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available.

Trademarks (e.g., Microsoft Works, Adobe Acrobat) belong to their respective companies.

i



NIDEP Vapor Intrusion Technical Guidance (Version 2)

January 2012
TABLE OF CONTENTS
ACKNOWLEDGEMENTS. ...ttt ettt bbbtk bbb bbbt b b et et b e bbb b e i
DISCLATIMER ...ttt bbb bbbt bbbt bbbt b e e bt e b e e bt e bbbt e b e st ekt e b e Rt e b b e bt et et e st et b e bt et i
TABLE OF CONTENTS ...ttt ettt h bbb bbbt b e bt ekt h e e b e e bt eb e e b et ekt ab e e ebenreneanennas iii
EXECUTIVE SUMMARY ..ottt ettt sttt h et b bt b s 1t b e bbb e bt e b e e b e ekt eb e e ekt e re e ebeane e b 1
1.0 INTRODUGCTION ...ttt sttt h ek eh et b bbbt e bt ekt e bbbt ab et ek e eb e e ekt ab e e et e anennere s 2
1.1 Intended Use of this Technical GUIAANCE .................c...cocouevveiiiciiieeiieeeeie et 2
1.2 Regulatory Basis for this Technical GUIAANCE..................c...cocovevieciiiiiiieeeeeeeeie e 2
1.3 OVerview Of thisS GUIAANCE.................c.cccccueviiiiiiiiii ittt 3
1.4 GUIAANCE UPAALES ...ttt sttt 4
2.0 DECISION FRAMEWORK ......oiiiiiiecne e 5
2.1 VI INVeSHGAION TYIGZOFS ....coueeiieieii ettt ettt ettt ettt ettt et esiaee e 5
2.2 Vapor Intrusion SCreening LEVels..............ccooociiviioiiiiiieii ettt 6
2.2.1  Ground Water Screening LeVelS ..............cccccouuuiioiiiiiiiiiesieeiee et 6
2.2.2  Soil Gas Screening LeVels.............cccccoooiiviioiiiiiiiieii et 7
2.2.3  Indoor Air Screening LeVels .............ccccoocioiiiiiiiiaiiiieeeeeee e 7
2.3 VI Receptor Evaluation (StAZe 1) ..........c..cccooiiiiieiiiiiieee ettt 8
2.3.1  Initial DAt GAIREFING .............c.occveeveeieeeiieiieeie ettt ettt saaesreese s e 8
2.3.2  BUIldiNG QRA SIFUCEUFES .........ccooeeeeeeieeieecieeeie ettt 9
24 VI INVESHIGALION (STAZE 2) ..ottt ettt et ettt et e e atee st eenbeesabaennaeeneeas 10
2.4.1  Investigative APPFOGCH ..............c.cc.coeviiiiiiiiiiieiiiieee sttt 10
2.4.2  Iterative Nature of VI INVESHIGALIONS. ...........c.cceviriiiiiiiiiiiiieieeese sttt 11
2.4.3  Critical DiStAnNCe CFIIEFIA ...........cc.oeeeieeieieiieei ettt ettt sae s 12
244 DAtA USADBILILY ..ottt 12
2.4.5  Site-SPeCifiC OPLIOMS .......cc.oeiuieiei ettt ettt 13
2.5 MiEIALION (STAZE 3) ..ottt ettt ettt ettt e e e e 15
2.5.1 VAPOT CONCOIT.......c.eeee ettt ettt e et e et e et eetaeetaeesaeesaeensee s 15
2.5.2  Vapor Intrusion Immediate Environmental CONCEIN.............cc.cccveviueerceeiiieaeieasieeenineennes 15
2.5.3  Institutional Controls and Future USe.................cccoccioiioiiiiinieeniiiie et 16
2.6 Operation, Maintenance and Monitoring (StAQe 4) .............ccooveeiiciiieeieieieeeecieeieeieeie e 16
2.7 TErMINALION (STAZE 5) ...oeeeeeeeeiieeee ettt ettt et e et e st e e et e e snteeenbeesnbeeenseeans 16
3.0 INVESTIGATIVE APPROACHES. ... 17
3.1 Conducting a Vapor Intrusion INVeStigation................cccccocuviriiioiiiioiaieieeeee sttt 17
311 Conceptual Site MOdel..................cccoocuiiiiiiiiiiiiiiiiiiteeeee ettt 17
3.1.2  INVESHIGAIVE TOOIS ..ottt 17
3.1.2.1 Ground Water SAMPIING ..............ccooceiiiiiiiiiiieeeee e 17
3.1.2.2  S0il GaAS SAMPIING........coiiiiiiiiieeeee et 18
3.1.2.3  Indoor Air SAmPling ............cccoccvioiiiiiiieiiie e 20
3.1.2.4 SO SAMPIING ..o 21
3.1.2.5 Other Investigative TOOIS ..............ccocceiieiiiiiiiiieeieeee e 21
3.1.3  Preferential PAtRWAYS ..........c..ccoooveeieiiieiiieieieeeieeee ettt ettt sae e 22



4.0

NIDEP Vapor Intrusion Technical Guidance (Version 2)

January 2012

3.1.4  Landfills and Methane Gas................ccccoviucuioieoiiniiniiiii ittt 23

3.14.1 MELRANE ... 23

3.14.2 LANASIIl GASES ..ot 23

3.14.3 Landfill Gas Production and FIOW .............cccccccovoiioiiiieiiieiiieseee e 24

3.1.4.4 Landfill Building ReGUITEMENLS ............c..cccouiieieieiiieee et 25

3.1.4.5 Methane Investigations and Analytical Methods ...................ccccccovcevvenenne.. 25

3.2 Ground Water Investigation and SAMPIING..............ccccoviiioiiiiiiiiiieieee et 27
3.2.1.  Saturated Zone Features Affecting Vapor INtrusion...............c..cccceevveeeeceniveneeneaneann 27

3.2.1.1 Clean WaALEr LEms.............ccueueeeiieiiiiiiet ettt 28

3.2.1.2  Depth to Saturated Zone and Stratigraphy ................c.ccccocuccecnoeocnenienicnncns 28

3.2.1.3  Fluctuation in Depth to Saturated Zone..................ccc.ccocueueceninicniinieniencnnn. 29

3.2.1.4  Complex Hydrogeologic Settings.............c.ccocuvirviioivoiioieoinininiiineseeeeene 29

3.2.1.5  Proximity to Preferential PAthWQys ..............cc.ccooiioiinoeaiiieiieiieie e 29

3.2.1.6  Potential for Contaminant Degradation ...................ccccccuveivenciaierancnninannns 29

3.2.2  Use of Pre-Existing Ground Water DAta..................ccccoecueiieoiaiiiiieiiaiiee e 30

3.2.2.1  Interpolation of Nearby Data................ccccooueiimveieiiiiiiiiiieeeeee e 30

3222 Use of Drinking Water Well Data.................cccccoceoeiciiciioiiiiiieeeeeeee 30

3.2.3  Obtaining New Ground Water Data to Evaluate the VI Pathway .................ccccceveveeuenn... 30

3.2.3.1 Sampling Depth Interval Guidance for Multiple Sampling Methods............. 31

3.2.3.2  Direct Push and Alternative Ground Water Sampling Methods..................... 32

3.2.3.3 Ongoing Ground Water MORILOVING ............c...cccccoeveiieieeaieiieiieeieeeeeeeeeens 32

3.3 SOOIl GAS SAMPIIIG ...ttt bttt 32
3.3.1  Sub-Slab Soil Gas SAMPIING ............cccccocieviiiiiiiiiiii i 33

3311 APPLICALION ...t 33

3.3.1.2  Investigative CONSIAEIALIONS.............c.ccceevuieeeiieiieiee et 33

3.3.1.3  Analytical Methods and Parameters....................cccoceevceeviioeesoieniaieaieaeeanens 34

3314 LeAK CRECK. ..ottt 35

3.3.1.5  SAMPle FIOW RATE ..........ccccuveeieeeiieiiieeieieeeeee et 36

3.3.1.6  Calculating Purge VOIUMES ..............ccoccueviiiiiiiiiiiiii et 37

3.3.1.7  Number and Location of Sample POINLS...............c..cccovvevieeeaveinieiieiieereannns 37

3.3.1.8  SAMPIE FrQUENCY ..ottt 39

3.3.2  Alternative Soil Gas SAMPIING .............ccoocveeeiiieiiiiiieiieie ettt 39

3321 APPLICALION ...t 39

3.3.2.2  Investigative Considerations and Procedures ....................cccccuvverevenravnannnn. 40

3.3.2.3  Number and Location of SAmples ..............cccccceeeviviniiniiniiiciiiiicenenesenaen 40

3.3.24 Undeveloped Parcels and Future USe ..............ccccccoucieiiaciaceaiiaiieieeeeee 41

3.4 Conducting a Building Walkthrough and SUrvey................cccocoocieeiiiioiiiiiieieeee e 41
3.4.1  Identification of Potential Background SOUFCES .................cccceicieiciaiiiiiiiiiiieiieeeee 42

3.4.2  Recognition of Points of Vapor Intrusion in a Building .................cc.ccccocevevenencennnne. 42

3.4.3  Identification of Possible Sample LOCAIONS ...............cccoceomieneiiiiiieieeeee e 43

3.4.4  Education of the Occupants on Vapor Intrusion and Sampling Procedures .................... 43

3.5 INAOOT ALV SAMPIIIG. ..ottt ettt ettt enaeese s 43
351 ADPDICALION. ...ttt 43

3.5.2  Investigative CONSIACTALIONS.................ccoecueeceiieeeieeeieeieete et ettt ese e steesreesseeseennes 44

T B 7 7 Td 2 PRSPPI 45

3.5.4  Sample Duration and FIOW RALE ..............cccccooeviriiiiiiiiiiiiiieeeeee ettt 46

3.5.5  Number and Location Of SAMPIES .............cccccceeiriiiiiiiiiiiiiiiiieniiese et 46

3.5.6  SAMPLE EVERLS ......ccueiiiieeieeee ettt ettt ettt 48

3.6 Investigative Reporting REGUIFEMENLS ..............cccccoouiiiiiiiiiiiiiii ettt 49
3.6.1 VI ReCeptor EVAIUATION. ..........c...cccueeeeieeiiieiie ettt aaeesaeasaeennee s 49

3.6.2  VISAMPLIAG ..ottt 50

3.6.3  Immediate Environmental CONCETNS. ...........ccccoiiouiiieaieiiee ettt 50
MULTIPLE LINES OF EVIDENCE AND DATA EVALUATION .....cccoiiiiiireineee e 52
4.1 Background INAOOF Ail SOUFCES..............cc.cccoecveeiieiieiiieieeee ettt 52

v



NIDEP Vapor Intrusion Technical Guidance (Version 2)

January 2012
4.2 Components of a Multiple Lines of Evidence Approach ..................cccccocuvioeeoiococnininicncicaen, 53
421 PFIMAEY FACLOFS......coii ottt ettt ettt 53
4.2.1.1 Site-Specific Contaminants of CONCEIT ............cccccovcueeieeiaeaieiieeee e 53
4.2.1.2  Sub-slab soil gas SAMPIING............ccocceiiiiiiiiiiieieeeee e 54
4.2.1.3  Ambient (outdoor) air SAMPIING..............cccccoevieiiiaiiiiiiieiieeee e, 54
4.2.1.4  Indoor air background databases....................cccccoceviiiviiiiiiiiiniiinieie, 55
4.2.2  SECONAATY FACIOTS ...ttt 55
4.2.2.1  BUIIAING SUFVEY ..ottt 55
4.2.2.2  Exterior SOl @as SAMPIING ............c..cccoovveveeiiiiiiiieeieeeie et ese e 56
4.2.2.3  Building CRAFACIEFISHICS .......c..ccoriiiiiiieiiiieieeeeeeet sttt 56
4.2.2.4 SOl PPOPEILIES ...ttt 56
4.3 DAt EVAIUGTION ..ottt ettt ettt e sneesneesaeeeeenes 57
4.3.1  BaCKGIroUNd SOUFCES ...........cccooiieiieiee ettt 57
4.3.2  Ground Water SAMPIES ................ccocueiiiiiiieieeee ettt 57
4.3.3  Multi-Depth Ground Water Contaminant DAta..................ccoccovcieviaoiaiesiaiiesieeae e 58
4.3.4  Sub-S1ab SOil GAS SAMPIES .........coooeceeeiiiiaiieiieeee ettt sae e s 58
4.3.5  Indoor Air Samples from the BaSEMENt ...............cccoooiiiiiieiieiiiieseiiee e 59
4.3.6  Multiple Indoor Air Samples from Different FIOOFS ............ccccocoevoeioiiciioiiiiioiaiieieeen 59
4.3.7  Indoor Air and Sub-Slab Soil Gas SAMPIeEs .................c.cccoeveeimmiieiiaiieiieiieieeeeeee e 60
4.4 COMPLIATICE ...ttt ettt ettt b e e s e ets e e te e beebe e s e enaesaeeeneesse e 62
4.5 OffICIAL NOTIfICAEION ...ttt ettt ese e e b e easeenseeasesaaens 62
5.0 PETROLEUM HYDROCARBONS.........ctiiiiiiieeienreee s 63
5.1 THEPOQUCHION. ...ttt ettt ettt ettt e e e seeesaeeeseeeeenes 63
52 BiOAEGFAAAIION ........c..c.oiiiiiieic e e 63
5.3 VI INVESHIGALION ...ttt ettt ettt et ettt ettt et et et e e s 64
54 Aternative APPTOGCRES ...............c.ccceeieeeiee ettt ettt nneen 65
5.4.1  GaASOIINE DISCAATZES..........ooiueeieiee ettt ettt 65
54.1.1 Gasoline Exclusion CFiteriQ ...............ccccccociviiivieciinicniniiniiiiteeeeeseeeee 65
54.1.2 Conditions for Application of Gasoline Exclusion Criteria............................ 66
5.4.1.3 Collecting O, CO, CH, for Application of Gasoline Exclusion
C IOTIA ..ottt e 66
5.4.2  Discharges of No. 2 Fuel Oil / Diesel Fuel Oil & Heavier Petroleum Fractions............. 66
6.0 VAPOR INTRUSION MITIGATION ...ttt 68
6.1 Initial Response Actions — Overview and Timeframes ...............ccccceeeiriniinieiiniiieenesene e 68
6.1.1  Response ACtion CALEGOTIES ..............ccccceriueriiiiicuiiiiinienit ettt 68
6.1.1.1  Immediate Environmental CONCEIN ...............cccccceveminiiniiniiniiiieeienieeenaenes 68
6.1.1.2 VAPOF CORCOITL.........oeeee ettt 68
6.1.1.3  Emergency ReSpONSe ACHION ............c..ccouueiieiiaieieiesieee e 69
6.1.1.4 VI Contamination Unrelated to Site Being Investigated.................ccccccenue.. 69
6.1.2  SPeCific RESPONSE ACHIONS. ........ccooieiieieeeee ettt 69
6.1.2.1  Department NOTfICATION ..............cccoeeiciioiiiiiaiieieeeeee ettt 69
6.1.2.2  Interim Response ACtion (IRA) ...........c...ccccoomvveiieoiiiiiieiieeeeie e, 69
6.1.2.3 VC Mitigation PLAm..............c..ccocovveiiieiiiiieieeiieeeeie e 70
6.1.2.4 Engineered System Response Action (ESRA)............c..cccooevveeiiciiceennannnnn, 71
6.2 MitIGALION MEIROGS ...ttt 71
6.2.1  Active Subsurface DepreSSUrization SYSIEMS. .............ccccoiuiriiriiaiirieaieeeieneneee e 72
6.2.2  Passive Subsurface Depressurization SYSIEMS .............ccccccouveeiieieiieeieeieeneeeeeeeeeeeeneeenns 73
6.2.3  Sub-Slab Ventilation SYStEmsS.............cccoucuaioiiii ittt 74
6.2.4  Alternative Mitigation Methods .................ccocooiiiiiiiiaiiiieiiee et 74
6.3 Mitigation System Design and CONSIFUCIION..............cccuevcieeieiiiiiesiieeie et 75
6.3.1  System Design and Installer QUalIfiCAtions..................ccccoveioiiieiiiiiiiiiiiieeeee e 75
6.3.2  Pre-Mitigation Diagnostic T@SHING ............cccceuieiiaoiaieaieseee ettt 76

v



6.4

6.5

6.6

REFERENCES

Table 3-1

Table 3-2

Table 4-1

Table 6.1

Table 6.2

Table 6.3

NIDEP Vapor Intrusion Technical Guidance (Version 2)

January 2012

6.3.2.1 ViISUGL INSPECIION. ...t 76

0.3.2.2  BACKAVASTING.......ccooiieieiii e 76

0.3.2.3  SHACK EffECtS .......ooeeeeieeeeeeee e 77

6.3.2.4 COMMUNICATION TOST ..ottt 77

6.3.2.5  Permanent Sub-slab Soil Gas Probes .................ccccccccvoiniiniiiniiivceiiniecn, 77

0.3.2.6  CONAEISALION ...ttt 77

0.3.2.7  ALGFIS ..o 78

6.3.3  Sealing VaApOr ERIFYWAYS...........ccccecuieeaiiaiiieieeeieeie ettt sae et sse e esee s 78

0.3.4  GAS VAPOF BATFIOFS ..ot ettt ettt sttt st e snbeesnbeeensee e 79

6.3.5  Construction and ElectricQl PEFmMILS ..............c.cccccocvcieoiiriininiiniiiiiieaieieeeeieee e 80

0.3.0 ATV POFIMILS......ooiiiii ettt ettt 81

6.3.7  Buildings with EXisting Radomn SYStemS .............c.cccccociioieoioinininiiieiiseiteeee e 81

POSt-MitiGQtiON ACIIVITIES ........covieiiiiiiiiiiie ettt ettt 81

6.4.1  Institutional and Engineering CORIOIS .............c.cccoocuiiiiiiiiiaiieiiee et 81

6.4.2  System Commissioning (Post-Mitigation Diagnostic Test)...........cccccuveeioeenceinceaveaiennnn. 83

6.4.2.1 Vapor Intrusion Mitigation System Inspection Checklist................ccccocvneee. 83

6.4.2.2  Active System Diagnostic Measurements...............cccocceuveeeerveioeneeneeneaneeens 83

6.4.2.3  Passive System Diagnostic Measurements..................cccocerceereevesveneeneeenneenn. 84

6.4.2.4  Subsurface Vacuum Measurements ................c..ccoccveeeeeveeuereeseasneesensenneenns 84

6.4.2.5  Backdraft TeStING .............cccoveviiviiiiieiieieeiieeieee e 85

6.4.2.6  Building Owner Notification of System Operations...................c.ccocueevvennrn. 85

6.4.2.7 CONVEISION FACHOFS. ...ttt 85

6.4.3  Verification SAMPIING ............c.cccccociiiiiiiioiiiiieieee ettt 86

6.4.4  Engineered System Response ACtion REPOTL..............ccccceveviriiiiirieiiaiiieieneenene e, 86

Operation, Maintenance and MORITOFING .............c.ccccoccieiiiiiiiiieiiese ettt 87

6.5.1 Variations in Baseline PAVAMELETS ................cccoeueieeieeeie ettt 88

0.5.2  Long-Term MOMNITOFING .........ccccovuiiiiiiiii ittt ettt 90

SYSEEM T@IMINALION ..ottt ettt ettt et enee s 91

........................................................................................................................................................... 92
TABLES

Recommended Minimum Number of Sub-Slab Soil Gas Samples 38

Recommended Minimum Number of Indoor Air Samples 47

Hllustrative Example of Sub-Slab Soil Gas and Indoor Air Results 62

Unit Conversions for VI Mitigation 86

Vapor Mitigation Verification and OMM Criteria 90

Long Term Monitoring Sampling Designs 91

vi



NIDEP Vapor Intrusion Technical Guidance (Version 2)

January 2012
FIGURES
Figure 2-1 Soil Classification System 15
Figure 3-1 Schematic Diagram of SamplingTtrain using Leak Detection
and Photograph of Helium Shroud with Summa Canister 36
Figure 5-1 Petroleum VI Conceptual Site Model 65

APPENDICES

APPENDIX A Decision Flow Chart

APPENDIX B Vapor Intrusion Timeline

APPENDIX C ITRC Conceptual Site Model Checklist

APPENDIX D [Indoor Air Building Survey and Sampling Form

APPENDIX E Evaluating Indoor Air near VOC Contaminated Sites fact sheet

APPENDIX F [Instructions for Occupants - Indoor Air Sampling Events (English and Spanish)
APPENDIX G Background Volatile Levels in Homes: Literature Review

APPENDIX H Common Background Indoor Air Sources

APPENDIX 1 Simple Smoke Visualization Test to Assess Backdrafting

APPENDIX J Installation Procedures of Permanent Sub-slab Probes for Monitoring VI Mitigation
Systems

APPENDIX K Decision Flow Chart for Air Pollution Control Permit
APPENDIX L Determining Air Pollution Control Permit Requirement
APPENDIX M Vapor Intrusion Mitigation System Inspection Checklist
APPENDIX N Subsurface Depressurization Monitoring Form (Large Blower)
APPENDIX O Subsurface Depressurization Monitoring Form (Small Blower)
APPENDIX P Electrical Cost Estimates for Subsurface Depressurization Systems
APPENDIX Q Glossary

APPENDIX R Acronyms

Vil



NIDEP Vapor Intrusion Technical Guidance (Version 2)
January 2012

EXECUTIVE SUMMARY

Vapor Intrusion (VI) is defined as the migration of volatile chemicals from the subsurface into
overlying buildings (USEPA 2002b). The presence of volatile compounds in soil or ground water
offers the potential for chemical vapors to migrate through subsurface soils and along
preferential pathways, potentially impacting the indoor air (IA) quality of affected buildings.

The Vapor Intrusion Technical (VIT) Guidance is designed to help the investigator to comply
with the requirements of the New Jersey Department of Environmental Protection (Department)
and properly assess the VI pathway. The technical guidance takes the investigator through the
various stages of receptor evaluation, VI investigation, mitigation, monitoring and ultimately
termination.

Basic concepts, such as conceptual site models (CSM) and multiple lines of evidence (MLE), are
presented and their application to the VI assessment are explained. The VIT Guidance provides
recommended protocol for investigating the VI pathway, including the recommended number of
sub-slab soil gas (SSSG) and IA samples based on the size of the building footprint and
numerous other technical factors.

IA analytical results are compared to the Indoor Air Screening Levels (IASL) and the Rapid
Action Levels (RAL). An immediate environmental concern (IEC) is present when VI related
IA concentrations exceed the RAL, the source of the exceedance is due to a discharge, and a
completed pathway for VI has been confirmed. Whereas, if VI related IA concentrations exceed
the IASL, but are equal to or less than the RAL, a vapor concern (VC) exists.

Specific gasoline exclusion criteria are presented to address the unique nature of these petroleum
hydrocarbons. The investigator is provided detailed information on data review and the complex
nature of background sources on the interpretation of analytical results.

Design, mitigation and post-mitigation procedures are thoroughly discussed and the appropriate
monitoring provisions are outlined.

The Department’s VI screening levels are located in Tables 1 through 3 on the Department’s VI
website at http://www.nj.gov/dep/srp/guidance/vaporintrusion/.
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1.0 INTRODUCTION

VI has been recognized as a potential exposure pathway for human health risks for over two
decades. VI is defined as the migration of volatile chemicals from the subsurface into overlying
buildings (USEPA 2002b). The presence of volatile compounds in soil or ground water offers the
potential for chemical vapors to migrate through subsurface soils and along preferential
pathways, potentially impacting the IA quality of affected buildings. The accumulation of
volatile vapors in impacted buildings can result in acute or chronic human health concerns.

1.1 Intended Use of this Technical Guidance

The Vapor Intrusion Technical (VIT) Guidance is designed to help the person responsible for
conducting remediation to comply with the requirements of the New Jersey Department of
Environmental Protection (Department) established by the Technical Requirements for Site
Remediation (Technical Rules), New Jersey Administrative Code (N.J.A.C.) 7:26E. Specifically,
the technical guidance is intended for use in the evaluation of the VI pathway at primarily
volatile organic compound (VOC) contaminated sites located within the state of New Jersey.
While this document concentrates on VOC contaminated sites, evaluation of other volatile
compounds (e.g., formaldehyde, naphthalene, mercury) for the VI pathway may be necessary to
protect public safety, health and the environment.

Individuals involved in using this guidance may include licensed site remediation professionals

(LSRP), non-LSRP environmental consultants, Department personnel, and other environmental

professionals. Therefore, the generic term “investigator” will be used to refer to any person that
uses this guidance on behalf of a remediating party, including the remediating party itself.

In applying technical guidance, the Department recognizes that professional judgment may result
in a range of interpretations on the application of the guidance to site conditions. If the
investigator does not consider this technical guidance appropriate or necessary, the investigator must
explain why and provide adequate justification to document that the decisions made are still
protective of public health, safety and the environment. The procedures for a person to vary from
the Technical Rules in regulation are outlined at N.J.A.C. 7:26E-1.7 and further clarified at
http://www.nj.gov/dep/srp/stra/training/matrix/important messages/variance_and_bpj.pdf.

This document updates and replaces the Department’s Vapor Intrusion Guidance, October 2005
(NJDEP 2005b) and supersedes other related technical guidance on this topic.

1.2 Regulatory Basis for this Technical Guidance

The legal basis for the evaluation of the VI pathway associated with contaminated sites is rooted
in various statutes and regulations that include, but are not limited to, those outlined below.

The Brownfields and Contaminated Sites Act specifies that “the State needs to ensure that the
public health and safety and the environment are protected from the risks posed by contaminated
sites....” N.J.S.A. 58:10B-1.2. The presence of subsurface volatile contamination offers the
potential for area buildings to be impacted through the VI pathway. The evaluation of these risks
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should include consideration of the potential for vapor migration to impact the A quality of a
building and the health of the people in the building.

The Site Remediation Reform Act (SRRA) provides the basis for the LSRP program where the
LSRP must ensure that a remediated site is “in compliance with all applicable statutes, rules and
regulations protective of public health and safety and the environment.” N.J.S.A. 58:10C-14d.
SRRA defines “confirmed contamination that has migrated into an occupied or confined space
producing a toxic or harmful atmosphere resulting in an unacceptable human health exposure....”
(N.J.S.A. 58:10C-2) as a condition that represents an IEC for the VI pathway that must be
addressed pursuant to the Technical Rules. The application of this technical guidance in the
evaluation of the VI pathway is included in SRRA, which requires an LSRP to “apply any
available and appropriate technical guidelines concerning site remediation as issued by the
department.” N.J.S.A. 58:10C-14c(3).

The Department’s Technical Rules, in N.J.A.C.7:26E-1.18, specify the requirement to evaluate
the VI pathway. The requirements associated with an IEC for the VI pathway are presented in
N.J.A.C.7:26E-1.14. Section 8.3 and 8.6 of the Technical Rules outline ground water
classification exception area (CEA) requirements that address the VI pathway.

1.3 Overview of this Guidance

This technical guidance incorporates a risk-based, staged approach to evaluate the potential for
VI associated with contaminated sites. The document has been developed after consideration of
the latest state of the science
procedures and methodologies
currently included in the United
States Environmental
Protection Agency (USEPA),
ASTM, Interstate Technology
and Regulatory Council
(ITRC), State and industry
guidance that address the VI Develop and implement VI Investigation
pathway. While the Evaluate data using applicable screening
Department has incorporated levels

many of the latest

VI Pathway Investigative Strategy

Stage 1: VI Receptor Evaluation
Assess potential for VI
Identify receptors

Stage 2: VI Investigation

recommended methodologies
in the document, New Jersey
specific characteristics, input
parameters and procedures
have also been included, where
applicable.

The investigator’s strategy for
the VI pathway should consist
of a series of stages designed to
consistently and logically
progress through the process of

Stage 3: Mitigation
Determine appropriate mitigation
Implement mitigation

Stage 4: Operations, Maintenance and Monitoring
Establish a long-term monitoring/
maintenance program

Stage 5: Termination
Assess ability to terminate mitigation
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assessing the potential for VI. These stages are structured in this guidance to be consistent with
the organization of a typical investigation as required in the Technical Rules. In addition, the
Decision Flow Chart (Appendix A) and the Vapor Intrusion Timeline (Appendix B) should be
consulted when assessing the VI pathway.

While this guidance discusses typical situations that an investigator may encounter while
assessing the VI pathway, it is not comprehensive, nor inclusive of all potential scenarios and
related investigative tools involving VI.

1.4 Guidance Updates

The Department will update the document as the state of the science for VI pathway evaluation
advances. The current document along with updates to the screening levels and other sections of
the document are, or will be, presented on the Department’s website at
www.state.nj.us/dep/srp/guidance/vaporintrusion/. It is recommended that investigators refer to
the NJDEP website to ensure that they are using the most current information in the evaluation of
a site. In addition, information on community outreach, sample result letters and tables, as well
as access letters can be found on the Department’s VI website.
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2.0 DECISION FRAMEWORK

The Decision Flow Chart (Appendix A) is designed to assist the investigator in assessing the
appropriate steps when evaluating the VI pathway. The chart was formulated to address most
situations where suspected IA impacts may be occurring due to sources from soil or ground
water contamination, or known spills inside a building. Use professional judgment for any
circumstances that are unique or present complex problems not fitting the paradigm.

The technical guidance utilizes a phased approach for investigating the VI pathway. This
framework follows the basic provisions of the USEPA Subsurface Vapor Intrusion Guidance
(2002b) and various state VI guidance documents. Refer to Sections 2.3 through 2.7 (below) for
further discussion on the phased approach.

The decision framework starts with the VI receptor evaluation which encompasses the data
gathering phase associated with a preliminary assessment and site investigation. The VI
investigation stage involves comparing the Department’s screening levels to analytical data from
IA, SSSG and ground water samples, as well as other lines of evidence, to resolve whether there
is the potential for this pathway to be complete. Site-specific parameters or alternative sampling
approaches may be used as part of the VI investigation.

The mitigation stage addresses potential mitigation actions, while the Operation, Maintenance
and Monitoring (OMM) phase deals with ongoing post-mitigation requirements. Provisions
dealing with the conclusion of the VI pathway are handled in the termination stage.

2.1 VI Investigation Triggers

The most basic question an investigator asks when considering VI is “When do I have to
investigate this pathway?”

Ground water in excess of the NJDEP Ground Water Screening Levels (GWSL) is a potential
source of VI that can adversely impact the IA quality of nearby buildings. Additional assessment
shall be conducted when a building is located within the critical distance criteria (N.J.A.C.
7:26E-1.18). Buildings and structures are more fully described in Section 2.3.2 and further
clarification on the critical distance criteria can be found below in Section 2.4.3.

Existing soil gas or IA data are compared to the Department’s Soil Gas Screening Levels (SGSL)
and IASL, respectively. An exceedance of these screening levels will necessitate further
evaluation and possible mitigation of the VI pathway (per N.J.A.C. 7:26E-1.18).

Additional factors that trigger a VI investigation (N.J.A.C. 7:26E-1.18) are as follows:

e A landfill located on or adjacent to the site (refer to Section 3.1.4);

e A wet basement or sump in a building containing free product and/or ground water with
any detectable levels of a volatile contaminant;

e Methanogenic (methane generating) conditions are present that may cause an explosion;
or
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e Any other information that indicates human health may be impacted via the VI pathway
(e.g., volatile soil contamination near or under a building).

The Department currently does not have soil screening levels for the VI pathway. Therefore, the
investigator should determine — based on their professional judgment — whether to investigate
contaminated soils identified in the unsaturated zone near a building as part of the VI pathway.

A site-specific evaluation should consider the volatile contaminant concentrations in soil, how
close the contaminated soil is to a building and the utilities that serve it, and whether the
contaminants are readily biodegradable or more recalcitrant. Another consideration would be the
ultimate remedial action for the contaminated soils (e.g., removed versus remaining in place).
The investigator should assess these and other site-specific factors when determining whether the
VI pathway should be investigated (if only soil data are available). The Department’s soil
remediation standards should not be utilized in this determination because the standards were not
developed for the VI pathway.

2.2 Vapor Intrusion Screening Levels

The investigator should be gathering and evaluating any existing sampling results or other data to
assess the VI pathway relative to the Department’s screening levels to determine whether the VI
pathway triggers investigation or mitigation. The Department has developed these screening
values for ground water, IA and soil gas. The Department’s VI screening levels are located in
Tables 1 through 3 on the Department’s VI website at
http://www.nj.gov/dep/srp/guidance/vaporintrusion/.

2.2.1 Ground Water Screening Levels

Ground water data shall be compared to the Department’s GWSL in Table 1 of the Department’s
VI website (N.J.A.C. 7:26E-1.18). The GWSL may be used in the evaluation of a site where the
ground water is as close as two feet below the building slab when: 1) the seasonal high water
table does not reach the building slab; 2) the water table does not extend into fill material directly
under the building slab; and 3) the top of the capillary zone does not reach the building slab.

The capillary zone does not normally extend through the base course layer under the slab. For
situations where no fill material is present under a building’s slab, estimate the top of the
capillary zone based on the anticipated soil texture present. Based on an evaluation of the
various soil types using the Johnson & Ettinger (J&E) model (Johnson & Ettinger, 1991), the
capillary zone, necessary to address item 3 above, has been determined to be greater than two
feet in height for finer soils. As a result, the distance between the water table and the building
slab should be at least 2.7 feet for clay soils, 4.4 feet for silty clay loam, 5.3 feet for silt and 6.3
feet for silty clay soils. Site-specific field determinations may be made in these circumstances
for soil texture.

Provided the above conditions are met, the Department’s GWSL are appropriate for use at sites
where unsaturated soil is present below the building slab. If the conditions above are not met, the
Department’s GWSL should not be utilized in assessing the VI pathway.



NIDEP Vapor Intrusion Technical Guidance (Version 2)
January 2012

GWSL should also not be applied where a building slab is in direct contact with competent,
massive bedrock containing discrete fractured zones as vertical fractures are very likely to act as
preferential pathways for vapors (e.g., creating a direct pathway for vapors between the ground
water table and the building slabs ). Use the GWSL for soils that contain gravel, assuming they
exhibit relatively homogeneous, isotropic conditions.

Apply the GWSL where the water table is in bedrock and nearby site-specific data indicate there
is unsaturated soil, fill or geologic material below a building slab through which subsurface air
flow would approximate, or approach, porous media conditions. In many areas bedrock in the
vadose zone and at the water table is so highly weathered and/or densely fractured that these
conditions will be met even if deeper, more competent bedrock creates very heterogeneous flow
conditions.

In situations where it is inappropriate to utilize the GWSL, the investigator should employ other
lines of evidence (e.g., SSSG, near slab soil gas and A samples) as discussed in Sections 3.3 &
3.5 of this document and Vapor Intrusion Pathway: A Practical Guideline (ITRC 2007).

2.2.2  Soil Gas Screening Levels

The Department’s SGSL in Table 1 shall be compared to the sub-slab and/or near slab soil gas
results (N.J.A.C. 7:26E-1.18). Use the SGSL in the evaluation of representative and appropriate
(see Chapter 3) soil gas analytical results. Exceedance of the SGSL indicates the potential for VI
that necessitates further evaluation of the pathway as outlined in Chapter 4 of this guidance. Soil
gas results that do not exceed the SGSLs may or may not suggest further investigation. Refer to
Section 3.1.2.2 for additional information.

2.2.3 Indoor Air Screening Levels

The results of IA samples shall be compared to the Department’s IASL listed in Table 1
(N.J.A.C. 7:26E-1.18). The table presents residential and nonresidential IASL that are used in
the evaluation of [A analytical results collected from within a building. Consistent with the
Department’s Remediation Standards (N.J.A.C. 7:26D), the Department requires use of the
residential IASL in the evaluation of residential properties, schools and child care centers.

The nonresidential IASL are applicable to industrial/commercial facilities where the adult is the
receptor of concern, a discharge to the environment has occurred and the facility (or portion of
the facility) is not currently handling or using the subsurface contaminants of concern (COCs)
associated with the discharge. While the collection of A samples is generally not recommended
in situations where the facility is currently using the same COC for the VI pathway, 1A samples
collected under these circumstances should include consideration of both the nonresidential
screening levels and the applicability of the Occupational Safety and Health Administration
(OSHA) permissible exposure limits (PEL) to the subject building.

Air samples collected from a building crawlspace are also compared to the applicable residential
or nonresidential IASL to determine whether further investigation is necessary (e.g., collecting
IA samples from the living space above the crawlspace). The subsequent IA sample results are
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then compared to the applicable IASL to determine whether an IEC or VC condition for the VI
pathway exists within the building (as discussed below).

A VC or IEC does not exist at a building (or portion of a building) when OSHA applicability has
been determined. This position assumes that the workers in question are fully covered by OSHA
regulations (e.g., notification, training in personal protective clothing and gear, medical
monitoring, documentation). The investigator should document the use of the OSHA PELs.

Consider and address the potential for a future change in the use of the building or in the use of
the COC within the building in situations wherein nonresidential IASL and/or the OSHA PEL
are used. Periodic verification of both the use of the building and the COCs will be necessary as
part of institutional control requirements at the affected building(s).

The evaluation of A data collected at a site shall also include a determination as to whether an
IEC for the VI pathway exists in a building (N.J.A.C. 7:26E-1.18). An IEC determination is
based on 1) an exceedance of the applicable RAL found in Table 2 of the Department’s VI
website (http://www.nj.gov/dep/srp/guidance/vaporintrusion/) and 2) the conclusion that the
exceedance is resulting from a completed VI pathway and not principally background or ambient
air sources. The Department shall be contacted to identify an applicable RAL should a value not
be listed for a COC in Table 2 (N.J.A.C. 7:26E-1.14(b)5).

A potentially explosive environment present in a building or subsurface utility is not an IEC, but
rather an emergency situation. Thus, a potentially explosive condition shall be immediately
reported to 911, the Department’s Hotline and the New Jersey Department of Health and Senior
Services (NJDHSS) irrespective of the source.

Health Department Notification Levels (HDNL), developed in consultation with NJDHSS, are
listed in Table 2 (http://www.nj.gov/dep/srp/guidance/vaporintrusion/) of the Department’s VI
website. These values, when exceeded in occupied buildings, indicate the need for the
investigator to inform the NJDHSS, the Department and the local health department, by
telephone about the site and the associated VI related A concentrations for further evaluation
and possible emergency actions.

23 VI Receptor Evaluation (Stage 1)

For the VI pathway to be complete, there must be a source (principally volatile compounds), a
potential pathway involving an impacted matrix (e.g., ground water, soil and/or soil gas), and
people (i.e., receptor) (current or future) proximal to the source or pathway. In the VI receptor
evaluation (Stage 1) the investigator assesses each of these components to begin the process of
developing a CSM, as discussed in Section 3.1.1. Identify data gaps and prepare the preliminary
approach to a VI investigation.

2.3.1 [Initial Data Gathering

Once a VI investigation is triggered, implement a series of actions as stipulated in N.J.A.C.
7:26E-1.18(b). The following actions shall be completed within 60 days after the initial trigger
event.
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1) Identify all buildings and subsurface utilities (as clarified in Section 3.1.3) within 200
feet of the currently known extent of the shallow ground water contamination in excess of
the Department’s GWSL for volatile compounds or other triggers noted in Section 2.1;
2) Assess each building to determine
e Specific use,
e Presence of residences, schools, child care centers,
e Existence of a basement, crawlspace, or slab-on-grade, and
e Approximate square footage of the building footprint;
3) Determine the specific use, depth of the invert, diameter and construction specifications
of subsurface utilities (as clarified in Section 3.1.3);
4) Establish the flow direction of the shallow ground water; and
5) Ascertain whether free product is present at each ground water sampling location.

Recognize that the 200-foot receptor evaluation criterion is utilized for the identification of
buildings and subsurface utilities in all directions from the limits of the source (or trigger), not
just downgradient based on the ground water flow. The investigator should make a reasonable
effort to ascertain the building information within the timeframe allowed. In addition, the VI
receptor evaluation should be updated each time there is further expansion to the limits of the
contamination or new triggers. Thus, as new ground water data reveal the extent of the plume,
additional information on buildings and subsurface utilities should be obtained (based on the
200-foot receptor evaluation criterion).

In those instances where the extent of the ground water plume has been adequately defined in
accordance with N.J.A.C. 7:26E, the investigator may utilize a variance (N.J.A.C. 7:26E-1.7) of
the 200 foot receptor evaluation criterion to be consistent with constituent specific critical
distance criteria.

The gathering of these data will assist in developing a site-specific CSM. Based on this
information, the investigator can identify data gaps and develop an investigative approach that
assesses the VI pathway and potential human exposure.

2.3.2 Building and Structures

The potential for VI to impact people occupying a building and/or structure overlying or
proximal to subsurface volatile contamination should be evaluated as presented in this technical
guidance. While the term “building” is used throughout this document, an evaluation of the VI
pathway should consider both buildings and structures, as described below, in the evaluation of
the pathway.

A building is defined as an enclosed construction over a plot of land, having a roof, door(s) and
usually window(s) that is or can be occupied by people and utilized for a wide variety of
activities that may include, but are not limited to, residential, commercial, retail, and/or industrial
uses. Examples of a building include a single family home, an apartment complex or a
commercial/industrial facility, such as a strip mall or an industrial warehouse.
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A structure, for the purpose of this guidance, includes a smaller construction that has limited
access capability with minimal exposure potential to those individuals that may enter the
structure for a much shorter period of time. Examples of a structure include a shed, small pump
house or utility vault.

The investigator should use professional judgment in determining the investigative approach and
need for mitigation when a reduced exposure potential is present in a building and/or structure.
While unoccupied buildings or structures may present minimal exposure potential at the current
time, future change in use must be considered and addressed as outlined in this technical
guidance. Buildings on piers or with open air parking beneath occupied floors present a lower
risk of VI, but the investigator should consider the potential of VI in higher floors via
preferential pathways, such as elevator shafts or stairwells.

24 VI Investigation (Stage 2)

The VI Investigation stage involves the evaluation of the VI pathway through an investigative
strategy as required in N.J.A.C. 7:26E-1.18(c-h). The initial round of the VI investigation shall
be completed within 150 days [N.J.A.C. 7:26E-1.18(c)] after determining that a VI trigger exist.

If the current results reveal an exceedance of the Department’s VI screening levels (or one of the
additional factors is triggered), a VI investigation shall be developed and implemented based on
the information gathered during the VI receptor evaluation phase and the site-specific CSM.
Alternately, the investigator may consider the option of implementing mitigation as a proactive
approach.

The Department recognizes that events often beyond the control of the investigator (e.g.,
obtaining access, seasonal restrictions) may necessitate a request for an extension of the
regulatory timeframes.

2.4.1 Investigative Approach

The Department recommends investigating ground water (in most circumstances) as the first
medium for the VI pathway (Stage 2A). Consult Section 3.2, Ground Water Investigation and
Sampling, to ensure that the ground water data are both representative and valid for investigating
the VI pathway. Depending on the site-specific CSM, the investigator may elect to conduct soil
gas and/or IA sampling prior to initiating a ground water investigation.

In cases where soil contamination in the unsaturated zone represents a potential source of VI and
triggers an investigation, the use of ground water data and the GWSL alone are not appropriate.
The investigator should employ soil gas, IA samples or other lines of evidence, in combination
with professional judgment, to assess whether soil contamination is a source of VI.

The next stage of the VI investigation is typically the collection of soil gas samples (Stage 2B).
SSSG sampling is the preferred method of collecting soil gas. It allows the investigator to
quantify contaminant levels in soil gas immediately under the slab of the building. Section 3.3.1,
Sub-Slab Soil Gas Sampling, provides information on collecting SSSG samples. For assessing
undeveloped parcels, employ exterior soil gas sampling. The soil gas results from sub-slab, near
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slab and exterior samples (where appropriate) shall be compared to the Department’s SGSL.
Exceedance of the SGSL will necessitate further evaluation of the VI pathway through the
collection of A data. Alternatively, the investigator may elect to implement mitigation to
address the VI pathway.

Recognizing the difficulties associated with background contamination (among several issues),
IA sampling is typically the last step during an investigation of the VI pathway (Stage 2C). TA
sampling provides the most direct evidence regarding the air quality within a building. Other
data (ground water, soil, soil gas) simply reflect the potential for adverse impact on A quality
based on modeling or attenuation factors, and not the actual exposure. Thus, the Department
recommends the collection of IA samples at this stage of the investigation. Refer to Section 3.5
for more information on IA sampling. All IA samples (including crawl space air samples) shall
be compared to Department’s IASL. After properly considering other lines of evidence (e.g.,
background sources), an IA sample that exceeds the IASL may require mitigation to eliminate
the pathway (Stage 3).

2.4.2 Iterative Nature of VI Investigations

The initial round of the VI investigation shall be completed within 150 days [N.J.A.C. 7:26E-
1.18(c)] after determining the need to conduct the investigation. As part of the initial round, the
investigator shall, pursuant to N.J.A.C. 7:26E-1.18(d):

e Notify the Department 7 days prior to conducting the VI investigation (using the Potable
Well/Indoor Air Sampling Notification Form at http://nj.gov/dep/srp/srra/forms/ );

e Conduct the VI investigation;

e Evaluate the results;

e Submit all A results and full laboratory data deliverables to the Department and IA data
summary tables to the NJDHSS (within 14 days after receipt of the analytical data
package from the laboratory — either hard copy or electronically); and

e Provide the results to each property owner/tenant and a copy to the Department (within
14 days of receipt of the analytical data package from the laboratory — either hard copy or
electronically).

Concurrent with the VI investigation, delineation of the ground water contamination should be
implemented. If the VI trigger is not ground water contamination (e.g., soil or soil gas
contamination, vapor cloud), identify and properly delineate the source. Consequently, the
process of identifying buildings and subsurface utilities, conducting additional rounds of VI
investigation, evaluating the sampling data and reporting the results is repeated.

This is the iterative nature of investigating the VI pathway. The 150 day timeframe to initiate a
VI investigation commences again with the discovery of additional buildings or undeveloped
land that warrants investigation, often overlapping with the previous round. Due to this iterative
process, the investigation may require additional rounds of sampling such that the VI study may
not be completed in the prescribed timeframe.

11
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2.4.3 Critical Distance Criteria

The Department recommends a VI investigation where buildings are within 100 feet horizontally
or vertically of free product or shallow ground water contamination in excess of the GWSL.
Under a future use scenario, additional investigation may be appropriate for undeveloped parcels
using the same criterion. If the depth to the shallowest ground water exceeds 100 feet, a VI
investigation is not required unless vertical preferential pathways exist and the CSM indicates
there is a potential VI risk.

The 100-foot critical distance criterion for investigating the VI pathway does not consider the
aerobic biodegradation of petroleum hydrocarbons (PHC), particularly the compounds associated
with gasoline (e.g., benzene, toluene, ethylbenzene and xylenes — BTEX). Depending on the site
conditions, the criterion may be too conservative for PHCs. Therefore, the Department utilizes a
30-foot critical distance criterion (both horizontal and vertical) for PHC-related ground water
contamination. Refer to Chapter 5 for a clarification on PHCs, especially No. 2 and diesel fuels,
and exclusion criteria for gasoline-related discharges.

The 100-foot critical distance criterion shall be used for all free product, PHC-related or
otherwise (N.J.A.C. 7:26E-1.18(a)).

It should be understood that the critical distance criteria are applied from the edge of the ground
water plume based on linear interpolation (not a contaminated monitoring well) when
determining which buildings should be investigated. It is unacceptable to assume the VI
pathway is incomplete based on the collection of a ground water sample at a distance less than
the prescribed criterion. The critical distance criteria are based on the migration of vapors
through the vadose zone and are irrespective of the presence of contaminated ground water
within that distance. The criteria are also applied exclusively to the horizontal or vertical
distance from the contaminated ground water plume.

2.4.4 Data Usability

One of the decision points in the screening process is to determine whether the analytical data are
valid and representative. This is an all-inclusive phrase designed to address a variety of issues
dealing with the usability of the analytical data. Relevant questions of this step include the
following:

e Was the sampling approach appropriate for the investigation of the VI pathway (including
seasonal variability for IA samples) and accurately followed by the investigator?

e Were the samples properly collected - consistent with the most recent version of the
NJDEP Field Sampling Procedures Manual (FSPM) (NJDEP 2005a) and this guidance?

¢ [s the investigator confident that the sampling equipment was not moved or otherwise
tampered with?

e Were the data properly reviewed and determined to be acceptable?

e Was consideration given to potential background contamination?

e Were all other issues that might impact on the data’s usability addressed appropriately?

12
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Each of the above questions should be answered affirmatively in order to proceed along the flow
path. Any negative responses may indicate false positive or negative bias in the data acquisition
that may require the collection of additional analytical data.

Based on the concept of multiple lines of evidence, other types of data (e.g., field analytical,
meteorological, observational) can be utilized in the assessment of the VI pathway. Consult
Chapter 4 for additional information.

2.4.5 Site-Specific Options

At any point during Stage 2 (after a VI investigation has been triggered), the investigator can
elect to utilize site-specific screening options as part of the VI investigation. The use of site-
specific screening levels, modeling or other alternative approaches will likely trigger a
Departmental review or inspection. Therefore, it is recommended that a technical consultation
(http://www.nj.gov/dep/srp/srra/technical consultation/) be obtained with the Department.

While the Table 1 GWSL are based on the presence of sandy soils, the Department has
developed GWSL for Alternate Soil Textures, as presented in Table 3 of the Department’s VI
website (http://www.nj.gov/dep/srp/guidance/vaporintrusion/), utilizing loamy sand, sandy loam
and loam soil that result in less conservative screening levels. Laboratory soil grain size
analysis, as described below, should be documented to justify the use of the GWSL for Alternate
Soil Textures at a site.

Laboratory soil grain size analysis should demonstrate at least 75% of the soil vertical profile is
as fine-grained as the soil texture selected for use of the Table 3 screening levels. If this criterion
is not met, use the coarsest soil texture.

Base the acceptance of an alternate soil texture on soil texture analysis. To establish soil texture,
collect soil cores using a Shelby Tube, direct push sampler, or split spoon. One representative
boring within 10 feet of the building will be sufficient for most single-family homes with
additional borings necessary for larger buildings. Collect the soil cores/samples continuously
(every two or four feet depending on the length of the sampling device) from the base of the slab
depth to the surface of the static water level. Collect a grain size analysis on the cores/samples. A
variety of methods exist to determine grain size of a given soil sample. The Department accepts
all of the following techniques: sieve analysis for the sand and gravel portions of a given sample
with pipette or hydrometer measurements of the silt and clay fractions, rapid sediment analyzers,
hydrometer method, and electro-resistance multichannel particle size analyzers.

13
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Figure 2-1
Soil Classification System (USDA)

The percentages of sand, silt and clay determined by the chosen analysis techniques are then
compared to the United States Department of Agriculture (USDA) Soil Texture Triangle to
determine the soil texture classification (Figure 2-1). Under the USDA Soil Texture Triangle,
sands are considered particles between 0.05 mm and 2 mm in size, silts are between 0.05 mm
and 0.002 mm and clays are less than 0.002 mm in size.

The investigator should properly document the building-specific soil texture in the appropriate
reporting document.

Additional site-specific options available to the investigator (based on professional judgment) are
as follows:

o Utilization of alternative soil gas sampling procedures (flux chambers, continuous
monitoring, vertical depth profiling);

e Assessment of biodegradation for PHCs through data collection (O, & CO, levels in
subsurface soils, depth to ground water table) or modeling; and

¢ Implementation of other appropriate site-specific screening options using a MLE
approach.
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2.5  Mitigation (Stage 3)

Once the VI investigation is complete, a selection of the appropriate mitigation shall be made, if
applicable (N.J.A.C. 7:26E-1.18(f)). Consult Chapter 6, Vapor Intrusion Mitigation, for technical
guidance on the applicable mitigation alternatives.

2.5.1 Vapor Concern

When the results from an IA sample exceed the Department’s IASL (but is equal to or less than
the Department’s RALSs) and it is reasonable to conclude that the VI pathway is complete, a VC
is triggered. The investigator shall notify the Department within 14 days of receipt of the data
package (N.J.A.C. 7:26E-1.18(f)) using the VC Response Action form available at
http://nj.gov/dep/srp/srra/forms/. This action will trigger the assignment of a Department Case
Manager. After this point, the investigator should communicate with the Case Manager on all
future actions.

N.J.A.C. 7:26E-1.18(f) requires the submission of a VC mitigation plan to the Department within
60 days after receipt of the analytical data to address the exposure. The VC Mitigation Plan shall
be initiated within 120 days after receipt of the analytical results. Finally, a VC mitigation
response action report shall be submitted to the Department within 180 days after receipt of the
analytical data. Refer to Section 6.1.2.3 for additional information on the components of the VC
mitigation plan and Section 6.4.4 for the VC mitigation response action report.

2.5.2 Vapor Intrusion Immediate Environmental Concern

When the results from an 1A sample exceed the Department’s RALSs and it is reasonable to
conclude that the VI pathway is complete, a VI IEC is triggered (N.J.A.C. 7:26E-1.14). The
investigator shall immediately notify the Department of the IEC. As with the VC, a Department
Case Manager will be assigned to ensure that the exposure is eliminated in a timely manner.

Within 14 days after the VI IEC identification, the investigator shall:

e Notify the building’s occupants/owner about the contamination;

e Implement an interim response action (IRA) to reduce contaminant levels;

e Submit an IEC response action form, a VI spreadsheet, all analytical data packages, and
an IEC map to the Department; and,

e Submit all IA analytical results to the NJDHSS.

The investigator shall implement an engineered system response action (ESRA) to mitigate the
VI IEC within 60 days after triggering the IEC (N.J.A.C. 7:26E-1.14). In addition, a receptor
delineation investigation of potential impacts to other nearby buildings (including sampling)
shall be conducted concurrently with the implementation of the ESRA (60-day timeframe). An
IEC ESRA report shall be submitted to the Department within 120 days after the IEC is first
identified.
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For more information, please refer to the Department’s Immediate Environmental Concern
Technical Guidance (http://www.nj.gov/dep/srp/guidance/).

2.5.3 Institutional Controls and Future Use

Establish institutional controls as part of any ground water remedial action and resulting
maintenance and monitoring requirements to address current/future use of the subject property.
Depending on the level of contamination present and other site-specific factors, current (and
potentially future) inhabited buildings or environmental media may be monitored to assess any
VlIrisk. Building construction can incorporate designs to address the VI pathway. Engineering
controls may be appropriate based on the results of the VI investigation, current/future land use
and site conditions (see Chapter 6).

2.6 Operation, Maintenance and Monitoring (Stage 4)

Based on the type of mitigation selected, monitoring should be implemented (as discussed in
Section 6.5). Monitoring may or may not involve the collection of analytical samples. For
example, monitoring of subsurface depressurization systems may be limited to periodic readings
of the static pressure and flow measurements for each system suction point and fan inlet.

Maintenance and review of current operations of the mitigation is an essential part of the process.
Periodic inspections of the system or engineering and institutional controls ensure that the VI
pathway remains incomplete. Refer to Section 6.4, Post-Mitigation Activities, for additional
information.

2.7 Termination (Stage 5)
Finally, the decision to terminate the mitigation is dependent upon the remediation of the VI

source to the point where the VI pathway is not complete (Stage 5). Make a determination on
system termination through the collection of IA and SSSG samples (as discussed in Section 6.6).
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3.0 INVESTIGATIVE APPROACHES

3.1 Conducting a Vapor Intrusion Investigation

VI investigations shall be conducted consistent with the Technical Rules and the specific
investigative provisions contained in N.J.A.C. 7:26E-1.18. When submitting the results of the
sampling event, the investigator shall provide a written technical rationale for not applying any
provision from this technical guidance (N.J.S.A. 58:10C-14c(4)).

3.1.1 Conceptual Site Model

The CSM is the typical starting point for the preparation of a VI investigative approach. The
Department recommends early development of a CSM that can be used to plan, scope, and
communicate the development of a VI investigation and any needed mitigation.

While the CSM can greatly assist in evaluating results of an investigation, it does not have to be
a written document or be submitted to the Department.

The CSM allows the investigator to better understand the source of contaminants, the pathways
traveled, the people potentially or actually exposed to contaminants, and the location of each of
these in relation to the other. Buildings with known sensitive populations (e.g., residents,
schools, childcare centers) shall be identified early through the VI receptor evaluation (N.J.A.C.
7:26E-1.18) and prioritized for VI investigation.

One of the goals of the VI investigation is to test or refine the CSM. Thus, the data generated
from the investigation should support the basic understanding as laid out in the CSM. If not,
either the CSM needs to be modified or the data are deficient.

To assist the investigator in preparing this vital component, utilize the /TRC Conceptual Site
Model Checklist found in Appendix C. In addition, the investigator is directed to consult the
Department’s Conceptual Site Model Technical Guidance
(http://www.nj.gov/dep/srp/guidance/).

3.1.2 Investigative Tools

There are a number of investigative methods for assessing the VI pathway, principally involving
ground water, soil gas and IA sample collection. Other tools unrelated to chemical analysis can
also be employed as part of an overall MLE approach to assessing the VI pathway.

3.1.2.1 Ground Water Sampling

In most situations, ground water will be the first medium to be evaluated for the VI pathway. A
remedial investigation of ground water requires (N.J.A.C. 7:26E-4.1) the characterization and
delineation of ground water contamination. The extent of the ground water plume, as well as the
concentrations of the contaminants, allow for an initial assessment of the VI pathway. In most
cases, exceedance of the NJDEP GWSL necessitates further evaluation and probably more field
investigation.
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Follow Section 3.2 below for VI ground water investigations. Quality assurance (QA) issues
(e.g., QA samples, analytical methods, and deliverables) for ground water sampling should be
consistent with the most recent version of the Department’s FSPM (NJDEP 2005a).

As a general rule, the collection of SSSG or A samples is not recommended prior to a basic
assessment of the site hydrogeology, including soil profile, geologic stratigraphy, ground water
depth, flow direction and contaminant concentrations. False assumptions may be reached on the
VI pathway based on an incomplete picture of the site hydrogeology (as defined in the CSM). It
should be understood, though, that the potential for an IEC may necessitate the collection of
SSSG and/or A samples prior to acquisition of sufficient ground water data due to the urgency
of the potential human exposure, particularly to sensitive populations. The presence, quantity
and location of non-aqueous phase liquid (NAPL) in the vadose zone close to buildings may also
indicate that the collection of soil gas and/or IA samples should precede collection of ground
water analytical data.

3.1.2.2  Soil Gas Sampling

An exceedance of the Department’s GWSL necessitates further investigation of the VI pathway.
In most cases, soil gas sampling is the most logical next step in the VI investigative process.

This technical guidance defines soil gas results based on the location of the sample: sub-slab
(below the foundation slab), near slab (within 10 feet horizontally of the foundation) or exterior
(outside of the 10-foot perimeter of the foundation). In addition, data can be obtained from
passive soil gas sampling procedures as a supplement to the traditional active soil gas collection.

The investigator should collect SSSG samples as the principal investigative tool for soil gas
sampling to evaluate the VI pathway. Near slab soil gas sampling is an acceptable alternative
when it is verified that obtaining sub-slab samples is not possible. (Refer to Section 3.3.2 for
additional information on Alternative Soil Gas Sampling). Utilize the results of near slab soil gas
sampling as a line of evidence to assess whether the VI pathway is currently complete for a
particular building.

Sometimes, it is necessary to investigate the subsurface soil gas under buildings with existing
sub-slab depressurization systems (SSDS) designed to address either radon or VI. In these cases,
turn off the SSDS fan (if present) and cap the vent pipe a minimum of 48 hours in advance of the
SSSG sample collection. Locate the sub-slab sampling point(s) away from existing SSDS
suction points, floor drains, sumps and any other openings in the slab, if possible (O’Brien &
Gere, 2009). When the occupants are unwilling to allow the SSDS to be shut off, an alternative
could involve conducting a communication tests across the entire slab in combination with [A
sample(s). Refer to Section 6.6 if the SSSG sampling is being proposed as part of system
termination.

SSSG samples may also be more appropriate when obtaining representative ground water data is
not possible or is impractical.
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Soil gas sampling approaches should take into account the different exposure scenarios (e.g.,
child care centers, offices) that exist within the building and any sensitive populations that may
be exposed to the contaminated vapors. In addition, the presence of subsurface structures
(sumps, dry wells, underground fuel sources, etc.), can exacerbate the VI pathway and possibly
degrade IA quality in one portion of the building and not another.

In situations where contaminated unsaturated soils or vapor clouds are the primary potential
source, sub-slab or near slab soil gas samples are the principal mechanism for investigating the
VI pathway (other than IA samples).

Underground storage tank sites or sites where chlorinated solvents are used in buildings or
facilities at the surface (e.g., dry cleaners, vapor degreasers) may have contamination in the
vadose zone due solely to vapor releases. In these cases, soil and ground water data may not
identify the VI source. Soil gas data are the preferable investigative tools where vapor leaks (or
vapor clouds) are suspected.

Sites that involve contaminated unsaturated soils or vapor releases are two examples where a
vertical profile of soil gas concentrations may assist in the investigation. Vertical profiling can
better clarify the source(s) of VI by evaluating the distribution of chemical concentrations over a
defined depth. If a ground water plume under a building is the suspected source, soil gas
concentrations should increase as the depth of the sample collection increases. Aberrations from
this general assumption may suggest an alternative source, such as preferential pathways, vapor
clouds, surface spills or vadose zone soil contamination, provided the data are not affected by
bias or variability.

The investigator should also recognize circumstances where SSSG samples may not be a good
indicator of VI. For example, soil contamination in the vadose zone may generate vapors that
migrate into a building by way of subsurface utilities typically at a depth of 3-6 feet below the
surface. Under this scenario, soil gas concentrations under a basement slab (8-10 feet below the
surface) may not detect a VI concern.

Undeveloped parcels without existing buildings present a unique situation for the investigation of
the VI pathway. The collection of SSSG or IA samples is not possible without a building on the
parcel. In this case, an MLE approach can be employed to assess the potential for VI under a
future use scenario and potentially lead to a no further action determination. The lines of
evidence may include:

e delineation of the ground water plume;

e analysis of soil gas samples just above the water table using a grid sampling approach
and biased towards the highest concentrations within the ground water plume;

e utilization of J&E model with NJDEP-specific input parameters;

e implementation of pneumatic testing (soil permeability); and

e assessment of soil stratigraphy and /or vertical profiling of soil gas concentrations.

While not specifically identified by the Technical Rules, the investigator should consider
undeveloped parcels within the prescribed critical distance criteria for a VI investigation.
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A VI investigation for undeveloped land will not be necessary if the landowner is willing to
voluntarily accept an institutional control that stipulates any future development must consider
the VI pathway. This can be accomplished by incorporating the presumptive remedy into the
design of the building(s) or conduct a VI investigation at that time. In addition, these provisions
should be included in the monitoring, maintenance and evaluation (MME) plan of the ground
water CEA.

When in situations where the exterior soil gas investigation is being conducted to assess a future
use scenario at an undeveloped parcel, the results should be compared to the Department’s
SGSL.

Exterior soil gas samples can also be employed as a screening tool to assist with the delineation
of the ground water plume (but not the direct assessment of the VI pathway). However, support
the final plume delineation by the collection of confirmatory ground water samples at strategic
locations. In these cases, a mobile lab employing USEPA Method 8260B (or similar methods)
may expedite the investigation and allow the flexibility to modify the sampling strategy in the
field (Triad approach).

Lastly, passive soil gas sampling may be applicable to the preliminary delineation of the ground
water plume or vadose zone sources. Support the final plume delineation by the collection of
confirmatory ground water samples at strategic locations. Passive soil gas results are not
acceptable as the only line of analytical evidence in assessing the VI pathway.

3.1.2.3 Indoor Air Sampling

IA sampling is generally the last investigative step in the evaluation of the VI pathway. Due to
legitimate concerns over background sources, IA results provide a unique challenge to
investigators (refer to Chapter 4, Multiple Lines of Evidence and Data Evaluation, for additional
information). The Department recommends the collection of SSSG and ambient air samples in
conjunction with A sampling events to assist in the evaluation of background sources.

IA sampling is often necessary to properly assess whether the VI pathway is complete in several
situations, such as:

e cexceedance of the SGSL;

e shallow ground water table that prevents the collection of soil gas data;

e site-specific approach is utilized which requires supplemental data in support of the
conclusions;

e preferential pathways exist that may negate or limit the usefulness of ground water or soil
gas data;

e presence of contaminated ground water in a sump;

e [ECs that require a more immediate response;

e volatile chemicals in bedrock near or at the surface (eliminates the applicability of J&E);
or

e other site-specific factors.
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Because IA sample locations are a critical issue in the ultimate assessment of the data, the VI
investigation should clearly identify the criteria that will be employed in selecting sample
location. Refer to Conducting a Building Walkthrough and Survey (Section 3.4) for additional
technical guidance on this phase of the investigation.

An ambient air sample provides background concentrations outside of the building being
investigated at the time of the IA sampling event. When using USEPA Method TO-15 (USEPA
1999), the canister used for the ambient air sample should be randomly selected from the
canisters sent by the laboratory and placed outside of a building or group of buildings that are
being sampled. The ambient air sample should have the same sample collection time and be
analyzed in the same manner as the interior sample to the extent practicable. The investigator
should clearly designate sample location and the site conditions at the time of sampling. The
investigator also should be aware of the weather conditions during the sampling event. Thus, the
canisters should be placed in a secure outside location. Take ambient air samples at breathing
zone height (if possible) and in close proximity to a residential building. For non-residential
buildings, the investigator may elect to collect the ambient air sample near representative
heating, ventilation and air conditioning (HVAC) intake locations (i.e., on the roof).

3.1.2.4 Soil Sampling

At this time, the Department has not developed VI screening levels for soil. Compare soil gas
and IA results to the applicable screening levels to assess the vapor potential from contaminated
soils. Otherwise, make a site-specific determination as to whether further investigation of the VI
pathway is warranted for contaminated soils. The investigator should note that high soil
concentrations may be useful as an indicator of the depth and/or extent of the vadose zone
sources. Soil samples for VOCs have a potential for negative bias due to volatilization losses and
generally higher reporting limits (RL) compared to soil gas samples.

3.1.2.5 Other Investigative Tools

In addition to the typical sample collection for chemical analysis, other investigative tools may
assist in the assessment of the VI pathway. Refer to the ITRC Vapor Intrusion Pathway: A
Practical Guideline (ITRC 2007) (http://www.itrcweb.org/guidancedocument.asp? TID=49) for
detailed information on the various investigative tools available.

Investigators can evaluate soil properties by visually inspecting soil cores, determining soil
texture, or ascertaining porosity and moisture content.

Soil pump tests can be conducted to analyze pneumatic properties or correlate the changing
concentration verses volume purged.

Weather conditions can often influence advective flow of soil gas into a building. Thus,

monitoring barometric and differential pressure, as well as wind speed and precipitation, can be
recorded to document daily or seasonal trends.
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Building-specific parameters, including pressure testing and ventilation rate determinations, can
serve to supplement Test and Balance Reports (if available) and support potential mitigation
measures involving the manipulation of building pressure.

The collection of vertical profiles of oxygen and carbon dioxide readings in soil gas samples can
be utilized to substantiate that biodegradation is occurring, particularly for PHCs in the
subsurface.

Finally, modeling results can be used as another line of evidence in assessing the VI pathway.
Employing modeling will likely trigger a review or inspection by the Department. Therefore, it
is recommended that the investigator utilize the Department’s Technical Consultation Process to
obtain regulatory input. Refer to Section 2.4.5 for additional information.

As the science of VI advances, additional technologies will be developed to assess the pathway.
With proper documentation, these new technologies can be employed.

3.1.3 Preferential Pathways

Due to the nature of vapor migration, VI investigations shall assess the presence of preferential
pathways pursuant to N.J.A.C. 7:26E-1.18 (b), whether natural (e.g., shallow rock or vertically
fractured soil) or anthropogenic (e.g., buried utilities).

As part of the VI receptor evaluation (Stage 1), the investigator shall evaluate the possibility of
interconnections between a source and a building through subsurface utilities. Specifically, the
use, the depth of the invert, the diameter of the conduit, and the construction specifications of

utility lines shall be determined. Identify natural features that may act as preferential pathways.

In general, typical subsurface utilities (water, gas, sewer, cable, etc.), as they relate to N.J.A.C.
7:26E-1.18(b), do not have to be identified for single-family residential buildings and other
similarly sized buildings as part of the VI receptor evaluation. An exception to this provision is
when these typical subsurface utilities run through or are relatively close to source materials
(e.g., free product, soil contamination). However, any lateral lines servicing large residential
buildings or units, commercial, retail or industrial buildings, or main lines servicing groups of
buildings (residential or otherwise) shall be identified, as well as utility vaults or other
underground structures.

Larger lines and utility corridors for main lines constructed using bedding material and fill are
more likely to act as significant preferential pathways for vapors, contaminated ground water, or
NAPL migration and may be important in developing an accurate CSM. Ultility vaults and
underground structures that can be associated with larger utilities may also be subject to VI and
in extreme cases can pose a threat of explosion or an oxygen deficient atmosphere.

Determining construction specifications of subsurface utilities, as required in N.J.A.C. 7:26E-

1.18(b)3, can be limited to characteristics with the potential for influencing contaminant
migration, such as the type and extent of any bedding or fill materials used.
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It may be necessary for the investigator to determine whether any utilities may be acting as
conduits for vapor migration, either along the utility's backfill or within the utility itself. This
determination should include, but not be limited to, visual inspection and the use of field
screening instruments (with appropriate detection limits based on the SGSL). The State of
Wisconsin guidance document (WDNR, 2000) provides additional information on assessing
utility corridors as part of a VI investigation.

3.1.4 Landfills and Methane Gas

The Technical Rules currently require performing a VI investigation when a landfill is located on
or adjacent to a site. The presence of methane-generating conditions that may cause an
explosion will also trigger a VI investigation. However, the investigator may request a variance
from the landfill trigger (N.J.A.C. 7:26E-1.18(a)4.11) if no other triggers exist at the site that
require a VI investigation. It is still necessary to identify any landfills on or adjacent to a site
when a VI investigation is triggered. Landfills and the gas generated from them can greatly
influence the CSM and the investigative approach (as discussed below).

A landfill is defined in N.J.A.C. 7:26E-1.8 as a solid waste facility, at which solid waste is
deposited on or into the land as fill for the purpose of permanent disposal or storage for a period
of time exceeding six months, except that the term sanitary landfill shall not include any waste
facility approved for disposal of hazardous waste regulated pursuant to N.J.A.C. 7:26G. A
facility is a sanitary landfill regardless of when solid waste was deposited or whether the facility
was properly registered, permitted, approved or otherwise authorized to conduct such activity, by
the Department or other State agency. By this definition, a landfill also includes an area of
concern (AOC) where waste was dumped on the ground surface or buried below the ground
surface. This definition also includes AOCs that were not designed or permitted to function as a
landfill for the disposal of solid waste.

While the concern for the migration of naturally produced or anthropogenic methane and the
potential for the concentration of methane to exceed the lower explosion limit in a building are
similar, the investigation of these issues requires the consideration of site-specific conditions.

3.1.4.1 Methane

Methane is non-toxic and is therefore not a long-term human health risk due to exposure. Itis a
colorless, odorless hydrocarbon combustible at concentrations of 5-15% by volume in air.
Methane may be generated under natural conditions or from an anthropogenic source. Organic-
rich soils, sediments or methane associated with natural petroleum reserves are examples of
natural methane-producing conditions. In New Jersey, fill over marine clays may be a typical
source. Anthropogenic sources include landfills and agricultural wastes.

3.14.2 Landfill Gases

Landfill gas (LFQ) is the natural by-product of the anaerobic decomposition of biodegradable
material that is placed in landfills. The composition of LFG produced under anaerobic conditions
is typically in the range of 45-60% methane and 40-60% carbon dioxide. Additional components
of LFG include trace amounts of ammonia, hydrogen sulfide and other non-methane organic
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compounds including VOCs. Nearly 30 organic hazardous air pollutants have been identified in
LFG including, but not limited to, benzene, toluene, ethylbenzene, vinyl chloride, chloroform,
carbon tetrachloride and trichloroethene (TCE). A useful source of information on this subject is
the USEPA publication, Guidance for Evaluating Landfill Gas Emissions for Closed or
Abandoned Facilities (USEPA, 2005).

Because of its combustible nature, methane is the primary product of interest at landfills for VI
investigations along with the volatile compounds that are carried along in the LFG plume. It
should be noted that New Jersey Solid Waste regulations (N.J.A.C. 7:26-2A7(f)) require active
landfill gas (LFG) collection and venting, if 25% of the lower explosive limit (LEL) is detected
at the perimeter of the property, to prevent offsite migration and control the accumulation of any
methane gas at any concentration in any building.

3.1.4.3 Landfill Gas Production and Flow

The rate and volume of LFG production depends upon the characteristics of the waste material
and the environmental factors. They include the following:

e Waste composition - The greater the amount of biodegradable organic materials present
in the waste (typically from municipal waste), the more LFG is produced by bacteria
during decomposition. In addition, the more industrial waste that is disposed in the
landfill, the higher the levels of non-methane organic compounds that will be produced
through volatilization and chemical reactions.

e Age of the waste — Generally waste buried for less than 10 years produces more LFG
than older waste. Peak gas production is between 5-7 years after the waste is buried but
can continue up to 50 years after waste placement.

e Presence of oxygen — Methane is produced in anaerobic regions of the landfill and can be
consumed in aerobic regions.

e Moisture content — The presence of moisture increases the gas production because it
supports and enhances bacterial decomposition. Moisture may also promote chemical
reactions that produce LFG.

e Temperature — As temperature increases the rate of bacterial activity will increase, which
increases gas production. Increasing temperatures also promote volatilization and
increase the rate of chemical reactions.

Migration of LFG may occur because of diffusion or advection. Gas flow by advection occurs
when a pressure gradient exists. Thus, gas flow is in the direction of decreasing pressure - from
high pressure to low pressure. When LFG concentrations are higher in a landfill than the
surrounding area, LFG will tend to move out of the landfill to the surrounding area with a lower
gas concentration. Gas flow due to diffusion is in the direction which the concentration
decreases.

Factors that influence the flow of LFG in the subsurface include the following:

e Landfill cap — If the landfill has a cap consisting of a liner or silts and clays that are
impermeable to gas flow, LFG gas will tend to migrate laterally.
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e Landfill liners — If the landfill has an impermeable liner system, LFG will not migrate
into the surrounding subsurface area by advection.

e Ground water levels — Gas movement is influenced by the movement of the ground water
table. As the ground water table rises, it forces the LFG upward.

e Barometric pressure — The difference in the soil gas pressure and the barometric pressure
will guide the LFG to move laterally or vertically, depending upon the pressure gradient.

e Preferential pathways — Pathways for the movement of LFG can be either natural or
anthropogenic. The geology provides natural pathways such as sand or gravel zones,
fractured bedrock and old stream channels. Anthropogenic pathways include buried
utilities, drains, trenches and tunnels.

e Seasonal Variations — The time of year (winter, summer) will cause variations in lateral
LFG movement due to saturated soils from precipitation acting as a cap for vertical LFG
migration and increased LFG production in the late summer and early fall season
potentially increasing horizontal distance for LFG migration.

It is often difficult to predict the specific patterns and directions of LFG movement due to the
many variables for gas flow and generation. In most cases LFG can migrate up to 1,000 feet (or
more) in the subsurface from the footprint of the refuse (landfill source).

3.1.44 Landfill Building Requirements

On the landfill, a VI investigation should not be necessary and would be technically challenging
and difficult to obtain accurate data to assess potential future exposures, so remedial actions for
landfills should include mitigation of the VI and 