of each working day before any work commences.
These daily briefs will be facilitated by the Site Safety Officer (SSO) or designee to discuss the day’s
events and any potential health risk areas covering every aspect of the work to be completed. Weather
conditions are often part of these discussions. As detailed in the HASP, everyone on the field team has
the authority to stop work if an unsafe condition is perceived until the conditions are fully remedied to the
satisfaction of the SSO.

The health and safety considerations for the work associated with surface water sampling include:

e Proper selection of personal protective equipment for work around water bodies (e.g., personal
flotation devices [PFDs]), as specified in the project-specific HASP.

e Appropriate health and safety protocols for working in a boat (if applicable), as specified in the
project-specific HASP.
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4.0

5.0
5.1
5.1.1

5.2
521

5.2.2
5.2.3
524

525

6.0

e Proper lifting techniques when retrieving surface water samplers, large muscles of the legs should
be used, not the back.

e  Stay clear of all moving equipment and avoid wearing loose fitting clothing.

e To avoid slip/trip/fall hazards as a result of working on wet surfaces, wear work boots/work boot
covers with textured soles.

e While wading is the preferred method for accurate flow measurement, there are obvious safety
considerations that limit the flows at which wading can be accomplished. The USGS rule of thumb
should e followed, which prohibits wading if the product of depth (in feet) and velocity (in feet
/second) exceeds 8.

e To avoid heat/cold stress as a result of exposure to extreme temperatures and PPE, drink electrolyte
replacement fluids (1 to 2 cups per hour is recommended), and in cases of extreme cold, wear fitted
insulated clothing

Terms and Definitions

None.

Interferences

None.

Training and Qualifications
Qualifications and Training

The individual executing these procedures must have read, and be familiar with, the requirements of this
SOP.

Responsibilities

The Delivery Order (DO) Manager is responsible for ensuring that surface water sampling activities
comply with this procedure. The DO Manager or designee shall review all surface water sampling forms
on a minimum monthly basis. The DO Manager is responsible for ensuring that all field sampling
personnel involved in surface water sampling shall have the appropriate education, experience, and
training to perform their assigned tasks.

The Program Quality Manager is responsible for ensuring overall compliance with this procedure.
The Field Manager is responsible for ensuring that all field sampling personnel follow these procedures.

Field sampling personnel are responsible for the implementation of this procedure. Minimum
qualifications for field sampling personnel require that one individual on the field team shall have a
minimum of 6 months of experience with surface water sampling.

The field sampler and/or task manager is responsible for directly supervising the surface water
sampling procedures to ensure that they are conducted according to this procedure, and for recording all
pertinent data collected during sampling. If deviations from the procedure are required because of
anomalous field conditions, they must first be approved by the Program Quality Manager and then
documented in the field logbook and associated report or equivalent document.

Equipment and Supplies

The following equipment list contains materials that may be needed in carrying out the procedures
outlined in this SOP. Not all equipment listed below may be necessary for a specific activity. Additional
equipment may be required, pending field conditions.

e Work Plan
e Maps/Plot plan

e Tape measure, marking line or cable
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7.0

8.0
8.1

8.11

e  Survey stakes, flags, or buoys

e Camera and film

e  Stainless steel, plastic, or other appropriate composition (e.g., Teflon) bucket
e Laboratory supplied sampling containers

e Ziploc plastic bags for samples, and sample jars
e Logbook

e Labels

e Chain of Custody (COC) forms

e  Site description forms

e Cooler(s)

e Ice

e  Equipment/Apparatus

e Decontamination supplies/equipment

e Spade or shovel

e Spatula
e Scoop
e  Trowel

e Task specific surface water sampling equipment

o  Water flow meter (Global Water Flow Probe Model FP111 or similar)

Calibration or Standardization

None.

Procedure
Selection of Sampling Techniques

Proper selection of sampling points and collection methodology are essential to meeting the objectives of
a surface water sampling program. Sampling points should be selected for collection of surface water
samples on the basis of characteristics of the body of surface water body to be monitored, the location of
the body of surface water, and its hydrologic boundaries with respect to the site. Other considerations
include the contaminants of concern, logistical considerations, such as access to the surface water body,
the direction of flow, and determination of a background location.

Methods of collecting surface water samples vary from hand sampling procedures at a single point to
sophisticated, multipoint sampling techniques. The number and type of samples to be collected depends
on the characteristics of the body of water, the amount of suspended sediment that a moving body
carries, the size of the discharge area at the site, and other factors. Multipoint sampling techniques apply
to larger bodies of water; the samples are composited to provide a more representative sample.

Whenever possible, the sampling device, either disposable or constructed of a nonreactive material,
should hold at least 500 milliliters to minimize the number of times the liquid must be disturbed, thus
reducing agitation of any sediment layers. A 1-liter polypropylene or stainless steel beaker with a pour
spout and handle works well. Any sampling device might contribute contaminants to a sample. The
correct sampling device will not compromise the integrity of the sample and will give the desired
analytical results.

Shallow Water Body Surface Water Sample Collection
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8.1.2

A dip or grab sample is appropriate for a small body of water, or for collecting near-surface samples in a
larger surface water body. The sampling method involves filling a sample container by submerging it
either just below the surface, or by lowering the container to a desired depth by using a weighted holder.
For shallow bodies of surface water, hold the sample container carefully just beneath the water surface
to avoid disturbing the streambed and stirring the sediment. Position the container's mouth so that it
faces upstream, while the sampling personnel are standing downstream. Any preservative added to the
sample should be added after sample collection to avoid loss of preservative. Alternatively, a transfer
device may be dipped into the water, and then the contents transferred to the appropriate container
containing the preservative. For near-surface sample collection in a large surface water body, a pond
sampler may be used if an extended reach is required to collect a representative sample. A pond
sampler consists of a single use sample container attached to a telescoping, heavy-duty, aluminium pole
via an adjustable clamp attached to the end. The collection technique for shallow surface water samples
can be used for near-surface samples in a large surface water body.

Deep Surface Water Sample Collection

For deeper surface water bodies, either sample containers or transfer devices may be used to collect a
sample. A weighted holder that allows either a sample transfer device or a sample container to be
lowered, opened for filling, closed, and returned to the surface is suggested for sampling deeper surface
water bodies. This is because concentrations of constituents near the surface of a deeper body of
surface water might differ from the total concentration distributed throughout the water column cross
section and thus a surface sample would not be representative of the water body. An open container that
is lowered and raised to the surface at a uniform rate so that the bottle is just filled on reaching the
surface is appropriate for deeper stagnant water bodies, however this method does not collect a truly
representative sample in deeper flowing surface water bodies.

Kemmerer Samplers. Collect samples near the shore unless sampling from a boat is feasible and
permitted. If a boat is used, the body of water should be cross-sectioned and samples should be
collected at various depths across the water in accordance with the project specific SAP. The Kemmerer
Sampler consists of a glass, plastic, or Teflon bottle, a weighted sinker, a bottle stopper, and a line that is
used to open the bottle and to lower and raise the sampler during sampling. The general procedure for
using the sampler is as follows (or refer to manufacturer’s instructions):

1. Obtain the sampler and check the knot at the bottom of the sampler for tightness and size. The knot
should be sufficiently large so that it will not pull through the central tube of the sampler.

2. Assemble the weighted bottle sampler for making the cast by pulling the trip head into the trip plate.
This can be done by holding the top and bottom stoppers and giving a short, hard pull to the bottom
stopper.

3. Measure and mark the desired depth on the sampling line. Tie the free end of the line to the railing
of the vessel to prevent accidental dropping of the sampler.

4. Gently lower the sampler to the desired depth so as not to remove the stopper prematurely.

Pull out the stopper with a sharp jerk of the sampler line or by lowering a messenger down the line to
trip the stoppers.

6. Allow the bottle to fill completely, as evidenced by the cessation of air bubbles.

7. Raise the sampler and cap the bottle. Untie the line from the railing and carry the sampler to your
sampling station.

8. Transfer water into appropriate sample containers. Preserve the sample, if necessary, following
guidelines in the project-specific SAP. In most cases, place preservatives in sample containers
before sample collection to avoid overexposure of samples and overfilling of bottles during
collection.

9. Check that a Teflon liner is present in the cap, if required. Secure the cap tightly.

10. Fill out the sample label and record all relevant information in the sample collection form, the field
logbook, and/or the field laptop/tablet. In addition, the chain of custody form should be filled out as
soon as possible. These procedures should be done in accordance with SOP 3-03 Recordkeeping,
Sample Labeling, and Chain of Custody.

11. Immediately place the properly labeled sample bottle(s) in a cooler with ice.
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12. Wipe the sample clean and decontaminate if necessary for the collection of additional samples.
Decontaminate according to the procedures in SOP 3-06 Equipment Decontamination.

13. Always store the sampler in the open position (stoppers not in the tube).

Teflon Bailers. Teflon bailers can also been used to collect samples in deep bodies of water. When the
use of Teflon bailers is deemed appropriate for sampling water from a specific depth, the bailers shall be
equipped with a check valve that closes during sample retrieval.

1. Attach a line that is premeasured to the appropriate sampling depth to the dedicated Teflon bailer
and lower to the desired depth.

2. Ensure that the check valve is engaged tugging on the line with a sharp jerk.

3. Raise the bailer and transfer the water to sample containers. Preserve the sample, if necessary,
following guidelines in the project-specific SAP. In most cases, place preservatives in sample
containers before sample collection to avoid overexposure of samples and overfilling of bottles
during collection.

4. Check that a Teflon liner is present in the cap, if required. Secure the cap tightly.

5. Fill out the sample label and record all relevant information in the sample collection form, the field
logbook, and/or the field laptop/tablet. In addition, the chain of custody form should be filled out as
soon as possible. These procedures should be done in accordance with SOP 3-03 Recordkeeping,
Sample Labeling, and Chain of Custody.

6. Immediately place the properly labeled sample bottle(s) in a cooler with ice.
7. A new dedicated bailer and new line should be used for each sampling location.

Peristaltic Pump. Another method of extending the reach of sampling efforts is to use a small peristaltic
pump. In this method, the sample is drawn through heavy-wall Teflon tubing and pumped directly into the
sample container. This system allows the operator to reach into the liquid body, sample from depth, or
sweep the width of narrow streams.

If medical-grade silicon tubing is used in the peristaltic pump, the system is suitable for sampling almost
any analyte, including most organics. Some volatile stripping may occur; due to the relatively high flow
rate of the pump. Therefore, avoid pumping methods for sampling volatile organics. Battery-operated
peristaltic pumps are available and can be easily carried by hand or with a shoulder sling, as needed. It
is necessary in most situations to change both the Teflon suction line and the silicon pump tubing
between sampling locations to avoid cross contamination. This action requires maintaining a sufficiently
large stock of material to avoid having to clean the tubing in the field.

Peristaltic pumps work especially well for sampling large bodies of water when a near-surface sample
will not sufficiently characterize the body as a whole. When sampling a liquid stream that exhibits a
considerable flow rate, it may be necessary to weight the bottom of the suction line.

Use the following procedures for collecting samples using peristaltic pumps:

1. Install clean, silicone tubing in the pump head, per the manufacturer's instructions. Pharmaceutical-
grade silicone tubing (e.g., PharMed tubing) may be required for some projects depending on the
analyses required. Refer to the project specific SAP for specific tubing requirements.  Allow
sufficient tubing on the discharge side to facilitate convenient dispensation of liquid into sample
bottles but only enough on the suction end for attachment to the intake line. This practice will
minimize sample contact with the silicone pump tubing. (Some types of thinner Teflon tubing may be
used.).

2. Select the length of suction intake tubing necessary to reach the required sample depth and attach it
to the tubing on the intake side of the pump. If necessary, a small weight composed of inert material
(e.g., stainless steel) which will not react with chemicals of concern may be used to weight the intake
tubing. Heavy-wall Teflon of a diameter equal to the required pump tubing will suit most applications.
(A heavier wall will allow for a slightly greater lateral reach.)

3. A purge volume that is at a minimum equal to the tubing volume should be passed through the
system prior to sample collection. Collect this purge volume in a bucket. Once the sample has been
collected, the purged water volume can be returned to the water body.
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8.2

4. Fill necessary sample bottles by allowing pump discharge to flow gently down the side of bottle with
smooth laminar flow and minimal entry turbulence. Cap each bottle as it is filled.

5. Preserve the sample, if necessary, following guidelines in the project-specific SAP. In most cases,
place preservatives in sample containers before sample collection to avoid overexposure of samples
and overfilling of bottles during collection.

6. Check that a Teflon liner is present in the cap, if required. Secure the cap tightly.

7. Fill out the sample label and record all relevant information in the sample collection form, the field
logbook, and/or the field laptop/tablet. In addition, the chain of custody form should be filled out as
soon as possible. These procedures should be done in accordance with SOP 3-03 Recordkeeping,
Sample Labeling, and Chain of Custody.

8. Immediately place the properly labeled sample bottle in a cooler with ice.

9. Allow the system to drain thoroughly, and then disassemble.

Transfer Devices

Samples from various locations and depths can be composited if project quality objectives indicate that it
is appropriate; otherwise, collect separate samples. Identify approximate sampling points on a sketch of
the water body. Use the following procedures for collecting samples using transfer devices:

1. Submerge a stainless steel dipper or other suitable device, causing minimal disturbance to the
surface of the water and the sediment at the floor of the surface water body. Note the approximate
depth and location of the sample source (e.g., 1 foot up from bottom or just below the surface).

2. Allow the device to fill slowly and continuously.
Retrieve the dipper or device from the surface water with minimal disturbance.

4. Remove the cap from the sample bottle and slightly tilt the mouth of the bottle below the dipper or
device edge.

5. Empty the dipper or device slowly, allowing the sample stream to flow gently down the side of the
bottle with smooth laminar flow and minimal entry turbulence.

6. Continue delivery of the sample until the bottle is filled.

7. If necessary, preserve the sample according to guidelines in the project-specific SAP. In most cases,
place preservatives in sample containers before sample collection to avoid overexposure of samples
and overfilling of bottles during collection.

8. Check that a Teflon liner is present in the cap, if required. Secure the cap tightly.

9. Fill out the sample label and record all relevant information in the sample collection form, the field
logbook, and/or the field laptop/tablet. In addition, the chain of custody form should be filled out as
soon as possible. These procedures should be done in accordance with SOP 3-03 Recordkeeping,
Sample Labeling, and Chain of Custody.

10. Dismantle the sampler and decontaminate according to the procedures in SOP 3-06 Equipment
Decontamination.

Multipoint sampling techniques that represent both dissolved and suspended constituents and both
vertical and horizontal distributions are applicable to larger bodies of water. Subsequent to sample
collection, multipoint sampling techniques may require a compositing and sub-sampling process to
homogenize all the individual samples into the number of subsamples required to perform the analyses
of interest. Homogenizing samples is discouraged for samples collected for volatile organic analysis,
because aeration causes a loss of volatile compounds. If collection of composite samples is required,
then include the procedure for compositing in the project-specific work plan.

The sampling devices selected must not compromise sample integrity. Collect samples with either
disposable devices, or devices constructed of a nonreactive material, such as glass, stainless steel, or
Teflon. The device must have adequate capacity to minimize the number of times the liquid must be
disturbed, reducing agitation of any sediment layers. Further, the device must be able to transfer the
water sample into the sample container without loss of volatile compounds. A single- or double-check
valve or stainless steel bailer made of Teflon equipped with a bottom discharging device may be utilized.
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All equipment used for sample collection must be decontaminated before and after use in accordance
with Procedure 3-06 — Equipment Decontamination.

8.3 Flow Velocity Measurement

Surface water flow velocity measurement is required to conduct stream gauging for the purpose of
determining discharge volumes and associated potential generation, transport and delivery of point and
non-point source pollutants. Gauging is the process of measuring stream water flow, which has the
equation Q=V*A, where Q = flow, V = stream water velocity and A = stream cross sectional area.
Measuring flow, Q, directly is challenging so stream gauging is typically done by measuring both the
water velocity (V), and the cross sectional area (A) at the monitoring site. Measuring water velocity can
be done in several ways with the most popular being the use of a water velocity or current meter, These
meters provide the water velocity measurement, but require the user to measure the cross sectional area
manually to calculate the stream discharge measurement. Use the following procedure to measure flow
and discharge in a small, wadable stream:

1. Select a location of the stream with a straight reach, reasonably free of large rocks or obstructions,
with a relatively flat streambed, away from the influence of abrupt changes in channel width.

2. Determine the width of the stream and string a cable or measuring tape across the stream at a right-
angle to the flow. Divide the width into 20 to 25 equal segments (streams less than 10 feet wide may
not allow for as many segments) using tape or string to mark the center of each segment so that
each one has no more than 10 percent of the total streamflow.

3. Measure the depth from the water surface to the bottom at each measuring point using a graduated
rod (e.g., the depth marking on the outside of the meter staff).

4. At each mark, measure the velocity of the water (see below). Where depth is less than 2.5 feet, take
a single velocity measurement at 0.6 of the total depth below the water surface. For depths of 2.5
feet or more, the average of velocity measurement taken at 0.2 and 0.8 of depth should be taken.

5. Measure flow by placing the housing of the flow probe propeller at the measuring point with the
arrow on the side of the housing in the direction of the flow (i.e., pointing downstream).

6. Reset the unit and measure the velocity for a period of 40 seconds. At the end of the recording
period, record the resulting average velocity (in feet/second).

7. Calculate the stream discharge for each segment by multiplying the width of the segment and the
measured depth (giving area) times the velocity measured in that segment.

8. Calculate total stream discharge by summing all of the segment discharges

9.0 Quality Control and Assurance

9.1 Field personnel will follow specific quality assurance (QA) guidelines as outlined in the project-specific
SAP. The goal of the QA program should be to ensure precision, accuracy, representativeness,
completeness, and comparability in the project sampling program.

9.2 Quality Control (QC) requirements for sample collection are dependent on project-specific sampling
objectives. The project-specific SAP will provide requirements for sample preservation, holding times,
container types, as well as various QC samples such as trip blanks, field blanks, equipment blanks, and
field duplicates.

10.0 Data and Records Management

10.1 Field notes will be kept during sampling activities in accordance with SOP 3-03 — Recordkeeping,
Sample Labeling, and Chain of Custody. During the completion of sampling activities, fill out the sample
loghook and transmit forms to the DO Manager for storage in project files.

10.2 Deviations to the procedures detailed in the SOP should be recorded in the field logbook.

11.0 Attachments or References

Department of Defense, United States (DoD). 2005. Uniform Federal Policy for Quality Assurance
Project Plans, Part 1: UFP-QAPP Manual. Final Version 1. DoD: DTIC ADA 427785, EPA-505-B-04-
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900A. In conjunction with the U. S. Environmental Protection Agency and the Department of Energy.
Washington: Intergovernmental Data Quality Task Force. March. On-line updates available at:
http://www.epa.gov/fedfac/pdf/ufp_gapp_v1_0305.pdf.

DoD Environmental Field Sampling Handbook, Revision 1.0. April 2013.

Environmental Protection Agency, United States (EPA). 1987. A Compendium of Superfund Field
Operations Methods. EPA/540/P-87/001, EPA, Office of Emergency and Remedial Response,
Washington, D.C.

Surface Water Flow Measurement for Water Quality Monitoring Projects, National Nonpoint Source
Monitoring Program, Tech Notes 3. March 2008.
https://www.bae.ncsu.edu/programs/extension/wqgg/319monitoring/TechNotes/technote3_surface_flow.p
df

USGS Techniques of Water Resource Investigation
http://pubs.usgs.gov/twri
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Monitoring Well Installation

Procedure 3-12

1.0
1.1

1.2

2.0
2.1

2.2

2.3

3.0
3.1
3.2

3.3

3.4

3.5

Purpose and Scope

This standard operating procedure (SOP) describes the methods to be used during the installation of
groundwater monitoring wells. It describes the components of monitoring well design and installation and
sets forth the rationale for use of various well installation techniques in specific situations.

As guidance for specific activities, this procedure does not obviate the need for professional judgment.
Deviations from this procedure while planning or executing planned activities must be approved in
accordance with Program requirements for technical planning and review.

Safety

The health and safety considerations for the work associated with this SOP, including both potential physical
and chemical hazards, will be addressed in the project Health and Safety Plan (HASP). In the absence of a
HASP, work will be conducted according to the Delivery Order (DO) Work Plan (WP) and/or direction from
the Site Safety Officer (SSO).

Before well installation commences, appropriate entities (e.g. DigSafe, local public works departments,
company facilities) must be contacted to assure the anticipated well locations are marked for utilities,
including electrical, telecommunications, water, sewer, and gas.

Physical Hazards Associated with Well Installation
e  Stay clear of all moving equipment and avoid wearing loose fitting clothing.

e When using an approved retractable-blade knife, always cut away from one self and make sure there
are no other people in the cutting path or the retractable-blade knife.

e To avoid slip/trip/fall conditions during drilling activities, keep the area clear of excess soil cuttings and
groundwater. Use textured boots/boot cover bottoms in muddy areas.

e To avoid heat/cold stress as a result of exposure to extreme temperatures and personal protective
equipment (PPE), drink electrolyte replacement fluids (1 to 2 cups per hour is recommended) and, in
cases of extreme cold, wear fitted insulating clothing.

e To avoid hazards associated with subsurface utilities, ensure all sampling locations have been properly
surveyed as described in SOP 3-01, Utility Clearance.

e Be aware of restricted mobility caused by PPE.

Terms and Definitions
Annulus: The annulus is the down-hole space between the borehole wall and the well casing and screen.

Bridge: A bridge is an obstruction in the drill hole or annulus. A bridge is usually formed by caving of the
wall of the well bore, by the intrusion of a large boulder, or by the placement of filter pack materials during
well completion. Bridging can also occur in the formation during well development.

Filter Pack: Filter pack is sand or gravel that is smooth, uniform, clean, well-rounded, and siliceous. It is
placed in the annulus of the well between the borehole wall and the well screen to prevent formation
materials from entering the well and to stabilize the adjacent formation.

Grout: Grout is a fluid mixture of cement and water that can be forced through a tremie pipe and emplaced
in the annular space between the borehole and casing to form an impermeable seal. Various additives, such
as sand, bentonite, and polymers, may be included in the mixture to meet certain requirements.

Heaving (Running) Sands: Loose sands in a confined water-bearing zone or aquifer which tend to rise up
into the drill stem when the confining unit is breached by the drill bit. Heaving sands occur when the water in
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3.6

4.0

4.1
4.2

4.3

4.4

4.5

5.0
5.1

5.2

the aquifer has a pressure head great enough to cause upward flow into the drill stem with enough velocity
to overcome the weight of the sand.

Sieve Analysis: Sieve analysis is the evaluation of the particle-size distribution of a soil, sediment, or rock
by measuring the percentage of the particles that will pass through standard sieves of various sizes.

Interferences

Heaving sands may be problematic in unconsolidated sands encountered below the water table.

Rotary drilling methods requiring bentonite-based drilling fluids should be used with caution to drill boreholes
that will be used for monitoring well installation. The bentonite mud builds up on the borehole walls as a
filter cake and permeates the adjacent formation, potentially reducing the permeability of the material
adjacent to the well screen.

If water or other drilling fluids have been introduced into the boring during drilling or well installation, samples
of these fluids should be obtained and analyzed for chemical constituents that may be of interest at the site.
In addition, an attempt should be made to recover the quantity of fluid or water that was introduced, either by
flushing the borehole prior to well installation and/or by overpumping the well during development.

Track-mounted drill rigs are suitable for travelling on many types of landscapes that truck-mounted units
cannot access, but may have limitations on extremely uneven or soft terrain.

Care should be taken to prevent cross-contamination between well locations. All drilling equipment coming
in contact with potentially contaminated soil and/or groundwater will be decontaminated by the drilling
subcontractor prior to initial drilling activities and between drilling locations in accordance with SOP 3-06,
Equipment Decontamination.

Training and Qualifications
Qualifications and Training

The individual executing these procedures must have read, and be familiar with, the requirements of this
SOP.

Responsibilities

5.2.1 Delivery Order (DO) Managers are responsible for issuing sampling and analysis plans (SAPS)
that reflect the procedures and specifications presented in this procedure. Individual
municipalities, county agencies, and possibly state regulatory agencies enforce regulations that
may include well construction and installation requirements. The DO Manager shall be familiar
with current local and state regulations, and ensure that these regulations are followed. The DO
Manager is responsible for ensuring that all personnel involved in monitoring well installation shall
have the appropriate education, experience, and training to perform their assigned tasks.

5.2.2 The Program Quality Manager is responsible for ensuring overall compliance with this
procedure.

5.2.3 The Field Manager is responsible for direct supervision of the installation of monitoring wells and
ensuring that procedures and specifications are implemented in the field in accordance with the
approved SAP and well installation permits. The qualifications for the Field Manager must be in
accordance with local jurisdictions with authority over the operations conducted.

5.2.4 All field personnel are responsible for the implementation of this procedure.

5.25 The on-site hydrogeologist/engineer is expected to obtain a description of the lithologic samples
obtained during the excavation and construction of a monitoring well. These data are often
required to provide guidance regarding the installation of specific components of the monitoring
well. Guidance for lithologic sample collection and sample description is contained within SOP 3-
16, Soil and Rock Classification.
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6.0 Equipment and Supplies
6.1 Materials provided by the drilling contractor may include:
e  Dirill rig, drill rods, hollow stem augers, etc.
e Decontamination equipment (e.g., steam cleaner, high-pressure washer, brushes, etc.)
e Decontamination pad materials
o  Well screen/riser pipe with flush-threaded couplings including riser and bottom caps
e Clean, filter sand
e Bentonite chips or pellets
e Cement grout and tremie pipe
e Portland cement for well pad completion
e  Steel protective riser covers and locking caps
e Weighted calibrated tape
e  Split-spoon samplers
e 55-gallon drums or containers for drill cuttings, decontamination fluids, etc.

6.2 In addition to those materials provided by the drilling contractor, equipment and materials required by the
project geologist/engineer may include, but is not limited to, the following:

e Photoionization Detector (PID)

e  Spill kit, including at a minimum sorbent pads and shovel (if not provided by subcontractor)
e Plastic sheeting

e Teaspoon or spatula

e Resealable plastic bags

e Boring Log Records

e Decontamination materials (per SOP No. 3-06 - Equipment Decontamination)

e  Weighted measuring tape for depth measurement

e Soil logging materials (e.g. USCS classification field card, millimeter rule, hand lens, etc.)
e Survey lathes or pin flags

e Digital camera

e PPE as required by the HASP

e Planning documents including the site-specific HASP and SAP

e Large indelible ink or paint pen

e Field logbook/field forms/site maps (water proof)

7.0 Procedure
7.1 General Procedures

e Specific drilling, sampling, and installation equipment and methodology will be dictated by the type of
well to be installed (e.g., single case (Type Il), double case (Type IlIl), bedrock, etc.), geologic
characteristics of the site, the type of contaminants being monitored, and local and state regulations.

e For access to locations when travelling over difficult terrain, an appropriate line should be chosen before
mobilizing the drill rig or other support vehicles. If clearing of trees or ground cover is required, perform
these activities in advance to avoid down time. Avoid wet or soft areas where possible or use ground

3-12 Monitoring Well Installation
Revision 0 March 2016 30f8

PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET.



7.2

mats and/or timbers to aid in supporting the rig as it travels. If drilling on soft material, place geomatting
and ground mats under the rig tracks or stabilizers prior to drilling.

A utility locate must be conducted to identify all underground utilities at the site prior to drilling (refer to
SOP 3-01, Utility Clearance). Proper clearance procedures for aboveground/overhead utilities must
also be followed as specified in the HASP.

Although new well materials (well screen and riser pipe) generally arrive at the site boxed and sealed
within plastic bags, it is sometimes necessary to decontaminate the materials prior to their use. Well
materials should be inspected by the project geologist/engineer upon delivery to check for cleanliness.
If the well materials appear dirty, or if local or regional regulatory guidance requires decontamination,
then well material decontamination should be performed by the drilling subcontractor in accordance with
SOP 3-06, Equipment Decontamination.

The diameter of the borehole must be a minimum of 2 inches greater than the outside diameter of the
well screen or riser pipe used to construct the well. This is necessary so that sufficient annular space is
available to install filter packs, bentonite seals, and grout seals, and allow the passage of tremie pipe
where grouting at depth is required. Bedrock wells may require reaming after coring in order to provide
a large enough borehole diameter for well installation.

When soil sampling is required (refer to the SAP), soil samples will be collected for visual logging by
advancing split-spoon samplers through the augers. The soil will be visually logged by a field geologist
and include lithologic characteristics (i.e., soil type, color, density, moisture content, etc.) using the the
methods described in SOP 3-16, Soil and Rock Classification. This information will be recorded on a
boring/well log form, along with well construction details.

Drilling Techniques

Drilling of monitoring well boreholes may be accomplished by a variety of methods as described below.
Preferred methods include those that temporarily case the borehole during drilling (i.e., hollow stem auger
and sonic methods) using an override system. Other methods can be used where specific subsurface
conditions or well design criteria dictate.

Hollow stem auger (HSA) — Borings are advanced by rotating steel hollow stem augers with an attached
cutting head. Soil cuttings are displaced by the cutting head and transported to the surface via
continuous spiral flights attached to each auger stem. This method is widely used for unconsolidated
soils that have a tendency to collapse within the boring. A bottom plug can be placed in the bottom
auger to prevent soils from entering and clogging the auger, especially in the case of heaving sands.
However, a bottom plug cannot be used when soil samples are to be collected through the augers. Soil
plugs that accumulate in the bottom of the auger must be removed or knocked out prior to sampling or
well installation.

Solid stem auger — This type of drilling method is similar to HSA drilling using a solid stem or sealed
hollow stem auger flights to advance the boring. Solid stem, continuous flight auger use is limited to
semi-consolidated sediments or to cohesive or semi-cohesive unconsolidated sediments that don't have
a tendency to collapse when disturbed.

Sonic methods — Sonic drilling consists of advancing concentric hollow drill casings (inner and outer)
using rotation in conjunction with axial vibration of the drill casing. Once the casings are advanced to
the appropriate depth, the inner string is removed with a core of drill cuttings while the outer casing
remains in place to keep the borehole open. Cuttings are removed from the inner casing relatively
intact for logging or sampling purposes. This drilling method is used for a variety of soil types, from
heaving sands to consolidated or indurated formations. Smearing of the formation along the borehole
walls is minimal since moderate vibration and rotation techniques are used to advance the casings.
Since the total borehole diameter in sonic drilling is only incrementally larger than the inner casing
diameter, care should be taken during installation of the monitoring well to ensure the well is centered
and adequate space is available for annular materials.

Rotary methods (water or mud) — Rotary drilling methods consist of drill rods coupled to a drill bit that
rotates and cuts through the soils to advance the borehole. Water or drilling fluid (“mud”) is forced
through the hollow drill rods and drill bit as the rods are rotated. The soil cuttings are forced up the
borehole with the drilling fluids to the surface and the fluids recirculated. The drilling fluid provides a
hydrostatic pressure that reduces or prevents the borehole from collapsing. Clean, potable water must
be used for water-rotary drilling to prevent introducing trace contaminants. A sample of the potable
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water should be collected during the course of well installation for analysis of the same parameters
defined for the groundwater samples. If mud-rotary is used to advance boreholes, potable water and
bentonite drilling mud should only be used. No chemical additives shall be mixed in the drilling fluid to
alter viscosity or lubricating properties. Adequate well development is essential for removal of drilling
mud and fluids from the formation materials and ensure collection of representative groundwater
samples.

Rotary methods (Air) — Air rotary methods are similar to water rotary but use high air velocities in place
of drilling fluids to rotate the drill bit and carry the soil cuttings up the borehole to the surface. Care
must be taken to ensure that contaminants are not introduced into the air stream from compressor oils,
etc. Most compressor systems are compatible with a coalescing filter system. Cuttings exiting the
borehole under pressure must be controlled, especially when driling in a zone of potential
contamination. This can be accomplished by using an air diverter with hose or pipe to carry the cuttings
to a waste container. Letting the cuttings blow uncontrolled from the borehole is not acceptable.

7.3 Well Construction and Installation

If rotary drilling techniques are used, the borehole should be flushed or blown free of material prior to
well installation. If hollow stem augers are used, the soil or bottom plug should be removed and the
augers raised approximately six inches above the bottom of the borehole, while slowly rotating the
augers to remove cuttings from the bottom of the boring. The depth of the borehole should be
confirmed with a weighted, calibrated tape.

The riser pipe and screen should be connected with flush-threaded joints and assembled wearing clean,
disposable gloves. No solvent or anti-seize compound should be used on the connections. The full
length of the slotted portion of the well screen and unslotted riser pipe should be measured and these
measurements recorded on a well construction form (Attachment 1).

If placed in an open borehole, the assembled well should be carefully lowered and centered in the
borehole so that the well is true, straight, and vertical throughout. Centering can also be accomplished
with the use of centralizers, if necessary. However, centralizers should be placed so that they do not
inhibit the installation of filter sand, bentonite seal, and annular grout. Wells less than 50 deep generally
do not require centralizers.

If hollow stem augers are used, the well should be lowered through the augers and each auger flight
removed incrementally as the filter sand, bentonite seal, and grout are tremmied or poured into the
annular space of the well. The well should be temporarily capped before filter sand and other annular
materials are installed.

Clean, silica sand should be placed around the well screen to at least 1 foot above the top of the
screen. The filter sand should be appropriately graded and compatible with the selected screen size
and surrounding formation materials. In general, the filter pack should not extend more than 3 feet
above the top of the screen to limit the thickness of the monitoring zone. As the filter pack is placed, a
weighted tape should be lowered in the annular space to verify the depth to the top of the layer. This
measurement will be recorded on the well construction form (Attachment 1). If necessary, to eliminate
possible bridging or creation of voids, placement of the sand pack may require the use of a tremie pipe.
Tremie pipe sandpack installations are generally suggested for deeper wells and for wells which are
screened some distance beneath the water table.

A minimum 2-foot thick layer of bentonite pellets or slurry seal will be installed immediately above the
filter sand to prevent vertical flow within the boring from affecting the screened interval. Bentonite
chips/pellets must be hydrated if place above the water table prior to grouting. If bridging is of concern
as in the case of deep wells, powdered bentonite may be mixed with water into a very thick slurry and a
tremie pipe used to place the seal to the desired depth. Placement of the bentonite seal in the borehole
will be recorded on the well construction form (Attachment 1).

The remaining annular space around the well will be grouted from the top of the bentonite seal to the
surface with a grout composed of neat cement, a bentonite cement mixture, or high solids sodium
bentonite grout.

Each well riser will be secured with an expandable, locking cap (vented if possible). Optionally, a hole
can be drilled in the upper portion of the riser to allow venting of the well.

The well will be completed within a concrete well pad consisting of a Portland cement/sand mixture.
Well pads are generally 3 feet by 3 feet square but may be larger or smaller depending on site
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7.4

7.5

conditions and state-specific well construction standards. Round concrete well pads are also
acceptable. A minimum of 1 inch of the finished pad should be below grade to prevent washing and
undermining by soil erosion.

° If completed as a flush-mount well, the well riser will be cut off approximately 4 to 6 inches below
ground surface and an expandable, locking cap placed on the well riser. The area around the riser is
dug out and a steel well vault or manhole cover placed over the riser and set almost flush to the ground
to protect the well. The manhole cover should be water-tight and secured with bolts to prevent casual
access. The well pad will then be constructed around the well vault and slightly mounded at the center
and sloping away to prevent surface water from accumulating in the well vault.

o If completed as a stick-up well, the well riser is cut approximately 2.5 to 3 feet above the ground surface
and an expandable, locking cap placed on the well riser. A steel guard pipe with hinged, locking cap is
placed over the well riser as a protective casing. The bottom of the guard pipe will be set approximately
2 feet below ground surface and sealed by pouring concrete from the top of the annular grout around
the pipe to grade. The concrete well pad should be completed at the same time. Weep holes will be
drilled in the base of the guard pipe to facilitate draining of rainwater or purge water from inside the
guard pipe.

e Bumper posts or bollards may be necessary for additional well protection, especially in high traffic
areas. The bumper posts should be placed around the well pad in a configuration that provides
maximum protection to the well and extend a minimum of 3 feet above the ground.

Double Cased Wells

Under certain site conditions, the use of a double-cased or telescoping (Type Ill) well may be necessary.
Installation of double-cased wells may be required to prevent the interconnection of two separate aquifers,
seal off a perched aquifer without creating a vertical hydraulic conduit, prevent cross-contamination during
construction of wells in deeper aquifers hydro-stratigraphically below impacted aquifers, or case off highly
impacted soils present above the aquifer to prevent potential “dragging down” of contaminants.

Similar to conventional wells, construction of double-cased wells can be accomplished using a varety of
drilling methods. Well construction is initiated by “keying” a large diameter, outer casing into a stratigraphic
zone of low permeability (clay layer or bedrock). The size of the outer casing should be a minimum of 2
inches greater than the outside diameter of the inner casing to allow installation of annular seal materials
during well completion. A pilot borehole should be drilled through the overburden soil and/or contaminated
zone into a clay confining layer or bedrock. The borehole for the outer casing should be of sufficient size to
contain the outer casing with a minimum of 2 inches around the outside diameter to allow sufficient annular
space for tremie or pressure grouting. The boring should extend a minimum of 2 feet into a clay layer and a
minimum of 1 foot into bedrock, if possible, to ensure an adequate seal. The boring should never breach a
confining layer or keyed zone under any circumstances.

Once the boring is completed, the outer casing can be set in the borehole and sealed with grout. The outer
casing can be set two ways, with or without a bottom cap. If no bottom cap is applied, the casing is usually
driven approximately 6 inches into the clay confining unit. A grout plug is generally placed in the bottom of
the casing and once set, standing water in the casing is evacuated prior to drilling below the casing. As an
alternative, a cap can be placed on the bottom of the casing and if set below the water table, the casing can
be filled with clean, potable water to hold down the casing in the boring. Grouting should be conducted
using tremie-grouting or pressure-grouting methods by pumping grout into the annular space between the
outer casing and the borehole wall from the bottom of the casing to the ground surface. Grout around the
casing should be allowed to cure at least 24 hours before attempting to drill through the bottom.

Once the grout is cured, a smaller diameter drill pipe/bit is used to bore through the grout plug or bottom cap
to the desired well depth. The well is then constructed as described in Section 7.3 above.

Post Installation Procedures

e  Wells should be permanently labelled or marked for identification. Well tags can be used to record the
site name, well number, total depth, installation date, etc. At a minimum, the well number will be written
in indelible marker or paint on both the outside of the protective casing and inside beneath the casing
lid, as well as on the riser pipe.

e A measuring point will be marked on the top of the riser pipe for taking water level measurements. The
measuring point can be notched using a knife or saw or can be marked with a waterproof marker or
paint. The measuring point will also be the point which will be surveyed for vertical elevation data.
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Upon completion, the following measurements will be taken by the field geologist/engineer and
recorded on the well construction diagram.

o0 Depth to static water level
Depth of non-aqueous phase liquid (NAPL), if present
Total depth of well measured from top of casing (TOC)

Height of well casing above ground surface

o O O o

Height of protective casing above ground surface
All monitoring wells will be surveyed for horizontal and vertical control by a licensed surveyor.
Investigation-derived waste (IDW) including drill cuttings, spent materials (e.g., PPE), and
decontamination water should be properly managed in accordance with SOP 3-05, IDW Management.
Quality Control and Assurance

Field personnel will follow specific quality assurance (QA) guidelines as outlined in the SAP. Certain
quality control (QC) measures should be taken to ensure proper well installation and construction in
accordance with this SOP, project specific SAP, and applicable well standards.

The borehole will be checked for total open depth, and extended by further drilling or shortened by
backfilling, as required before installation of the well materials.

Water level and NAPL presence will be checked during well installation to ensure that the positions of
well screen, filter sand, and seals relative to water level conform to project requirements

The depth to top of each layer of annular materials (i.e., filter sand, bentonite, grout) will be verified and
adjusted as necessary for proper placement.

Records, Data Analysis, Calculations

All field information will be recorded in the field logbook and/or standardized field forms by field personnel. Field data
recorded will include drilling contractor information, drilling methods, well material and construction information
provided on the boring logs and well construction forms, observations or problems encountered during drilling, fluid
level data, and any deviations from the procedures in this SOP and other project plans. Well Construction Forms
(Attachment 1) will provide visual and descriptive information the monitoring well and are often the most critical form
of documentation generated during the installation of a monitoring well. The field logbook is kept as a general log of
activities and should not be used in place of the boring log.
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Attachment 1 — Monitoring Well Construction Form
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Attachment 1
Monitoring Well Construction Form

Monitoring Well Construction Log Form

Project Name: Well No.

Project Location: Project No.
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Monitoring Well Development

Procedure 3-13

1.0
1.1

1.2

13

1.4

15

1.6

2.0
2.1

2.2

3.0

4.0
4.1

4.2

Purpose and Scope

This standard operating procedure (SOP) describes the procedures used for developing newly installed
monitoring wells and/or redeveloping existing wells.

The purpose of well development is to remove interferences from a well to provide better connection
between the well and the formation, to improve pumping performance of the well, and to be able to
collect more representative information from the well (e.g., samples, test results, etc.). Proper well
development will:

e Remove drilling residuals (e.g., water, mud) from the borehole and surrounding formations;

e Improve or restore hydraulic conductivity of the surrounding formations which may have been
disturbed during the drilling process;

e Remove residual fines from the well screen and sand pack (filter pack) materials, thus reducing
turbidity of groundwater and permitting the collection of more representative groundwater samples.

There may be circumstances where well development is not desirable, for example, in the presence of
non-aqueous phase liquids (NAPL) or other significant contamination if development could worsen the
contaminant impact. If NAPL begins to intrude during development, the development process will be
halted. This situation will be considered a cause for sample modification requiring approval by the
Delivery Order (DO) Manager and other stakeholders, as applicable.

The applicable well development procedures for a particular site may be subject to State or local
regulatory requirements. In all cases, the project team should consult their local regulatory requirements
and document the selected well development procedure in the project-specific Sampling and Analysis
Plan (SAP). For project-specific information refer to the SAP, which takes precedence over these
procedures.

This procedure is the Program-approved professional guidance for work performed by AECOM-
Tidewater, Inc. Joint Venture (AECOM-Tidewater JV).

As guidance for specific activities, this procedure does not obviate the need for professional judgment.
Deviations from this procedure while planning or executing planned activities must be approved in
accordance with Program requirements for technical planning and review.

Safety

The health and safety considerations for the work associated with this SOP, including both potential
physical and chemical hazards, will be addressed in the project Health and Safety Plan (HASP). In the
absence of a HASP, work will be conducted according to the DO SAP and/or direction from the Site
Safety Officer (SSO).

Monitoring well development may involve chemical hazards associated with potential contaminants in the
soil or aquifer being characterized and may involve physical hazards associated with use of well
development equipment.

Terms and Definitions

None.

Interferences

Equipment/materials used for development may react with the groundwater during development.
Appropriate development equipment has been selected for the anticipated condition of the groundwater.

Appropriate development methods such as using a surge-block to flush suspended fines in the
groundwater in and out of the well screen can improve the yield of wells and improve their potential to be
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developed successfully. However, the effectiveness of development can be significantly reduced in wells
that do not yield sufficient water to allow this flushing to take place.

For formations with a significant content of fine-grained materials (silts and clays), or wells with
improperly sized screens, it may not be possible to reduce turbidity to commonly acceptable levels.
Possible solutions may include collecting a sample even if excessively turbid, or installing a replacement
well.

Development itself disturbs the surrounding formation and disrupts equilibrium conditions within the well.
Groundwater samples will not be collected until a minimum of 24 hours after a well is developed to allow
conditions to stabilize. For sites with fine-grained formations (silts and clays) and highly sorptive
contamination, a longer time period between development and sampling should be considered.

Training and Qualifications
Qualifications and Training

The individual executing these procedures must have read, and be familiar with, the requirements of this
SOP.
Responsibilities

The DO Manager is responsible for ensuring that well development activities comply with this procedure.
The DO Manager is responsible for ensuring that all personnel involved in well development shall have
the appropriate education, experience, and training to perform their assigned tasks.

The Program Quality Manager is responsible for ensuring overall compliance with this procedure.

The Field Manager is responsible for ensuring that all well development activities are conducted
according to the either this procedure or the applicable procedure presented in the project-specific SAP.

Field sampling personnel are responsible for the implementation of this procedure.

The field sampler and/or task manager is responsible for directly supervising the well development
procedures to ensure that they are conducted according to this procedure and for recording all pertinent
data collected during sampling.

Equipment and Supplies

This equipment list was developed to aid in field organization and should be used in planning and
preparation. Depending on the site-specific requirements and the development method selected,
additional or alternative material and equipment may be necessary. In addition, for sites where
groundwater is expected to be contaminated, the materials to be placed down the well and in contact
with groundwater should be evaluated so that they are compatible with the chemical conditions expected
in the well.

Equipment and materials used for well development may include, but is not limited to:
Well development equipment

. Surge block

. Disposable Teflon bailers, appropriate to the diameter of the well(s): 1-inch to 1.5-inch for 2-inch
inside diameter (ID) monitoring wells.

. Watterra® footvalve
. Electric submersible pump
. 12-volt power source for electric pump

. High density polyethylene (HDPE) tubing appropriately sized for Watterra® footvalve and/or electric
submersible pump

. Drums or containers for storage of purge water
. Nephelometer to measure turbidity

. Multi-parameter water quality meter(s) to measure temperature, pH, conductivity, dissolved oxygen
(DO), oxidation reduction potential (ORP)
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. Instrument calibration solutions
. Water level meter
. Oil/water interface probe

General equipment

Project-specific plans including the site-specific HASP and SAP

Field notebook/field forms/site maps

. Indelible markers/pens

. 5-gallon buckets

Equipment decontamination supplies (refer to SOP 3-06, Equipment Decontamination)

. Health and safety supplies, including personal protective equipment (PPE)
. Appropriate hand tools

. Keys or combinations to access monitoring wells

. Distilled/deionized water supply

. Disposable bailer string (polypropylene)

. Plastic trash bags

Procedure

Development generally consists of removing water and entrained sediment from the well until the water
is clear (to the extent feasible) and the turbidity is reduced, which indicates the well is in good hydraulic
connection with the surrounding formation. In addition to simply removing water, development can be
improved when flushing through the well screen and gravel pack takes place in both directions, that is,
both into the well and into the formation. This action breaks down sediment bridges that can occur in the
formation or sand pack, which reduce the connection between the well and the formation

General Preparation

e All down-well equipment should be decontaminated prior to use and between well locations in
accordance with SOP 3-06, Equipment Decontamination

e Although equipment is decontaminated between well locations, if wells are known or suspected to
be contaminated based on observations during well installation, it is recommended that well
development be conducted in order from the least contaminated to the most contaminated well to
minimize the chances of cross-contamination.

e Management of investigation-derived waste (IDW), including development purge water and
miscellaneous expendable materials generated during the development process, will be conducted
in accordance with SOP 3-05, IDW Management.

e  Prior to accessing the well, the wellhead should be cleared of debris and/or standing water. Nothing
from the ground surface should be allowed to enter the well.

e The depth to water and total well depth should be measured with a water level meter and recorded
in the field logbook or on a Well Development Record (Attachment 1). This information will be used
to calculate the volume of standing water (i.e., the well volume) within the well, and plan the specific
details of the well development. If wells are suspected to contain NAPL, an oil/water interface probe
should be used to measure liquid levels and depth to bottom of the well.

e Permanent monitoring wells will be developed no sooner than 24 hours after well installation is
completed in order to allow well completion materials to set properly.

Monitoring Well Development Procedures

Generally, development will begin by gently surging the well with a surge block or bailer as described in
Sections 7.2.1 and 7.2.2, respectively. Surging can become more vigorous as development progresses
but initially the well must be gently surged to allow material blocking the screen to become suspended
without damaging the well. Next, a bailer can be used to remove the sediment settled at the base of the

well. A bailer, Watterra® pump, or electric submersible pump will then be used to purge the well, per

Sections 7.2.2, 7.2.3, or 7.2.4, respectively. The well will be purged until the removed water becomes
less turbid or per the requirements of the project-specific SAP, or State or local requirements. At this

3-13 Monitoring Well Development
Revision 0 March 2016 30f7

PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET.



point the well will be surged again with a surge block or bailer. The well can be surged more vigorously
at this point. After surging, the well will be purged again until the turbidity once again decreases. The
surge/purge cycle should be completed at least three times during the development process. After the
last surge, the well will be purged until the development completion criteria outlined in 7.3.2 or per the
project-specific SAP are met.

7.2.1 Surge Block

The default method of well development is the use of a surge block in conjunction with pumping or
bailing to remove sediment-laden water.

The construction of the surge block must be appropriate for the diameter of the well. The surge
block must be mounted on rods or other stiff materials to extend it to the appropriate depths and to
allow for the surge block to be moved up and down in the well.

Insert the surge block into the well and lower it slowly to the screened or open interval below the
static water level. Start the surge action by slowly and gently moving the surge block up and down
in the well. A slow initial surging, using plunger strokes of approximately 1 meter or 3 feet, will allow
material which is blocking the screen to separate and become suspended.

After 5 to 10 plunger strokes, remove water from the well using a separate bailer (Section 7.2.2) or
pumping techniques (Sections 7.2.3 or 7.2.4). The returned water should be heavily laden with
suspended fines. The water will be discharged to 5-gallon buckets or 55-gallon drums to be
managed per the requirements presented in the project-specific SAP.

In some cases, the bailer or Watterra® foot valve can act as a surge block, flushing water in and out
of the well screen as groundwater is removed.

Repeat the process of surging and pumping/bailing. As development continues, slowly increase the
depth of surging to the bottom of the well screen. Surging within the riser portion of the well is
neither necessary nor effective.

7.2.2 Bailer

Tie a string or other cable securely to the bailer. Lower it to the screened or open interval of the
monitoring well below the static water level.

The bailer may be raised and lowered repeatedly within the screened interval to attempt to simulate
the action of a surge block by pulling fines through the well screen, and pushing water out into the
formation to break down bridging.

With the bailer full of water, remove it from the well and discharge the water into 5-gallon buckets or
55-gallon drums to be managed per the requirements presented in the project-specific SAP.

The Watterra® system (Section 7.2.3) or electric submersible pump (Section 7.2.4) may be used as
a complementary development method to the bailer, especially when removal of additional water at
a faster rate is beneficial.

Continue alternately surging and bailing, monitoring the purge water periodically (Section 7.3.1) until
development completion criteria are met (Section 7.3.2).

7.2.3 Watterra® system

Attach high-density polyethylene (HDPE) tubing to the decontaminated Watterra® pump foot valve
Lower the foot valve and tubing assembly near the bottom of the well.

Lift and lower the tubing to allow water to enter the Watterra® foot valve and travel up the tubing and
discharge the water into 5-gallon buckets or 55-gallon drums to be managed per the requirements
presented in the project-specific SAP.

The lifting and lowering action of the Watterra® sysem will cause some surging action to aid in
breaking up fine material in the surrounding formation.

A bailer (Section 7.2.2) may be used as a complementary development method to the Watterra®
system, especially during the initial stages of development when a high volume of sediment may be
required to be removed.

An electric submersible pump (Section 7.2.4) may also be used as a complementary development
method to the Watterra® system, especially when more volume of water is desired to be pumped or
the turbidity criteria cannot be met due to the surging action of the Watterra® system.
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e Continue alternately surging and pumping, monitoring the purge water periodically (Section 7.3.1)
until well development completion criteria are met (Section 7.3.2).

Electric Submersible Pump

e Attach HDPE tubing to the decontaminated electric submersible pump.

e Lower the pump and tubing assembly near the bottom of the well, at least a few inches above the
well total depth.

e Begin pumping, discharging the water into 5-gallon buckets or 55-gallon drums to be managed per
the requirements presented in the project-specific SAP.

e Continue alternately surging and pumping, monitoring the purge water discharge periodically
(Section 7.3.1) until well development completion criteria are met (Section 7.3.2).

Discharge Monitoring

Monitoring the Progress of Development

The progress of the development is evaluated through visual observation of the suspended sediment
load and measurement of the turbidity and other parameters in the purged diischarge water. As
development progresses, the water should become clearer, measured turbidity should decrease, and
specific capacity (pumping rate divided by drawdown) should stabilize. Water quality parameters,
including DO, conductivity, ORP, pH, temperature, and turbidity may be measured and recorded
periodically to determine the progress of development using the criteria outlined in Section 7.3.2 or per
the project-specific SAP. Water quality parameters should be measured on each well volume removed.

Completion of Development

The well will be considered developed when the following criteria are met or per the criteria set forth in
the project-specific SAP:

e A minimum of three times the standing water volume in a well (to include the well screen and casing
plus saturated annulus, assuming 30 percent porosity) is removed.
e Groundwater parameters for three consecutive standing water volumes are within the following:
0 pH - within £ 0.2 units
Specific conductivity — within + 3%
ORP — within £ 10 mV
Temperature — within £1 degree Celsius

Turbidity — at or below 10 nephelometric turbidity units (NTU) or within £ 10% if above 10
NTU.

e The sediment thickness remaining within the well is less than 1 percent of the screen length or less
than 30 millimeters (0.1 ft) for screens equal to or less than 10 feet long.

O O O ©

Dissolved oxygen (DO) readings may be recorded but DO readings will not be used as development
completion criteria because DO may not stabilize.

If the well has slow groundwater recharge and is purged dry, the well will be considered developed when
bailed or pumped dry three times in succession and the turbidity has decreased, or per the requirements
set forth in the project-specific SAP. Water quality parameters may be recorded if feasible using the
flow-through cell.

If any water is added to the well's borehole during development or drilling, three times the volume of
water added will also be removed during well development, or per the requirements set forth in the
project-specific SAP.

Development of Wells with Low Yield

Water is the primary mechanism to remove fines and flush water through the gravel pack for effective
development. Therefore, development can be a challenge in wells that do not yield sufficient water to
recharge when water is removed. However, often these wells are the most in need of development to
improve their performance as they are typically installed in low permeability formations with a high
content of fines. Development of these wells can improve their yield.

The surging portion of the development can be successfully performed in a well with standing water
regardless of its yield. It is the subsequent removal of fine materials that is hindered when insufficient
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water is recharged to the well. When wells go dry or drawdown significantly during development,
development can be performed intermittently, allowing sufficient water to recharge prior conducting the
next stage of surging. These intermittent procedures can take place hours or even days apart,
depending on project-specific time constraints.

Wells containing NAPL

Additional care should be taken when planning development of wells that contain NAPL. If the NAPL is
flammable, there are health and safety as well as handling issues to consider. If NAPL in excess of a
persistent sheen is noted, the recharge rate will be evaluated through hand bailing. In most cases, it is
generally preferable to remove NAPL by bailing to the extent practical prior to performing development.
Groundwater parameters, excluding turbidity, will not be collected during well development if NAPL or
excessive sheen is noticed in the purged water during development to ensure the meter probes are not
fouled or destroyed. Well development will be halted.

Development by surging or pumping the well dry can result in the spreading of NAPL vertically in the soil
column around the well. These methods can be used, if information exists describing the vertical
thickness of the NAPL smear zone around the well, and if the methods do not result in mounding or
drawdown that exceeds this thickness. Alternate methods such as bailing may also be used, but any
method should not allow the well to be pumped dry or result in significant drawdown that would spread
the NAPL vertically.

Temporary Well Points

For certain projects, temporary well points (TWPs) may be installed to collect groundwater samples at a
site. Since no sand pack, bentonite chips, or bentonite grout are generally used in the construction of the
TWPs, development can proceed as soon as sufficient water has entered the well to static conditions.
Due to the small diameter of these wells, generally %-inch to 1-inch ID, development will be performed
using either a small diameter (0.5-inch) bailer and/or a peristaltic pump with dedicated tubing. The TWPs
will have minimal water column and may purge dry during development. However, attempts will be made
to remove fines from the well prior to sampling. Purging and sampling may occur as soon as
approximately 80% of the static water has re-entered the TWP, or per the requirements set forth in the
project-specific SAP.

Quality Control and Assurance

Field personnel will follow specific quality assurance (QA) guidelines as outlined in the project-specific
SAP.

Quality control (QC) requirements are dependent on project-specific sampling objectives. The project-
specific SAP will provide requirements for equipment decontamination (frequency and materials) and
IDW handling.

Records, Data Analysis, Calculations

All data and information (e.g., development method used) must be documented on field data sheets
(Attachment 1) or within site logbooks with permanent ink. Data recorded may include the following:

e  Well Location

e Weather conditions

e Date and Time

e Purge Method

e Reading/measurements obtained

Attachments or References
Attachment 1 — Well Development Record
SOP 3-05, IDW Management.

SOP 3-06, Equipment Decontamination.
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Attachment 1
Well Development Record

4 TIDEWATER m: [§

FROJECT HUMBER MWELL HUMBE R
SHEET OF

WELL PURGE AND SAMPLING FIELD SHEET

CASING GALIFT
DEFTH TO WATER (FT): = DISME TER OF CASING

1 IN. 0.0408
WWELL DEFTH (FT): 2 N 0.1632
WUATER COLUMM (FT): = 4 N 0.6528
GALFT OF CASING X 6 N 1.4688
CASING VOLUME (GAL) = 8 N 2.611
MO, OF YOLUMES  rmin.(3) x 10 IN. 4.0797
PURGE YOLUME (GAL) = 12 IN. 5.8748

WETHGD OF PURGING (circle one)
PUMP: SUB. BLADDER. PERIST. OTHER: BAILER : TEFLON, 55 OTHER:
TIME ON: BAILER “OL.. (gal)
FLOWY RATE  {mlfmin) REQUIRED PULLS:
PUMP TIME  (min) YWOL. PURGED (gals):
WOL PURGED (gals): OTHER:
Date Water Volume Wyater Dissolved
Discharged Lewvel Turbidity | Temperature pH Conductivity ORP Oiygen Remarks
(color, odor, sheen,
Time (gal) [t BTOC) (NTL) ["C) [m3iGm) it mgll sediment, etc)
MP-Furga Form

3-13 Monitoring Well Development
Revision 0 March 2016

PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET.

7of7



Monitoring Well Sampling

Procedure 3-14
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3.0

4.0
4.1

Purpose and Scope

This standard operating procedure (SOP) describes the actions to be used during monitoring well
sampling activities and establishes the method for sampling groundwater monitoring wells for water-
borne contaminants and general groundwater chemistry. The objective is to obtain groundwater samples
that are representative of aquifer conditions with as little alteration to water chemistry as possible.

This procedure is the Program-approved professional guidance for work performed by AECOM-
Tidewater, Inc. Joint Venture (AECOM-Tidewater JV).

As guidance for specific activities, this procedure does not obviate the need for professional judgment.
Deviations from this procedure while planning or executing planned activities must be approved in
accordance with Program requirements for technical planning and review.

Safety

Depending upon the site-specific contaminants, various protective programs must be implemented prior
to sampling the first well. All field sampling personnel responsible for sampling activities must review the
project-specific health and safety plan (HASP) paying particular attention to the control measures
planned for the well sampling tasks. Conduct preliminary area monitoring of sampling wells to determine
the potential hazard to field sampling personnel. If significant contamination is observed, minimize
contact with potential contaminants in both the vapor phase and liquid matrix through the use of
appropriate personal protective equipment (PPE).

Observe standard health and safety practices according to the project-specific HASP. Suggested
minimum protection during well sampling activities includes inner disposable nitrile or vinyl gloves, outer
chemical-protective nitrile gloves and rubberized safety-toed boots. Half-face respirators and cartridges
and Tyvek® suits may be necessary depending on the contaminant concentrations. Refer to the project-
specific HASP for the required PPE.

Physical Hazards associated with Well Sampling

e To avoid lifting injuries associated with pump and bailers retrieval, use the large muscles of the legs,
not the back.

e  Stay clear of all moving equipment, and avoid wearing loose fitting clothing.

e When using tools for cutting purposes, cut away from yourself. The use of appropriate, task specific
cutting tools is recommended.

e To avoid slip/trip/fall conditions as a result of pump discharge, use textured boots/boot cover
bottoms.

e To avoid heat/cold stress as a result of exposure to extreme temperatures and PPE, drink electrolyte
replacement fluids (1 to 2 cups per hour is recommended) and, in cases of extreme cold, wear fitted
insulating clothing.

e Be aware of restricted mobility due to PPE.

Terms and Definitions

None.

Interferences

Potential interferences could result from cross-contamination between samples or sample locations.
Minimization of the cross-contamination will occur through the following:
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° The use of clean sampling tools at each location as necessary.

° Avoidance of material that is not representative of the media to be sampled.

5.0 Training and Qualifications

51 Qualifications and Training
The individual executing these procedures must have read, and be familiar with, the requirements of this
SOP.

5.2 Responsibilities

5.2.1 The Delivery Order (DO) Manager is responsible for ensuring that monitoring well sampling

activities comply with this procedure. The DO Manager is responsible for ensuring that all field
sampling personnel involved in monitoring well sampling shall have the appropriate education,
experience, and training to perform their assigned tasks.

5.2.2 The Program Quality Manager is responsible for ensuring overall compliance with this procedure.

5.2.3 The Field Manager is responsible for ensuring that all field sampling personnel follow these
procedures.

5.2.4 Field sampling personnel are responsible for the implementation of this procedure.

5.25 The field sampler and/or task manager is responsible for directly supervising the groundwater sampling

procedures to ensure that they are conducted according to this procedure and for recording all pertinent
data collected during sampling.

6.0 Equipment and Supplies
6.1 Purging and Sampling Equipment
° Pump (Peristaltic, Portable Bladder, Submersible)
° Polyethylene or Teflon bladders (for portable bladder pumps)
° Bladder pump controller (for portable bladder pumps)
° Air compressor (for portable bladder pumps)
° Nitrogen cylinders (for portable bladder pumps)
. 12-volt power source
° Polyethylene inlet and discharge tubing (except for VOC analysis which requires Teflon tubing)
° Silicone tubing appropriate for peristaltic pump head
° Teflon bailer appropriately sized for well

° Disposable bailer string (polypropylene)

° Individual or multi-parameter water quality meter(s) with flow-through cell to measure temperature,
pH, specific conductance, dissolved oxygen (DO), oxidation reduction potential (ORP), and/or
turbidity

° Turbidity meter
o Water level meter
° Oil/water interface probe
6.2 General Equipment
° Sample kit (i.e., bottles, labels, preservatives, custody records and tape, cooler, ice)
° Sample Chain-of-Custody (COC) forms

° Sample Collection Records
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7.0
7.1

7.2

8.0
8.1
8.1.1

o Sample packaging and shipping supplies

° Waterproof marker or paint

° Distilled/deionized water supply

° Water dispenser bottles

° Flow measurement cup or bucket

° 5-gallon buckets

o Instrument calibration solutions

° Stopwatch or watch

° Disposable Nitrile gloves

° Paper towels

° Trash bags

° Zipper-lock bags

° Equipment decontamination supplies

° Health and safety supplies (as required by the HASP)
° Approved plans such as: project-specific HASP and Sampling and Analysis Plan (SAP)
° Well keys or combinations

° Monitoring well location map(s)

° Field project logbook/pen

Calibration or Standardization

Field instruments will be calibrated daily according to the requirements of the SAP and manufacturer’s
specifications for each piece of equipment. Equipment will be checked daily with the calibration solutions
at the end of use of the equipment. Calibration records shall be recorded in the field logbook or
appropriate field form.

If readings are suspected to be inaccurate, the equipment shall be checked with the calibration solutions
and/or re-calibrated.

Procedure
Preparation
Site Background Information

Establish a thorough understanding of the purposes of the sampling event prior to field activities.
Conduct a review of all available data obtained from the site and pertinent to the water sampling. Review
well history data including, but not limited to, well locations, sampling history, purging rates, turbidity
problems, previously used purging methods, well installation methods, well completion records, well
development methods, previous analytical results, presence of an immiscible phase, historical water
levels, and general hydrogeologic conditions.

Previous groundwater development and sampling logs give a good indication of well purging rates and
the types of problems that might be encountered during sampling, such as excessive turbidity and low
well yield. They may also indicate where dedicated pumps are placed in the water column. To help
minimize the potential for cross-contamination, well purging and sampling and water level measurement
collection shall proceed from the least contaminated to the most contaminated well as indicated by
previous analytical results. This order may be changed in the field if conditions warrant it, particularly if
dedicated sampling equipment is used. A review of prior sampling procedures and results may also
identify which purging and sampling techniques are appropriate for the parameters to be tested under a
given set of field conditions.
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8.1.2

8.2

8.2.1

8.2.2

Groundwater Analysis Selection

Establish the requisite field and laboratory analyses prior to water sampling. Decide on the types and
numbers of quality assurance/quality control (QA/QC) samples to be collected (refer to the project-
specific SAP), as well as the type and volume of sample preservatives, the type and number of sample
containers, the number of coolers required, and the quantity of ice or other chilling materials. The field
sampling personnel shall ensure that the appropriate number and size sample containers are brought to
the site, including extras in case of breakage or unexpected field conditions. Refer to the project-specific
SAP for the project analytical requirements.

Groundwater Sampling Procedures

Groundwater sampling procedures at a site shall include:

1)  An evaluation of the well security and condition prior to sampling;
2)  Decontamination of equipment;

3) Measurement of well depth to groundwater;

4)  Assessment of the presence or absence of an immiscible phase;
5)  Assessment of purge parameter stabilization;

6) Purging of static water within the well and well bore; and

7)  Obtaining a groundwater sample.

Each step is discussed in sequence below. Depending upon specific field conditions, additional steps
may be necessary. As a rule, at least 24 hours should separate well development and well sampling
events. In all cases, consult the State and local regulations for the site, which may require more
stringent time separation between well development and sampling.

Well Security and Condition

At each monitoring well location, observe the conditions of the well and surrounding area. The following
information may be noted on a Groundwater Sample Collection Record (Attachment 1) or in the field
logbook:

. Condition of the well’s identification marker.
. Condition of the well lock and associated locking cap.

. Integrity of the well — well pad condition, protective outer casing, obstructions or kinks in the well
casing, presence of water in the annular space, and the top of the interior casing.

. Condition of the general area surrounding the well.

Decontamination of Equipment

Where possible, dedicated supplies should be used at each well location to minimize the potential for cross-
contamination and minimize the amount of investigation derived waste (IDW) fluids resulting from the
decontamination process. If decontamination is necessary, establish a decontamination station before
beginning sampling. The station shall consist of an area of at least 4 feet by 2 feet covered with plastic
sheeting and be located upwind of the well being sampled. The station shall be large enough to fit the
appropriate number of wash and rinse buckets, and have sufficient room to place equipment after
decontamination. One central cleaning area may be used throughout the entire sampling event. The area
around the well being sampled shall also be covered with plastic sheeting to prevent spillage. Further details
are presented in SOP 3-06, Equipment Decontamination.

Decontaminate each piece of equipment prior to entering the well. Also, conduct decontamination prior to
sampling at a site, even if the equipment has been decontaminated subsequent to its last usage.
Additionally, decontaminate each piece of equipment used at the site prior to leaving the site. It is only
necessary to decontaminate dedicated sampling equipment prior to installation within the well. Do not
place clean sampling equipment directly on the ground or other contaminated surfaces prior to insertion
into the well. Dedicated sampling equipment that has been certified by the manufacturer as being
decontaminated can be placed in the well without on-site decontamination.
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8.2.3

8.2.4

Measurement of Static Water Level Elevation

Before purging the well, measure water levels in all of the wells within the zone of influence of the well
being purged. The best practice, if possible, is to measure all site wells (or wells within the monitoring
well network) prior to sampling. If the well cap is not vented, remove the cap several minutes before
measurement to allow water levels to equilibrate to atmospheric pressure.

Measure the depth to standing water and the total depth of the well to the nearest 0.01 foot to provide
baseline hydrologic data, to calculate the volume of water in the well, and to provide information on the
integrity of the well (e.g., identification of siltation problems). If not already present, mark an easily
identified reference point for water level measurements which will become the measuring point for all
water level measurements. This location and elevation must be surveyed.

The device used to measure the water level surface and depth of the well shall be sufficiently sensitive
and accurate in order to obtain a measurement to the nearest 0.01 foot reliably. An electronic water level
meter will usually be appropriate for this measurement; however, when the groundwater within a
particular well is highly contaminated, an inexpensive weighted tape measure can be used to determine
well depth to prevent adsorption of contaminants onto the meter tape. The presence of light, non-
aqueous phase liquids (LNAPLs) and/or dense, non-aqueous phase liquids (DNAPLSs) in a well requires
measurement of the elevation of the top and the bottom of the product, generally using an interface
probe. Water levels in such wells must then be corrected for density effects to accurately determine the
elevation of the water table.

At each location, measure water levels several times in quick succession to ensure that the well has
equilibrated to atmospheric conditions prior to recording the measurement. As stated above, measure all
site wells (or wells within the monitoring well network) prior to sampling whenever possible. This will
provide a water level database that describes water levels across the site at one time (a synoptic
sampling). Prior to sampling, measure the water level in each well immediately prior to purging the well to
ascertain that static conditions have been achieved prior to sampling.

Detection of Immiscible Phase Layers

Complete the following steps for detecting the presence of LNAPL and DNAPL before the well is purged
for conventional sampling. These procedures may not be required for all wells. Consult the project-
specific SAP to determine if assessing the presence of LNAPL and/or DNAPL is necessary.

1) Sample the headspace in the wellhead immediately after the well is opened for organic vapors
using either a PID or an organic vapor analyzer, and record the measurements.

2) Lower an interface probe into the well to determine the existence of any immiscible layer(s), LNAPL
and/or DNAPL, and record the measurements.

3) Confirm the presence or absence of an immiscible phase by slowly lowering a clear bailer to the
appropriate depth, then visually observing the results after sample recovery.

4) In rare instances, such as when very viscous product is present, it may be necessary to utilize
hydrocarbon- and water-sensitive pastes for measurement of LNAPL thickness. This is
accomplished by smearing adjacent, thin layers of both hydrocarbon- and water-sensitive pastes
along a steel measuring tape and inserting the tape into the well. An engineering tape showing
tenths and hundredths of feet is required. Record depth to water, as shown by the mark on the
water-sensitive paste, and depth to product, as shown by the mark on the product-sensitive paste.
In wells where the approximate depth to water and product thickness are not known, it is best to
apply both pastes to the tape over a fairly long interval (5 feet or more). Under these conditions,
measurements are obtained by trial and error and may require several insertions and retrievals of
the tape before the paste-covered interval of the tape encounters product and water. In wells where
approximate depths of air-product and product-water interfaces are known, pastes may be applied
over shorter intervals. Water depth measurements should not be used in preparation of water table
contour maps until they are corrected for depression by the product.

5) If the well contains an immiscible phase, it may be desirable to sample this phase separately.
Section 8.2.6 presents immiscible phase sampling procedures. It may not be meaningful to conduct
water sample analysis of water obtained from a well containing LNAPLs or DNAPLs. Consult the
DO Manager and Program Quality Manager if this situation is encountered.
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8.2.5

Purging Equipment and Use

General Requirements

The water present in a well prior to sampling may not be representative of in situ groundwater quality and
shall be removed prior to sampling. Handle all groundwater removed from potentially contaminated wells
in accordance with the IDW handling procedures in SOP 3-05, IDW Management. Purging shall be
accomplished by methods as indicated in the project-specific SAP or by those required by State
requirements. For the purposes of this SOP, purging methods will be described by removing
groundwater from the well using low-flow techniques.

According to the U.S. Environmental Protection Agency (EPA) (EPA, 1996), the rate at which
groundwater is removed from the well during purging ideally should be less than 0.2 to 0.3 liters/minute.
EPA further states that wells should be purged at rates below those used to develop the well to prevent
further development of the well, to prevent damage to the well, and to avoid disturbing accumulated
corrosion or reaction products in the well. EPA also indicates that wells should be purged at or below
their recovery rate so that migration of water in the formation above the well screen does not occur.

Realistically, the purge rate should be low enough that substantial drawdown in the well does not occur
during purging. In addition, a low purge rate will reduce the possibility of stripping volatile organic
compounds (VOCs) from the water, and will reduce the likelihood of increasing the turbidity of the sample
due to mobilizing colloids in the subsurface that are immobile under natural flow conditions.

The field sampler shall ensure that purging does not cause formation water to cascade down the sides of
the well screen. Wells should not be purged to dryness if recharge causes the formation water to
cascade down the sides of the screen, as this will cause an accelerated loss of volatiles. This problem
should be anticipated based on the results of either the well development task or historical sampling
events. In general, place the intake of the purge pump in the middle of the saturated screened interval
within the well to allow purging and at the same time minimize disturbance/overdevelopment of the
screened interval in the well. Water shall be purged from the well at a rate that does not cause recharge
water to be excessively agitated unless an extremely slow recharging well is encountered where
complete evacuation is unavoidable. During the well purging procedure, collect water level and/or
product level measurements to assess the hydraulic effects of purging. Sample the well when it recovers
sufficiently to provide enough water for the analytical parameters specified. If the well is purged dry,
allow the well to recover sufficiently to provide enough water for the specified analytical parameters, and
then sample it.

Evaluate water samples on a regular basis during well purging and analyze them in the field preferably
using in-line devices (i.e., flow through cell) for temperature, pH, specific conductivity, dissolved oxygen
(DO), and oxidation-reduction (redox) potential. Turbidity may be measured using in-line devise with a
built in turbidity probe or separately (outside of the flow-through cell) with a nephelometer or similar
device.

Readings should be taken every 2 to 5 minutes during the purging process. These parameters are
measured to demonstrate that the natural character of the formation waters has been restored.

Purging shall be considered complete per the requirements set forth in the project-specific SAP, State
requirements, or when three consecutive field parameter measurements of temperature, pH, specific
conductivity, DO and ORP stabilize within approximately 10 percent and the turbidity is at or below 10
nephelometric turbidity units (NTU) or within + 10% if above 10 NTU. This criterion may not be
applicable to temperature if a submersible pump is used during purging due to the heating of the water
by the pump motor. Enter all information obtained during the purging and sampling process into a
groundwater sampling log. Attachment 1 shows an example of a groundwater sampling log and the
information typically included in the form. Whatever form is used, all blanks need to be completed on the
field log during field sampling.

Groundwater removed during purging shall be stored according to the project-specific SAP or per SOP 3-
05, IDW Management.

Purging Equipment and Methods
Submersible Pump

A stainless steel submersible pump may be utilized for purging both shallow and deep wells prior to
sampling the groundwater for semivolatile and non-volatile constituents, but are generally not preferred
for VOCs unless there are no other options (e.g., well over 200 feet deep). For wells over 200 feet deep,
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8.2.6

the submersible pump is one of the few technologies available to feasibly accomplish purging under any
yield conditions. For shallow wells with low yields, submersible pumps are generally inappropriate due to
overpumpage of the wells (<1 gallon per minute), which causes increased aeration of the water within
the well.

Steam clean or otherwise decontaminate the pump and discharge tubing prior to placing the pump in the
well. The submersible pump shall be equipped with an anti-backflow check valve to limit the amount of
water that will flow back down the drop pipe into the well. Place the pump in the middle of the saturated
screened interval within the well and maintain it in that position during purging.

Bladder Pump

A stainless steel bladder pump can be utilized for purging and sampling wells up to 200 feet in depth for
volatile, semivolatile, and non-volatile constituents. Use of the bladder pump is most effective in low to
moderate yield wells and are often the preferred method for low-flow sampling. When sampling for VOCs
and/or SVOCs, Teflon bladders should be used. Polyethylene bladders may be used when sampling for
inorganics.

Either compressed dry nitrogen or compressed dry air, depending upon availability, can operate the
bladder pump. The driving gas utilized must be dry to avoid damage to the bladder pump control box.
Decontaminate the bladder pump prior to use.

Centrifugal, Peristaltic, or Diaphragm Pump

A centrifugal, peristaltic, or diaphragm pump may be utilized to purge a well if the water level is within 27
feet of ground surface. New or dedicated tubing is inserted into the midpoint of the saturated screened
interval of the well. Water should be purged at a rate that satisfies low-flow requirements (i.e., does not
cause drawdown). Centrifugal, peristaltic, or diaphragm pump are generally discouraged for VOCs
sampling; however, follow methods allowed per the project-specific SAP or State requirements.

Air Lift Pump
Airlift pumps are not appropriate for purging or sampling.
Bailer

Avoid using a bailer to purge a well because it can result in overdevelopment of the well and create
excessive purge rates. If a bailer must be used, the bailer should either be dedicated or disposable.
Teflon-coated cable mounted on a reel is recommended for lowering the bailer in and out of the well.

Lower the bailer below the water level of the well with as little disturbance of the water as possible to
minimize aeration of the water in the well. One way to gauge the depth of water on the reel is to mark the
depth to water on the bailer wire with a stainless steel clip. In this manner, less time is spent trying to
identify the water level in the well.

Monitoring Well Sampling Methodologies
Sampling Light, Non-Agueous Phase Liquids (LNAPL)

Collect LNAPL, if present, prior to any purging activities. The sampling device shall generally consist of a
dedicated or disposable bailer equipped with a bottom-discharging device. Lower the bailer slowly until
contact is made with the surface of the LNAPL, and to a depth less than that of the immiscible fluid/water
interface depth as determined by measurement with the interface probe. Allow the bailer to fill with
LNAPL and retrieve it.

When sampling LNAPLs, never drop bailers into a well and always remove them from the well in a
manner that causes as little agitation of the sample as possible. For example, the bailer should not be
removed in a jerky fashion or be allowed to continually bang against the well casing as it is raised. Teflon
bailers should always be used when sampling LNAPL. The cable used to raise and lower the bailer shall
be composed of an inert material (e.g., stainless steel) or coated with an inert material (e.g., Teflon).

Sampling Dense, Non-Aqueous Phase Liguids (DNAPL)

Collect DNAPL prior to any purging activities. The best method for collecting DNAPL is to use a double-
check valve, stainless steel bailer, or a Kemmerer (discrete interval) sampler. The sample shall be
collected by slow, controlled lowering of the bailer to the bottom of the well, activation of the closing
device, and retrieval.
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Groundwater Sampling Methodology

The well shall be sampled when groundwater within it is representative of aquifer conditions per the
methods described in Section 8.2.5. Prior to sampling the flow-through cell shall be removed and the
samples collected directly from the purge tubing. Flow rates shall not be adjusted once aquifer
conditions are met. Additionally, a period of no more than 2 hours shall elapse between purging and
sampling to prevent groundwater interaction with the casing and atmosphere. This may not be possible
with a slowly recharging well. Measure and record the water level prior to sampling in order to monitor
drawdown when using low-flow techniques and gauge well volumes removed and recharged when using
non-low-flow techniques.

Sampling equipment (e.g., especially bailers) shall never be dropped into the well, as this could cause
aeration of the water upon impact. Additionally, the sampling methodology utilized shall allow for the
collection of a groundwater sample in as undisturbed a condition as possible, minimizing the potential for
volatilization or aeration. This includes minimizing agitation and aeration during transfer to sample
containers, minimizing exposure to sunlight, and immediately placing the sample on ice once collected.

Sampling equipment shall be constructed of inert material. Equipment with neoprene fittings, polyvinyl
chloride (PVC) bailers, Tygon® tubing, silicon rubber bladders, neoprene impellers, polyethylene, and
Viton® are not acceptable when sampling for organics. If bailers are used, an inert cable/chain (e.g.,
fluorocarbon resin-coated wire or stainless steel wire or cable) shall be used to raise and lower the bailer.
Dedicated equipment is highly recommended for all sampling programs.

Submersible Pumps

The submersible pump must be specifically designed for groundwater sampling (i.e., pump composed of
stainless steel and Teflon, sample discharge lines composed of Teflon) and must have a controller
mechanism allowing the required low-flow rate. Adjust the pump rate so that flow is continuous and does
not pulsate to avoid aeration and agitation within the sample discharge lines. Run the pump for several
minutes at the low-flow rate used for sampling to ensure that the groundwater in the lines was obtained
at the low-flow rate.

Bladder Pumps

A gas-operated stainless steel bladder pump with adjustable flow control and equipped with a Teflon
bladder and Teflon-lined tubing can be effectively utilized to collect a groundwater sample and is
considered to be the best overall device for sampling inorganic and organic constituents. If only
inorganics are being sampled, polyvinyl bladders and tubing may be used. Operate positive gas
displacement bladder pumps in a continuous manner so that they minimize discharge pulsation that can
aerate samples in the return tube or upon discharge.

When using a compressor, take several precautions. If the compressor is being powered by a gasoline
generator, position the generator downwind of the well. Ground fault circuit interrupters (GFCIs) should
always be used when using electric powered equipment. Do not connect the compression hose from the
compressor to the pump controller until after the engine has been started.

When all precautions are completed and the compressor has been started, connect the compression
hose to the pump controller. Slowly adjust the control knobs to discharge water in the shortest amount of
time while maintaining a near constant flow. This does not mean that the compressor must be set to
discharge the water as hard as possible. The optimal setting is one that produces the largest volume of
purge water per minute (not per purge cycle) while maintaining a near constant flow rate.

Prior to sampling, adjust the flow rate (purge rate) to yield 100 to 300 mL/minute. Avoid settings that
produce pulsating streams of water instead of a steady stream if possible. Operate the pump at this low
flow rate for several minutes to ensure that drawdown is not occurring. At no time shall the sample flow
rate exceed the flow rate used while purging.

For those samples requiring filtration, it is recommended to use an in-line high capacity filter after all non-
filtered samples have been collected.

Peristaltic Pumps:

A peristaltic pump is a type of positive displacement pump that moves water via the process of
peristalsis. The pump uses a flexible hose fitted inside a circular pump casing. A rotor with cams
compresses the flexible tube as the rotor turns, which forces the water to be pumped to move through
the tube. In peristaltic pumps, no moving parts of the pump are in contact with the water being pumped.
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Displacement is determined by tube size, so delivery rate can only be changed during operation by
varying pump speed. Peristaltic pumps are simple and quite inexpensive for the flow rates they provide.

There are several methods available for transferring the sample into the laboratory containers. The
selected method may vary based on State requirements and should be documented in the project-
specific SAP. Samples typically can be collected directly from the discharge end of the Teflon tubing,
after it has been disconnected from the flow through cell. For volatile analyses, the sampler should make
sure that the pump is set such that a smooth laminar flow is achieved. In all cases, the project team
should consult their local regulatory requirements and document the selected sample collection
procedure in the project-specific SAP.

Bailers

A single- or double-check valve Teflon or stainless steel bailer equipped with a bottom discharging
device can be utilized to collect groundwater samples. Bailers have a number of disadvantages,
however, including a tendency to alter the chemistry of groundwater samples due to degassing,
volatilization, and aeration; the possibility of creating high groundwater entrance velocities; differences in
operator techniques resulting in variable samples; and difficulty in determining where in the water column
the sample was collected. Therefore, use bailers for groundwater sampling only when other types of
sampling devices cannot be utilized for technical, regulatory, or logistical reasons.

Dedicated or disposable bailers should always be used in order to eliminate the need for
decontamination and to limit the potential of cross-contamination. Each time the bailer is lowered to the
water table, lower it in such a way as to minimize disturbance and aeration of the water column within the
well.

8.2.7 Sample Handling and Preservation

Many of the chemical constituents and physiochemical parameters to be measured or evaluated during
groundwater monitoring programs are chemically unstable and require preservation. The U.S. EPA
document entitled, Test Methods for Evaluating Solid Waste — Physical/Chemical Methods (SW-846)
(EPA 1997), includes a discussion of appropriate sample preservation procedures. In addition, SW-846
provides guidance on the types of sample containers to use for each constituent or common set of
parameters. In general, check with specific laboratory or State requirements prior to obtaining field
samples. In many cases, the laboratory will supply the necessary sample bottles and required
preservatives. In some cases, the field sampling personnel may add preservatives in the field.

Improper sample handling may alter the analytical results of the sample. Therefore, transfer samples in
the field from the sampling equipment directly into the container that has been prepared specifically for
that analysis or set of compatible parameters as described in the project-specific SAP. It is not an
acceptable practice for samples to be composited in a common container in the field and then split in the
laboratory, or poured first into a wide mouth container and then transferred into smaller containers.

Collect groundwater samples and place them in their proper containers in the order of decreasing
volatility and increasing stability. A preferred collection order for some common groundwater parameters
is:

VOCs and total organic halogens (TOX)

Dissolved gases, total organic carbon (TOC), total fuel hydrocarbons
Semivolatile organics, pesticides

Total metals, general minerals (unfiltered)

Dissolved metals, general minerals (filtered)

Phenols

Cyanide

Sulfate and chloride

© © N o g M w NP

Nitrate and ammonia
10. Radionuclides

When sampling for VOCs, collect water samples in vials or containers specifically designed to prevent
loss of VOCs from the sample. The analytical laboratory performing the analysis shall provide these vials.
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Collect groundwater from the sampling device in vials by allowing the groundwater to slowly flow along
the sides of the vial. Sampling equipment shall not touch the interior of the vial. Fill the vial above the top
of the vial to form a positive meniscus with no overflow. No headspace shall be present in the sample
container once the container has been capped. This can be checked by inverting the bottle once the
sample is collected and tapping the side of the vial to dislodge air bubbles. Sometimes it is not possible to
collect a sample without air bubbles, particularly water that has high concentrations of dissolved gasses.
In these cases, the field sampling personnel shall document the occurrence in the field logbook and/or
sampling worksheet at the time the sample was collected. Likewise, the analytical laboratory shall note in
the laboratory analysis reports any headspace in the sample container(s) at the time of receipt by the
laboratory.

Special Handling Considerations

In general, samples for organic analyses should not be filtered. However, high turbidity samples for PCB
analysis may require filtering. Consult the project-specific SAP for details on filtering requirements.
Samples shall not be transferred from one container to another because this could cause aeration or a
loss of organic material onto the walls of the container. TOX and TOC samples should be handled in the
same manner as VOC samples.

When collecting total and dissolved metals samples, the samples should be collected sequentially. The
total metals sample is collected from the pump unfiltered. The dissolved metals sample is collected after
filtering with a 0.45-micron membrane in-line filter. Allow at least 500 mL of effluent to flow through the
filter prior to sampling to ensure that the filter is thoroughly wetted and seated in the filter capsule. If
required by the project-specific SAP, include a filter blank for each lot of filters used and always record
the lot number of the filters.

Field Sampling Preservation

Preserve samples immediately upon collection. Ideally, sampling containers will be pre-preserved with a
known concentration and volume of preservative. Certain matrices that have alkaline pH (greater than 7)
may require more preservative than is typically required. An early assessment of preservation techniques,
such as the use of pH strips after initial preservation, may therefore be appropriate. Guidance for the
preservation of environmental samples can be found in the U.S. EPA Handbook for Sampling and
Sample Preservation of Water and Wastewater (EPA 1982). Additional guidance can be found in other
U.S. EPA documents (EPA 1992, 1996).

Field Sampling Log

A groundwater sampling log provided as Attachment 1 shall document the following:
. Identification of well

. Well depth

. Static water level depth and measurement technique

. Presence of immiscible layers and detection method

. Well yield

. Purge volume and pumping rate

. Time that the well was purged

. Sample identification numbers

. Well evacuation procedure/equipment

. Sample withdrawal procedure/equipment
. Date and time of collection

. Types of sample containers used

. Preservative(s) used

. Parameters requested for analysis

. Field analysis data

3-14 Monitoring Well Sampling
Revision 0 March 2016 10 of 12

PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET.



9.0
9.1

9.2

10.0

10.1

10.2

10.3

10.4
10.5

11.0

. Field observations on sampling event
. Name of sampler

. Weather conditions

Quality Control and Assurance

Field personnel will follow specific quality assurance (QA) guidelines as outlined in the project-specific
SAP. The goal of the QA program should be to ensure precision, accuracy, representativeness,
completeness, and comparability in the project sampling program.

Quality control (QC) requirements for sample collection are dependent on project-specific sampling
objectives. The project-specific SAP will provide requirements for sample preservation and holding
times, container types, sample packaging and shipment, as well as requirements for the collection of
various QC samples such as trip blanks, field blanks, equipment rinse blanks, and field duplicate
samples.

Data and records management

Records will be maintained in accordance with SOP 3-03, Recordkeeping, Sample Labelling, and Chain-
of-Custody. Various forms are required to ensure that adequate documentation is made of the sample
collection activities. These forms may include:

° Sample Collection Records;
° Field logbook;
° Chain-of-custody forms; and

° Shipping labels.

Sample collection records (Attachment 1) will provide descriptive information for the purging process and
the samples collected at each monitoring well.

The field logbook is kept as a general log of activities and should not be used in place of the sample
collection record.

Chain-of-custody forms are transmitted with the samples to the laboratory for sample tracking purposes.

Shipping labels are required is sample coolers are to be transported to a laboratory by a third party
(courier service).

Attachments or References
Attachment 1 — Groundwater Sampling Collection Record

ASTM Standard D5088. 2008. Standard Practice for Decontamination of Field Equipment Used at Waste
Sites. ASTM International, West Conshohocken, PA. 2008. DOI: 10.1520/D5088-02R08. www.astm.org.

Environmental Protection Agency, United States (EPA). 1982. Handbook for Sampling and Sample
Preservation of Water and Wastewater. EPA-600/4-82-029. Cincinnati: EPA Office of Research and
Development, Environmental Monitoring and Support Laboratory.

EPA. 1992. RCRA Groundwater Monitoring Draft Technical Guidance. EPA/530/R-93/001. Office of Solid
Waste. November.

EPA. 1996. Ground Water Issue: Low-Flow (Minimal Drawdown) Ground-Water Sampling Procedures.
EPA/540/S-95/504. Office of Solid Waste and Emergency Response. April.

EPA. 1997. Test Methods for Evaluating Solid Waste, Physical/Chemical Method (SW-846). 3rd ed.,
Final Update A, Office of Solid Waste. Online updates at:
http://www.epa.gov/epaoswer/hazwaste/test/new-meth.htm.
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DoD Environmental Field Sampling Handbook, Revision 1.0. April 2013
SOP 3-03, Recordkeeping, Sample Labelling, and Chain-of-Custody.
SOP 3-05, IDW Management.

SOP 3-06, Equipment Decontamination.
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Attachment 1
Groundwater Sample Collection Record

GRUOODNDWATER SAMPLE COLLECTION FIELD SHEET

GENERAL INFORMATION

SITE HAME FROTECT MO.
SAMFLE MO, WELL MO,
DATE/TIME COLLECTED FERSONNEL
SAMFLE METHOD

SAMFLE MEDTA:

SAMFLE Qo DUPLICATE: TES HO DUPLICATE 5 4MFLE N0,
MEMED EEQUESTED TES Ho MEMED SAMPLE MO,

SAMPLE CONT AINERS, PRE SERVATIVES, ANALY SIS

Sanple Comaizer Bres epvtive Analvsis Beguested “olurme perlinear ft of casing
1D {in) Gallons Liters
1 0.0408 01544
11/2 0.0918 0.3475
2 0.1632 06178
3 0.3672 1.3900
4 06525 24711
B 1.4688 55600
8 2611 98837
WELL PURGING DAT A
Well Depth [/ BTOC)
Drate Depth o Water (ft BTOC)
Thrne & tarbed Water Cohinm Length
Time Carvpleted Well Casing Wohime (per fl)
FID Measurerrents Vobrre of Water 1n Well (1)
Backgrund Casing Vohines to Purge
Beathing Zone Mirinoan to Parge (L)
"Well Head A choal Purge (L)
Purge Water
FIELD MEASUREMENT S
Tirre Aynennt H Tenmperatizre Condichvity Dissabed ORP Tarbidity Depth to Water Purge Rate
Buged (zal) [Celsms) (nBfem)  Oxygen(mgl) () HTm [ BTOC) (mLnmn)

FIELD EQUIPMENT AND CALIBEAT ION
Equpmen Lodel Zalbrzion

GENERAL COMMENTS

Bult-Parasveter Pach e Tt #

Field Parameters Mearumd in Flener-Thiough Cell

Fomp Plarerent Depth =

Fomp Eate =

Well Dianeter =

Zcwen bterval =




Soil and Rock Classification

Procedure 3-16

1.0
1.1

1.2

1.3

1.4

2.0
2.1

2.2

2.3

2.4

Purpose and Scope

The purpose of this document is to define the standard operating procedure (SOP) to thoroughly
describe the physical characteristics of the sample and classify it according to the Unified Soil
Classification System (USCS).

This procedure is the Program-approved professional guidance for work performed by AECOM-
Tidewater, Inc. Joint Venture (AECOM-Tidewater JV).

As guidance for specific activities, this procedure does not obviate the need for professional judgment.
Deviations from this procedure while planning or executing planned activities must be approved in
accordance with Program requirements for technical planning and review. If there are procedures
whether it be from AECOM-Tidewater JV, state and/or federal that are not addressed in this SOP and
are applicable to soil and rock classification then those procedures may be added as an appendix to the
project specific SAP.

It is fully expected that the procedures outlined in this SOP will be followed. Procedural modifications
may be warranted depending upon field conditions, equipment limitations, or limitations imposed by the
procedure. Substantive modification to this SOP will be approved in advance by the Program Quality
Manager. Deviations to this SOP will be documented in the field records.

Safety

Depending upon the site-specific contaminants, various protective programs must be implemented prior
to sampling. All field sampling personnel responsible for sampling activities must review the project-
specific health and safety plan (HASP) paying particular attention to the control measures planned for the
sampling tasks. Conduct preliminary area monitoring to determine the potential hazard to field sampling
personnel. If significant contamination is observed, minimize contact with potential contaminants in both
the vapor and liquid phase through the use of respirators and disposable clothing.

In addition, observe standard health and safety practices according to the project-specific HASP.
Suggested minimum protection during well sampling activities includes inner disposable nitrile or vinyl
gloves, outer chemical-protective nitrile gloves, rubberized safety-toed boots, and an American National
Standards Institute-standard hard hat. Half-face respirators and cartridges and Tyvek® suits may be
necessary depending on the contaminant concentrations, and shall always be available on site.

Daily safety briefs will be conducted at the start of each working day before any work commences.
These daily briefs will be facilitated by the Site Safety Officer (SSO) or designee to discuss the day’s
events and any potential health risk areas covering every aspect of the work to be completed. Weather
conditions are often part of these discussions. As detailed in the HASP, everyone on the field team has
the authority to stop work if an unsafe condition is perceived until the conditions are fully remedied to the
satisfaction of the SSO.

The health and safety considerations for the work associated with soil classification include:

e At no time during classification activities are personnel to reach for debris near machinery that is in
operation, place any samples in their mouth, or come in contact with the soils/rocks without the use
of gloves.

e Stay clear of all moving equipment and be aware of pinch points on machinery. Avoid wearing loose
fitting clothing.

e When using cutting tools, cut away from yourself. The use of appropriate, task specific cutting tools
is recommended.
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3.0

4.0

5.0
5.1

5.2
53
54

5.5

6.0
6.1

7.0

8.0
8.1

e To avoid heat/cold stress as a results of exposure to extreme temperatures and PPE, drink
electrolyte replacement fluids (1 to 2 cups per hour is recommended) and in case of extreme cold,
wear insulating clothing.

Terms and Definitions

None.

Interference

None.

Training and Qualifications

The Delivery Order (DO) Manager is responsible for ensuring that the soil and rock classification
procedures comply with this procedure. The DO Manager is responsible for ensuring that all personnel
involved in soil and rock classification shall have the appropriate education, experience, and training to
perform their assigned tasks.

The Program Quality Manager is responsible for ensuring overall compliance with this procedure.
The Field Manager is responsible for ensuring that all project field personnel follow these procedures.

Field personnel are responsible for the implementation of this procedure. Minimum qualifications for
field sampling personnel require that one individual on the field team shall have a minimum of 6
months of experience with soil and rock classification.

The project geologist and/or task manager is responsible for directly supervising the soil and rock
classification procedures to ensure that they are conducted according to this procedure, and for
recording all pertinent data collected. If deviations from the procedure are required because of
anomalous field conditions, they must first be approved by the Program Quality Manager and then
documented in the field logbook and associated report or equivalent document.

Equipment and Supplies

The following equipment list contains materials which may be needed in carrying out the procedures
outlined in this SOP. Not all equipment listed below may be necessary for a specific activity. Additional
equipment may be required, pending field conditions.

e Personal protective equipment (PPE) and other safety equipment, as required by the HASP

Field log book and pen with indelible ink

e Boring log

¢ Munsell Soil Color Chart

e Scoopula, spatula, and/or other small hand tools
e California Sampler

e Hand-held penetrometer

Calibration or Standardization

None.

Procedure

Soil Classification

The basic purpose of the classification of soil is to thoroughly describe the physical characteristics of the
sample and to classify it according to an appropriate soil classification system. The USCS was
developed so that soils could be described on a common basis by different investigators and serve as a
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"shorthand" description of soil. A classification of a soil in accordance with the USCS includes not only a
group symbol and name, but also a complete word description.

Describing soil on a common basis is essential so that soil described by different site qualified personnel
is comparable. Site individuals describing soil as part of site activities must use the classification system
described herein to provide the most useful geologic database for all present and future subsurface
investigations and remedial activities.

The site geologist or other qualified individual shall describe the soil and record the description in a
boring log, logbook, and/or electronic field data collection device. The essential items in any written soil
description are as follows:

¢ Classification group name (e.g., silty sand)

e Color, moisture, and odor

e Range of particle sizes and maximum particle size

e Approximate percentage of boulders, cobbles, gravel, sand, and fines

e Plasticity characteristics of the fines

e In-place conditions, such as consistency, density, and structure

e USCS classification symbol

The USCS serves as "shorthand” for classifying soil into 15 basic groups:

e GW! Well graded (poorly sorted) gravel (>50 percent gravel, <5percent fines)

e GP! Poorly graded (well sorted) gravel (>50percent gravel, <5percent fines)

o« GM! Silty gravel (>50 percent gravel, >15 percent silt)

e GC! Clayey gravel (>50 percent gravel, >15 percent clay)

o SW! Well graded (poorly sorted) sand (>50 percent sand, <5 percent fines)

e SP! Poorly graded (well sorted) sand (>50 percent sand, <5 percent fines)

e« sMm! Silty sand (>50 percent sand, >15 percent silt)

e sct Clayey sand (>50 percent sand, >15 percent clay)

o« ML? Inorganic, low plasticity silt (slow to rapid dilatancy, low toughness, and plasticity)
e CL? Inorganic, low plasticity (lean) clay (no or slow dilatancy, medium toughness and plasticity)
o MH? Inorganic elastic silt (no to slow dilatancy, low to medium toughness and plasticity)
e CH? Inorganic, high plasticity (fat) clay (no dilatancy, high toughness, and plasticity)

e OL Organic low plasticity silt or organic silty clay

e OH Organic high plasticity clay or silt

e PT Peat and other highly organic soll

Figure8-1 defines the terminology of the USCS. Flow charts presented in Figure 8-2 and indicate the
process for describing soil. The particle size distribution and the plasticity of the fines are the two

! If percentage of fine is 5 percent to 15 percent, a dual identification shall be given (e.g., a soil with more than 50
percent poorly sorted gravel and 10 percent clay is designated GW-GC.

2 If the soil is estimated to have 15 percent to 25 percent sand or gravel, or both, the words “with sand” or “with gravel”
(whichever predominates) shall be added to the group name (e.g., clay with sand, CL; or silt with gravel, ML). If the
soil is estimated to have 30 percent or more sand or gravel, or both, the words “sandy” or “gravely” (whichever
predominates) shall be added to the group name (e.g., sandy clay, CL). If the percentage of sand is equal to the
percent gravel, use “sandy.”
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8.11

8.1.2
8.1.21

8.1.2.2

properties of soil used for classification. In some cases, it may be appropriate to use a borderline
classification (e.g., SC/CL) if the soil has been identified as having properties that do not distinctly place
the soil into one group.

Estimation of Particle Size Distribution

One of the most important factors in classifying a soil is the estimated percentage of soil constituents in
each particle size range. Being proficient in estimating this factor requires extensive practice and frequent
checking. The steps involved in determining particle size distribution are listed below:

1. Select a representative sample (approximately 1/2 of a 6-inch long by 2.5-inch diameter sample
liner).

2. Remove all particles larger than 3 inches from the sample. Estimate and record the percent by
volume of these particles. Only the fraction of the sample smaller than 3 inches is classified.

3.  Estimate and record the percentage of dry mass of gravel (less than 3 inches and greater than 1/4
inch).

4.  Considering the rest of the sample, estimate, and record the percentage of dry mass of sand
particles (about the smallest particle visible to the unaided eye).

5.  Estimate and record the percentage of dry mass of fines in the sample (do not attempt to separate
silts from clays).

6. Estimate percentages to the nearest 5 percent. If one of the components is present in a quantity
considered less than 5 percent, indicate its presence by the term “trace”.

7. The percentages of gravel, sand, and fines must add up to 100 percent. “Trace” is not included in
the 100 percent total.

Soil Dilatancy, Toughness, and Plasticity

Dilatancy

To evaluate dilatancy, follow these procedures:

1. From the specimen, select enough material to mold into a ball about 1/2 inch (12 millimeters [mm]) in
diameter. Mold the material, adding water if necessary, until it has a soft, but not sticky, consistency.

2. Smooth the soil ball in the palm of one hand with the blade of a knife or small spatula. Shake
horizontally, striking the side of the hand vigorously against the other hand several times. Note the
reaction of water appearing on the surface of the soil. Squeeze the sample by closing the hand or
pinching the soil between the fingers, and note the reaction as none, slow, or rapid in accordance
with the criteria in Table 8-1. The reaction is the speed with which water appears while shaking,
and disappears while squeezing.

Table 8-1: Criteria for Describing Dilatancy

Description | Criteria

None No visible change in specimen.

Water appears slowly on the surface of the specimen during shaking and does not

Slow disappear or disappears slowly upon squeezing.

Rapid Water appears quickly on the surface of the specimen during shaking and disappears
P quickly upon squeezing.

Toughness

Following the completion of the dilatancy test, shape the test specimen into an elongated pat and roll it by
hand on a smooth surface or between the palms into a thread about 1/8 inch (3 mm) in diameter. (If the
sample is too wet to roll easily, spread it into a thin layer and allow it to lose some water by evaporation.)
Fold the sample threads and re-roll repeatedly until the thread crumbles at a diameter of about 1/8 inch.
The thread will crumble at a diameter of 1/8 inch when the soil is near the plastic limit. Note the pressure
required to roll the thread near the plastic limit. Also, note the strength of the thread. After the thread
crumbles, lump the pieces together and knead it until the lump crumbles. Note the toughness of the

3-16 Soil and Rock Classification

Revision 0 March 2016

Page 4 of 14

PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET.



material during kneading. Describe the toughness of the thread and lump as low, medium, or high in
accordance with the criteria in  Table 8-2.

Table 8-2: Criteria for Describing Toughness

Description | Criteria

Low Only slight pressure is required to roll the thread near the plastic limit. The thread and the
lump are weak and soft.

Medium Medium pressure is required to roll the thread near the plastic limit. The thread and the
lump have medium stiffness.

High Considerable pressure is required to roll the thread near the plastic limit. The thread and the
lump have very high stiffness.

DEFINITION OF TERMS
MAJOR DIVISIONS SYMBOLS TYPICAL DESCRIPTIONS
GRAVELS G?lﬂs GW | Well graded gravels, gravel-sand mixtures, little or no fines
More Than | (Less than y : -
3 E o C:ar:e 6% Fines) GP | Poorly graded gravels, gravel-sand mixtures, littie or no fines
=3 Fraction is " _silt mi -plasti
g g ‘; Smaller Than | GRAVELS GM | Silty gravels, gravel-sand-silt mixtures, non-plastic fines
wes Z2 No. 4 Sieve With Fines - -
g 3 =17] 4 GC | Clayey gravels, gravel-sand-clay mixtures, plastic fines
=]
Ik> CLEAN -
8 _‘E ’gd% SANDS L“Nas | SW | Well graded sands, gravelly sands, little or no fines
g E 5 Mﬂ:;:f " L_;stin;l; Tt SP | Poorly graded sands, gravelly sands, little or no fines
oS Coarse
0= Fraction is . ' { SM | Silty sands, sand-silt mixtures, non-plastic fines
Smaller Than SANDS *
No.4 Sieve | With Fines /// SC | Clayey sands, sand-clay mixtures, plastic fines
L Tnorgamic silts, rock flour, fine sandy silts or clays, and clayey silts
" E o M with non- or slightly-plastic fines
42 & SILTS AND CLAYS N oL | Tmorganic clays offow o medium plastcity, gravelly clays, Silty clays,
03¢ Liquid Limit is c sandy clays, lean clays
w3 o
058 Less Than 50% — — —
s &0 QL | Organic silts and organic silty clays of low plasticity
(1 =4 —

ITFS Inorganic silts, micaceous or diatomaceous fine sandy or silty soils,
Scye MH | o0
6I2n elastic silts, clayey silt
o = g SILTS AND CLAYS 7 - - - —
Zoo Liquid Limit is CH | inorganic clays of high plasticity, fat clays
- X Greater Than 50%

OH | Organic clays of medium to high plasticity, organic silts

HIGHLY ORGANIC SOILS PT | Peat and other highly organic soils
GRAIN SIZES
SAND GRAVEL
SILTS AND CLAYS COBBLES | BOULDERS
FINE MEDIUM COARSE FINE COARSE
200 40 10 4 34* 3 12
U.S. STANDARD SERIES SIEVE CLEAR SQUARE SIEVE OPENINGS

Figure8-1: Unclassified Soil Classification System (USCS)
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Figure 8-2: Flow Chart for Fine Grain Soil Classification
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Figure 8-3: Flow Chart for Soil with Gravel
The plasticity of a soil is defined by the ability of the soil to deform without cracking, the range of moisture

content over which the soil remains in a plastic state, and the degree of cohesiveness at the plastic limit.
limit. The liquid limit is defined as the soil moisture content at which soil passes from the liquid to the

The plasticity characteristic of clays and other cohesive materials is defined by the liquid limit and plastic
plastic state as moisture is removed. The test for the liquid limit is a laboratory, not a field, analysis.
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8.1.3

8.14

8.1.5

8.1.5.1

The plastic limit is the soil moisture content at which a soil passes from the plastic to the semi-solid state
as moisture is removed. The plastic limit test can be performed in the field and is indicated by the ability to
roll a 1/8-inch (0.125-inch) diameter thread of fines, the time required to roll the thread, and the number of
times the thread can be re-rolled when approaching the plastic limit.

The plasticity tests are not based on natural soil moisture content, but on soil that has been thoroughly
mixed with water. If a soil sample is too dry in the field, add water prior to performing classification. If a soil
sample is too sticky, spread the sample thin and allow it to lose some soil moisture.

Table 8-3 presents the criteria for describing plasticity in the field using the rolled thread
method.

Table 8-3: Criteria for Describing Plasticity

Description Criteria
Non-Plastic A 1/8-inch thread cannot be rolled.
Low Plasticity The thread can barely be rolled.
Medium Plasticity | The thread is easy to roll and not much time is required to reach the plastic limit.
High Plasticity It takes considerable time rolling the thread to reach the plastic limit.
Angularity

The following criteria describe the angularity of the coarse sand and gravel particles:
e Rounded particles have smoothly-curved sides and no edges.
e Subrounded particles have nearly plane sides, but have well-rounded corners and edges.
e Subangular particles are similar to angular, but have somewhat rounded or smooth edges.

e Angular particles have sharp edges and relatively plane sides with unpolished surfaces. Freshly
broken or crushed rock would be described as angular.

Color, Moisture, and Odor

The natural moisture content of soil is very important. Table 8-4 shows the terms for describing the
moisture condition and the criteria for each.

Table 8-4: Soil Moisture Content Qualifiers

Qualifier Criteria

Dry Absence of moisture, dry to the touch

Moist Damp but no visible water

Wet Visible water, usually soil is below water table

Color is described by hue and chroma using the Munsell Soil Color Chart (Munsell 2000). For uniformity,
all site geologists shall utilize this chart for soil classification. Doing so will facilitate correlation of geologic
units between boreholes logged by different geologists. The Munsell Color Chart is a small booklet of
numbered color chips with names like “5YR 5/6, yellowish-red.” Note mottling or banding of colors. It is
particularly important to note and describe staining because it may indicate contamination.

In general, wear a respirator if strong organic odors are present. If odors are noted, describe them if they
are unusual or suspected to result from contamination. An organic odor may have the distinctive smell of
decaying vegetation. Unusual odors may be related to hydrocarbons, solvents, or other chemicals in the
subsurface. An organic vapor analyzer may be used to detect the presence of volatile organic
contaminants.

In-Place Conditions

Describe the conditions of undisturbed soil samples in terms of their density/consistency (i.e.,
compactness), cementation, and structure utilizing the following guidelines:

Density/Consistency

Density and consistency describe a physical property that reflects the relative resistance of a soil to
penetration. The term “density” is commonly applied to coarse to medium-grained sediments (i.e., gravels,
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sands), whereas the term “consistency” is normally applied to fine-grained sediments (i.e., silts, clays).
There are separate standards of measure for both density and consistency that are used to describe the
properties of a soil.

The density or consistency of a soil is determined by observing the humber of blows required to drive a 1
3/8-inch (35 mm) diameter split barrel sampler 18 inches using a drive hammer weighing 140 Ibs (63.5
kilograms [kg]) dropped over a distance of 30 inches (0.76 meters). Record the number of blows required
to penetrate each 6 inches of soil in the field boring log during sampling. The first 6 inches of penetration
is considered to be a seating drive; therefore, the blow count associated with this seating drive is
recorded, but not used in determining the soil density/consistency. The sum of the number of blows
required for the second and third 6 inches of penetration is termed the “standard penetration resistance,”
or the “N-value.” The observed number of blow counts must be corrected by an appropriate factor if a
different type of sampling device (e.g., Modified California Sampler with liners) is used. For a 2 3/8-inch
inner diameter (1.D.) Modified California Sampler equipped with brass or stainless steel liners and
penetrating a cohesionless soil (sand/gravel), the N-value from the Modified California Sampler must be
divided by 1.43 to provide data that can be compared to the 1 3/8-inch diameter sampler data.

For a cohesive soil (silt/clay), the N-value for the Modified California Sampler should be divided by a factor
of 1.13 for comparison with 1 3/8-inch diameter sampler data.

Drive the sampler and record blow counts for each 6-inch increment of penetration until one of the
following occurs:

e A total of 50 blows have been applied during any one of the three 6-inch increments; a 50-blow
count occurrence shall be termed “refusal” and noted as such on the boring log.
e Atotal of 150 blows have been applied.

e The sampler is advanced the complete 18 inches without the limiting blow counts occurring, as
described above.

If the sampler is driven less than 18 inches, record the number of blows per partial increment on the
boring log. If refusal occurs during the first 6 inches of penetration, the number of blows will represent
the N-value for this sampling interval. Table 8-5 and Table 8-6 present representative
descriptions of soil density/consistency vs. N-values.

Table 8-5: Measuring Soil Density with a California Sampler — Relative Density (Sands, Gravels)

Description Field Criteria (N-Value)
1 3/8in. ID Sampler | 2 in. ID Sampler using 1.43 factor
Very Loose 04 0-6
Loose 4-10 6-14
Medium Dense | 10-30 14-43
Dense 30-50 43-71
Very Dense > 50 >71

Table 8-6: Measuring Soil Density with a California Sampler — Fine Grained Cohesive Soil

Description Field Criteria (N-Value)
1 3/8in. ID Sampler | 2 in. ID Sampler using 1.13 factor
Very Soft 0-2 0-2
Soft 2-4 2-4
Medium Stiff | 4-8 4-9
Stiff 8-16 9-18
Very Stiff 16-32 18-36
Hard >32 > 36

For undisturbed fine-grained soil samples, it is also possible to measure consistency with a hand-held
penetrometer. The measurement is made by placing the tip of the penetrometer against the surface of the
soil contained within the sampling liner or shelby tube, pushing the penetrometer into the soil a distance
specified by the penetrometer manufacturer, and recording the pressure resistance reading in pounds per
square foot (psf). The values are as follows ( Table 8-7):

3-16 Soil and Rock Classification
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Table 8-7: Measuring Soil Consistency with a Hand-Held Penetrometer

Description Pocket Penetrometer Reading (psf)
Very Soft 0-250

Soft 250-500

Medium Stiff | 500-1000

Stiff 1000-2000

Very Stiff 2000-4000

Hard >4000

Consistency can also be estimated using thumb pressure using Table 8-8.

Table 8-8: Measuring Soil Consistency Using Thumb Pressure

Description

Criteria

Very Soft

Thumb will penetrate soil more than 1 inch (25 mm)

Soft

Thumb will penetrate soil about 1 inch (25 mm)

Firm

Thumb will penetrate soil about 1/4 inch (6 mm)

Hard

Thumb will not indent soil but readily indented with thumbnail

Very Hard

Thumbnail will not indent soil

8.1.5.2 Cementation

Cementation is used to describe the friability of a soil. Cements are chemical precipitates that provide
important information as to conditions that prevailed at the time of deposition, or conversely, diagenetic
effects that occurred following deposition. Seven types of chemical cements are recognized by Folk
(1980). They are as follows:

e  Quartz — siliceous

e  Chert — chert-cemented or chalcedonic

e Opal —opaline

e Carbonate — calcitic, dolomitic, sideritic (if in doubt, calcareous should be used)
e Iron oxides — hematitic, limonitic (if in doubt, ferruginous should be used)

e Clay minerals — if the clay minerals are detrital or have formed by recrystallization of a previous clay
matrix, they are not considered to be a cement. Only if they are chemical precipitates, filling previous
pore space (usually in the form of accordion-like stacks or fringing radial crusts) should they be
included as “kaolin-cemented,” “chlorite-cemented,” etc.

e Miscellaneous minerals — pyritic, collophane-cemented, glauconite-cemented, gypsiferous,
anhydrite-cemented, baritic, feldspar-cemented, etc.

The degree of cementation of a soil is determined qualitatively by utilizing finger pressure on the soil in
one of the sample liners to disrupt the gross soil fabric. The three cementation descriptors are as follows:

o Weak — friable; crumbles or breaks with handling or slight finger pressure
e Moderate — friable; crumbles or breaks with considerable finger pressure
e  Strong — not friable; will not crumble or break with finger pressure

8.153 Structure

This variable is used to qualitatively describe physical characteristics of soil that are important to
incorporate into hydrogeological and/or geotechnical descriptions of soil at a site. Appropriate solil
structure descriptors are as follows:

e Granular — spherically shaped aggregates with faces that do not accommodate adjoining faces

e Stratified — alternating layers of varying material or color with layers at least 6 mm (1/4 inch) thick;
note thickness

3-16 Soil and Rock Classification
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8.1.6

8.16.1

8.1.6.2

8.1.6.3

e Laminated — alternating layers of varying material or color with layers less than 6 mm (1/4 inch)
thick; note thickness

e Blocky — cohesive soil that can be broken down into small angular or subangular lumps that resist
further breakdown

e Lensed — inclusion of a small pocket of different soil, such as small lenses of sand, should be
described as homogeneous if it is not stratified, laminated, fissured, or blocky. If lenses of different
soil are present, the soil being described can be termed homogeneous if the description of the
lenses is included

e Prismatic or Columnar — particles arranged about a vertical line, ped is bounded by planar, vertical
faces that accommodate adjoining faces; prismatic has a flat top; columnar has a rounded top

e Platy — particles are arranged about a horizontal plane
Other Features
e Mottled — soil that appears to consist of material of two or more colors in blotchy distribution

e Fissured — breaks along definite planes of fracture with little resistance to fracturing (determined by
applying moderate pressure to sample using thumb and index finger)

e Slickensided — fracture planes appear polished or glossy, sometimes striated (parallel grooves or
scratches)

Development of Soil Description

Develop standard soil descriptions according to the following examples. There are three principal
categories under which all soil can be classified. They are described below.

Coarse-grained Soil

Coarse-grained soil is divided into sands and gravels. A soil is classified as a sand if over 50 percent of the
coarse fraction is “sand-sized.” It is classified as a gravel if over 50 percent of the coarse fraction is
composed of “gravel-sized” particles.

The written description of a coarse-grained soil shall contain, in order of appearance: Typical name
including the second highest percentage constituent as an adjective, if applicable (underlined); grain size
of coarse fraction; Munsell color and color number; moisture content; relative density; sorting; angularity;
other features, such as stratification (sedimentary structures) and cementation, possible formational name,
primary USCS classification, secondary USCS classification (when necessary), and approximate
percentages of minor constituents (i.e., sand, gravel, shell fragments, rip-up clasts) in parentheses.

Example: POORLY-SORTED SAND WITH SILT, medium- to coarse-grained, light olive gray, 5Y
6/2, saturated, loose, poorly sorted, subrounded clasts, SW/SM (minor silt with
approximately 20 percent coarse-grained sand-sized shell fragments, and 80 percent
medium-grained quartz sand, and 5 percent to 15 percent ML).

Fine-grained Soil

Fine-grained soil is further subdivided into clays and silts according to its plasticity. Clays are rather plastic,
while silts have little or no plasticity.

The written description of a fine-grained soil should contain, in order of appearance: Typical name
including the second highest percentage constituent as an adjective, if applicable (underlined); Munsell
color; moisture content; consistency; plasticity; other features, such as stratification, possible formation
name, primary USCS classification, secondary USCS classification (when necessary), and the percentage
of minor constituents in parentheses.

Example: SANDY LEAN CLAY, dusky red, 2.5 YR 3/2, moist, firm, moderately plastic, thinly
laminated, CL (70 percent fines, 30 percent sand, with minor amounts of disarticulated
bivalves [about 5 percent)).

Organic Soil

For highly organic soil, describe the types of organic materials present as well as the type of sall
constituents present using the methods described above. Identify the soil as an organic soil, OL/OH, if the
soil contains enough organic particles to influence the soil properties. Organic soil usually has a dark
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brown to black color and may have an organic odor. Often, organic soils will change color, (e.g., from black
to brown) when exposed to air. Some organic soils will lighten in color significantly when air-dried. Organic
soils normally will not have a high toughness or plasticity. The thread for the toughness test will be spongy.

8.2 Example: ORGANIC CLAY, black, 2.5Y, 2.5/1, wet, soft, low plasticity, organic odor, OL (100 percent
fines), weak reaction to HCI.

8.3 Rock Classification

The purpose of rock classification is to thoroughly describe the physical and mineralogical characteristics
of a specimen and to classify it according to an established system. The generalized rock classification
system described below was developed because, unlike the USCS for soils, there is no universally
accepted rock classification system. In some instances, a more detailed and thorough rock classification
system may be appropriate. Any modifications to this classification system, or the use of an alternate
classification system should be considered during preparation of the site work plan. Both the DO Manager
and the QA Manager or Technical Director must approve any modifications to this classification system, or
the use of another classification system.

Describing rock specimens on a common basis is essential so that rocks described by different site
geologists are comparable. Site geologists describing rock specimens as a part of investigative activities
must use the classification system described herein, or if necessary, another more detailed classification
system. Use of a common classification system provides the most useful geologic database for all present
and future subsurface investigations and remedial activities.

In order to provide a more consistent rock classification between geologists, a rock classification template
has been designated as shown in Error! Reference source not found.. The template includes
classification of rocks by origin and mineralogical composition. When classifying rocks, all site geologists
shall use this template.

The site geologist shall describe the rock specimen and record the description in a boring log or logbook.
The items essential for classification include (i.e., metamorphic foliated):

e Classification Name (i.e., schist)

e Color

e Mineralogical composition and percent

e Texture/Grain size (i.e., fine-grained, pegmatitic, aphlitic, glassy)
e  Structure (i.e., foliated, fractured, lenticular)

e Rock Quality Designation (sum of all core pieces greater than two times the diameter of the core
divided by the total length of the core run, expressed as a percentage)

e Classification symbol (i.e., MF)

Example: Metamorphic foliated schist: Olive gray, 5Y, 3/2, Garnet 25 percent, Quartz 45 percent,
Chlorite 15 percent, Tourmaline 15 percent, Fine-grained with Pegmatite garnet, highly foliated, slightly
wavy, MF.

9.0 Quality Control and Assurance

None
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10.0
10.1

10.2

11.0

Data and Records Management

Document soil classification information collected during soil sampling onto the field boring logs, field
trench logs, and into the field notebook. Copies of this information shall be sent to the DO Manager for
the project files.

Field notes will be kept during coring activities in accordance with SOP 3-03 — Recordkeeping, Sample
Labeling, and Chain of Custody. The information pertinent to soil classification activities includes
chronology of events, sample locations (x,y,z), time/date, sampler name, methods (including type of core
liner/barrel, if applicable), sampler penetration and acceptability, sample observations, and the times and
type of equipment decontamination. Deviations to the procedures detailed in the SOP should be
recorded in the field logbook.
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Direct Push Sampling Techniques

Procedure 3-17

1.0
1.1
1.2

13

1.4

2.0
2.1

2.2

2.3

Purpose and Scope
This standard operating procedure (SOP) provides guidance on the use of direct push techniques.

This procedure is the Program-approved professional guidance for work performed by AECOM-
Tidewater, Inc. Joint Venture (AECOM-Tidewater JV).

This procedure shall serve as management-approved professional guidance and is consistent with
protocol in the Uniform Federal Policy-Quality Assurance Project Plan (DoD 2005). As professional
guidance for specific activities, this procedure is not intended to obviate the need for professional
judgment during unforeseen circumstances. Deviations from this procedure while planning or executing
planned activities must be approved by both the Delivery Order (DO) Manager and the Quality
Assurance (QA) Manager or Technical Director, and documented.

If there are procedures whether it be from AECOM-Tidewater JV, state and/or federal that are not
addressed in this SOP and are applicable to direct push sampling then those procedures may be added
as an appendix to the project specific SAP.

Safety

Field personnel shall perform work in accordance with the site-specific health and safety plan (HASP).
During monitoring well installation, subcontractors in direct contact with potentially contaminated media
shall wear the proper personal protective equipment (PPE) as outlined in the site-specific health and
safety plan. Failure to comply will result in disciplinary action.

If circumstances warrant, a real-time immediate response instrument, such as a Miniram Dust Monitor,
organic vapor analyzer, HNu, Thermo, Draeger or Sensidyne tubes, or explosimeter, should be used to
monitor the work area. When real/time instrument response exceeds the permissible exposure limit,
personnel shall don the appropriate PPE and alternate control measures to ensure personnel safety. If
safe control measures are not achievable, field activities shall be discontinued immediately. Company-
specific HASPs offer guidelines on air surveillance and on selection of PPE. In addition, the site-specific
HASP includes an air monitoring program and suggested PPE.

In addition to the aforementioned precautions and depending upon the type of contaminant expected,
employ the following safe work practices:

Particulate or Metal Compounds
1.  Avoid skin contact and/or incidental ingestion of soil.

2. Wear protective clothing, safety-toed boots, gloves, safety glasses, and hearing protection as
warranted.

VOCs

1. Avoid breathing constituents venting from holes by approaching upwind, and/or by use of
respiratory protection.

2. Pre-survey the area with a flame ionization detector (FID) or photoionization detector (PID) prior to
sampling.

3. If monitoring results indicate organic vapors that exceed action levels as specified in the site-
specific HASP, sampling activities may need to be conducted in Level C protection. At a minimum,
skin protection will be required by use of gloves and Tyvek or other media that is protective against
the media being encountered.

Flammable or Explosive Conditions
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3.0
3.1

4.0
4.1

5.0
5.1

5.2
521

5.2.2
5.2.3
524
5.2.5

6.0

1.  Monitor explosive gases as continuously as possible using an explosimeter and oxygen meter.

2. Place all ignition sources upwind or crosswind of the borehole.

3. If explosive gases exceed the designated action levels as specified in the site-specific HASP,
cease operations and evaluate conditions.

Physical Hazards Associated With Soil Sampling

1. To avoid possible back strain associated with sample collection, use the large muscles of the legs,
not the back, when retrieving soil samplers.

Stay clear of all moving equipment, and avoid wearing loose fitting clothing.
To avoid slip/trip/fall hazards, be wary of open trenches, pits, or holes.

Be aware of restricted mobility due to PPE.

o 0D

To avoid hand, wrist, arm, shoulder, and back trauma due to the use of slide hammers or hand
augers, rotate sampling among field personnel

Terms and Definitions

Direct push techniques are methods for subsurface sampling or monitoring that involve the application of
downward pressure (usually supplied through hydraulic means) without the benefit of cutting tool rotation
to enter soil. A variety of systems are available under several trade names, such as GeoProbe®.
Equipment may be skid-mounted, trailered, or mounted directly on the frame of a vehicle.

Interferences

Potential interferences could result from cross-contamination between samples or sample locations.
Minimization of the cross contamination will occur through the following:

° The use of clean sampling tools at each location as necessary.

° Avoidance of material that is not representative of the media to be sampled.

Training and Qualifications
Qualifications and Training

The individual executing these procedures must have read, and be familiar with, the requirements of this
SOP.

Responsibilities

The DO Manager is responsible for ensuring that these standard direct push technique procedures are
followed and that a qualified individual conducts or supervises the projects. A qualified individual for
subsurface sampling or monitoring using direct push techniques is defined as a person with a degree in
geology, hydrogeology, or geotechnical/civil engineering with at least 1 year of experience supervising
soil boring construction using conventional drilling or direct push techniques. The DO Manager or
designee is responsible for ensuring that all personnel involved in direct push sampling techniques shall
have the appropriate education, experience, and training to perform their assigned tasks as specified in
the DoD Environmental Field Sampling Handbook (DOD 2013).

The Program Quality Manager is responsible for ensuring overall compliance with this procedure.
The Field Manager is responsible for ensuring that all field personnel follow these procedures.
All Field Personnel are responsible for the implementation of this procedure.

The Field Personnel and/or Field Manager is responsible for directly supervising the direct push sampling
procedures to ensure that they are conducted according to this procedure, and for recording all pertinent
data collected during sampling.

Equipment and Supplies
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7.0

7.1

7.2

7.3

7.4

In addition to those materials provided by the subcontractor, the project Field Manager/Field Personnel
will require:

° Boring Logs;

e Spoons or Scoops;

° Sample kit (bottles, labels, custody records and tape, cooler, ice), if laboratory analysis is required;
° Sample collection pan;

° Folding rule or tape measure;

° Plastic sheeting;

. Utility knife;

° Equipment decontamination materials (as described in SOP 3-06, Equipment Decontamination);

° Health and safety equipment (as required by HASP); and

° Field project notebook/pen.

Procedure

Direct push techniques may be used as a cost-effective alternative to conventional drilling techniques for
obtaining subsurface soil and groundwater samples and for monitoring subsurface conditions.

Method Selection

Base the decision to use direct push techniques on: (1) their ability to achieve the required information at
the required level of quality control and (2) their cost-effectiveness compared to conventional drilling
methods. Major limitations of direct push techniques are their inability to penetrate rock or cobbles and a
shallow maximum depth of penetration. The capabilities of direct push systems vary significantly among
vendors. Consider these differences in capabilities when evaluating the method for a subsurface
exploration program.

Use direct push techniques to obtain groundwater samples for confirmatory analyses only if the screen
placement method protects the screen from clogging during installation and allows the installation of a
sand-pack around the exterior of the well screen.

Inspection of Equipment

Inspect direct push equipment prior to use for signs of fluid leakage, which could introduce contaminants
to the soil. If, at any time during equipment operation, fluid is observed leaking from the rig, cease
operations and immediately repair or contain the leak. Collect, containerize, and label soil and other
materials affected by the leak for proper disposal (see SOP 3-05, IDW Management).

Preparation of Work Site

Inspect the work site prior to commencing operations to ensure that no overhead hazards exist that could
impact the direct push equipment, and the work area should cleared and/or marked by the local
underground utility locating service (e.g., DigSafe). In addition, clear locations planned for subsurface
exploration using either geophysical methods and/or hand excavate locations to a depth of 2 to 3 feet
prior to soil penetration, unless it is certain (by virtue of subsurface clearing activities) that no utilities or
other hazardous obstructions will be encountered in the first 2 to 3 feet. Hand excavation may be waived
when it is not practical.

Locate the direct push rig so that it is downslope from the penetration point, if the work is to be performed
on a grade. Locate the rig downwind or crosswind of the penetration point, if possible. Cover the area
surrounding, and in the vicinity of, the penetration point with plastic. Establish required exclusion zones
using plastic tape or cones to designate the various areas.

Equipment Decontamination

To avoid cross-contamination, thoroughly decontaminate equipment used for direct push exploration and
sampling as described in SOP 3-06, Equipment Decontamination. Decontaminate sampling tools and
downhole equipment between each sampling event and between penetration points. At a minimum,
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steam clean or wash and rinse the equipment. Collect, containerize, and label all wash and rinse water
for proper disposal. Clean equipment (e.g., drive rods and samplers) shall not come into contact with
contaminated soils or other contaminated materials. Keep equipment on plastic or protect it in another
suitable fashion. Store push rods and other equipment removed from a hole on plastic sheeting until
properly decontaminated.

7.5 Soil Sampling

This SOP assumes that the subcontractor will perform sampling; therefore, detailed procedures
regarding sample acquisition are not provided. Vendors of direct push equipment offer a variety of
sampling systems designed specifically for their equipment. Both continuous and discreet soil samples
may be obtained using sampling equipment similar to that described in Procedure 3-21, Surface and
Subsurface Soil Sampling. The preferred methods for soil sampling using direct push techniques use
brass or stainless steel split-tube samplers that are driven through the horizon to be sampled. Use plastic
sample tubes (e.g., Macro-Core Samplers) only for screening purposes or, in the case of confirmatory
sampling, if samples will not be analyzed for volatile organic compounds (VOCs) or semivolatile organic
compounds (SVOCs).

7.6 Groundwater Sampling

Direct push vendors offer numerous methods for obtaining groundwater samples. Key differences among
methods involve: (1) the maximum well diameter achievable; (2) the ability to protect the well screen from
exposure to contaminated overburden soils during installation; (3) the ability to install packing around the
screen; (4) flexibility in the size, materials of construction, and design of well screens; and (5) the ability
to convert sampling points into permanent monitoring wells. The limitations and abilities of a given
system must be thoroughly understood and matched to the needs of the project before committing to the
collection of groundwater samples using direct push techniques.

Use direct push techniques only to collect screening samples unless it is confirmed that the system:

1. Effectively protects the well screen from exposure to contaminated overburden soils during
installation

2. Allows the installation of effective packing around the well screen

3. Allows the well screen to be effectively sealed against the downward infiltration of overlying
groundwater or surface precipitation

4. s constructed of materials compatible with the intended sampling and analysis goals of the project
Allows the use of a well screen properly sized and slotted for the needs of the project

Additional information on the collection of groundwater samples can be found in SOP 3-14 Monitoring

Well Sampling.

It is the responsibility of the DO Manager to evaluate and determine the appropriateness of direct push
systems prior to committing to their use on any project involving groundwater sampling. As part of this
evaluation, it is recommended to obtain concurrence from regulatory authorities in advance for the
method selection.

7.7 Borehole Abandonment

Methods for abandoning boreholes created with direct push systems will vary among vendors.
Coordinate the desired method for abandonment with the vendor in the planning stages of the project to
ensure proper abandonment.

Some direct push boreholes will close naturally as the drive rods and sampling tools are withdrawn. This
may occur in loose, unconsolidated soils, such as sands. Close all boreholes using one of the
procedures described in this procedure, unless natural caving precludes such closure.

The three methods for closing direct push boreholes are:

1. Add granulated or pelletized bentonite and hydrate in layers, proceeding from the bottom of the
hole to the surface.

2. Pour premixed cement/water (or cement/water/bentonite) mixture into the hole.
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3. Fill the entire hole with granular or pelletized bentonite and hydrate by means of a previously
emplaced water tube that is gradually withdrawn as water is supplied to the bentonite.

The second method is recommended. For shallow holes less than 10 feet in depth, pour a
cement/water/bentonite mix directly into the opening using a funnel. For deeper holes, use a conductor
(tremie) pipe to carry the grout mix to the far reaches of the borehole. Lower the conductor pipe to within
2 inches of the bottom and gradually withdraw it as grout is added, keeping the lower end of the pipe
submerged in grout at all times.

The recommended grout mixture for well abandonment is 7 to 9 gallons of water per 94-pound bag of
Portland cement, with 3 percent to 5 percent by weight of powdered bentonite added to the mixture.
Commercial products, such as Volcay are acceptable with pre-approval of the DO Manager.

Seal boreholes to within 0.5 to 2.0 feet of the surface. Inspect the abandoned borehole after 24 hours to
ensure that grout shrinkage does not occur. If significant shrinkage has occurred, re-grout the borehole.
Fill the remaining portion of the hole with local topsoil or appropriate paving materials.

Quality Control and Assurance

Collection of representative samples will be ensured through adherence to the procedures in this SOP
and the sampling strategy outlined in the SAP. The field quality control samples identified in the SAP
must be collected. These samples may include field duplicates, equipment rinsate blanks, trip blanks,
and matrix spike/matrix spike duplicates

Records, Data Analysis, Calculations

Various forms are required to ensure that adequate documentation is made of the sample collection
activities. These forms may include:

° Boring logs;

° Field logbook;

° Sample collection records;

° Chain-of-custody forms; and

° Shipping labels.

Boring logs (Attachment 1) will provide visual and descriptive information for samples collected at each
soil boring and are often the most critical form of documentation generated during a soil sampling
program.

The field logbook is kept as a general log of activities and should not be used in place of the boring log.
Chain-of-custody forms are transmitted with the samples to the laboratory for sample tracking purposes.

Shipping labels are required is sample coolers are to be transported to a laboratory by a third party
(courier service).

Attachments or References
Attachment 1 — Boring Log

DoD Environmental Field Sampling Handbook, Revision 1.0. April 2013.

Department of Defense, United States (DoD). 2005. Uniform Federal Policy for Quality Assurance
Project Plans, Part 1: UFP-QAPP Manual. Final Version 1. DoD: DTIC ADA 427785, EPA-505-B-04-
900A. In conjunction with the U. S. Environmental Protection Agency and the Department of Energy.
Washington: Intergovernmental Data Quality Task Force. March. On-line updates available at:
http://www.epa.gov/fedfac/pdf/ufp_gapp_v1_0305.pdf.

SOP 3-05, IDW Management.
SOP 3-06, Equipment Decontamination.
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10.6 SOP 3-21, Surface and Subsurface Soil Sampling.
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Headspace Screening for Total VOCs

Procedure 3-19
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Purpose and Scope

This standard operating procedure (SOP) describes the basic techniques for using headspace analysis to
screen for volatile organics in contaminated soils using a portable Photo lonization Detector (PID) or
Flame lonization Detector (FID).

As guidance for specific activities, this procedure does not obviate the need for professional judgment.
Deviations from this procedure while planning or executing planned activities must be approved in
accordance with Program requirements for technical planning and review.

Safety

The health and safety considerations for the work associated with this SOP will be addressed in the
project Health and Safety Plan (HASP). In the absence of a HASP, work will be conducted according to
the Delivery Order (DO) Work Plan (WP) and/or direction from the Site Safety Officer (SSO). Note
that headspace screening usually requires Level D personal protection unless there is a potential for
airborne exposure to site contaminants. Under circumstances where potential airborne exposure is
possible respiratory protective equipment may be required based on personal air monitoring results.
Upgrades to Level C will be coordinated with the Site Safety Officer (SSO) or DO Manager.

Health and safety hazards and corresponding precautions include, but are not limited to, the following:

Dermal contact with contaminated soil. Personnel should treat all soil as potentially contaminated and
wear chemically impervious gloves. Minimize skin contact with soil by using sampling instruments such
as stainless steel spades or spoons. Do not touch any exposed skin with contaminated gloves.

Inhalation hazards. Appropriate air monitoring should be conducted to ensure that organic vapor
concentrations in the breathing zone do not exceed action levels as specified in the Site-Specific HASP.
When ambient temperatures are low enough to require warming samples using the vehicle heater, the
vehicle’s windows should be opened enough to prevent the build-up of any organic vapors. Use the PID
or FID to verify the airborne concentrations in the vehicle remain below applicable action levels. Note
that many volatile organic compounds (VOCs) are flammable and all precautions must be observed to
eliminate any potential ignition sources.

Shipping limitations. Follow applicable regulations when shipping FID/PID equipment. When shipping
an FID by air, the hydrogen tank must be bled dry. Calibration gas canisters are considered dangerous
goods and must be shipped according to IATA and DOT regulations. Consult your EHS Coordinator and
check with your shipping company to determine the correct shipping procedures

Terms and Definitions

None.

Interferences

Regardless of which gas is used for calibration, the instrument will respond to all analytes present in the
sample that can be detected by the type of lamp used in the PID.

Moisture will generate a positive interference in the concentration measured for a PID and is
characterized by a slow increase in the reading as the measurement is made. Care must be taken to
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minimize uptake of moisture to the extent possible. Refer to the manufacturers’ instructions for care,
cleaning, and maintenance.

Uptake of soil into the PID must be avoided as it will compromise instrument performance by blocking
the probe, causing a positive interference, or dirtying the PID lamp. Refer to the manufacturers’
instructions for care, cleaning, and maintenance.

The user should listen to the pitch of the sampling pump. Any changes in pitch may indicate a blockage
and corrective action should be initiated.

Training and Qualifications
Qualifications and Training

The individual executing these procedures must have read, and be familiar with, the requirements of this
SOP.

Responsibilities

The DO Manager is responsible for ensuring that the collection of headspace readings comply with this
procedure. The DO Manager is responsible for ensuring that all personnel involved in the collection of
headspace readings shall have the appropriate education, experience, and training to perform their
assigned tasks.

The Program Quality Manager is responsible for ensuring overall compliance with this procedure.

The Field Manager is responsible for ensuring that all headspace readings are conducted according to
this procedure as well as verifying that the PID/FID is in proper operating condition prior to use and for
implementing the calibration.

All Field Personnel are responsible for the implementation of this procedure.

Equipment and Supplies

The following materials must be on hand in good operating condition and/or in sufficient quantity to
ensure that proper field analysis procedures may be followed:

° Calibrated PID/FID instrument;

° Top-sealing “Zip-Loc” type plastic bags — or — 16 ounces of soil or “mason-" type glass jars and
aluminum foil;

° Project field book and/or boring logs;
° Personal Protective Equipment (PPE) as specified in the project HASP; and

° Material Safety Data Sheets (MSDSs) for any chemicals or site-specific contaminants.

Procedure
Preparation

Review available project information to determine the types of organic vapors that will likely be
encountered to select the right instrument. The two basic types of instruments are FIDs and PIDs.

FIDs work well with organic compounds that have relatively lightweight molecules, but may have
problems detecting halogenated compounds or heavier organic compounds; FIDs can detect methane
for example. Since the FID uses a flame to measure organic compounds, ensure that work is conducted
in an atmosphere, which is free of combustible vapors. If ambient temperatures are below 40°F, the
flame of the FID may be difficult to light.
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When using a PID, select an instrument that can measure the ionization potential of the anticipated
contaminants of concern. PIDs work well with a range of organic compounds and can detect some
halogenated hydrocarbons; PIDs cannot detect methane. The correct ultraviolet (UV) light bulb must be
selected according to the types of organic vapors that will likely be encountered. The energy of the UV
light must equal or exceed the ionization potential of the organic molecules that the PID will measure.
The NIOSH Pocket Guide to Chemical Hazards is one source for determining ionization potentials for
different chemicals. Bulbs available for PIDs include 9.4 eV, 10.6 (or 10.2) eV, and 11.7 eV bulbs. The
10.6 eV bulb is most commonly used as it detects a fairly large range of organic molecules and does not
burn out as easily as the 11.7 eV bulb. The 9.4 eV bulb is the most rugged, but detects only a limited
range of compounds. Under very humid or very cold ambient conditions, the window covering the UV
light may fog up, causing inaccurate readings. Ask the SSO about correction factors when high humidity
conditions exist.

After selecting the correct instrument, calibrate the PID/FID according to the manufacturer’s instructions.
Record background/ambient levels of organic vapors measured on the PID/FID after calibration and
make sure to subtract the background concentration (if any) from your readings. Check the PID/FID
readings against the calibration standard every 20 readings or at any time when readings are suspected
to be inaccurate, and recalibrate, if necessary. Be aware that, after measuring highly contaminated soil
samples, the PID/FID may give artificially high readings for a time.

7.2 Top-Sealing Plastic Bag

Place a quantity of soil in a top-sealing plastic bag and seal the bag immediately. The volume of soil to
be used should be determined by the DO Manager or Field Manager. The volume of soil may vary
between projects but should be consistent for all samples collected for one project. Ideally, the bag
should be at least 1/10th-filled with soil and no more than half-filled with soil. Once the bag is sealed,
shake the bag to distribute the soil evenly. If the soil is hard or clumpy, use your fingers to gently work
the soil (through the bag) to break up the clumps. Do not use a sampling instrument or a rock hammer
since this may create small holes in the plastic bag and allow organic vapors to escape. Alternatively,
the sample may be broken up before it is placed in the bag. Use a permanent marker to record the
following information on the outside of the bag:

° Site identification information (i.e., borehole number);
o Depth interval; and

o Time the sample was collected. For example: “SS-12, 2-4 ft, @1425”.

Headspace should be allowed to develop before organic vapors are measured with a PID/FID. The
amount of time required for sufficient headspace development will be determined by the project-specific
sampling plan and the ambient temperature. Equilibration time should be the same for all samples to
allow an accurate comparison of organic vapor levels between samples. However, adjustments to
equilibration times may be necessary when there are large variations in ambient temperature from day
to day. When ambient temperatures are below 32°F, headspace development should be within a heated
building or vehicle. When heating samples, be sure there is adequate ventilation to prevent the build-up
or organic vapors above action levels.

Following headspace development, open a small opening in the seal of the plastic bag. Insert the probe
of a PID/FID and seal the bag back up around the probe as tightly as possible. Alternatively, the probe
can be inserted through the bag to avoid loss of volatiles. Since PIDs and FIDs are sensitive to moisture,
avoid touching the probe to the soil or any condensation that has accumulated inside of the bag. Since
the PID/FID consumes organic vapors, gently agitate the soil sample during the reading to release fresh
organic vapors from the sample. Erratic meter response may occur at high organic vapor concentrations
or conditions of elevated headspace moisture, in which case, headspace data should be discounted.
Record the highest reading on the field form or in the field notebook as described in Section 9.
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7.3 Jar and Aluminum Foil (Alternate Method)

Half-fill a clean glass jar with the soil sample to be screened. Quickly cover the jar's opening with one to
two sheets of clean aluminum foil and apply the screw cap to tightly seal the jar. Allow headspace
development for at least ten minutes. Vigorously shake the jar for 15 seconds, both at the beginning and
at the end of the headspace development period. Where ambient temperatures are below 32°F (0°C),
headspace development should be within a heated area. When heating samples, be sure there is
adequate ventilation to prevent the build-up of organic vapors above action levels.

Subsequent to headspace development, remove the jar lid and expose the foil seal. Quickly puncture the
foil seal with the instrument sampling probe, to a point about one-half of the headspace depth. Exercise
care to avoid uptake of water droplets or soil particulates. As an alternative, use a syringe to withdraw a
headspace sample, and then inject the sample into the instrument probe or septum-fitted inlet. This
method is acceptable contingent upon verification of methodology accuracy using a test gas standard.
Following probe insertion through the foil seal or sample injection to probe, record the highest meter
response on the field form or in the field notebook. Using foil seal/probe insertion method, maximum
response should occur between two and five seconds. Erratic meter response may occur at high organic
vapor concentrations or conditions of elevated headspace moisture, in which case, headspace data
should be discounted.

8.0 Quality Control and Assurance

Quality Assurance/Quality Control (QA/QC) will include the collection of duplicate samples. In general,
one duplicate will be collected per 20 samples. Organic vapor concentrations measured in the primary
and duplicate samples should be similar within plus or minus 20 percent. The frequency of headspace
duplicate collection will be determined by the project manager/task manager. The PID/FID instrument
must be calibrated according to the manufacturer’s instructions before beginning screening, and checked
or recalibrated every 20 analyses or when readings are suspected to be inaccurate. Record ambient
organic vapor levels in the field notebook and on the field form. Periodically check ambient organic
vapor levels. If ambient levels have changed more than 20 percent, recalibrate the PID/FID. Make sure
readings are not collected near a vehicle exhaust or downwind of a drill rig exhaust. If grossly
contaminated soil is encountered, decontaminate sampling instruments between samples and/or change
contaminated gloves to avoid cross contaminating less contaminated samples.

9.0 Records, Data Analysis, Calculations

9.1 All data generated (results and duplicate comparisons) will be recorded in the field notebook and/or on
the field form. Any deviation from the outlined procedure will also be noted. Field conditions (ambient
temperature, wind, etc.) should also be recorded in the field notebook.

9.2 Readings may be recorded in a field notebook, on a boring log, or on an appropriate form specific to the
project. The form should include the following information:

° When the PID/FID was calibrated (date/time) and calibration standard used;
° Background/ambient concentrations measured after PID/FID calibration;

° Location of sample (i.e., bore-hole number);

o Depth interval of sample measured;

o Lithology of material measured; and

o PID/FID reading and units of measure.
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9.3 Note that if PID/FID measurements are recorded on a boring log, it is not necessary to duplicate
information in the column where the PID/FID readings are recorded (e.g., borehole number, depth

interval, lithology type).

9.4 All documentation will be stored in the project files and retained following completion of the project.

10.0 Attachments or References

SOP 3-20 Operation and Calibration of a Photoionization Detector
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Operation and Calibration of a Photoionization Detector

Procedure 3-20

1.0 Purpose and Scope
1.1 Purpose and Applicability

111 This standard operating procedure (SOP) describes the procedures that will be followed by field staff for
operation and calibration of a photoionization detector (PID). The PID is primarily used by AECOM-
Tidewater JV personnel for safety and survey monitoring of ambient air, determining the presence of

volatiles in soil and water, and detecting leakage of volatiles.

1.1.2 PIDs routinely used by field personnel include the Photovac Microtip, Thermoelectron 580EZ, and
MiniRAE 2000 or 3000. Personnel responsible for using the PID should first read and thoroughly

familiarize themselves with the instrument instruction manual.

1.2 Principle of Operation

1.21 The PID is a non-specific vapor/gas detector. The unit generally consists of a hand-held probe that
houses a PID, consisting of an ultraviolet (UV) lamp, two electrodes, and a small fan which pulls ambient
air into the probe inlet tube. The probe is connected to a readout/control box that consists of electronic
control circuits, a readout display, and the system battery. Units are available with UV lamps having an

energy from 9.5 electron volts (eV) to 11.7 eV.

1.2.2 The PID analyzer measures the concentration of trace gas present in the atmosphere by photoionization.
Photoionization occurs when an atom or molecule absorbs a photon of sufficient energy to release an
electron and become a positive ion. This will occur when the ionization potential of the molecule (in
electron volts (eV)) is less than the energy of the photon. The source of photons is an ultraviolet lamp
in the probe unit. Lamps are available with energies ranging from 9.5 eV to 11.7 eV. All organic and
inorganic vapor/gas compounds having ionization potentials lower than the energy output of the UV
lamp are ionized and the resulting potentiometric change is seen as a positive reading on the unit. The

reading is proportional to the concentration of organics and/or inorganics in the vapor.

1.2.3 Sample gases enter the probe through the inlet tube and enter the ion chamber where they are exposed
to the photons emanating from the UV lamp. lonization occurs for those molecules having ionization
potentials near to or less than that of the lamp. A positive- biased polarizing electrode causes these
positive ions to travel to a collector electrode in the chamber. Thus the ions create an electrical current
which is amplified and displayed on the meter. This current is proportional to the concentration of trace

gas present in the ion chamber and to the sensitivity of that gas to photoionization.

1.2.4 In service, the analyzer is first calibrated with a gas of known composition equal to, close to, or
representative of that to be measured. Gases with ionization potentials near to or less than the energy
of the lamp will be ionized. These gases will thus be detected and measured by the analyzer. Gases
with ionization potentials greater than the energy of the lamp will not be detected. The ionization
potentials of the major components of air, i.e., oxygen, nitrogen, and carbon dioxide, range from about
12.0 eV to 15.6 eV and are not ionized by any of the lamps available. Gases with ionization potentials

near to or slightly higher than the lamp are partially ionized, with low sensitivity.

1.3 Specifications

1.3.1 Refer to the manufacturer’s instructions for the technical specifications of the instrument being used.

The operating concentration range is typically 0.1 to 2,000 ppm isobutylene equivalent.
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Safety

The health and safety considerations for the work associated with this SOP, including both potential
physical and chemical hazards, will be addressed in the project Health and Safety Plan (HASP). In the
absence of a HASP, work will be conducted according to the Delivery Order (DO) Work Plan (WP) and/or
direction from the Site Safety Officer (SSO).

Only PIDs stamped Division | Class | may be used in explosive atmospheres. Refer to the project HASP
for instructions pertaining to instrument use in explosive atmospheres.

Terms and Definitions

None.

Interferences

Regardless of which gas is used for calibration, the instrument will respond to all analytes present in the
sample that can be detected by the type of lamp used in the PID.

Moisture will generate a positive interference in the concentration measured for a PID and is
characterized by a slow increase in the reading as the measurement is made. Care must be taken to
minimize uptake of moisture to the extent possible. Refer to the manufacturers’ instructions for care,
cleaning, and maintenance.

Uptake of soil into the PID must be avoided as it will compromise instrument performance by blocking
the probe, causing a positive interference, or dirtying the PID lamp. Refer to the manufacturers’
instructions for care, cleaning, and maintenance.

The user should listen to the pitch of the sampling pump. Any changes in pitch may indicate a blockage
and corrective action should be initiated.

Training and Qualifications
Qualifications and Training

The individual executing these procedures must have read, and be familiar with, the requirements of this
SOP.

Responsibilities

The DO Manager is responsible for ensuring that the operation and calibration activities comply with this
procedure. The DO Manager is responsible for ensuring that all personnel involved in the operation and
calibration shall have the appropriate education, experience, and training to perform their assigned
tasks.

The Program Quality Manager is responsible for ensuring overall compliance with this procedure.

The Field Manager is responsible for ensuring that all operation and calibration activities are conducted
according to this procedure.

All Field Personnel are responsible for the implementation of this procedure.

Equipment and Supplies

° Calibration Gas: Compressed gas cylinder of isobutylene in air or similar stable gas mixture of
known concentration. The selected gas should have an ionization potential similar to that of the
vapors to be monitored, if known. The concentration should be at 50-75% of the range in which
the instrument is to be calibrated;
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o Regulator for calibration gas cylinder;

o Approximately 6 inches of Teflon® tubing;

o Tedlar bag (optional);

° Commercially-supplied zero grade air (optional);

° "Magic Marker" or “Sharpie” or other waterproof marker;
° Battery charger;

° Moisture traps;

° Spare lamps;

o Manufacturer’s instructions; and

° Field data sheets or logbook/pen.

Procedure
Preliminary Steps

Preliminary steps (battery charging, check-out, calibration, maintenance) should be conducted in a
controlled or non-hazardous environment.

Calibration

The PID must be calibrated in order to display concentrations in units equivalent to ppm. First a supply
of zero air (ambient air or from a supplied source), containing no ionizable gases or vapors is used to set
the zero point. A span gas, containing a known concentration of a photoionizable gas or vapor, is then
used to set the sensitivity.

Calibrate the instrument according to the manufacturer’s instructions. Record the instrument model and
identification number, the initial and adjusted meter readings, the calibration gas composition and
concentration, and the date and the time in the field records.

If the calibration cannot be achieved or if the span setting resulting from calibration is 0.0, then the lamp
must be cleaned (Section 7.4).

Operation

Turn on the unit and allow it to warm up (minimum of 5 minutes). Check to see if the intake fan is
functioning; if so, the probe will vibrate slightly and a distinct sound will be audible when holding the
probe casing next to the ear. Also, verify on the readout display that the UV lamp is lit.

Calibrate the instrument as described in Section 7.2, following the manufacturer’s instructions. Record
the calibration information in the field records.

The instrument is now operational. Readings should be recorded in the field records.

When the PID is not being used or between monitoring intervals, the unit may be switched off to
conserve battery power and UV lamp life; however, a “bump” test should be performed each time the
unit is turned on and prior to taking additional measurements. To perform a bump test, connect the
outlet tubing from a Tedlar bag containing a small amount of span gas to the inlet tubing on the unit
and record the reading. If the reading is not within the tolerance specified in the project plan, the unit
must be recalibrated.

At the end of each day, recheck the calibration. The check will follow the same procedures as the initial
calibration (Section 7.2) except that no adjustment will be made to the instrument. Record the
information in the field records.
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7.3.6
7.3.7

7.4

7.4.1

7.4.2
7.5
7.5.1

7.5.2
7.5.3

7.5.4

7.5.5

7.5.6

7.5.7

8.0
8.1

8.2

8.3

9.0

Recharge the battery after each use (Section 7.4).

When transporting, ensure that the instrument is packed in its stored condition in order to prevent
damage.

Routine Maintenance

Routine maintenance associated with the use of the PID includes charging the battery, cleaning the lamp
window, replacing the detector UV lamp, replacing the inlet filter, and replacing the sample pump. Refer
to the manufacturer’s instructions for procedures and frequency.

All routine maintenance should be performed in a non-hazardous environment.
Troubleshooting Tips

One convenient method for periodically confirming instrument response is to hold the sensor probe next
to the tip of a magic marker. A significant reading should readily be observed.

Air currents or drafts in the vicinity of the probe tip may cause fluctuations in readings.

A fogged or dirty lamp, due to operation in a humid or dusty environment, may cause erratic or
fluctuating readings. The PID should never be operated without the moisture trap in place.

Moving the instrument from a cool or air-conditioned area to a warmer area may cause moisture to
condense on the UV lamp and produce unstable readings.

A zero reading on the meter should not necessarily be interpreted as an absence of air contaminants.
The detection capabilities of the PID are limited to those compounds that will be ionized by the particular
probe used.

Many volatile compounds have a low odor threshold. A lack of meter response in the presence of odors
does not necessarily indicate instrument failure.

When high vapor concentrations enter the ionization chamber in the PID the unit can become saturated
or “flooded”. Remove the unit to a fresh air environment to allow the vapors to be completely ionized
and purged from the unit.

Quality Control and Assurance

The end use of the data will determine the quality assurance requirements that are necessary to produce
data of acceptable quality. These quality assurance requirements will be defined in the site-specific
workplan or Sampling and Analysis Plan (SAP), hereafter referred to as the project plan.

Calibration of the PID will be conducted at the frequency specified in the project plan. In the absence of
project-specific guidance, calibration will be performed at the beginning of each day of sampling and will
be checked at the end of the sampling day or whenever instrument operation is suspect. The PID will
sample a calibration gas of known concentration. The instrument must agree with the calibration gas
within £10%. If the instrument responds outside this tolerance, it must be recalibrated.

Checks of the instrument response (Section 7.5) should be conducted periodically and documented in
the field records.

Records, Data Analysis, Calculations

Safety and survey monitoring with the PID will be documented in a bound field logbook, or on
standardized forms, and retained in the project files. The following information is to be recorded:

° Project name and number;

° Instrument manufacturer, model, and identification number;
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° Operator's signature;

o Date and time of operation;

° Calibration gas used;

° Calibration check at beginning and end of day (meter readings before adjustment);

° Span setting after calibration adjustment;

° Meter readings (monitoring data obtained);

o Instances of erratic or questionable meter readings and corrective actions taken; and

° Instrument checks and response verifications — e.g., battery check, magic marker response
(Section 7.5) or similar test.

10.0 Attachments or References

United States Environmental Protection Agency. Environmental Investigations Standard Operating
Procedures and Quality Assurance Manual (EISOPQAM). USEPA, Region 4, SESD, Enforcement and
Investigations Branch, Athens, GA. November 2001.
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Surface and Subsurface Soil Sampling Procedures

Procedure 3-21

1.0
1.1

1.2

2.0
2.1

2.2

3.0

4.0
4.1

4.2

4.3

Purpose and Scope

This standard operating procedure (SOP) describes the procedures for soil sampling. The procedure
includes surface and subsurface sampling by various methods using hand auguring, test pit, direct-push,
and split-spoon equipment.

The procedure includes soil sampling for volatile organic compounds (VOCs). For project specific
information (e.g. sampling depths, equipment to be used, and frequency of sampling), refer to the
Sampling and Analysis Plan (SAP), which takes precedence over these procedures. Surface soil
sampling, typically considered to be up to two feet below ground surface by EPA standards, is typically
accomplished using hand tools such as shovels or hand augers. Test pit samples are considered
subsurface samples, although normally collected via hand tools similar to surface soil sampling or by
excavation machinery. Direct-push and split-spoon sampling offer the benefit of collecting soil samples
from a discrete or isolated subsurface interval, without the need of extracting excess material above the
target depth. These methods dramatically reduce time and cost associated with disposal of material from
soil cuttings when compared to test pit sampling. In addition, direct-push and split-spoon sampling
methods can obtain samples at targeted intervals greater than 15 feet in depth, allowing for discrete
depth soil sampling while speeding up the sampling process. Direct-push methods work best in medium
to fine-grained cohesive materials such as medium to fine sands, silts, and silty clay soils. Split-spoon
sampling works well in all types of soil, but is somewhat slower than direct-push methods. Samples are
composited so that each sample contains a homogenized representative portion of the sample interval.
Due to potential loss of analytes, samples for volatile analysis are not composited. Samples for chemical
analysis can be collected by any of the above-mentioned sampling methods, as disturbed soil samples.
Undisturbed samples are collected, sealed, and sent directly to the laboratory for analysis. For
undisturbed samples, the samples are not homogenized.

Safety

The health and safety considerations for the work associated with this SOP, including both potential
physical and chemical hazards, will be addressed in the project Health and Safety Plan (HASP). In the
absence of a HASP, work will be conducted according to the Delivery Order (DO) Work Plan (WP) and/or
direction from the Site Safety Officer (SSO).

Before soil sampling commences, appropriate entities (e.g. DigSafe, local public works departments,
company facilities) must be contacted to assure the anticipated soil sampling locations are marked for
utilities, including electrical, telecommunications, water, sewer, and gas.

Terms and Definitions

None.

Interferences

Low recovery of soil from sampling equipment will prevent an adequate representation of the soil profile
and sufficient amount of soil sample. If low recovery is a problem, the hole may be offset and re-
advanced, terminated, or continued using a larger diameter sampler.

Asphalt in soil samples can cause false positive results for hydrocarbons. To ensure samples are free of
asphalt, do not collect samples that may contain asphalt. If the collection of samples potentially
containing asphalt is unavoidable, note the sampling depths at which the presence of asphalt are
suspected.

Instrumentation interferences addressed in SOPs for Calibration of the Photoionization Detector (PID),
Headspace Screening for Total Volatile Organics, and Equipment Decontamination must also be
considered.
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4.4

5.0
5.1

5.2
521

5.2.2
5.2.3

524

6.0

6.1

6.2

6.3

Cross contamination from sampling equipment must be prevented by using sampling equipment
constructed of stainless steel that is adequately decontaminated between samples.

Training and Qualifications
Qualifications and Training

The individual executing these procedures must have read, and be familiar with, the requirements of this
SOP.

Responsibilities

The DO Manager is responsible for ensuring that soil sampling activities comply with this procedure. The
DO Manager is responsible for ensuring that all personnel involved in soil sampling shall have the
appropriate education, experience, and training to perform their assigned tasks.

The Program Quality Manager is responsible for ensuring overall compliance with this procedure.

The Field Manager is responsible for ensuring that all soil sampling activities are conducted according to
this procedure.

All Field Personnel are responsible for the implementation of this procedure.

Equipment and Supplies

The depth at which samples will be collected and the anticipated method of sample collection (direct-
push, split-spoon, hand auger, shovel, or test pits) will be presented in the SAP. The following details
equipment typically needed for soil sampling, based on the various methods. See the SAP for specific
detail of equipment and supply needs.

Depending on the nature of suspected contamination, field screening instrumentation may be used for
direct sampling. Appropriate instrumentation and calibration standards should be available. If volatile
organic contaminants are suspected and a PID will be used, refer to the equipment and instrumentation
listed in SOP 3-20 Operation and Calibration of a Photoionization Detector. Equipment in this SOP
includes but is not limited to:

° PID/FID;
° Calibration gas; and

° Tedlar® gas bags (for calibration).

If field screening methods include jar or zipper plastic bag headspace screening for volatile organics,
refer to the equipment and procedure in SOP 3-19 Headspace Screening for Total VOCs. Equipment in
this SOP includes but is not limited to:

o Zipper lock plastic bags, or
° Clean soil (“drillers jars”) jars; and

° Aluminium foil.

Appropriate decontamination procedures must be followed for sampling equipment. Refer to SOP 3-06
Equipment Decontamination. Equipment in this SOP includes but is not limited to:

° Phosphate-free detergent;

° Isopropyl Alcohol;

° Tap water,

o Deionized Ultra-Filtered (DIUF) Water;
° Plastic buckets or washbasins;

° Brushes; and
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6.4

6.5

6.6

6.7

7.0
7.1
7.11
7.1.2

7.1.3

7.1.4

7.15

7.1.6

7.1.7

7.1.8

7.1.9

° Polyethylene sheeting.

The following general equipment is needed for all soil sampling, regardless of method:
° Stainless steel bowls;

° Stainless steel trowels;

o Appropriate sample containers for laboratory analysis;

° Personal Protective Equipment (PPE);

° Logbook;

° Cooler and ice for preservation; and

° Stakes and flagging to document sampling location.

The following additional equipment is needed for volatile organic sampling:
° Electronic pan scale and weights for calibration; and

° Syringes or other discrete soil core samplers (i.e., TerraCore® or EnCore®).

The following additional equipment may be needed for surface and test pit soil sampling:

° Hand Auger

The following additional equipment may be needed for soil sampling from direct push and/or split-spoon
equipment:

° Tape measure or folding carpenter’s rule for recording the length of soil recovered.

Note: All subsurface drilling equipment will be provided and maintained by the subcontractor.

Procedure
General Soil Sampling Procedure for All Soil Sampling Methods
Record the weather conditions and other relevant on-site conditions.

Select the soil sampling location, clear vegetation if necessary, and record the sampling location
identification number and pertinent location details.

Verify that the sampling equipment is properly decontaminated, in working order, and situated at the
intended sampling location.

Place polyethylene sheeting on the ground and assemble all necessary sampling equipment on top of it.
Cover surfaces onto which soils or sampling equipment will be placed (i.e. tables with polyethylene
sheeting).

Follow the appropriate procedures listed below for either surface, split-spoon, direct push, or test pit
sample collection (7.2, 7.3, 7.4, and 7.5 respectively).

Collect soil samples according to procedures listed in Section 7.6 depending on project specific
analyses.

Record date/time, sample ID, and sample descriptions in the field logbook or field form. A sketch or
description of the location may also be recorded so the sample location can be re-constructed, especially
if the location will not be recorded using global positioning satellite (GPS) equipment.

Immediately label the sample containers and place them on ice, if required for preservation. Complete
the chain-of-custody form(s) as soon as possible.

Dispose of all excess excavated soil in accordance with the SAP.
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7.1.10

7.1.11
7.2
7.2.1

7.2.2

7.3
7.3.1

7.3.2

7.3.3

If required, mark the sample location with a clearly labelled wooden stake or pin flag. If the location is on
a paved surface, the location may be marked with spray paint.

Decontaminate the sampling equipment according to SOP 3-06 Equipment Decontamination.
Surface Sampling

The criteria used for selecting surface soil locations for sampling may include the following:

° Visual observations (soil staining, fill materials);

o Other relevant soil characteristics;

o Site features;

° Screening results;

° Predetermined sampling approach (i.e. grid or random); and

° Sampling objectives as provided in the SAP.

The following procedures are to be used to collect surface soil samples. Surface soils are considered to
be soils that are up to two feet below ground surface, though state regulations and project objectives
may define surface soils differently; therefore, the SAP should be consulted for direction on the depth
from which to collect the surface soil samples. Sampling and other pertinent data and information will be
recorded in the field logbook and/or on field forms. Photographs may be taken as needed or as specified
in the SAP.

1. Gently scrape any vegetative covering until soil is exposed. Completely remove any pavement.

2. Remove soil from the exposed sampling area with a trowel, hand auger, or shovel. Put soils within
the sampling interval in a stainless steel bowl for homogenizing. Monitor the breathing zone and
sampling area as required in the HASP.

3.  For VOC analyses, collect representative soil samples directly from the recently-exposed soil using
a syringe or other soil coring device (e.g., TerraCore®, EnCore®). Follow procedures in Section
7.6.1 for VOC sampling.

4.  Collect sufficient soil to fill all remaining sample jars into a stainless steel bowl. Homogenize the
soil samples to obtain a uniform soil composition which is representative of the total soil sample
collected according to the following procedure:

a) Remove all rocks and non-soil objects using a stainless steel spoon or scoop.

b) Form a cone shaped mound with the sample material, then flatten the cone and split the
sample into quarters.

c) Use the stainless steel spoon/scoop to mix the quarter samples that are opposite.

d) After mixing the opposite quarters, reform the cone shaped mound.

e) Repeat this procedure a minimum of five (5) times, removing any non-soil objects and
breaking apart any clumps.

Split-Spoon Sampling

At each boring location, the frequency and depth of split-spoon samples will be determined from the
SAP. Split-spoon samples may be collected continuously, intermittently, or from predetermined depths.

Split-spoon samplers shall be driven into undisturbed soil by driving the spoon ahead of the drill
augers/casing. In cohesive soils, or soils where the borehole remains open (does not collapse), two
split-spoon samples may be taken prior to advancing the augers/casing.

After split-spoons are retrieved, open the split-spoon and measure the recovery of soil. If a PID will be
used for screening, immediately scan the recovered sample for VOCs using the PID. Scan the recovered
soil boring by making a hole in the soil with a decontaminated trowel and placing the PID inlet very close
to the hole. Be very careful not to get soil on the tip of the PID. Take PID readings every 6 inches along
the split-spoon and/or in any areas of stained or disturbed soil. Record the highest PID reading and the
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7.3.4

7.3.5

7.3.6

7.3.7

7.3.8

7.4

7.5
7.5.1
7.5.2

7.5.3
754

depth at which it was observed along with all other pertinent observations. If required in the SAP, VOC
and headspace samples should be collected (see Section 7.6.1) prior to logging the sample.

If headspace screening for VOCs is required in the SAP, collect a soil sample (as defined in the SAP)
and perform headspace screening according to SOP 3-19 Headspace Screening for Total VOCs.

Soils collected using the split-spoon sampler will be logged by the field representative using the
procedure required in the SAP.

Collect the remainder of the sample volume required into a stainless steel bowl. Homogenize the soil so
the material is uniform in composition and representative of the total soil sample collected. Follow
homogenizing techniques as described in Section 7.2.

The SAP may specify that intervals to be sent to the laboratory be determined by visual observation
and/or highest PID screening or headspace results, which can only be determined once the boring is
complete. In this instance, a VOC sample should be collected at each interval. The remainder of the soll
from that interval will be set aside in a clearly labelled stainless steel bowl covered with aluminium foil.
Once the boring has been completed and the sample interval has been determined, the remainder of the
soil can be homogenized according to Section 7.2 and submitted for laboratory analysis.

Once a boring is complete and all required samples have been collected, the boring must be completed
as specified in the SAP (e.g., completed as a monitoring well, backfilled with bentonite, etc).

Direct Push Sampling

At each boring location, the frequency of direct-push samples will be determined from the SAP. Typically,
samples with direct-push equipment are collected in 4 foot (ft) intervals, but smaller (e.g., 2 ft) and larger
(e.g., 5 ft) intervals are also possible.

1. Sample using Macro-Core samplers with acetate liners to obtain discrete soil samples at the depths
specified in the SAP.

2. Cut open the acetate liner. If required in the SAP, immediately scan the recovered soil boring for
VOCs using a PID by making a hole in the soil with a decontaminated trowel and placing the PID
inlet very close to the hole. Be very careful not to get soil on the tip of the PID. Take PID readings
every 6 inches along the split-spoon and/or in any areas of stained or disturbed soil. Record the
highest PID reading and the depth at which it was observed along with all other pertinent
observations. VOC and headspace samples, if required in the SAP should be collected (see
Section 7.6.1) prior to logging the sample.

3. If required in the SAP, collect a soil sample (as defined in the SAP) and perform headspace
screening according to SOP 3-19 Headspace Screening for Total VOCs.

4.  Soils collected using the direct-push sampler will be logged by the field by the field representative
using the procedure required in the SAP.

5.  Collect the remainder of the sample into a stainless steel bowl. Homogenize the soil collected so
that the material is uniform in composition and representative of the total soil sample collected.
Follow homogenizing techniques as described in Section 7.2.

6. Once a boring is complete and all required samples have been collected, the boring must be
completed as specified in the SAP (e.g., completed as a monitoring well, backfilled with bentonite,
etc).

Test Pit Sampling
Excavate the test pit to the desired depth.

Using the excavator bucket, collect soil samples as specified in the SAP. Collect a sample and perform
screening analyses as required by the SAP. If VOCs contamination is suspected, perform headspace
screening according to SOP 3-19 Headspace Screening for Total VOCs.

Collect the sample from the center of the bucket to avoid potential contamination from the bucket.

VOC samples should also be collected from an undisturbed section soil in the excavator bucket. The top
layer of exposed soil should be scraped away just prior to collecting the VOC samples.
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7.5.5

7.5.6
7.6
7.6.1

7.6.2

Collect the remainder of the sample volume required into a stainless steel bowl. Homogenize the soil so
the material is uniform in composition and representative of the total soil sample collected. Follow
homogenizing techniques as described in Section 7.2.

Dispose of all excavated soil according to the SAP.
Sample Collection Methods
Volatile Organics Sampling

For soils collected for analyses of volatile organics, including Volatile Petroleum Hydrocarbons (VPH) or
other purgable compounds, a closed system is maintained. From collection through analysis, the sample
bottles are not opened. The bottle kit for a routine field sample for these analyses will typically include
three 40-mL VOA vials and one soil jar. Two 40-mL VOA vials will contain either 5 mL reagent water or 5
mL sodium bisulfate and magnetic stir bars (i.e., low level vials). The third VOA vial will contain 15 mL
methanol with no magnetic stir bar (i.e., high level vial). These vials are usually provided by the
laboratory and are pre-weighed, with the tare weight recorded on the affixed sample label. No additional
sample labels are affixed to the VOA vials, as addition of a label would alter the vial weight. All
information is recorded directly on the sample label using an indelible marker. The soil jar is provided for
percent solids determination. For VOC or VPH analyses, samples are collected prior to sample
homogenization. Collect the VOC sample in accordance with the procedure described below.

1. Determine the soil volume necessary for the required sample weight, typically 5 grams:
a) Prepare a5 mL sampling corer (e.g., Terra Core®) or cut-off plastic syringe.
b) Tare the sampler by placing it on the scale, and zeroing the scale.

c) Draw back the plunger to the 5 gram mark or 5mL (5cc) mark on cut-off syringe, and insert the
open end of the sampler into an undisturbed area of soil with a twisting motion, filling the
sampler with soil. Note the location of the plunger with respect to the milliliter (cc) or other
graduation printed on the sampler.

d) Weigh the filled sampler, and remove or add soil until the desired weight is obtained. Note the
location of the plunger which corresponds to this weight. Do not use this sample for laboratory
analysis.

2. Once the required soil volume has been determined, pull the plunger back to this mark and hold it
there while filling the syringe for each sample.

3. Collect 5 grams of soil using the cut-off syringe or Terra Core® sample device. Extrude the 5-
grams of soil into one of the low level 40-mL VOA vials. Quickly wipe any soil from the threads of
the VOA vial with a clean Kimwipe® and immediately close the vial. It is imperative that the threads
be free from soil or other debris prior to replacing the cap on the vial in order to maintain the closed
system necessary for the analysis.

4.  Gently swirl the vial so that all of the soil is fully wetted with the preservative.
Fill the other low level 40 mL VOA vial in this manner.

6. Repeat the process for the high level VOA vials, only for the high level VOA vial three 5 gram
aliquots (i.e., 15 grams total) should be extruded into the high level VOA vial.

NOTE: Depending on the laboratory, some high level VOA vials only contain 5 mL or 10 mL of
methanol. If this is the case, either 5 grams total or 10 grams total, respectively, should
be extruded into the high level VOA vial. In other words, the mass of soil in grams should
be identical to the volume of methanol in mL (i.e., 1:1 ratio of soil to methanol).

7. Collect any additional QC sample collected (e.g., field duplicate, MS, and MSD) in the same
manner as above.

8.  Fill the 2-0z or 4-0z glass jar with soil from the same area for percent moisture determination.
Soil Sampling Method (All other analyses except VOC/VPH)

When all the required soil for a sampling location has been obtained, the soil can be homogenized as
described in section 7.2. Collect sufficient volume to fill all of the remaining sample containers at least %
full for all other analyses. Homogenize the soil in a decontaminated stainless steel bowl, removing rocks,
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sticks, or other non-soil objects and breaking apart any lumps of soil prior to filling the remaining sample
containers.

NOTE: Soil samples must contain greater than 30% solids for the data to be considered valid.
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8.0 Quality Control and Assurance

8.1 Sampling personnel should follow specific quality assurance guidelines as outlined in the SAP. Proper
quality assurance requirements should be provided which will allow for collection of representative
samples from representative sampling points. Quality assurance requirements outlined in the SAP
typically suggest the collection of a sufficient quantity of field duplicate, field blank, and other samples.

8.2 Quality control requirements are dependent on project-specific sampling objectives. The SAP will provide
requirements for equipment decontamination (frequency and materials), sample preservation and holding
times, sample container types, sample packaging and shipment, as well as requirements for the
collection of various quality assurance samples such as trip blanks, field blanks, equipment blanks, and
field duplicate samples.

9.0 Records, Data Analysis, Calculations

All data and information (e.g., sample collection method used) must be documented on field data sheets,
boring logs, or within site logbooks with permanent ink. Data recorded may include the following:

o Weather conditions;

o Arrival and departure time of persons on site;

° Instrument type, lamp (PID), make, model and serial number;

° Calibration gas used;

o Date, time and results of instrument calibration and calibration checks;
° Sampling date and time;

° Sampling location;

° Samples collected;

° Sampling depth and soil type;

° Deviations from the procedure as written; and

° Readings obtained.

10.0 Attachments or References
SOP 3-06, Equipment Decontamination
SOP 3-19, Headspace Screening for Total VOCs

SOP 3-20, Operation and Calibration of a Photoionization Detector
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Sediment Sampling

Procedure 3-22

1.0 Purpose and Scope

11 Sediment contamination is a widespread environmental problem that can pose a threat to a variety of
aquatic ecosystems. Sediment functions as a reservoir for common contaminants such as pesticides,
herbicides, polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), and metals such
as lead, mercury, and arsenic. Contaminated sediments represent a hazard to aquatic life through direct
toxicity, as well as to aquatic life, wildlife, and human health through bioaccumulation. Accurate
assessment of environmental hazards posed by sediment contamination depends in large part on the
accuracy and representativeness of sediment collection and analyses (U.S. EPA, 2001).

1.2 Selection and proper use of sediment sampling equipment is essential to the collection of accurate,
representative sediment data that will meet the project Data Quality Objectives (DQOs). Most sediment
collection devices are designed to isolate and consistently retrieve a specified volume and surface area
of sediment, from a required depth below the sediment surface, with minimal disruption of the integrity of
the sample and no contamination of the sample. Maintaining the integrity of the collected sediment, for
the purposes of the measurements intended, is a primary concern in most studies because disruption of
the sediment's structure could change its physiochemical and biological characteristics, thereby
influencing the bioavailability of contaminants and the potential toxicity of the sediment (U.S. EPA, 2001).

When selecting the type of sediment sampling equipment to be used for an event, the project DQOs as
well as the sediment characteristics should be considered. Related to the project DQOs is the desired
depth of sediment sampling. For monitoring and assessment studies where historical contamination is
not the focus, the upper 10 to 15 centimeters (cm) is typically the horizon of interest, as this is the
horizon that generally contains the most recently deposited sediments and most epifaunal and infaunal
organisms (U.S. EPA, 2001). The 0-6 inches interval for sediments with less than two feet of water is
also used for human health risk assessment purposes. Sampling of these horizons can usually be done
with grab samplers. However, if sediment contamination is being related to organism exposures (e.qg.
benthic macroinvertebrates and/or fish), or if characterization of deeper sediments is important for
comparison of recent surficial versus historical contamination, then more precise sampling of sediment
depths might be needed, and a hand corer may be more suitable (U.S. EPA, 2001).

1.3 This standard operatingg)rocedure (SOP) describes the procedure for the collection of sediment samples
using the Petite Ponar® Grab Sampler, Ekman Bottom Grab Sampler, and Wildco® Hand Corer (or
similar sampling devices). The applicability of each of the sediment samplers is described below.

The Petite Ponar® Grab Sampler is used to collect sediment samples in:
e Firm, hard bottoms such as sand, gravel, consolidated marl, and clay
e Mixtures of sand, stones, and coarse debris

e Soft or mucky sediments

The Ekman Bottom Grab Sampler is used to collect sediment samples in:

e Soft, finely divided littoral bottoms free from vegetation and intermixtures of sand, stones, and other
coarse debris

e Bottoms composed of finely divided mulch, mud, muck, or submerged fine peaty materials
The Wildco® Hand Corer is used:
e To collect sediment samples for geological characterizations and dating

e To collect sediment samples for programs where it is important to maintain an oxygen-free
environment for the sample during collection

e To collect sediment samples from a deeper depth than a grab sampler, and to characterize the depth
of contamination at a site
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e To investigate the historical input of contaminants to aquatic systems
e To collect sediment samples in semi-consolidated and soft sediment

Pictures and exploded diagrams of the Petite Ponar Grab Sampler, Ekman Bottom Grab Sampler, and
Wildco® Hand Corer are presented in Figures 1, 2, and 3, respectively.

1.4 This procedure is the Program-approved professional guidance for work performed by AECOM-
Tidewater, Inc. Joint Venture (AECOM-Tidewater JV).

15 As guidance for specific activities, this procedure does not obviate the need for professional judgment.
Deviations from this procedure while planning or executing planned activities must be approved in
accordance with Program requirements for technical planning and review.

2.0 Safety

2.1 Depending upon the site-specific contaminants, various protective programs must be implemented prior
to sampling the first location. All field sampling personnel responsible for sampling activities must
review the project-specific health and safety plan (HASP) paying particular attention to the control
measures planned for the sampling tasks. Conduct preliminary area monitoring of sample locations to
determine the potential hazard to field sampling personnel. If significant contamination is observed,
minimize contact with potential contaminants in both the vapor phase and solid or liquid matrix through
the use of respirators and disposable clothing.

2.2 Observe standard health and safety practices according to the project-specific HASP. Suggested
minimum protection during sediment sampling activities includes inner disposable vinyl or nitrile gloves,
outer chemical-protective nitrile gloves, and waders (if applicable). Refer to the project-specific HASP for
the required PPE.

23 Handle all sediments removed from potentially contaminated locations in accordance with the IDW
handling procedures in SOP 3-05, IDW Management.

2.4 Depending upon the type of contaminant expected or determined in previous sampling efforts, employ
the following safe work practices:

e If sampling from a boat, all sampling personnel should wear personal flotation devices (PFDs) when
in the boat, and should follow all health and safety protocols for working in a boat presented in the
project-specific HASP.

e Lifting the samplers into the boat, dumping its contents, and washing those contents may require
leaning over the side of the boat. Care should be taken to keep the boat in proper balance at all
times during sampling.

e Severe injury to fingers or hands can be caused by movement of the lever arms of the Petite Ponar®
Grab Sampler. Do not handle or move the Petite Ponar® Grab Sampler unless the safety pin is fully
inserted in the locking holes.

e Severe injury to fingers or hands can be caused by the closing of the sharpened scoops of the
Ekman Bottom Grab Sampler. Handle the Ekman Bottom Grab Sampler very carefully when the
springs are set and the cable loops are hooked (armed) on the Twin-Pin™ pins on the release
mechanism. Do not “arm” the Ekman Bottom Grab Sampler until the sampler is ready to be used.
The Ekman Bottom Grab Sampler spring-loaded jaws are potentially dangerous; extreme care must
be exercised when setting the jaws. To prevent injury (and to extend the life of the springs), unhook
both springs from their scoop buttons after each sampling session.

3.0 Terms and Definitions
None.
4.0 Training and Qualifications
41 The Delivery Order (DO) Manager is responsible for ensuring that sediment sampling activities comply

with this procedure. The DO Manager is responsible for ensuring that all field sampling personnel
involved in sediment sampling shall have the appropriate education, experience, and training to perform
their assigned tasks.
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5.0
5.1

5.2

53

54

6.0
6.1

The Program Quality Manager is responsible for ensuring overall compliance with this procedure.
The Field Manager is responsible for ensuring that all field sampling personnel follow these procedures.
Field sampling personnel are responsible for the implementation of this procedure.

The field sampler and/or task manager is responsible for directly supervising the sediment sampling
procedures to ensure that they are conducted according to this procedure, and for recording all pertinent
data collected during sampling.

Equipment and Supplies

For sediment sampling using all types of equipment, the following supplies are required:
e Stainless steel bowls

e Stainless steel hand trowels, spoons, spatulas, and scoops
e Munsell Color Chart

e Particle size chart

Petite Ponar® Grab Sampler

e 3/16” braided polyester line

e Auxiliary weights

Ekman Bottom Grab Sampler

e 11 oz split messenger

e 3/16” braided polyester line

e Extension Handle

¢ Auxiliary weights

Wildco® Hand Corer

e 3/16” braided polyester line

e Extension handle

e Stainless steel core catchers (for normal sediments)
e Eggshell™ core catchers (for wet sediments)

e Stainless steel nose piece

e Cellulose acetate butyrate (CAB) liners

e Core liner end caps

e Core liner cutter

e Geologists table

e Auxiliary weights

Procedure

Depending on the characteristics of the site being investigated, sediment samples may be collected from
a boat, or by sampling personnel in waders. In all instances, sediment sampling should begin from the
most downstream location and proceed to the most upstream location. If sediment samples are
collocated with surface water samples, the surface water sample should be collected prior to the
sediment sample in order to avoid increased turbidity from displaced sediment. Regardless of the type of
sediment sampling equipment used, documentation of field observations and collection activities should
be recorded on the sediment sampling sheet or electronic data collection device. The following
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6.2

6.2.1
6.2.2
6.2.3

6.2.4

6.2.5

6.2.6

6.2.7

6.2.8

6.2.9

6.2.10

6.2.11

6.2.12

observations should be recorded on the sediment sampling form (see Attachment 1) for all sediment
sampling activities:

e Sample location
e Weather conditions and other relevant site conditions

e Depth of water to the nearest 0.1 foot. A surveyor rod may be used. If the surveyor rod is used,
minimize water turbulence and do not disturb any sediment.

e Physical characteristics of the water body such as estimated current speed (stagnant, slow, medium,
or fast) and direction, odor, color, presence of any dead vegetation, surface sheens, etc.

e Sediment color according to the Munsell Color Chart
e Sediment grain size according to a particle size chart

Specific procedures for the collection of sediment samples using the Petite Ponar® Grab Sampler,
Ekman Bottom Grab Sampler, and Wildco® Hand Corer are presented below.

Petite Ponar® Grab Sampler
Inspect the sampler to ensure all parts are in good working condition.
Decontaminate the sampler according to the procedures in SOP 3-06, Equipment Decontamination.

Attach the 3/16” braided polyester line to the sampler by looping the line through the clevis at the top
center of the lever arms and tying securely. Tie the other end of the line to the boat (if applicable), or
make sure to hold on to the other end of the line. Strong, tight knots (e.g. bowline, two half hitches) are
essential for operator safety and to prevent losing the sampler. If necessary, attach the auxiliary weights
to the sampler according the manufacturer’s directions.

Insert the Pinch-Pin™ into its hole in the lever arms, making sure to firmly push the Pinch-Pin™ into the
hole. As long as the line is taut, the Pinch-Pin™ will stay in its place. When the line becomes the least
bit slack (e.g. when the sampler hits the bottom), the Pinch-Pin™ spring will force the Pinch-Pin™ out of
its hole, allowing the scoops to close.

Just before lowering the grab into the water, and with the line taut, remove the safety pin so the closing
mechanism will release when the sampler is on the bottom. Make sure to keep the line taut, as any loss
of tension in the line will cause the Pinch-Pin™ to pop out, closing the sampler.

Lower the sampler into the water in a slow and controlled fashion, especially during the final 1-2’, such
that the bow wave is minimized, thus minimizing the dispersal of fine material on the sediment surface.
At no time should the sampler be allowed to “free fall” down through the water column.

Once the sampler has reached the bottom, release the tension on the line, and allow the sampler to sink
into the sediment momentarily. The release of tension on the line will cause the Pinch-Pin™ to pop out.

Collect the sample by pulling on the line, which will cause the lever arms to drive the scoops into the
sediment in a closing motion. Keep pulling on the line in a controlled fashion until the scoops drive
through the sediment and close.

Once the sampler scoops have closed, continue pulling on the line in a controlled fashion in order to
retrieve the sampler back to the surface. When the sampler reaches the surface, lift it clear and bring it
above a decontaminated stainless steel bowl. Inspect the sampler to ensure that an acceptable sample
has been collected (See Figure 4). If the sample is not acceptable, discard the sample in an area that is
not proximal or upstream to the area or subsequent areas that are being sampled.

Prior to sampling and sample homogenization, the overlying water in the sampler should be siphoned off,
and not decanted (U.S. EPA 2001).

If acid volatile sulfide/simultaneously extracted metals (AVS/SEM) samples are to be collected, open the
top screens of the sampler and collect the AVS/SEM sample directly from the sediment contained in the
sampler according to the procedures specified in the project-specific SAP.

If volatile organic compound (VOC) samples are to be collected, open the top screens of the sampler and
collect the VOC samples by inserting a syringe, Terra Core sampler, or other VOC sampling device
directly into the undisturbed sediment contained within the sampler, making sure to follow all VOC
sampling procedures specified in the project-specific SAP. Once the VOC samples have been collected,
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collect an additional aliquot for the VOC percent solids sample directly from the undisturbed sediment
contained within the sampler.

Once the AVS/SEM and VOC samples have been collected (or if AVS/SEM and VOC samples are not
required), open the sampler by pulling the two scoops open, taking care to keep hands and fingers away
from the sharpened edges of the scoops, and allow the sediment to exit the sampler into the
decontaminated stainless steel bowl.

If additional aliquots are necessary to provide adequate sample volume, repeat steps 6.2.3 through
6.2.12 until an adequate sample volume has been collected, taking care to deploy the sampler to an area
that is proximal and upstream, but not on top of, the previous sample location.

Once an adequate sample volume has been collected, homogenize the sample in the stainless steel
bowl, record the sediment sample information on the Sediment Sample Collection Form (see Attachment
1), and collect the sediment samples according to the procedures specified in the project-specific SAP
(typically in order of decreasing volatility).

Ekman Bottom Grab Sampler with the 11 oz Split Messenger
Inspect the sampler to ensure all parts are in good working condition.
Decontaminate the sampler according to the procedures in SOP 3-06, Equipment Decontamination.

Attach the 3/16” braided polyester line to the sampler by passing the line through the trip mechanism and
knotting it securely below the underlying plate. Thread the 11 oz split messenger on the line, and tie the
other end of the line to the boat (if applicable), or make sure to hold on to the other end of the line.
Strong, tight knots (e.g. bowline, two half hitches) are essential to prevent losing the sampler. If
necessary, attach the auxiliary weights to the sampler according the manufacturer’s directions.

Set the spring on the side of the sampler by hooking the end of the spring onto one scoop button and
stretching the spring to reach the second scoop button. Repeat this procedure with the spring on the
other side of the sampler.

Arm the scoops by hooking one cable loop to one Twin-Pin™ pin in the trip assembly on the top of the
sampler. The white ball on the cable can be used as a hand grip to assist getting the cable loop hooked
onto the Twin-Pin™ pin. Repeat for the opposite cable loop. The sampler is now armed and dangerous.
Do not allow anything to come in contact with the trip assembly at the top of the sampler, as this may
cause a sudden and unexpected closure of the sampler.

Lower the sampler into the water in a slow and controlled fashion, especially during the final 1-2’, such
that the bow wave is minimized, thus minimizing the dispersal of fine material on the sediment surface.
At no time should the sampler be allowed to “free fall” down through the water column.

Once the sampler has reached the bottom, allow the sampler to settle momentarily. Once the sampler
has settled, hold the line with just enough tension to keep it straight, and send the 11 oz split messenger
down the line. Once the 11 oz split messenger impacts Twin-Pin™ strike pad in the trip assembly on the
top of the sampler, the two cable loops will be released from the Twin-Pin™ pins, and the spring-loaded
scoops of the sampler will automatically close.

Retrieve the sampler by pulling up the line in with a moderate, steady speed. When the sampler reaches
the surface, lift it clear and bring it above a decontaminated stainless steel bowl. Inspect the sampler to
ensure that an acceptable sample has been collected (See Figure 4). If the sample is not acceptable,
discard the sample in an area that is not proximal or upstream to the area or subsequent areas that are
being sampled.

Prior to sampling and sample homogenization, the overlying water in the sampler should be siphoned off,
and not decanted (U.S. EPA 2001).

If AVS/SEM samples are to be collected, open the top lids of the sampler and collect the AVS/SEM
sample directly from the sediment contained in the sampler according to the procedures specified in the
project-specific SAP.

If VOC samples are to be collected, open the top lids of the sampler and collect the VOC samples by
inserting a syringe, Terra Core sampler, or other VOC sampling device directly into the undisturbed
sediment contained within the sampler, making sure to follow all VOC sampling procedures specified in
the project-specific SAP. Once the VOC samples have been collected, collect an additional aliquot for
the VOC percent solids sample directly from the undisturbed sediment contained within the sampler.
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Once the AVS/SEM and VOC samples have been collected (or if AVS/SEM and VOC samples are not
required), open the sampler by pulling on the white balls on both cables, opening the spring-loaded
scoops and allowing the sediment to exit the sampler into the decontaminated stainless steel bowl.
While the spring-loaded scoops are being held open, do not place hands or fingers inside or underneath
the sampler.

If additional aliquots are necessary to provide adequate sample volume, repeat steps 6.3.4 through
6.3.11 until an adequate sample volume has been collected, taking care to deploy the sampler to an area
that is proximal and upstream, but not on top of, the previous sample location.

Once an adequate sample volume has been collected, homogenize the sample in the stainless steel
bowl, record the sediment sample information on the Sediment Sample Collection Form (see Attachment
1), and collect the sediment samples according to the procedures specified in the project-specific SAP
(typically in order of decreasing volatility).

Ekman Bottom Grab Sampler with the Extension Handle

Inspect the sampler to ensure all parts are in good working condition.

Decontaminate the sampler according to the procedures in SOP 3-06, Equipment Decontamination.
Attach the extension handle to the top of the sampler with machine bolts.

Arm the sampler according to the procedures described in steps 6.3.3 and 6.3.4 above.

Using the extension handle, lower the sampler to a point 4-6” above the sediment surface, and drop the
sampler to the sediment, keeping the sampler vertical at all times.

Trigger the trip assembly by depressing the button on the upper end of the extension handle. This will
cause the two cable loops to be released from the Twin-Pin™ pins, and the spring-loaded scoops of the
sampler will automatically close.

While keeping the sampler vertical, bring the sampler over to a decontaminated stainless steel bowl.
Inspect the sampler to ensure that an acceptable sample has been collected (See Figure 4). If the
sample is not acceptable, discard the sample in an area that is not proximal or upstream to the area or
subsequent areas that are being sampled.

Collect samples according to the procedures described in steps 6.3.8 through 6.3.13 above.
Wildco® Hand Corer with the Push Handles
Inspect the sampler to ensure all parts are in good working condition:

¢ Assemble and disassemble the core tube from the head and nose piece to make sure the threads are
not binding. If the threads are binding, consult the manufacturer’s directions.

e Make sure that the CAB plastic liner can slide easily in and out of the core tube.

o Make sure the bottom edge of the core tube and nose piece are sharp and free from nicks or dents.
If necessary, file smooth using a round file.

e Check the flutter valve for ease of movement.

e Check the flutter valve seat to make sure it is clear of any obstruction, disfigurement, grease, and/or
oil that could prevent a tight closure.

Decontaminate the sampler according to the procedures in SOP 3-06, Equipment Decontamination.
Screw the corer head onto the core tube, and screw the two handles onto the corer head.

Insert a CAB plastic liner into the core tube, insert a core catcher onto the end of the CAB plastic liner
(stainless steel for normal sediments, Eggshell™ for wet sediments), and screw the stainless steel nose
piece onto the core tube. If using the hand corer from a boat, bridge, high dock, etc., be sure that the
appropriate extension handle (5, 10’ or 15’) is attached to the corer head.

Get in position over the sampling location. If wading in shallow water, be sure to approach the sample
location from the downstream side. Line up the sampler, aiming it vertically for the point where the
sample is being taken, and push the hand corer in a smooth continuous motion through the water and
into the sediment. Increase the thrust as necessary to obtain the penetration desired. Do not hammer or
pound the corer into the sediment.
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Retrieve the sample by pulling straight up on the handles, keeping the corer as vertical as possible. If
the corer has not been completely submerged, close the flutter valve by hand and press it shut while the
sample is being retrieved. The flutter valve must be kept very wet if it is to seal properly and prevent
sample washout. If the substrate is gripping the corer too tightly, gently rock the top of the corer back
and forth horizontally to increase the size of the hole created by the corer and reduce the pull-out
suction.

Unscrew the nose piece from the corer and cap the bottom end of the CAB core liner. Release the flutter
valve to free the CAB core liner, and slide the CAB core liner from the core tube. Cap the top of the CAB
core liner and inspect the CAB core liner for recovery. If the recovery is adequate, proceed to step 6.5.8.
If the recovery is not adequate, resample the location by repeating steps 6.5.3 through 6.5.7.

Bring the CAB core liner with the sediment sample over to the geologist table, keeping the core vertical.
Place the CAB core liner on the geologist table and cut open with a core liner cutter. If AVS/SEM
samples are to be collected, collect the AVS/SEM sample directly from the sediment contained in the
core liner according to the procedures specified in the project-specific SAP. If VOC samples are to be
collected, collect the VOC samples by inserting a syringe, Terra Core sampler, or other VOC sampling
device directly into the sediment core. Consult the project-specific SAP for project-specific VOC
sediment sampling procedures. Once the VOC samples have been collected, collect an additional
aliquot for the VOC percent solids sample directly from the sediment core.

Once the AVS/SEM and VOC samples have been collected (or if AVS/SEM and VOC samples are not
required), use a decontaminated stainless steel spoon to transfer the remaining sediment core into a
decontaminated stainless steel bowl.

If additional aliquots are necessary to provide adequate sample volume, repeat steps 6.5.3 through 6.5.8
until an adequate sample volume has been collected, taking care to deploy the corer to an area that is
proximal, but not on top of, the previous sample location.

Once an adequate sample volume has been collected, homogenize the sample in the stainless steel
bowl, record the sediment sample information on the Sediment Sample Collection Form (see Attachment
1), and collect the sediment samples according to the procedures specified in the project-specific SAP
(typically in order of decreasing volatility).

Wildco® Hand Corer with the Clevis and Line
Inspect the corer as described in step 6.5.1 above.
Decontaminate the sampler according to the procedures in SOP 3-06, Equipment Decontamination.

Screw the corer head onto the core tube. Attach the 3/16” braided polyester line to the corer by passing
the line through the clevis in the corer head and knotting it securely. Strong, tight knots are essential to
prevent losing the corer. If necessary, attach the auxiliary weights to the sampler according the
manufacturer’s directions.

Insert a CAB plastic liner into the core tube, insert a core catcher onto the end of the CAB plastic liner
(stainless steel for normal sediments, Eggshell™ for soupy sediments), and screw the stainless steel
nose piece onto the core tube.

Position the corer over the drop point and steady momentarily, making sure to keep the corer vertical at
all times. Make sure to arrange the 3/16” braided polyester line to run freely. Since the corer's
penetration is by simple gravity, it is important that there be no restraint on the corer during descent by
stricture on the line. Keep a firm hold on the free end of the line, or tie it to the boat (if applicable) or
some other permanent fixture.

Drop the corer into the water, and allow the corer to free fall until it hits the sediment surface. The corer
should not be dropped to depths greater than 20’ to 30’. Dropping the corer to depths greater than 20’ to
30" may result in the corer striking the sediment surface at an angle less than 90°, resulting in an
unsatisfactory sample.

Once the corer has entered the sediment and is no longer falling, draw the line taut, and then pull on the
line to pull the corer from the sediment. Once the corer has been pulled free from the sediment, bring
the corer back to the surface by pulling up the line, using a smooth, hand-over-hand fashion. This
movement automatically causes the flutter valve to close, preventing sample washout in all but the
soupiest of sediments.
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Once the corer has been returned to the surface, lift the corer clear of the water, being careful to keep
the corer as vertical as possible at all times.

Collect the sediment sample according to the procedures outlined in steps 6.5.6 through 6.5.11 above.

Quality Control and Assurance

Field personnel will follow specific quality assurance (QA) guidelines as outlined in the project-specific
SAP. The goal of the QA program should be to ensure precision, accuracy, representativeness,
completeness, and comparability in the project sampling program.

Quality control (QC) requirements for sample collection are dependent on project-specific sampling
objectives. The project-specific SAP will provide requirements for sample preservation and holding
times, container types, sample packaging and shipment, as well as requirements for the collection of
various QC samples such as trip blanks, field blanks, equipment rinse blanks, and field duplicate
samples.

Records, Data Analysis, Calculations

Records will be maintained in accordance with SOP 3-03, Recordkeeping, Sample Labelling, and Chain-
of-Custody. Various forms are required to ensure that adequate documentation is made of the sample
collection activities. These forms may include:

e Sample Collection Records;
e Field logbook;

e Chain-of-custody forms; and
e Shipping labels.

Sample collection records (Attachment 1) will provide descriptive information for the sediment samples
collected at each location.

The field logbook is kept as a general log of activities and should not be used in place of the sample
collection record.

Chain-of-custody forms are transmitted with the samples to the laboratory for sample tracking purposes.

Shipping labels are required is sample coolers are to be transported to a laboratory by a third party
(courier service).

Attachments or References

Attachment 1 — Sediment Sample Collection Record

Figure 1 — Petite Ponar® Grab Sampler and Exploded Diagram

Figure 2 — Ekman Bottom Grab Sampler (Large, Tall, and Standard Sizes) and Exploded Diagram
Figure 3 — Wildco® Hand Corer (with Case and Accessories) and Exploded Diagram

Figure 4 — lllustrations of Acceptable and Unacceptable Grab Samples

DoD Environmental Field Sampling Handbook, Revision 1.0. April 2013.

U.S. Environmental Protection Agency (U.S. EPA). 2001. Methods for Collection, Storage and
Manipulation of Sediments for Chemical and Toxicological Analyses: Technical Manual. October.

Wildlife Supply Company. 2003. 2424- Hand Corer Instructions.

Wildlife Supply Company. 2004. Ekman Bottom Grabs Instructions and Maintenance.
Wildlife Supply Company. 2004. 1728-G30/ 1728-G40 Petite Ponar® Grab.

SOP 3-05, IDW Management.

SOP 3-06, Equipment Decontamination.
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Attachment 1

Sediment Sample Collection Record

o o ol — [+]
2 AZCOM 2 ol| fd TIDEWATER ~ &
SEDIMENT SANPLE COLLECTICN FORM

Project Name:
IDate[s}:
Praject #: Date:
Sample Location ID: Time:
Sample # Weather:
Samplers:
Sample Information:
Sample Depth: Sampling Device:
Water Depth:
Distance from River Bank:
River Flow Rate:
Field Decon: Yes Mo Sample Type: Grak Composite
Dedicated

IVunsell Colar:

Sample Description:

Other physical characteristics of water body at sample location:
(W ater color, turkidity, cdor, presence of sheens, d ead/stressed vegetation, etc.)

Sample Comments/Description:
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Figure 1
Petite Ponar® Grab Sampler and Exploded Diagram
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Figure 2

Ekman Bottom Grab Sampler (Large, Tall, and Standard Sizes) and Exploded
Diagram
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Figure 3
Wildco® Hand Corer (with Case and Accessories) and Exploded Diagram
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Figure 4
lllustrations of Acceptable and Unacceptable Grab Samples

Acceptable if Minimum
Penetration Requirement Met
and Overlying Water is Present

Unacceptable
(Washed, Rock Caught in Jaws)

Unacceptable (Canted with Unacceptable
Partial Sample) (Washed)
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Landfill Gas Screening Procedures

1.0 Scope and Application

This is a Standard Operating Procedure (SOP) for landfill gas (LFG) screening for methane (CH,4), carbon
dioxide (CO,), carbon monoxide (CO), oxygen (0Oz), and hydrogen sulfide (H,S) to achieve the following
objectives: 1) investigating the presence of LFG; 2) assessing LFG human health/safety risks; and 3)
remediating LFG constituents. This SOP will provide information to support remedial action decisions
regarding LFG controls and compliance with applicable or relevant and appropriate requirements (ARARs).

This standard operating procedure (SOP) outlines the methods used for: 1) installing LFG vapor implants
using direct push technology (a.k.a GeoProbe®); and 2) measuring LFG constituents using a portable
(direct reading) instrument (e.g., GEM™2000 Plus or similar). The quality of data generated from this SOP
using the implant sampling system and direct reading instrument will achieve the objectives outlined
above.

This SOP is based on: 1) United Stated Environmental Protection Agency (USEPA) Guidance for Evaluating
Landfill Gas Emissions from Closed or Abandoned Facilities (USEPA, 2005); 2) USEPA SOP for Soil Gas
Sampling (USEPA, 2001); 3) LANDTEC GEM™2000 Plus Operation Manual (LANDTEC, 2010), and 4)
Geoprobe Systems® Direct Push Installation of Devices for Active Soil Gas Sampling and Monitoring
(Geoprobe® Systems, 2006). The SOP was adapted from the above references and may be varied as
required, depending on site conditions, equipment limitations, procedural limitations, and the objectives
defined in the SOP and sampling analysis plan (SAP).

2.0 Soil Vapor Implant Installation Procedure

Ten (10) shallow soil gas probes (a.k.a. vapor implants) will be installed using direct push technology (DPT)
to evaluate the presence of LFG constituents. A pilot boring using MacroCores (MC5) Sampling System
will be advanced through the bottom of the waste fill layer or to the water table (whichever is shallowest
depth) to characterize lithology and to determine/optimize the depth of implant installation to ensure
implant is installed above the groundwater table (in the vadose zone). The implants will be installed in a
separate hole (approximately five feet away to prevent short circuiting) using 2.25-inch outside diameter
(OD) probe rods.

The implant will consist of a stainless-steel wire mesh screen with a threaded fitting on the bottom for
anchoring and a fitting at the top to connect to 0.25-inch ID low density polyethylene (LDPE) tubing. The
AT86 (GeoProbe®) series screens are 6-inches (152 mm) long, have an outside diameter of less than 0.5-
inches (13 mm), and a pore diameter of approximately 0.006-inches (0.15 mm) in the stainless-steel mesh
screen. The implants will be installed through the 2.25-inch OD drive rods after they are advanced to the
desired depth. An expendable implant anchor/drive point at the lead end of the rod string has a threaded
fitting at the upper end and the implant is anchored in place by threading in counterclockwise.
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As the rods are retracted with the direct push technology, clean no.1 sand will be poured around the
screen to prevent the vapor point screen clogging due to silt, clay, or organic particulates in the
surrounding waste/formation. Once the rods are retracted above the screen (6 to 12-inches above screen
depending on the depth of hole) a granular bentonite powder will be added to the rod annulus to seal the
probe hole. The bentonite may be hydrated when the rod string is completely removed from the ground
or conversely, depending on geologic conditions and the depth of probe/implant the bentonite may be
chased periodically with small amounts of water to initiate the seal at depth. GeoProbe guidance
encourages the larger diameter rods (2.25 or larger) to ensure higher integrity seals and to reduce the
likelihood of short circuit with atmospheric air entering the hole versus obtaining formational/landfill gas.
The tubing will be capped to prevent venting to the ambient atmosphere until ready for sampling. A
conventional 6-inch flush mount well protector, or two-inch polyvinyl chloride (PVC) stickup installed into
a small concrete pad (18-inch by 18-inch by 8-inch deep pad).

Once the implants/probes are installed, the sampling implant should be purged at least two volumes using
a purge pump or using the pump on the GEM™2000 Plus during sampling. The purge volume can be
determined by the following:

Volume of Cylinder = it x radius®x height: Where 1t = 3.141.
The implants are 0.375-inch (0.95 cm) in diameter and have a length of 6-inches (15.25 cm)
3.141x(0.475 cm)?x15.25 cm = 10.81 cc or 11 ml = volume in implant.

Subtract the implant volume from the total probe hole volume and then multiply the remainder by 0.30
to determine the 30% pore space in the filter media.

2.25-inch (5.715 cm) x 24-inches (61 cm) long results in the following equation:

3.141x (2.9 cm)?x 61 cm = 1611 ml.
(1611 ml-11ml)x 0.30 = 480 ml (pore space in media).
Now add back the total volume of the void in the implant
480 ml+11 ml = 491 ml of void volume in the implant screen and filter media.
To determine the volume in the 0.25-inch (6.4 mm) ID tube use 9.7 ml per foot x tube length (3.7 m).
12 ft x9.7 ml/ft=116.4 ml

Add the probe void volume to the tube volume and multiple by 2 for 2 volumes

=(491ml+116.4 ml) x 2 =1,214.8 ml

Based on purge rate of 200ml/min =1,214,8 ml/ 200 ml/min = 6 minutes purge time.
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The gas contained in the interstitial spaces of the soil/waste will be pulled through the probe using the
pump on the GEM 2000 Plus and the user will monitor the probe using the GA Mode or Gas Analyzer
Mode. This mode is used for taking measurements of LFG from Vapor Implants (gas migration probes) and
not extraction wells that require the Gas Extraction Mode(GEM). The sample gas flow rate should not
exceed 200 ml/min. The pump specifications for the GEM™2000 Plus are: 1) typical flow is 300 cc/min; 2)
flow fail point is 50 cc/min; 3) flow with 200 mbar vacuum is 250 cc/min; and 4) vacuum is 70 inches H,0.

Y Y

A Advance the DT21 system to depth and remove the inner rod string. The pre-core assembly is attached to the lead
inner red and lowered through the outer rod bore. The thin-walled tube is advancad into the virgin scil ahead of the
drive rods to remove a soil core.

B The soil gas implant is assembled and lowered into the open core hale with the tubing. Fine sand or glass beads are
added through the rods slowty to prevent bridging.

C1. Fine bentonite chips are added through the drive rods. A tube with funnel at the surface should be used to add water
to hydrate the bentonite incrementally as the rods are retracted.

C2. Alternatively,grout slurry may be pumped through a tremie tube to fill the probe hole as the rods are retracied. Use
appropriate pump {G51000 or G5500) and nylon tremie tube (P/N 11633).

D, The sample tube is sealed with a suitable airtight cap or valve. Well protection is installed to meet locai requirements

Figure 1. Soil Gas Sampling Implant Installation Schematic (Geoprobe Systems®, 2006).
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3.0 GEM™2000 Plus Gas Analyzer Procedure

At each soil gas implant/probe location, screening-level sampling/analyses will be conducted using a
portable (direct reading) instrument GEM™2000 Plus or similar to determine the presence of methane
(CHa), carbon dioxide (CO,), oxygen (0,), carbon monoxide (CO) and hydrogen sulfide (H,S) and CO.

The following section describes the procedures used for taking LFG measurements using the GEM™2000
Plus. This SOP requires the User to fully review the Operation Manual prior to using the GEM™2000 Plus
and to ensure that all the items identified in the manual are contained in the shipping package when
opened. This includes: the GEM™2000 Plus instrument, operation manual, registration/warrantee card,
0.25-inch sampling hose with water filter traps, polypropylene male connector, internal particulate filter
element, battery charger, DataField CS Software on CD-ROM, and temperature probe (optional but
recommended TP-100) among other items.

3.1 Self-Test Procedure

Once the instrument is switched on, the instrument will run a self-test that will take 20 seconds. During
the self-test, the instrument’s functions will be confirmed (e.g., general operation, pump function, gas
flow measurement, and calibration, software version, serial number, etc.) as well as any warnings or errors
indicating an operational parameter is out of specification or that the calibration/service date has passed.
After the self-test, the User should also confirm that the battery is fully charged or charge the unit
accordingly.

3.2 Preliminary User Check Procedure — Calibration and GA Mode

As a preliminary User check, the CHs, CO,, and O, readings should be auto zeroed, without gas
concentration present and the span calibration checked with a known concentration calibration gas. The
User shall use the calibrate and zeroing functions (ambient air) for the GEM™2000 Plus in accordance
with the operation manual each day. A normal field calibration usually requires the gas to be running for
about two minutes. Spanning channels should be carried out prior to use or when ambient operating
temperature changes are greater than plus or minus 20 degrees (CO and H,S on the GEM™2000 Plus).

At this time, check to ensure the GEM™2000 Plus is in the GA Mode by pressing (1) for menu and scroll
down to mode of operation and press the return key and highlight Landfill Gas Analyzer by pressing the
return key again and it will select the GA mode of operation. Prior to conducting LFG measurement,
conduct the following preliminary checks: 1) All necessary ID codes and readings have been uploaded via
DataField software; 2) The time and date are correct; 3) The water trap (must always use) has a clean and
dry filter fitted; 4) The inlet-port particulate filter is clean and dry; 5) A supply of spare filters is available
in case of accidental water blockage or contamination; 6) The battery has a good charge (minimum 25%
charge, even if only a few readings are required); 7) The memory has sufficient space available; and 8) The
CH4, CO2, and 02 readings have been auto-zeroed, without gas concentration present.

3-23 Landfill Gas Screening 4 0of9
Revision O
PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET.



3.3 Normal Operation Screen and Taking Readings

The normal operation screen is the “read gas levels screen,” and all operations are carried out from this
starting point. During the read gas levels screen the following information is displayed in various boxed
sections at this time: 1) Current programmed time and date; 2) Current selected ID code; 3) Pump status;
4) Pump run time; 5) Three main constituent gases — CH4, CO,, O3 (in %); 6) Two minor gases — CO and H,S
(ppm) (GEM™2000 Plus only); 7) Balance gas; 8) Last read time/date (if previous data is in memory); 9)
External Gas Pod “Not Fitted” (displays pod type when attached); 10) Peak CH,4 reading (in %) (GA mode
only); 11) Lower Explosive Limit (LEL) CH4 (GA mode only); 12) Current barometric pressure reading; 13)
Current relative pressure reading (GA mode only); 14) Gas Pod or Temperature Probe reading (if
connected); 15) Battery Charge graph (5 segment, flashes at 20% remaining); and 16) Memory Usage
graph (5 segment, flashes at 5% remaining).

When taking sampling reading, the sample readings can be conducted using two modes; 1)Taking
Readings with ID; and 2) Take Reading -without ID. Regardless of which the mode, the User needs to purge
the instrument between samples using clean air purge.

For each reading, the User will connect the sample tube (with water trap) from the sample point to the
inlet port of the instrument, ensuring the connector ‘clicks’ into place. Then connect the sample tube to
the probe sample port. Do not connect the sample tube to the probe port before connecting to the
instrument as this will cause any pressure in the probe to dissipate and a proper pressure reading will
not be taken.

As soon as the connection is made, the relative/static pressure reading will be displayed. No sample is
taken from the probe at this time. Once the reading stabilizes and the pump starts, the relative/static
pressure reading is stored. The relative/static reading will remain displayed as the pressure last taken.

The pump will run for the pre-programmed time and a countdown timer will be displayed. The pump may
be stopped or started at any time by way of the (pump) key. The reading may be stored at any time. When
the pump automatically stops this should be used as a prompt to store the reading.

Upon storing the reading, any pre-programmed questions will be displayed for response. This may require
a numeric, alphanumeric selectable comment, or exclusive comment answer. A maximum of eight
selectable and exclusive comments may be entered.

Disconnect the sample tubing from the probe and proceed to Step 1 for the next probe.

For each reading, the following information will be stored: 1) ID code. (if in ID reading mode); 2 Current
time/date; 3) Site data (if entered); 4) All gas readings and balance (CH4, CO,, O, (, CO and H,S for the
Plus)); 5) LEL CH4; 6) Barometric Pressure; 7) Relative Pressure; 8) Questions/comments 9)Temperature
(if temperature probe is connected). The GEM™2000 / GEM™2000 Plus has the facility to automatically
display and record the probe temperature via an optional temperature probe (TP-100). When a
temperature probe is fitted to the RS232 Communication Socket, the temperature will be displayed in the
read gas levels screen and recorded with all other data.
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The GEM™2000 Plus will also provide measurements of H2S and CO with following range and resolution.

Summary of GEM™2000 Plus Gas Range and Resolution

Information
Gas Type Range (PPM) Resolution
H,S 0-50 0.1
Cco 0-1,000 1.0
4.0 Interferences and Potential Problems

4.1 Combustible Gas Indicator Measurements

Several factors specific to soil gas can affect the response of a portable gas monitoring instrument (e.g.,
GEM™2000 Plus). High soil moisture levels, saturated zones, and high concentrations of methane are all
soil conditions that could cause instrument interference. “Flow Fail” could occur if the inlet is
compromised with a blockage, clogged particulate filter or water trap filter; this can be corrected by
removing the blockage and/or changing filters. Unexpected readings may be a result of the unit being out
of calibration or clogged filters; this can be corrected by recalibrating instrument and/or changing filters.
Methane concentration readings swinging wildly up or down could be the result of RF interference (cell
phones); cell phone use should be avoided in the sampling area while taking readings. High oxygen
concentration readings could be the result of poorly sealed water trap housing or other connections in
the sampling train; all O-rings/seals should be checked. Out of range readings (no value) could result if the
parameter concentration is out of the instrument’s capabilities (LANDTEC, 2010).

4.2 Factors Affecting the LFG

Concentrations of LFG can be affected by physical and chemical characteristics of the soil and by soil
moisture. Soil porosity and permeability will affect the movement of LFG and the recharge rate of the LFG.
The movement of LFG through fine textured soil may be very low, thus limiting the sample volume
available and the use of the LFG monitoring technique. Movement of LFG can also be limited by a high-
water table, perched water table or clay horizon.

4.3 Soil Probe Clogging

A clogged probe is identified by using an in-line vacuum gauge or by listening for the sound of the pump
under elevated stress. Probe clogging can be eliminated by water/particulate filter. This must always be
used with the GEM™2000 Plus.

4.4 Underground Utilities

Each soil gas sampling location should be surveyed prior to installation of the soil gas probe to ensure no
local underground utilities are present to interfere with installation of the probe.
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5.0 Equipment/Apparatus

5.1 Direct-Push (Geoprobe) Method

e Tubing: LDPE ¥ ID

e Gas Sampling Cap

e Probe Rods

e Tubing Adaptor

e Threaded Expendable Point Holder
e Expendable Drive Points

e Soil Gas Implants

e No. 1 Sand

e 8-inch Flush Mount

e 2-inch PVC Stickup with Cap

e Concrete and Wood Form For Pad
e O-rings for expendable point holder
e O-rings for adaptor

e O-rings for probe rods

e O-rings for gas sampling cap

e Vacuum Pump

e Tape

e  GEM™2000 Plus

e Water Traps

e Particulate Filters

e Calibration Gas

e Sample documentation materials (logbook, data sheets, etc.)

6.0 Reagents
e Calibration gases
o Deionized water

e Sulfate-free detergent

7.0 Quality Assurance/Quality Control

7.1 Sample Probe Contamination

GEMTMZ2000 Plus or equivalent) sample probe will be purged after each sample reading by drawing
ambient air through the probe using the probe’s vacuum pump.

3-23 Landfill Gas Screening 7 of 9
Revision O
PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET.



7.2 Combustible Gas Indicator

The combustible gas indicator instrument (GEM™2000 Plus or equivalent) should be calibrated at least
once a day using appropriate calibration gases.

8.0 Health and Safety

LFG sampling usually occurs in the minimum Level of personal protective equipment (PPE) for Site entry
(usually Level D). Ambient air should be constantly monitored using a PID to obtain background and
breathing zone readings during the all soil gas sampling activities. Level of protection should be
upgraded as needed.

9.0 References

Geoprobe Systems®, 2006, Direct Push Installation of Devices for Active Soil Gas Sampling & Monitoring,
May 2006.

LANDTEC, 2010, GEM™2000/GEM™ 2000 Plus Gas Analyzer & Extraction Monitor Operation Manual for
Serial Numbers less than 10,000, December 2010.

United States Environmental Protection Agency (UEPA), Guidance for Evaluating Landfill Gas Emissions
From Closed or Abandoned Facilities, A-600/R-05/123A, September 2005.

United States Environmental Protection Agency (USEPA), Standard Operating Procedures, Soil Gas
Sampling, SOP: 2042, April 2001
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LFG Screening Log

Date and Time:

Name: Weather:
Vapor Point No:

Depth (length): Diameter:
Screen Interval (length): Diameter:
Tube (length): Diameter:
Calculate Purge Volume:

GEM™2000 Plus: Serial No.
Self Test: Notes:
Calibration: Notes:

Instrument Purged before Sampling:

Y N Circle.

GEMTMZ2000 Plus Readings

CHa (percent)

LEL CH4

CO; (percent)

Barometric Pressure

0, (percent)

Relative/Static Pressure

CO (ppm)

Temperature

HaS (ppm)
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1.0 PURPOSE

The purpose of this procedure is to provide personnel the steps necessary to perform a gamma
walkover survey using a GPS system coupled to a sodium iodide detector.

2.0 APPLICABILITY

This procedure provides the requirements and recommended techniques for performing a gamma
walkover survey. The procedure will allow Tidewater personnel to characterize large areas for
gamma radiation areas of elevated radioactivity.

3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS

311

312

3.13

Instruments shall be operated in accordance with operating procedures or
manufacturer’s recommendations, and shall be in current calibration.

This procedure is to be used for the packaging and shipping of limited quantities of
radioactive material as defined by IATA. This procedure should not be used for the
packaging and shipping of any radioactive material that does not meet the IATA
definition of limited quantity.

Only Health Physicists (HPs), Health Physics Technicians (HPTS), or duly
authorized personnel who have successfully completed the Basic IATA and Function
Specific Training and Testing for Shipments of Limited Quantities of Materials may
package and ship limited quantities of radioactive material.

4.0 GPS SET UP AND INITIAL QC

411

412

413

414

When you receive the GPS unit it should already be configured for the UTM zone
you need. You will figure out if your GPS is set up correctly when you submit your
first set of data. Corporate GIS personnel will be able to help quickly rectify this
problem.

Prior to use establish a daily calibration point to perform daily checks of the GPS
system. Make sure that the spot that has been chosen is easily replicable. GPS
readings shall be conducted at a designated calibration point each day prior to data
collection. This will ensure that the GPS is operating properly and that there is
adequate communication with the NAVSTAR satellites.

Turn the GPS on and plug in charged batteries.

At the calibration point click the Terrasync icon on the handset with a pen, or stylus.
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415

416

41.7

Click on the drop down menu in the upper left hand corner of the screen and select
Map. It will show a hash mark that represents your location.

Select the zoom button until it shows the scale is at 5 m, or until you can see the hash
mark jump around when you are standing still. Click on the hash mark to see your
northing and easting.

Take 10 measurements at approximately the same location, and 1 for that days QC
check.

5.0 STARTING WALKOVER

5.11

512

5.1.3

5.14

5.15

5.1.6

.17

5.18
519

5.1.10

5.1.11

5.1.12

Before beginning the walkover, check to ensure that the cables from the GPS unit to
the handset, to the antenna, and to the meter are plugged in correctly.

The back packs that hold the GPS unit are large enough for the unit, the meter, and
the batteries to fit comfortably. Caution should be exercised when placing the unit
into the pack to ensure that the unit is situated such that no damage to the GPS unit
or the meter occurs that could result in loss of data.

In general the Trimble TSC2 or TSC3 will be the hand held units that will be used.
The following directions apply to either unit.

Turn the unit on.

The screen is a touch screen, use a stylus or a pen, and double click on the icon that
is labeled Terrasync.

To create a new data file, select the drop down menu and then select Data.

This provides the option of creating a file name. Name the files in accordance with
the naming protocol specified in the applicable work plan.

Choose Line Generic and select OK.
A beeping noise indicates that the unit is collecting data.

The preset logging interval is 5 seconds. To change the logging interval, select
logging interval. A drop down will appear. Change the interval from 5 seconds to
and the time specified by the work plan and select okay.

To verify that data is recording properly, while recording data:

Select on the drop down menu in the top left corner of the screen, and then select
sensor from the drop down menu. In the middle of the screen there will be a string of
text that changes at the time interval selected from step 2.3.3.4. The number typically
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5.1.13

*Note:

screen.

is preceeded by the letter R and a series of 0. The count per minutes are the numbers
that follow the 0’s.

To verify coverage while surveying, select Map from the drop down menu. This will
bring up the Map screen. Use zoom function to obtain a view that will show the
coverage obtained thus far during the survey. If you zoom in to far your map will be
distorted, and if you don’t zoom in far enough your map will not be a good
representation of your coverage. Generally the scale in the lower left hand corner
should be around 100 or 50.

It is important to periodically switch between the sensor screen and the map
During the walkover something can happen to the meter while it is in the back pack

and you will not know about it if you do not check out the sensor screen. It is also important
to check your map to ensure you are getting quality coverage.

5.1.14

6.0
6.0.1

6.0.2

6.0.3

While performing the survey check the life of the batteries. With newer Trimble
units the TSC 2 and 3’s, they “should” save the data when they run out of battery
life.

PERFORMING WALKOVER

Before beginning the walkover, review the areas to be surveyed for the following:
Terrain,

Size,

Elevation changes, etc.

To ensure adequate coverage when surveying large areas markers should be used to
delineate survey lanes. Cones, pin flags, tape measures, or delineators, can be used
as a visual guide to help establish straight lines. Place markers at each end of the
survey lane If you are standing at one cone and cannot see the other cone you are
trying to cover an area that is to large. The smaller distance you walk between two
points the tighter and better your coverage will look.

The width between paths should be about one meter. When the survey lane is
completed, move the marker one meter to the side to set it for the next survey lane.
The typical speed for a gamma walkover survey is a half a meter per second. The
actual speed will be specified in the work plan based upon the detection level and
anticipated background of the area to be scanned. Survey pace can be maintained by
using the beeps of the Trimble handset. The unit will beep every second. A half
meter is typically obtained by taking about half of a normal stride when walking.
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6.0.4

6.0.5

6.0.6
6.0.7

6.0.8

6.0.9

6.0.10

6.0.11
6.0.12
6.0.13
6.0.14

6.0.15

6.0.16
6.0.17
6.0.18

6.0.19

While walking swing your arm slowly in a “pendulum” type motion. Try to cover as
much of your one meter wide path as possible. Keep the detector at the height
specified in the work plan to maintain the correct MDC. (Typically a height of
approximately 4” of the ground in order to maximize the scan MDC).

Utilize the volume on the meter to to distinguish when the count rate increases from
normal levels. Follow the guidance from the work plan for identifying or pausing
when increased count rates are identified.

In order to close a file under the map screen, or in the data screen:

In the data screen there will be a button that has a red square on it that means stop.
Click that button, and it will stop recording data. A dialog box will appear and asks
“Do you want to continue” click Ok.

The handset will still continue to beep like it is still collecting data. , click the X in
the top of the right hand corner of the next screen and close out of Terrasync.

Uploading Files and Collecting Data

before beginning the survey determine the size of the file. Record data for a
specified amount of time, so files will be a manageable size to upload and possibly
email.

To upload your files off of your handset to a computer:
Connect GPS handset to the computer

On your computer open Pathfinder

Click “Utilities”, “Data Transfer”

You should see an icon of a serial pot with a green circle around a check mark (as
opposed to the red x) indicating that the GPS is talking to your computer and vice
versa. If you don’t see this, try re-connecting all of the cords

Click on the “receive” tab. This allows you to receive files from the GPS receiver.
Click “Add”, then “Data file”.
Click on the data file name you created and press “Open”.

Click “Transfer all”
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In-Situ Gamma Spectroscopy WI-002

1.0 Purpose

This work instruction (WI) provides an operating procedure for the Ortec TransSpec.

2.0 Discussion

The TransSpec provides the capability to perform gamma spectral analysis in the field. The unit
operates off battery and displays results of the spectral analysis immediately to the operator in
the field. The TransSpec can be used in conjunction with the Genie 2000 and Geometry
Composer software to provide a detailed gamma peak analysis and quantification.

This WI is applicable to all forms of field in situ gamma spectroscopy, including non-destructive
assay of waste containers or components and characterization of soils and other environmental
media. There are seven main steps involved in operating the TransSpec system. Each of the
steps are covered in the Procedure section of this instruction (Section 5.0):

3.0
3.1

shown in figure 1. This will keep the Transpec cool and
keep the battery charged. If there is no power available
skip this step. The Transpec will still run internal cooling
and you will have a few hours of battery life.

Cooling the detector

Set-up of the detector, accessories/equipment, and electronics
Acquiring a spectrum

Calibration of the system

Analysis of the data

Reporting data, and i ) —
Quality Assurance (QA)/Quality Control (QC) F J . ' !,
3 ‘ .
Procedure - )

Plug in and supply power to the power box as

FIGURE 1, POWER SUPPLY CONNECTION

' 3.2. On

. the opposite end of the power box there is a fixed
- i cable coming from the box. Connect the free end
with the connector to the Transpec. This supplies
power to the Transpec. If no power available skip
this step. See Figure 2.

3.3.  Remove the 2 wing nuts on the front of the
TransSpec to access the memory card. Ensure
there is a card available and insert it into the
TransSpec.

FIGURE 2, POWER CONNECT TO TRANSSPEC 3.4.  Press the power button on the top of the

TransSpec to turn the unit on.
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3.5. This is the first screen that appears when
the Transpec is turned on. Don't touch anything. Give
the instrument some time to boot up and it should
automatically load the Ortec software. See figure 3.

3.6. The screen shown in figure 4 will appear
next. From here click on the "Menu" button in the
bottom right. (there is a stylus located on the front of
the instrument. Under where the SD card is placed. It
is magnetically stored in this location.)

FIGURE 3, START UP SCREEN

RTR: 02175540, AL L4% men

q " 3.7. First click on "Sample Desc" shown
= ‘ : in figure 5 to be able to name/describe what it is
"I pel | that is being analyzed. Type the

Warker: 153050 kel = g cnia name/description of the subject being analyzed

o [ [ ] using the on screen keyboard. When finished
Bl Be 5 [

FIGURE 4, PROGRAM SCREEN

Sample Desc

| Pcak Infa MCA Settings

click "set" then click the "back" button (Figure 6)

Lﬂen Settings Hprectra ‘

Huclide Repart Turn Cooler QFF|
|

FIGURE 5, SAMPLE DESC SCREEN

Sample Description

Modify Samphe Description:

'ltestily

FIGURE 6, SAMPLE DESCRIPTION
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3.8. The program will return to the menu screen. Click the "MCA Settings" button. Then
click on the "Presets" button. Then select, “Live
Time”.
3.9.  Enter the time (in seconds) that you g e o
want to analyze the subject using the on screen A
keyboard. When finished click the "Set" button. oo
See Figure 7. This will return you to the Menu
screen.

3.10. Select the “Spectra” button.

looks as you entered it and that the data location sl Lolul ol ]
is where you want to store the data. (i.e. if you I

R cal =] sl adsdad ¢ I df il =t
3.11. Ensure that the sample description 2 P%E%%%%%Ej
are using a SD card). Click the "back" button until

FIGURE 7, LIVE TIME PRESET

ercchaSotiigs 1 SN you are back at the original screen. See Figure

] sk for Sample Description 8

Data Logation:
Fig Do i

— —
F‘P't‘w | Cickate ‘

FIGURE 8, SPECTRA SCREEN

3.12. From this spectra screen click the
"start" button to start the count. The
"RTR" at the top left of the screen will
count down. When the instrument is
finished counting click "save". To
perform another count with the same
settings click "clear" and then "start".
Figure 9.

RTR: 02:17:50) AC: 149 min
|

3.13. Perform a Quality Control count using
a cesium 137 (Cs-137) button source
placed 25 centimeters (cm) or 10
inches (in) from the face of the detector. FIGURE 9, SPECTRA SCREEN

3.14. If the Cs-137 peak is not in the correct channel, notify the Project HP to perform an
energy calibration.

Tidewater, Inc Radiological Services Division
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3.15. Press the Enter button and select Save from the dialog box that appears to save the
QC spectrum.

3.16. Place the item to be analyzed 10 inches from the face of the detector. Note that the
Project HP may adjust the distance based upon the survey results.

3.17. Using the Spec Worksheet, enter the information regarding the item (source) and any
shielding between the source and the detector face.

3.18. Obtain radiation dose rate and/or count rate information from the source. Record the
data on the Spec Worksheet.

Tidewater, Inc Radiological Services Division
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A. Assembled outer casing with sample sheath and liner
driven to cellect soil core,
- B. First soil core retrieved with sample sheath and liner.
€. Sample sheath with new liner inserted into outer casing.
Outer casing section, light-weight center rod, and drive
caps added to tool string.
D. Tool string driven to collect soil core. i
E. Inner rod string and sample sheath removed to retrieve ) "
second soil core. D. (] E. \ ]

Collecting soil cores with the DT325 Dual Tube Sampling System.
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1.0 Objective

The objective of this procedure is to collect a representative soil sample at depth through an enclosed casing and recover it for
visual inspection and/or chemical analysis.

2.1

2.2

2.0 Background
Definitions

Geoprobe®*: A brand name of high quality, hydraulically-powered machines that utilize both static force and percussion
to advance sampling and logging tools into the subsurface. The Geoprobe® brand name refers to both machines and tools
manufactured by Geoprobe Systems®, Salina, Kansas. Geoprobe® tools are used to perform soil core and soil gas sampling,
groundwater sampling and testing, soil conductivity and contaminant logging, grouting, and materials injection.

*Geoprobe® and Geoprobe Systems® are registered trademarks of Kejr, Inc., Salina, Kansas.

DT325 Dual Tube Sampling System: A direct push system for collecting continuous core samples of unconsolidated
materials from within a sealed casing of Geoprobe® 3.25-inch (83 mm) OD probe rods. Samples are collected and retrieved
within a sample sheath and liner that is threaded onto the leading end of a string of Geoprobe® 1.25-inch (32 mm) OD light-
weight center rods and inserted to the bottom of the outer casing. Collected samples measure up to approximately 2,600
ml in volume in the form of a 1.85-inch x 59-inch {47 mm x 1499 mm} core when using common equipment options.

Liner: A 2.1-inch (53 mm) OD thin-walled, PVC tube that is inserted into the outer casing on the leading end of the inner
rod string for the purpose of containing and retrieving core samples. Liners are available in two configurations; a simple
open tube or a tube with a core catcher permanently attached to the leading end. Nominal liner lengths include 1 meter,
48 inches, and 60 inches.

**Nominal liner length identifies the length of tools with which the liner is used. The actual end-to-end lengths of the various
DT325 liners will differ from the specified nominal lengths.

Core Catcher: A dome-shaped device positioned at the leading end of a liner to prevent loss of collected soil during
retrieval of the liner and soil core. Flexible fingers at the top of the core catcher are pushed outward by soil entering the
liner during advancement of the tool string. As the filled liner is subsequently retrieved, the fingers of the core catcher
move back inward, effectively closing off the end of the liner and limiting soil loss. The core catcher designed for the
DT325 system is made of PETG material and is permanently fused to the liner.

Discussion
Dual tube sampling gets its name from the fact that two sets of probe rods are used to retrieve continuous soil core

driving force from the hammer and provide a sealed casing through which soil samples may be recovered. The second,
smaller set of rods are placed inside the outer casing with a sample liner attached to the leading end of the rod string (Fig.
2.1). These smaller rods hoid the liner in place as the outer casing is driven to fill the liner with soil. The inner rods are then
retracted to retrieve the full liner.

Standard Geoprobe® 3.25-inch QD probe rods provide the outer casing for the DT325 Dual Tube Soil Sampling System. A
cutting shoe is threaded into the feading end of the rod string. When driven into the subsurface, the cutting shoe shears
a 1.75- or 1.85-inch OD soil core (depending on cutting shoe option) which is collected inside the casing in a clear plastic
tiner.

The second set of rods in the DT325 dual tube system are Geoprobe® 1.25-inch OD fight-weight center rods. A sample
sheath with PVC liner is attached to the end of these smaller rods and then inserted into the casing. The 1.25-inch light-
weight center rods hold the sample sheath tight against the cutting shoe as the outer casing is driven to collect the soil
core. Once filled with soil, the sample sheath and liner are removed from the bottom of the outer casing by lifting out the
1.25-inch center rod string.
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The outer, 3.25-inch probe rods provide a cased hole through which to sample. The main advantage of sampling through
a cased hole is that there is no side slough to contend with. in addition, the outer casing effectively seals the probe hole
when sampling through perched water tables, These factors mean that sample cross-contamination is eliminated. The
DT325 sampling system is therefore ideal for continuous coring in both saturated and unsaturated zones.

Solid Drive Tip

A Solid Drive Tip (28509 or 27763) can be placed on the leading end of the inner 1.25-inch rod string in place of a sample
sheath and liner (Fig.2.2). When installed in the outer casing,the drive tip firmly seats within the cutting shoe and effectively
seals the tool string as it is driven into the subsurface. This enables the operator 1o advance the cuter casing to the bottom
of a pre-cored hole or through undisturbed soif to reach the top of the sampling interval.

Grouting

The DT325 system allows bottom-up grouting through the primary tool string. This means that a cement or bentonite
grout mix can be pumped through the outer casing as it is withdrawn from the ground. This is in contrast to most other
soil samplers which require driving a second set of tools back down the probe hole in order to deliver the grout mix.

--Monitoring Well Installation

An expendable cutting shoe enables the operator to install a Geoprobe® prepacked screen monitoring well through the
outer casing of the DT325 Dual Tube System. After the collection of continuous soil cores to the desired depth, prepacked
screens can be inserted to the bottom of the outer casing on the leading end of a PVC riser string. The well is finished,
complete with grout barrier, bentonite wel seal, and a high-solids bentonite slurry/neat cement grout, during retrieval of
the outer casing.

Groundwater and Soil Gas Profiling

The DT325 system can be combined with a simple screen to conduct vertical profiling of groundwater or soil gas quality
through the leading end of the outer casing. Utilizing the Geoprobe® Groundwater Profiler (Geoprobe® 2003} with the
DT325 system provides access to groundwater or sofl gas {Geoprobe® 2006) at multiple depthsina single push. In addition,
hydraulic conductivity testing may be performed through the groundwater profiler tool string with the Geoprobe®
Pneumatic Slug Test Kit (Geoprobe® 2005).

A DT325 Drivable Profiler Head (21379} adapts the groundwater profiler to the inner 1.25-inch rod string of the DT325
systemn, The profiler head is machined to fit within the DT325 cutting shoe. An O-ring on the profiler head provides a
watertight seal to prevent groundwater flow into the outer casing when conducting slug tests through the groundwater
profiler screen.
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Inner rod string raised to Inher rod string raised to

retrieve filled liner \ retrieve Solid Drive Tip _\

Inner Rod String
(1.25-in.0D light-weight
center rods)

inner Rod String
(1.25-in.0D light-weight
center rods)

Outer Casing

(3.25-in, OD probe rods) r\

Cuter Casing

(3.25-in. 0D probe rods) '\

Soil is collected within
Sample Sheath and liner
as tool string is advanced.

Solid Drive Tip
Figure 2.1 Figure 2.2
Outer casing driven with sample sheath and liner. Outer casing driven with solid drive tip.
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3.0 Tools and Equipment

The following equipment is required to operate the DT325 Dual Tube Sampling System. Refer to Figure 3.1 for identification
of the specified parts.

DT325 Sampler Parts* Quantity Part Number
DT325 Shaath Drve HEAU i msssies

DT325 Sample Sheath, 72-in. length.......
DT325 Sample Sheath, 60-in. length
[DT325 Sample Sheath, 48-in.length
DT325 Sample Sheath, 1-m length ......
DT325 Cutting Shoe, standard, 1.85-in. D
DT325 Cutting Shoe, optional, 1.75-in.1D
DT325 Expendable Cutting Shoe Holder..............
DT325 Expendable Cutting Shoe, 1.75-in.1D
DT325 Solid Drive Tip, for standard (28508) cutting shoe
DT325 Solid Drive Tip, for opticnal cutting shoe (28341) and

expendable cutting shoe (26720} .... TS L, 27763
Replacement O-rings, for DT325 solid drive tips

(28509 and 27763}, pka, 0F 25 cvvreeorsesevrcmrmrcarsssonses
D325 Liner Retainer.
O-rings, for DTF325 liner retainer (2671 8), pkg of 25
DT325 Liner Retainer, without O-ring groave.,,
DT325 Liner Retainer Wrench ..

DT325 Liners and Accessories Quantity Part Numbeyr
DT325 Liner Spacer, pkg.of 21 et Vanahle e 29609K
071325 Liner Spacer Head st TR AT ATATR SR SR RS 11 -i- . s 28358

DT325 PVC Liner, 60-in.length, box of 43 ...... Variable...
DT325 PVC Liner, 48-in.length, box of 43 Variable..
DT325 PVC Liner, 1-m tength, box of 43 . . s Variable..
DT325 PVC Liner with Core Catcher, 60-in. length, box of 43, .Variable..
DT325 PVC Liner with Core Catcher, 48-in. length, box of 43., WVariable..
DT325 PVC Liner with Core Catcher, 1-m Iength BOX OF 43 oo Variable
DT325 Vinyl End Caps, pky. of 84 (42 paw) et iere s Variable
[T325 Liner Cutter... J—

Universal Liner Hoider...............

Probe Rods and Accessories*
GH60 Threadless Drive Cap, 3.25-in. rods**
Pull Cap, 3.25-in.rods .....
Probe Rod, 3.25-in.OD x 60-in. Iength
Probe Rod, 3.25-in.0OD x 48-in. length...... e Variable
Probe Rod, 3.25-in. OD x 1-m length . . Variable
Probe Rod, 3.25-in, OD x 12-in. length.... i
w:Replacament Darings; for3:25:n! prol'w rods;pkg. .
Centering Drive Cap, 1.25-in,rods ...
Pull Cap, 1.25-in.rods ... et e Cresr st s S RS AT1204

Light-Weight Center Rod 1 25 -in. ODx6O in. Length*** .. 27600
Light-Weight Center Rod, 1.25-in. QD x 48-in. Length*** v erermonsonmrsrenees e 23900
Winch Pull Plate, 1.5-in.rods {also works with 1.25-in.OD rods) ................................ ) O 18274
Adjustable Rod Clamp ....ccemmrrmmreecresmmmniscasrensene T essssressssesaserennnnnnes 27 216
Optionat Accessories Quantity Part Number
D¥325 Adapter for Hydraulic Liner Extruder " s —— S s ——— 24959
DT325 Plunger for Hydraulic Liner EXTrUder. . eeecceceserecmeeesssee S RN 23977
Rod Grip Handle, GH60 Hammer, 3.25-in. rods v cersr e S s —

Rod Grip Handle, GH60 Hammer, 1.5-in.and 1.25-In. rods. . eennreeencs R ET

Rod Wiper Donuts, 3.25-I0, ROUS v s messsssssssrs = 1= o

RO Wiper WeldmMEnT ... s sseesrasssssons S S

* Setect DT325 Sample Sheath and liner lengths to match length of probe reds.
** A 3.25-inch probe rod drive cap is also available for use with GH40 Series hammers.
#%* 1,25-inch OD probe rods may be substituted for Light-Weight Center Rods.
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GH60 Threadless Drive Cap,
3.25-in.rods
(9742)

Centering Drive Cap,
1.25-in.rods
{12943)

DT325 Sheath Drive Head
{10212}

72-in.iength (26805)
60-in.length (26719)
48-in.length (27711)

1-m length (27712)

D7325 Solid Drive Tip,
for 28341 and 26720
cutting shoes
(27763)

DT325 Solid Drive Tip,
for 28508 cutting shoe
(28509)

P O

Replacement O-rings,
for 27763 and 28509,
pkg. of 25

{13942)

DT325 Cutting Shoe,
standard, 1.85-in.1D
(28508}

DT325 Sample Sheath,

07325 Vinyl End Caps,
Pkg. of 84 {42 pait)
(17762)

DT325 Liner Spacer,
Pkg.of 21
{2960%K)

@ DT325 Liner Spacer Head
i (26358)

ey e _—

DT325 PVC Liner,

box of 43,

60-in. length (DT3260K)
48-in. length (DT3248K)
1-m length (DT3239K)

# DT325 PVC Liner
with Core Catcher,
box of 43,

60-in. length (27813)
# 48-in.length {27814}
1-m length (27815)

Winch Pull Plate, 1,5-in. reds
(18274}

Pull Cap, 3.25-in.rods
{13257}

Pull Cap, 1.25-in.vods
(AT1204)

Replacermment O-rings,
for 3.25-in. probe rods,
pkg.of 25

(99560)

Probe Rod, 3.25-in.00,
60-in. length {9040)
48-in.length {10594}
1-m length {13925)
12-in,length (13672}

Light-Weight Center Rod,
1.25-in.0D,

60-in. length (27600)
48-in.length {21900)

[3T325 Liner Retainer
Wrench
(27838)

DT325 Cutting Shoe,
optional, 1.75-in.1D
{26720) X

DT325 Expendable
Cutting Shoe Holder E
{28339} [/

DT325 Expendable
Cutting Shoe, 1.75-in.iD
{28341)

— ;/26718
- w\ =

DT325 Liner Retainer

— O-rings,for 26718
(28379)
Un:versal

Liner Holder

{22734) DT325 Uner Retainer, %

without O-ring Groove
{31039}

Figure 3.1
DT325 parts and accessories.

Adjustable Rod Clamp
(27216)
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3.1 Tool Options

This section identifies the specific tool aptions available for use with the DT325 Bual Tube System. Refer to Figure 3.1 for
illustrations of the specified parts.

Probe Rods

Standard Geoprobe® 3.25-inch ( 83-mm) OD probe rods are utilized for the outer casing of the DT325 Sampling System.
Nominal rod lengths include 1 meter, 48 inches, and 60 inches. The specific length of rods may be selected by the operator
and will determine the length of tooling for the rest of the DT325 system.

1.25-inch Light-Weight Center Rods

1.25-inch Light-weight center rods (1,.25-inch / 32-mm QD) are recommended for the inner rod string of the DT325 system
when utilizing an outer casing of 48- or 60-inch long rods, Choose the light-weight rod length that matches the length of
rods used for the outer casing (48-inch light-weight rods with 48-inch outer casing, etc.). Currently, 1.25-inch light-weight
center rods are not available in 1-meter lengths. Standard Geoprobe® 1.25-inch x 1-meter probe rods must be used with
3.25-inch x 1-meter outer casing.

A weight reduction of up to 64% is provided by the 1.25-inch light-weight center rods over standard 1.25-inch probe
rods. As a result, considerably less energy is expended when retrieving the light-weight center rods from within the outer
casing during operation of the DT325 Dual Tube Systerm.

Sample Sheaths

A steel sample sheath supports the weight of the inner rods to protect the sample liner from damage while advancing the
DT325 tool string. The liner is placed within the sheath and secured with a drive head at the top of the sheath and a liner
retainer at the bottom. The assembled sheath with liner is inserted to the bottom of the outer casing on the leading end
of the inner rod string (light-weight rods). After advancing the entire tool string one sample interval, the inner rods and
sample sheath are retrieved to recover the soil core.

Sample sheaths are available in nominal lengths of 1 meter, 48 inches, 60 inches, and 72 inches. Sample sheath length is
generally matched to the length of the probe rods selected for the outer casing. However,a DT325 Liner Spacer {29609K}
and DT325 Liner Spacer Head {29358) allow use of 48-inch finers with a 60-inch Sample Sheath (26719) and 60-inch liners
with a 72-inch Sample Sheath (26805).

Sample Liners
Sample liners are made of a heavy-duty clear PVC for convenient inspection of the soil sample. Liners are available either

as a simple, open tube or with an intergral core catcher. Utilize the core catcher liners when sampimg fiowmg sands,
—-nencohesive.soils extremely.dry.soils, orany.other.materials that fall from-the. liner.during.retrieval, .. T ——

Nominal liner lengths include 1 meter,48 inches, and 60 inches with an OD of 2.1 inches (53 mm). Under"nermal”sampling
conditions, liner length should correspond to the length of probe rods used for the outer casing. Certain sampling
conditions can cause over-filled liners which may lead to problems removing the liner and soil core from the sample
sheath. For these special conditions, utilize a Liner Spacer (29609K) and DT325 Liner Spacer Head (29358) 1o provide
additional room above the liner for the excess soil {Fig. 3.2). The liner spacer and liner spacer head must be used with
either a 48-inch liner in a 60-inch Sample Sheath (26719} or a 60-inch liner in a 72-inch Sampler Sheath (26805}, With the
tool string only advanced the length of the liner, the liner spacer remains free to accept excess soil that may otherwise
overfill the liner.
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DT325 Sheath Drive Head
(10212}
,% DT325 Sample Sheath,
B /60n nlength (26719)
! alnl
|
._..L..‘
07325 Liner
Spacer
{29605K)
_ DT325 Liner
11 Spacer Head
" (29358)
DT325 PVC Liner
with Core Catcher,
48-in.length
{27814}
7T
B ; & DT325 Liner
E‘:‘ﬂ Retainer (26718}
Figure 3.2
Common tooling configuration
for use of DT325 Liner Spacer,

T e e
, ! \ | o T
DT325 Cutting Shoe, i \ AT | i . .
standard, 1.85-in.1D ' \ | ‘ ! :1 | 1.85in,  3.5in.
(28508 | 1% \%i L J (47 mm) (89 mm)
e O .
i 11L h H 3 1 -
e Wil ak i T et
N e
Lt o Y
i [
7325 Cutting 5h h‘ | ii\ | !
DT325 Cutting Shoe, (i | | . .
optional, 1.75-in.1D l‘kl | /E o 1.75in.  3.5in.
(26720} Ll “ N | | {44 mm) (89 mm)
Sy 1 4L e —
AL =
e T IK,,LW‘{{: 4 _r ”m
Lt L 1
1 \\ Lo i
26in. i \ E :IE 175 3.5in.
(66 mm} \ l% AN A4 mm) (89 mm)
- H
} ! | H
a LR ] -
DT325 Expendable DT325 Expendable
Cutting Shoe Holder Cutting Shoe, 1.75-in.1D
(28339) (28341}
Figure 3.3

Cutting shoe options for the DT325 Dual Tube Sampling System.

Standard Operating Procedure

Cuiting Shoes

Three cutting shoes are available for use with the DT325 Dual Tube System (Fig.3.3). The
DT325 Standard Cutting Shoe (28508) and DT325 Optional Cutting Shoe (26720) thread
into the leading end of the 3.25-inch probe rods and are recovered after sampling.
Dimensions for the standard cutting shoe are 1.85 inches (47 mm) ID and 3.5 inches (89
mm}) OD. The optional cutting shoe also has an OD of 3.5 inches (8% mm), but the ID is

-only .75 inches (44-mm). The standard. cutting shoe is.ideal for sampling-plastic clays ... ...

and saturated sands while the optional cutting shoe is designed for use in formations
where a smaller-diameter soil core is beneficial to sample recovery.

The DT325 sampling system may also employ an expendable cutting shoe (Fig. 3.3).
In this arrangement, a DT325 Expendable Cutting Shoe Holder (28339) is threaded
into the leading end of the outer casing. A DT325 Expendable Catting Shoe (28341)
is then inserted into the holder. Upon completion of soif sampling, the outer casing is
withdrawn slightly. The expendable cutting shoe is knocked from the holder, leaving
an open casing through which a prepacked screen monitoring weli may be installed.
Dimensions for the expendable cutting shoe are the same as the optional cutting shoe
{ID = 1.75 in.{44 mm) and OD = 3.5 in. (8% mm)).
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4.0 Operation
4.1 Decontamination

Before and after each use, thoroughly clean alt parts of the soil sampling system according to project requirements. Parts
should also be inspected for wear or damage at this time. During sampling, a clean new liner is used for each soil core.

4.2 Operational Overview

The DT325 Soil Sampling System is designed to collect continuous soil cores, Sampling may begin either from ground
surface or a predetermined depth below ground. Once sampling begins, consecutive soil cores are removed as the outer

casing is advanced to grester depths

i

' Figure 4.1
Continuous core sampling from ground surface with the DT325 system.
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When sampling is to begin at the ground surface, the first soil core is generally collected using a liner with core catcher to
maximize sample recovery (Fig.4.1-A). This is especially true when the first core is composed of dry, loose soil. Upon retrieval of
the first liner and soil core (Fig.4.1-B},a new liner is loaded into the sample sheath and inserted to the bottom of the outer casing
onthe end of an inner rod. A section of outer casing is added to the tool string (Fig.4.1-C) and the entire tool string is driven to
fill the liner with soif (Fig.4.1-D). The sample sheath and filled liner are removed from the outer casing to retrieve the second soil
core (Fig.4.1-E). A new liner is placed in the sample sheath and the process is repeated for the entire sampling interval.

When the sampling interval begins at some depth below ground surface,a DT325 Solid Drive Tip is installed in the outer casing
and the entire assembly is driven from ground surface directly through undisturbed soil (Fig. 4.2-A). This enables the operator
to reach the top of the sampling interval without stopping to remove unwanted soil cores. Once the interval is reached, the
solid drive tip is removed (Fig 4.2-B) and sampling continues as described in the preceding paragraphs (Fig.4.2-C, Fig.4.2-D, and
Fig. 4.2-E). '

Specific instructions for assembly and operation of the DT325 Sampling System are given in the following sections,

Figure 4.2
Using a solid drive tip to advance the DT325 outer casing through
undisturbed soil before collecing soil cores.
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4.3 Assembling and Driving the Outer Casing Using a DT325 Solid Drive Tip

A solid drive tip enables the operator to advance the outer casing to the bottom of a pre-cored hole or through undisturbed
soil to reach the top of the sampling interval. The outer casing is assembled first, followed by the 1.25-in. light-weight
center rod system with a solid drive tip. Step by step instructions are listed below.

1.

6,

8,

When using a DT325 Standard (28508} or Opticnal {26720) Cutting Shoe, install an O-ring (9960) at the base of
the theads as shown in Figure 4.3. If using an expendable cutting shoe, instalt an O-ring {9960} on the DT325
Expendabile Cutting Shoe Holder (28339} and one o-ring (6834) on the DT325 Expendable Cutting Shoe (28341},

Thread the DT325 Cutting Shoe or DT325 Expendable Point Holder onto the leading end of a 3.25-inch OD Probe
Rod. Completely tighten the cutting shoe or cutting shoe holder using & pipe wrench.

Install an O-ring (13942} in both grooves of the DT325 Solid Drive Point {27763 or 28509).
Thread the solid drive point into the female end of a 1.25-inch light-weight center rod.

L.ubricate the O-rings on the solid drive point with a small amount of deicnized water. [nsert the point and probe
rod into the outer casing until the point partially extends from the bottom of the cutting shoe.

Place a Centering Drive Cap {12943) on top of the 1.25-inch light-weight center rod and a GH60 Threadless Drive
Cap {9742) onta the 3.25-inch probe rod (cuter casing) as shown in Figure 4.5,

Raise the probe unit hammer assembly to its highest positicn by fully extending the probe cylinder.

Position the assembled outer casing section directly under the hammer with the cutting shoe centered between
the toes of the probe foot, The assembled outer casing section should now be parallel to the probe derrick. Step
back from the unit and visually check sampier alignment. A magnetic level can ke placed on the assembly to check
level.

Apply static weight and hammer percussion to advance the assembled outer casing until the drive head reaches
the ground surface,

NOTE: Activate hammer percussion whenever collecting soil, Percussion helps shear the soil at the leading
end of the sampler so that it moves into the sample tube for increased recovery.

DT325 Cutting Shoe, DT325 Cutting Shoe, DT325 Expendable Cutting DT325 Solid Drive
woneen o StAaNdard (28508). ... Optional 670} ... Shoa Holder (28330) oo o TIDA2B508).

O-ring

(9960)_\

T Sehd v
Tip (27763}
O-ring

(9960f\ B

Sa

Q-ring +
(6834}

O-ring
DT325 Expendable {13942)
Cutting Shoe {28341)
Figure 4.4
Figure 4.3 Solid Drive Points Utilize
DT325 Cutting Shoes Utilize O-ring Seals Two O-rings
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GH60 Drive Cap, GH60 Drive Cap,
threadiess ——> . threadiess ——%*
{9742) (9742)
Centering :
. Centering H
Drive Cap —* —— "
(12043) l : | ore ap — B}
E | | {12943) :
| = B
|
| Light-Weight
I Center Rod,
| 1.25-in.0D,
60-in. length (27600)
| 48-in. length (21900)
|
|
I
...... I
|
Light-Weight | .
Center Rod, | Frobe Rod, 3.35-n.0D, Probe Rod, 3.25-in.0D,
1.25-in.0D, —» 60-in. fength (9040} 60-in. length (5040)
60-in. length {27600} ' <= &g-in. fength (10594) 48-in.length (10594) ——>
48-in.iength {21900) | 1-m length {13925) 1-m length (13925}
I 12-in. Eength (1 3572) 12-in. Iength (1 3672)
|
!
|
|
|
|
|
I
I
|
- ' @ DT325 Cutting Shoe |
. i . {28508, 26720, 0r 28341) —>
DT325 Sofid ; —— < O-ring (3960}
DriveTip —» : DT325 Solid
| ] DT325 Cutting Shoe M —
{27763 or 28509) I | sma < (28508, 26720, or 28341) Drive Tip
- — (27763 ar 28509)
Figure 4.5 SRR : el o : Figure 4.6
Assembly Using the DT325 Solid Drive Tip Completed Assembly

10. Raise the hammer assembly a few feet and retract the unit to provide access to the top of the outer casing-
assembly.

11. Remove the centering drive cap and 3.25-inch drive cap.

12. Add additional 1.25-inch light-weight center rods and 3.25-in. probe rods until the sampling interval is reached. At
this point, the inner rods can be removed and an assembled sample sheath can be added (See Section 4.4)
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4.4 Assembling the Sample Sheath

The sample sheath is used to support the weight of the 1,25-inch light-weight center rods and to protect the liner from
damage while advancing the DT325 tool string, The process of assembling the sheath to collect soil samples is given

below,

1.

2.

4,

Place an O-ring onto the DT325 Liner Retainer, Note: No O-ring is needed for retainer 31039.

Slide the retainer ring onto the leading end of the liner.
(Fig. 4.7).

Place the liner and retainer ring into either end of the
sampler sheath (Fig. 4.8).

Thread the retainer ring onto the sample sheath. If the
tools are clean, it should easily thread on easily by hand
{Fig.4.9).

On the opposite end of the sheath, thread on the DT325
Sheath Drive Head. The drive head will connect the sheath
to the 1.25-inch light-weight center rods.

Figure 4.8, The liner and spacer ring are slid into the sample Figure 4.9, Tighten the retainer ring by hand.
sheath.

The sample sheath is now ready for soil core collection {Section 4,5).

A5 Soll CoreCollection i

This section describes collection of continuous soil core samples from within the sealed outer casing of the DT325 Dual
Tube Sampling System. The procedure is written for a sampling series that begins at the ground surface. Refer to Figure
4.10 for an illustration of the assembled sampler.

1.

When using a DT325 Standard (28508) or Optional (26720) Cutting Shoe, install an O-ring (9960) at the base of
the theads as shown in Figure 4.3. if using an expendable cutting shoe, install an O-ring (9960) on the DT325
Expendable Cutting Shoe Holder {(28339) and one o-rings {6834) on the DT325 Expendable Cutting Shoe (28341).

Thread the DT325 Cutting Shoe or DT325 Expendable Point Holder onto the leading end of a 3.25-inch QD Probe
Rod {Fig.4.11}). Completely tighten the cutting shoe or cutting shoe holder using a pipe wrench.

Insert the sample sheath assembly into the 3.25-inch OD probe rod.
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