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Illinois Pollution Control Board the Illinois Environmental Protection Agency’s (“Illinois EPA™)
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STATE OF ILLINOIS
Poliution Control Board

ERRATA SHEET NUMBER 2

NOW COMES the Illinois Environmental Protection Agency (“Iliinois EPAQFHG,NAL
through one of its attorneys, Kimberly Geving. and submits this ERRATA SHEET
NUMBER 2 to the Illinois Pollution Control Board (“Board”) and the participants on the
Service List. Tracey Hurley and Heather Nifong have provided testimony in support of
these changes in her pre-filed written testimony, which is also being served upon the
Board and tilc Service List.
Section

List of Studies

And Reports The Illinois EPA is sending with this Errata Sheet a revised List of
Studies and Reports. Please replace the original list with this new
one.

742.105(1) Delete the proposed language and replace with the following: An
evaluation of the indoor inhalation exposure route under this Part
addresses the potential of contaminants present in soil gas and
groundwater to reach human receptors. It does not evaluate
whether contamination within a building. either in the building
structure itself or in products within the building. mav be creating
hurnan health nsks.

742.210(2) In the first incorporation by reference (by ATSDR) “Minimal Risk
Levels” please delete the December 2006 date and replace it with
(November 2007).

In the new incorporation by reference for ASTM E 2600-08 delete
the existing date of March 7. 2008 and replace it with March ).
2008.



742227

742 310(a)(2)

742.312(b)(1)(C)

742.505(b)(2)(C)

Delete the proposed incorporaton by reference for ASTM E 2121-
03 and vepiace with the following: ASTM E 2121-09. Swandard
Pracuce for Installine Radon Mitigation Svstems in Exjsung Low-
Rise Residential Buildings. approved November 1. 2009.

Delete the incorporation by reference under NTIS entitled
“Technical Background Document for Draft Soi) Screening Level
Framework, Review Draft.” EPA Publication No. EPA/540-R-94-
106. PB95-963532. (July 1994).

Delete the opening paragraph and replace with the following:
Compliance shall be demonstrated bv comparing the contaminant
concentrations of discrete samples at each sample point to the
applicable soil gas remediation objecuve. As specified in Section
742.510(c). the soil gas remediation objectives for the outdoor
inhalation exposure route are contained in Appendix B. Table G.
As specified in Section 742.515. the soil gas remediation
obtectives for the indoor inhalation exposure route are contained in
Appendix B. Tables H and 1. Section 742.227 applies to exterior
soil gas samples or near-slab samples collected outside a building:
proposals 1o use sub-slab soil gas data for the indoor inhalation

exposure route shall follow Section 742.935(c).

Delete the proposed language and replace with the following:

The onlv contaminanis of concern are benzene. toluene
ethvlbenzene. and total xvlenes. and a demonstration of actjve
biodegradation has been made for benzene. toluene. ethylbenzene.
and total xylenes such that no outdoor inhalation exposure will

occur, This demonstration shal) be submitted 1o the Avency for

review and approval;

Delete the proposed language and replace with the following:

If the contaminants of concern are benzene. toluene. ethylbenzene.
and 1otal xvlenes onlv. a demonstration of active biodegradation
has been made for benzene. 1oluene_ethvlbenzene. and total
xvlenes such that no indoor inhalation exposure will occur. This
demonstration shall be submitted to the Agency for review and

approval.

Delete the proposed language and replace with the following:
Appendix B. Table H shall be used when soil or groundwater
coniaminauon 1s within 5 feet. veruicallv and harizontallv. of an
existing or potential buildine or man-made pathway. In this




scenario. the mode of contaminant transport is both diffusion and
advection. which sets the Q. value ai 83.33 cm’/sec.

742.505(b)(2)(D) Delete the proposed language and replace with the following:
Appendix B. Table 1 shall be used when soil and eroundwater
contamination are more than 5 feet. vertically and horizontally,
from an existing or potential building or man-made pathway. In
this scenario. the mode of contaminant transport is diffusion onlv.
which sets the Qg value at 0.0 cm’/sec. Soil gas remediation
objective determinations relving on this table require use of
institutional controls in accordance with Subpart J.

742.600(k) Delete the proposed language and replace with the following:

If a contaminant has both carcinovenic and noncarcinogenic effects
for any applicable exposure route or receptor. remediation
objectives shall be calculated for each effect and the more stringent
remediation objective shall apply. The toxicological-specific
information is described in Section 742.705(d).

742.900(c)(3) Use of additional site data. such as results of indoor air sampling.
to improve or confinn predictions of exposed receptors 10
contaminants of concern,

742.935(b)(3) Delete the proposed language and replace with the following:
Geologv. including soil parameters;

742.935(¢c)(3) Delete the proposed language and replace with the following:
Geology. including soil parameters:

742.935(d)(3) Delete the proposed language and replace with the following:
Geology. including soil parameters:

742.935(¢e) Calculations and Modeling Used to Establish Groundwater
Remediation Objectives

The calculations and modeling shal) account for contaminant
transport through the mechanisms of diffusion and advection.
Proposals to use groundwater data to establish remediation
objectives for the indoor inhalation exposure route that differ from
the requirements of Section 742.803 and Section 742.812 shail be
submitted 10 the Acencv for review and approval. A submittal
under this Section shall include the followine information:

1 Scaled map of the area. showing all buildines and man-
" made pathways (current and planned):

et



742.1200(f)

App. B, Table H

4

The current extent of contaminarion:

3) Geologv. including soil parameters and the thickness of the
capillarv fringe:

4) Depth to groundwater (including seasonal variation) and
flow direction:

5) Results and locatuons of sroundwater sampling events:

6) Mathematical and technical justification for the model
proposed: and

7 Demonstration that the model was correct]v applied.

Delete the proposed language and replace with the following:
Failure to install or maintain a building control technoloav in
accordance with a no further remediation determination shall be

. erounds for voidance of the determination and the instrument

memorializing the Agencv’s no further remediation derermination.

For the chemical Bis(2-chloroethyl)ether delete all the proposed
values and replace with the following: for soil gas residential
0.014°%; for soi) gas industrial/commercial 0.087¢; for groundwater
residential 0.083; and for aroundwater industrial/commercial
0.43°.

For the chemical 1.2-Dibromoethane delete all the proposed values
and replace with the following: for soil gas residential 0.0078°; for
soil gas imdustrial/commercial 0.048%; for groundwater residential
0.0035¢ and for groundwater industrial/cornmercial 0.014°,

For the chemical 1.2-Dichloropropane delete all the proposed
values and replace with the following: for soil gas residential
0.31°: for soil gas industrial/commercial 2.3% for groundwater
residential 0.12°% and for groundwater industrial/commercial 0.48°.

For the chemical Methyl tertiary-buty! ether delete all the proposed
values and replace with the following: for soil gas residential
3.700"; for soil gas industrial/commercial 24.000": for groundwater
residebntial 1.900"; and for auroundwater industrial/commercial
6.800".



App. B, Table |

App.C.Table E

App. C. Table M

For the chemical 1.2.4-Trichlorobenzene delete all the proposed

values and replace with the I'ollowinn for soil gas residentia) 3 4™

for soil gas industrial/commercial 25" for Umundwater residential
1.8 and for groundwater :ndusmal:’commerc:al 5.9

For the chemical Bis(2-chloroethyljether delete all the proposed
values and replace with the following: for soil gas residential 1.9%
for soil gas industrial/commercial 14%: for groundwater residential
6.6% and for eroundwater industnal/commercial ﬁj

For the chemical 1.2-Dibromoethane delete all the propoch values
and replace with the following: for soil gas residential 1.1¢; for
soil gas industrial/commercial 7.9" 9" for groundwater 1351dent1al
0.0?3"’, and for groundwater industrial/commercia) 0.52°.

For the chemical 1.2-Dichloropropane delete all the proposed
values and replace with the following: for soil gas residential 36
for soil gas industrial/commercial 260 for groundwatcr yesidential

0.67%; and for groundwater industrial/commercial 4.5°.

For the chemical Methyl tertiary-butyl ether delete the proposed
values and replace with the followmg: for soil gas residential
420.000°; and for groundwater residential 30.000°

For the chemical 1,2,4-Trichlorobenzene delete the proposed value
for the soil gas residential and replace with 800°.

In the column entitled “Diffusivity in Air (Di)(cm*/s)” for the
chemical Methy! tertiary-butyl ether delete the proposed value and
replace it with 8.59E-02.

In the column entitled “Dimensionless Henry's Law Constant
(H')(25°C)” for the chemical Trichlorofluoromethane delete the
proposed value and replace it with 3.98E+00.

In the column entitled “Dimensionless Henry's Law Constant
(H*)(13°C) For the indoor inhalation exposure route” for the
chemical Trichlorofluoromethane delete the proposed value and
replace it with 2.69E+00.

Replace the Tier 1 or Calculated Value for RO,y so that it reads
“Chemical-Specific or Calculaied Value™.

o
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At the March 29. 2001 hearing, the Agency and the Board engaged in a very useful
dialog with regard to two questions raised by the Board based on the OSWER Review
Document. The questions were as follows:

Board Question 3- The OSWER review document suggests that where attenuation factors from
the database for the draft 2002 USEPA guidance are relied upon. 2 “multiple-lines of evidence
approach™ would provide greater certainty. ORD at 3. Jt appears that IEPA’s proposed approach
only requires multiple Jines of evidence (i.e., requirement to meet both soil gas and groundwater
remediation objectives versus meeting only one or the other) when the mode of transport is
“diffusion only™ (i.e.. soil and groundwater contamination are more than 3 feet from an existing
or potential building or man-made pathway). Proposed Section 742.515(a)-(d).

Given the sources of the attenuation factors that IEPA relied upon, please comment on
whether a multiple lines of evidence approach should be used when the mode of transport
1s “diffusion and advection,” not just “diffusion only.™

Board Question 4- According to the OSWER review document, even when attenuation factors
are calculated using a semi-site-specific model and combined with either groundwater or soil gas
data. this constitutes only a single line of evidence. ORD at 3-4. The OSWER review document
further indicates that aithough this approach may be sufficiently protective for site screening
based on groundwater data, the same generally appears not to hold true for reliance on soil gas
data. Jd. at 4. It appears that proposed Section 742.515(¢) under Tier 1 would allow compliance
to be determined using soil gas data and a calculated attenuation factor.

Please comment on whether the determination of compliance under a single line of
evidence approach should be limited 10 groundwater data (not soil gas data) or if a
multiple lines of evidence approach should be used when the mode of transport is
“diffusion and advection.” not just “*diffusion only.”

A the March 29. 2011 hearing, the Agency responded 1o these questions by stating that (1) the

R11-09 regulatory proposal does not stand alone but is part of the larger evaluanon process governed by
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TACO. which is a multiple lines of evidence evaluation, and (2) USEPA did not have concerns with the
" IEPA indoor inhalation proposal relative to a multiple lines of evidence consideration.

This wrinen statement supplements the March 29, 201 | discussion.

In its i:'}kucstions. the Board points 1o the discussion in the OSWER review document concerning
whether decision-making relies on a single line of evidence (perceived to be bad) or multiple iines of
evidence (perceived 10 be good). In my view, the comparison between single and muluple lines of
evidence is just a fancy way of asking whether there is sufficient information to be abie to make a
decision with a good degree of confidence.

In its March 29, 201§ testimony, the Agency referenced the discussion of what constitutes lines

of evidence that is contained in the Tri Services Handbook for the Vapor Intrusion Pathwav (2008).

hrep://airforcemedicine.afms.mil/ide/groups/public/documents/afms/ctt_093354.pdf . This handbook is
listed in the List of Studies and Reports Used in Regulatory Development filed with the Board in this
proceeding. | have attached a copy of that report as Exhibit 1 to this testimony. This handbook discusses
the term “multiple lines of evidence™ as follows on page 3:

As awareness and concern over the vapor intrusion pathway has increased, so has the regulatory
focus. Many states have developed. or are in the process of developing. their own vapor intrusion
guidance. Increasingly, reliance on a single approach or dataset is not considered adequate 1o
support site decision making. The current “state of the science™ approach is to collect and
evaluate multiple lines of evidence ro support decision making regarding the vapor intrusion
pathway. These lines of evidence can include such endpoints as those listed below:

*Soil gas data

Near-siab soil gas data

*Groundwater data

-Background data (from indoor and outdoor samples)

«Building construction and current conditions

-Sub-slab soil gas (or craw) space) data

Indoor air data

*Qurdoor air samples collected concurrently with indoor air samples
«Comparison of constituent ratios of chemicals in soil gas and indoor air
*Impact of site geology

Results of fate and transport modeling

+Results of the risk assessment

+Site or building ownership and control

=Other site-specific or supplementa) data



[t is unlikelv that all of these lines of evidence will need to be svaluated in order 1o investigare the
vapor intrusion pathway .

[llimois remediation programs have placed greal emphasis on rigorous requirements for site
characterization. Without proper site characterization. it is not appropriaie to make decisions with regard
o any contaminant pathwayv. To ulili.zc the TACO rncthodolog}' In 2 particular remediation program. a
site evalvator must understand the following:

(1} Past current and proposed uses on the site,

(2) Manmade structures on the site and any underground manmade pathways,

(3) Adjacent roadways,

(4) Past and current contaminant release points,

(3) Contaminant source areas in soil.

(6) Contaminant levels in soils outside the source areas,

(7) Contaminant levels in groundwater,

(8) Rate and direction of groundwater flow,

(9) Projected movement of contaminants in the environment using conservative models,

(10) Location of on-site and off-site potential receptors.

(11) Location of private and public water supply drinking water wells. and

(12) Site geology by soil types and depths.

Accurate characterization of site conditions and contamination released to the environment are
the most important “lines of evidence™ in determining risks relative 1o indoor inhalation or any other
pathway. These lines of evidence are investigated and addressed at all sites, They are the foundation for
making sure the site cleanup is protective of human health and the environment.

Consistent with this approach. IEPA will b:e using multiple lines of evidence in concluding
whether an indoor inhalation pathway may be complete. Under the current proposal. indoor inhalation is
not a stand-alone evaluation. It has been mcorporated into TACO so it can be used in conjunction with al!

the elemenits that we already use in site cleanup.

LS |



In May 2010, IEPA presented its indoor inhalation mmethodaologies and risk assumptions 1o
USEPA and had a lengthy discussion with regard to the then draft IEPA proposal. During the
presentation and discussion IEPA pui its indoor inhalation praposal into the context of how TACO
functions in governing site investigation and corrective action.

After reviewing the IEPA drafi. USEPA recommended a change to the use of Appendix B. Table
| (diffusion only). but not Appendix B, Table H (diffusion plus advection). In general. the Table |
(diffusion only) values are less stringent than the Table | (diffusion plus advecrion) by a factor of around
four times for groundwater values and a factor of around two hundred times for soif gas values. For
example, the Table H (diffusion plus advection) value for benzene in groundwater is 0.1 Img/L: the Table
1 (diffusion only) value for groundwater is 0.41 mg/L. The Table H value for benzene in soil gas is 0.37
mg/m3; the Table | value in soil gas is 41 mg/m3. Because the Table ) (diffusion onlg_*) remediation
objectives are less stringent than the Table H (diffusion plus advection) remediation objectives USEPA
recommended that use of Table | require an additional “line of evidence™ by requiring compliance with
both the soil gas and groundwater values. This recommendation was presented in a letter from Bruce
Sypniewski to Scott Phillips dated August 12. 2010 (attached as Exhibit 2 to this supplemental
testimony). On the other hand, because of the conservatism built into the Table H (diffusion plus
advection) values, USEPA found the IEPA’s proposal on the use of Table H values to be sufficiently
protective without requiring compliance with both soil gas and groundwater values.

On October 15. 2010, [EPA responded to USEPA s recommendation stating our agreement on
this point as follows (attached as Exhibn 3 attached to this supplemental testimony):

The November 2010 proposal reflects the recommendations of USEPA. 1EPA
agrees with the distinciion drawn by USEPA as 0 thclusc of Tables H and ] and believes
that the approach taken in the November 2010 proposal is consistent with the USEPA
OSWER review document “lines of evidence™ thinking.

This concludes my supplemental testimony.
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1T Introduction

VApoT INTUSION 15 the migration of voiauis cnemicals from the subsurface imto the indoor air
of buildimgs located apove the contamimanorn. TS ‘nanf* book was deveiop Pbv the Tri-Services
Environmental Riskc Assessment Working Group (TSERA a resource for

emedial project managers (RPMs) that may need e investgate the vapor ntrusion pathway 2
F)em“tm’nf of Detense (Dol sites. The Tri-Services of the DoD inclu a*:: tn“ Departments of
the Al Foree. Armyv. and Navy, with the Department of the Navy (DON) meluding botn e
Navy and ine Marine Corps. This nandbook was develoned e support RPMs working on poth
actuve and ciosed Al Foree, Army., Nav:\. and Marine Corps bases, as weli as Formeriy Uszd
Defense Sites (FUDS: The handbool: 18 intended w provide 2 general framework for
condueting vapor intrusion myvesugations Lmdm the Diefense Environmental Restoration Program
{DERP!. Both residenual and occupational exposurs scenarios are discussed smee poth groups
can be affecied by vapor mrusion. -

Vapor intrusion shouid be evaluated as a potential human exposure pathwav when volatile
chemicals are present i soil. soii gas, or groundwater that underiies exISUNg SIrUCTUres Or has the
potential to underiie future buildings. Due 1o therr phvsical properries. voiaz;iif‘ chemicals can
migrate through unsaturated soil end into the indoor air of buildings located near zones of
subsurface conmammation. The United States "‘ﬂ\IlOT'mT’I’Ldl Protection Agency (EVFA) defines ¢
chemical as volatiie if its Henn's Law constant is | x 107 atm-m”smol or greater (20021 Volatis
arganic compounds {VOCs —inciuding such common chemicals as petroieum hvdrocarbons
(=.g. benzene) and chlorinated solvents (e.g.. mc' joroethviene [TCE}—are the class of
cnemicals of greatest interest for this pathway. Other chemicais of potenual interest inciugs
mercury (the oniy volatile metal . various semi-vaiatile Gwani" compounds (SVOUTs) (2L,
poivevelic aromatic hvdrocarpons [PAFs] L and certain pesticices. The EPA (20021 has
identified more than 100 cnemicals that have sufficient voizm-' : and TOXICITY 10 POse a neorstical
\.’zlp“' INTrusion Pazar’i {(inciuded in this aocument as Appendix A1 Therefore. if it 1s known or

asonablv anticipaled that these chemicals may nave b en used or reieased ara site vy a Dol
vnm_s,; thev should be included in the vapor InUrusIon iNVestgatiorn.

DeD organizarions should evaluate the potenual for vapor murusion nto overiving or nearpy
ex1sUng Swructurss auring site investiganon acuviuegs conaucted under the DERP. If & sie-
specific vapor Intrusion risk assessment dicates the presence of unacceptabie risks. Dol wili
conduct appropriate responss actions 1o miugate these risics. All reasonable remedial alternatives
will be considered when sejectng response actions, mciuding use of ventiiation Q\’QI s Or other

‘-\\

mitication measures, The porenuat for vapor inusion in futures soructures should be addressed i
the desion phase and any necsgsary and appropriar measures mctuaee M the Construclion Costs,

Additionaliy, appropriate notics of the potential yapor mtrusion risks should be provided 1o nor-
DoD site owners

Current Approaches to Assessing Vapor Intrusion

Twenty vears agc, vapor intrusion of subsurface VOO contaminauon ¢ indoor ar was not
well understood. a nd ihis SXposure L}ﬁfn\}v‘ch}; WAS varelv evaiuated as D’dl"L of & human healith
assessmeant at remediation sues. 7o address this ms;ygha the EPA Office of Soiid Waste and



:mm"mr-*n'“ Response (OSWER s rercased the Dirafr Guicarce jor Evainali Fanor inrusior

re indgoor 4iv Patnwa rrom Groundwarer and Soiic in Novembper 2( )O_, This handbooi nas been

geveioped with consideration of the BP 4 s araft euidance and several rece i pubitshed and
reievant vanor Intrusion aocuments. including the foliowing: '

A33838Ime n. of the Vapor Intrusion Pathway. .S, Al Fores. Alr Fores Instimuie
February 200

Quide 107 the

Tor Operationai Health.,

aluatng the vapor Intrusion Pathway. Navy Faciltiies
November 2007

«  Draft Navy Guidancs To;
:ngmeermg Command.

T+

¢ Dratt Navw Vapor inrusion Policx. Revised Finat 2¢ january 200€.

« interim vavor intrusion Poitcy ror Environmental Response Actions. Deparrment of the Arms.
Office of e Assistant Secrerary (Instaliatiorss and Environment;. & November 200¢.

« Vapor inwusion Pathway: A Pracucal Guide. Inrerstawe Tecnnology and Regulatory Couned
ITRC . january 2007z,

Coliectuveiy. these documents represent some of the most up-lo-date information avaitabize on
how to evaluate and (1f appropriate) mitigare 10 Merrupt the vapor merusion pathway. Thev aiso
provide guidance on how 1o assess the human bealth risks associared with the ¥apor inurusion
pathway and incorporate this information into the baseline human health risk assessment used

5

determine if site remediation ts warranted to address chemiicals of concern (COCs

@ 1.

i€

1
i

Fhe overali approach used 1o assess the potential risiks posed by the vapor intrusion pathwas
and pessible mitigation and remediation options s summarized belowv.,

« Evaiuare whether exposure to the vapors poses an acute risk te building eccupants: This
can inciude both acuic health risizs and the risi of explosior. [ acute risks are identified dus
L0 Vapor intruston. it may be necessary 16 evacuate the pronperty until the risks are mitigatec.
1f there are no acute risks. a sereening ievel vapar Irusion evaiuaton may ne conauciecd.

« Conduct 2 screening leve! assessmens of site contaminants: This evaluation typicaliv
involves comparing sive soil gas or groundwarer daza wun conser vative risk-based screening
valueg. [T site concentrarions are below the screening leveis. it 1s concluded that the site does
NoT posSe 2 vapor INtrusion risie. 1T exceedances are observed. it may ne advisabie 1o re-
evaluare the daia in 2 vapor intrusion mode! using site-speciiic paramelers. In soms cases.
these site-specific modeling results may be sutficient 1o determine that the site does not nose
@ vapor INTrusion 1isicc in other cases. the modeling results can becoms ane of the multpis
imes o evidence used 10 evaiuate whether there 15 2 significant vanor intrugion risl.

e Conduct 2 site-specific vapor intrusion pathway evaiuation: This is usuallyv 4 more darg
intensive effort and may inc'iudf—\ coliecting near-siab soil gas. sub-siab soil gas. andsor mdoor
- air samples. Muldple iines of evidence may be wsed to evaluate the magnitude and exaent of
vapor intrustan.  Depending on the results of the in\mstigmion and a human pealth risk
assessment. 1 may pe determined that either no further acnon 15 necessary or thar mitigation
or remediauion may be warraned.

« Evaluate mitigation/remediation options. if necessary: Miugation invoives using
technigues that prevent cor minimize; subsurface vapors from migranng into buildings
present above the contaminatiol. Common mitigation measuwres inciude nstaliation of sup-
glab depressurization or pressurization devices, seaiing ali cracis. sumps and preferential
pathwaye. and installarion of vapor-proot membranes. On dctive pases. jand use tor building
1ee controis may also he an option 10 contro! exposurs. Kemedianon is the treatmen; anc
removal 0f chemicals from contaminated subsurface medla such a3 soil and grounawaier.




Zommon remediation 00LONS INCiude 301 removal. soll gas extraction. and groundwate”
reaumern:. Mitigation and remedianon ma;' be perfonmed concwTently or ndiviaually,
cepending on Siie nesa

As awarengss and Concern Over e vapor INrusion pathway has inereassd. 86 has e

(SRNEEN

:'eg.miawr;s focus. Many states nave gevelopsd, or ars 1 the process of developing. ther owr
VADOT INTFUSION guidancs. Increasingiy. rehiance on & smg}e approach or dalaset 18 not considered
adequare Io support 51te de si s making, Tne current “stats of e science” approach 15 16 collec

and evaluate muiﬂm {ines of eviaencs Lo support decision makang regarding the vapor mrusior
patiway. These lines of evidence car inciude such endpoinis as those listed below:

- Sotl g8s Gale

= Near-sialr soli gas dain
Groundwarer data
«  Background data {from imdoor and ouwioor sampies’

«  Building construcuon and current canditions.

«  Sub-siab soil gas (or crawl space) date

e indoor air datw

= Ouidoor air samples coliected concurrentiv with indoor air samples

«  Comparison of constituent ratios of chemicals in soil gas and indoor air

= impact of site geclog:

«  Resuits of fate and wransport modsing

«  Results of he Tisk assessmen:

<« Sie or building ewnersinn and contro,

s Other size-specific or supplemental daz.

1t is uniikeiv that ali of these iines of evidence will nzed w be evaiuawed in order

II]\'“SU“&I” the vapor Intrusion pathway. More ofien than not. the lines of svidencs corzsiderecl
will inciude existing mformation along with datasets that iocal stakeholaers agree upon in
advam':. in gen’“«rai he closer 1o tim eceplor the data 15 cotlv o, the more relevant o humar
healtin risk 11 is considered 1o be. Foliowmg this jogic. indoor air data would be considered mors
relevant for a risk assessment than a modeled concentration from groundwater o soil

The findings from some tines of evidence may conflicr with others (z.2.. maeor air
CONCENTrAONs may be acceptable put sup-siab samples sxceed screening criteria), and thic
should be anticipated n the project planning process

Vapor Intrusion Considerations for Dol) Facilities

s

For the most part. feaeral and state vapor mrrusion guidance has been developed o evalua
exposurss in a civilian resiaenual setung. This bas allowed for the development of & farrhy
standardized ser of exposure assumpuons that are widelv recognized and used. However, DoD
has & number of eXPOSUre SEUIng
foliowing:

s that differ from standard defaul SXPOsUTres. TIYCIU.O.]HQ' the

+  Residential exposures both or-pase and off-base: Some contaminated sources (£.0..
grOUNdWATEr DIUMES) may :,"end pots or-base ano ofi~base, While tnz Doy can control fane
15e and exposures or-pase. thew abiiiny ro conwoi ofi-base exposurs 1s generaliy more xmmca

Additionaliy. rzsidemia; receprors on Dol sites are tvpically enlisted indiviauals and

Tamiiies. Due w auiy rotatons. these Dob residents tvpically ve o any ong paricular site r'or




lime than te civiban ponuiation. Sxhesurs Tactors shoulé ne 3 - e nsalianorn

rather than generic asfaul; vaiues.

e Qccuparional exposure sﬂtt'uwf-: Dol faciiities mav have indus G oCommearcial
buiidings IOCZIL\,(J aver supswrtace voliatile contamination. Milttar workniacs exposurs
scanarins and standards should be consideres wnen svalualing me vapor intrugion parnwas .
Different eriteria may afiect workers wno knowingly worl: witn vaiaiiis chemicals and
workers whose jobs do not involve contact with voiatiie chemicais.

y

« Vapor intrusion concerns on updeveioped properry: Subsurface contaminaton from Dol
fac’llities. mayv be present an undeveioped property both ori-bass and off-pase. For off-base
Properties. vapor MTrusIon CONCETns may warrant design and consruction considerations for
furure aﬂvplopmem arthe sitz. in many cases. tne pubirc nas expressed concern 1 ;mding
possibie vapor intrusion risks with the off-base contamination and site deveiopment

e Property wransierred ro other enfities: Dolb and it associated service brancnes routineis
transfer property o other federai and non-feaerai entinies. Use and developmeant of these sires
may be affected by vapor intrusion.

Vapor intrusion concerns have been invesugated at active pases and former bases where
puildings (DO'['h on- and off-base) are prﬂaem over subsurfacs contamination. in addiaon.
evaiuation of this pathway 1s often used as a screening 1001 w6 evaluare the poiential risks tha:

could arise if DUHGIHgb were 10 be COHSU‘LlCIBd over areas of suosurface contaminaton.

1.2 Objectives of the Tri-Services Handbook

A -

This Tri-Services handbook discusses various lecnnical approaches assoclated with evaluating
vapor im"uqﬂr pathwav and provigss perspective for RPMs (and assceiates consuitants:
regarding the development and mterpretation of vapor intrusion nvestigations. By considering

DX A

project needs and the pros and cons of the various approaches. the RPM can make a more informec

and cosi-efTective determination of tihe b2st way 10 £valuare vapor Intrusion at their site. Tnis
handbook was deveioped to be relevant Tor Comprenensive Environmental Response.
Compensation. and Liabiiiy Act (CZRCLA Y and Resource Conservaion and Kecovery Act
(RCRA) sites.

lsat
|

L e

T

EPA has pegun 1o address vapor intrusion concerns on some of their Suberfund sites anc
has initiated deveiopn 1ent of guidance 11 at has not been finalized. The EPA s drafi vapor
intrusion guidance usss a three-tiered approach w provide & method 1o assess human healn risis
elated to the vapor Inrusion pathway (:Pf-m 2002y This vered ap;nroaoh. iescribed n detail m
Appendix B. moves from a generic screening levei approach {Tier 1110 & comef"«ati\' fate and
transport madel (ler 2} and Tmah\ o a site-specific approach | "J v 31 This tiered approach
allows sites with minimal risk potential 1o be screened out teliminaied from further evaination
due o iow risk potential from this pathwayi without expending significant time and effor..

Not all state healtn agencigs mhov EZPA s dvaft three-tiered modsiing-based guidance. For
exampie. S0Me States recomme conot.mng mdoor air sampiing i volatile cnemicals are
present in the supsurface at jevels excseding threshoic concentrations. with ne contaminant
Tansnort nmdﬂinw eauirec. Other staies nave guidance which sugeest indoor alr sampiing ir
iieu of subsurface ;nvestigations (... 5015 gas sampiing) ana conannnant wanspert modsing.

Reaaers of tnis ha.ndbooi-: will need 1o coordinate with their reguiators and identify the technical
15 MOSL appropriate for el sie.

approach tna:




s Ty

1.3 OUreanization of the Handbook

This handbook 1s organized Inte ning S"”Cl‘l(')l"\ Foliowing this mrroauction. Secuon 2

iscusses the scrzening level assessment of the vapor intrusion pathway. Se tior 3 divusqez the
SLENS Necessary to conduct @ site-speciie vapor mrusion swudy. Section 4 addresses health

A3SESSMent 185ues at vapor IHU Ll\IO ST

Risk management and mitigation approaches are
discussed in Section 3. and TiSk communication 1s addrassed i Section 6. Secuion 7 presents e
summary and recommenaations. anc Section § 1dentifies addivional technical resources. A
bibiiography containing cited references and other sources of informationr foliows Section §&.

Appendix A replicates a table from EPA"s 2002 draft guidance of chemicals of potential
vapor mwusion concern that mayv be found at hazaraom‘ wastz sies. Appendin B presents a
summary o7 EP47s tered vanor intrusion assessment approach irom their 2002 draft document.
Appenalx < pz'A@PnI'ﬁ a st of state reguiations. guidance. and other pubiications on vapar
intrusion. Appendix D summarizes sampliing and anaiviical methods avaiiabie for evaluating the
Vapoi INrusion pam vayv. Appendiy

 contains EPA s “Gcecupied Dwelimg Quesuonnaire.”
which can be used as an indoor air assessment survey (EPA . 20021, Appendix  descripes

possible sampiing and analvsis costs associated with & vapor intrusion assessmeni. Appendin G
discusses how to assess and control backeground chemicals at vapor inTrusion site. while
Appendi: H describes how: 1o evaiuate the puilding enveiope I vapor intrusion investigations.
Fmaliyv. Appendix | ceseribes a number of air-flow modification mitiqatifm measures for vapo
nmrusion projects that can pe implemented at bulldings with nign levels of risi,




ening level assessment is to et an niual understanding of e evel of

flicient and cogi-effective manner. Onee the

nOssidic ri%; p:‘xsed Dy vz»v.pcx IMWUSIon I an 27t
sereening leval assessment nas been donc. the RPM can decide whether o conauct & more site-

specific evaluation. to mitigare or remediate. or whetner no further action 15 needed. Tne

by

sereenmy ievel assessn 15 often done In & vered approach. as defined in EPA ™S 2007 dral

guidanc~* and summarized i Appenaiy B

fie Tirst step 1 any vapor inTrusion assessment 14 w conhirm that chemicals of sufficien:
alatity and OXICITY are ot -esent in the subsurface. Appen G:\ A contams g st of chemicals m
”f‘ ?{:’”" sas identifisd as s having sufficient volatiitny and toxicity w be inciuded in @ vapor
WIrUSION 25888sment. \f‘cf" few of these chenneals will be present at most sites. and the seiection
of chemicals for sampling snouid be based primariiv on site history. Another Importan:
preliminary siep I8 jdentifving the reguiatory program goveming the site and Dmmng that al’

sua cenolders can agree upon the sereening approach 10 be used ¢ and tne decisions which car o
maas bassd on the scre ening date. Appendly O presents o nstmg of state raguiauons anci?

cuidancs documents refated 10 vapor INTUsIOn.

Thig se wn summiarizes CRgues 101 evaluating acure vapor risis and conducting an injual
screening evaluation ar vapor INTrusion SIes. rigure o mcwiasa & visual exampiz of possibie
approaches that can be used W the screening level assessment of & vapor INLrUSIOn Site.

2.0 Acuoie Exposures

AL sites whers buildings are pregent above comaminated soti or groundwater, the first step ix
to df:’termnw if vou have—or mav have—an acute and potentialiy dangerous vapor mir usion
problem in vour buildme. Several indicators that this pathway ma be complete are listed below:

e Zie 5. ana groundwater that have sufficient volatitin

and TOXICHY t0 pose a potential Yapor It usion rist

«  INoticeable odore. particularly in the basement. that could indicare 2 vapor intrusion problen

e Llevated soil gas measurements. partucularny in the space just below ihe slab

= A wel basement ar signs of water seening into the basement in an arsa with groundwater
contaminanon

« Indoor air data that mav indicate the presance of chemicals thay cannot be accounted for

nousehold materials and activiuss,

Nong of these factors by themseives provides conclusive evidence thar vapor Inuusion s
occurring or that acute risks are present, However 1T ons or more of these indicators are present.
therzisap '\ssibiiit‘v that vapor intrusion 18 occurring and the potential for acute nisks snoudd oo
further evaluared. Portable sereening aevices such as a photoionization aetecior (PI1D1 or & flam

ianization aetector (F1D1 may be usaful w determine whether volatile zases are present ai
concentrations that may pose an acute threat w life and nealth. [T high iev L'S of ¢ lzml': gases ar:

dstecizd. 18 recommended that the ares be evacuared and rrained Q“Oi onals (e s
deparumentt ba contacte d 10 dsterming now pest w address the l"IODJ"ﬂ} and wien OCCUQE&T{ES oan

safeiv reenter the building.



o~

R PT-1

Figure D-10 Dxamipie of @ Sereenmyg Level
{/ Deveiop conceptual
\ site mode! J
N P

=valuanon

<" Dogs acute
/ exXpesure poss an
.. unaccepiabig
N
s

FISK? e

/

.
~Ye

n

i

e N

//
7
gf\ia

)—b{ﬁonduct ra

i
;;,
N
s \
/ \\
// N

&

s sufficient

4
, . . ~ :
caa of adeguate
AN

. Guality avaizabie?‘/

o

o . LN
7 Are chemicais \\\ N P
- e e ~
with sufficient o L/ T .
< o suft = No Further Action
~ volatility and toxiciny -~ \
\\ present? A ;
hd
AN |
™ |
[ Vag e
w22 |No
\ TN
. / Does ™.
- N
\ - measured "\
Are current or _ Rp 7 or modeiad
B fuLlre recepIors >—— “ sz exceed
\\ present at site? 7 N @ENenc screening
L / S leves? S
. / \\\ <
| Yes 4

|
i
i
|
i
!

Caonduct additional
site investigation

are vapor int

~.

nitt responss action]

A

g

Uiy

on Sie

Condugst site-specific
avaiuation

/

Does site
;arrant urther
invesiigation?

. 7
o o
\\/ /
No

e

Mitigation andior
remediaiion

>

S



2.2 Initial Steps of the Screening Assessment

A

,L\z the =arty stage of a vapor mu w;l(,n assessment. i should be conitrmed that chemicals with

e

suth rvolatiling and toxisity hav v detectet at or near the site and that acute risks o joca:
bullding occupants have been evajuaied. "{ 1o BERPA and most \L’H”’ recommend USIng two Crileris

10 2vajuale wnnnw oo inciude a chemical In g vapor Inwrusion st —\,o’imiiity and woxiciy . The
EZPA has iaemitied mare than 10U chemicals that meet this defini TI(:I of volatiiity. meiuding
common VOCs such as benzene and TCE. but alse pesticidss (such as chlordane and
dichiorodipnen i ethviene [DDE]) and several PAHs. The Ef A has also identified @ group of
chemicals whose vapor concentration of the pure componem poses an ineremental cancer risk
greater than 1 in a miliion (Le.. 12-06 or 1x10™) or @ non-cancer hazard index greater than 11 this
iisr inciudes over 100 chemicals. Those chemicals mr have both sufficient volatility ang
toxicitv—and ars known or reasonabiyv suspected o be preseni—should be included in 2 vapor
intrusion mvestigation. Table 1 of EPA = 2002 draft ugo; mrrusion gu da neewhich iists
chemicals that EPA has determined meet these crieria. 15 meluded in this nandbook as Appenadix
A 1t is also important 1o confirm WW‘L her m~ aetected chemicals are associated with Dol
operations and are not due to the activines of other entites that may have used the site. The Dol
1$ not required to evaluare or remediae chemicai reledses which thes are not responsibie for.

The EPA s list provides a reasonabie starting point for & vapor mtrusion swidy. However, &
most sites. thers will only pe a Tew chemicals thar will be of mreresy. [f anv of the chemicals
listed In Appendix A ars detected within éleTOXIma'E“l\ 106 feer—horizonaliyv or verucalive—g!
an exisung building. EPA recommends that & vapor inrrusion studv be conducted. Not all state
hsalth agencies agres that !( U feet 1s sufficient to prevent vapor mwrwon and muusion. so it is

importanti to check with the focal regulatory ag“-ncj-.: Aadmona]i;. if preferential pathwavs exis:
in the subsurface that could facilitaze the migration of c‘nenﬂ“ai" owards & building. then the
guideline o7 100 fzet may not be appropriate. Some states foc 1a limited numbe' of
chemicals. with the emphasis directed towards the most volati %‘ For example. Minnesos
(MPCA. 20057 inc 1ud § 57 chemicals on thelr §ist of target chemicais for vapor intrusion. wiiis
Colorade (CDPHE. 2004) Includes 22 chemicals ov thelr iist. These [1sts may pe sxpanded of

o~

reduced bagsed on Rtrﬁ—specmc conditionz and depending on the chemicals found and ther
locations and concentratons.

2.3 Conceptual Site Miode!
An important step in assessing the vapor mwrusion pathway i3 w develop an understanding of

the site setung. the fate and transport properties of *m~ comamirazm and the ways by wiich
people could be exposad 1o site-rejated chemicals through the deveiopmem of a concepual site
moael (CSM This CSM is tvpicaliy represented by a diagram which provides & visual portray
of site conditions and iliustrates the contaminans seurees. the movement of these contammants in
the environment. and potenual receptors and exposure pathwavs. The CSM iinks the sourceisy of
conraminaton. such as a leaking tank wv potential envIronmental iransport pathwavs hat ma;.
uiimateiy [2ad o exposurs of a receptor. This information is useful for identifving wiicen
exposure pathwavs are complere. potentially compliete. or incomplete. thus aliowms tne rish
ssessor or RPM 1¢ focus the invesugation appropriately. The CSM can be as comprehensive or
as simple as necessary ompendmo on site-specific conditions and managsmern: 1equ1remems, As
the understanding of the sz conditions evoives. the CSM snould be updated so it abwavs reflects
the mos: current and comprehensive undersanding of tne site.

’!‘J




LUnderstanding e chiemical and phvsical properties of volatils contaminanis is eriucal
asveiopmg a goad TSM for possibie vapor nwrusion sites. The eritical aspect of these
conmaminants that makes them a2 concern m indoor air is their volanlit, ‘”)"D'“nam“ upor-ther
oIty . conaminants with Henrv's Law Consaniz as tow as VG amm-mmol Mav POSE & TISE
thersfors this Henrv's Law Constant 15 often used as one of the criteria for determining whether &
contaminant 1 suflicientiv volatile to justify a vapor intrusion evaluaton.

The vapor intrusion pathway is often onlv one of multipiz exposurs pathways at a site. and
the CSM will need 1o deseribe thess other pathwayvs as well, [ there are mLIUpL EXDOSUTE
pathways Tor the contaminants. 1t may be necessary to iciude the vapor inrusion risk resulzs |

ire basshme risk agsessment. The CSM should be discussed m the text of the document and
should be supported by dawe. mape. and other relevant informaor.

Fhe foliowing factors should bz identified m the CSM deveioped for & screening leve! vapor
INTLSION a85e53ment:

{

+  Sourcels) of Contamipatiorn: Tnzpr xm'r-} source(s) of contamination may inciuag iLaking
wnks tabove and beiow ground), pipelmes. floor drams. landfills. fire-tralnmy areas. spilis.
and dischargs areas. Secondar £V S0UTCES maj; mclude fres phase proguct in the grounc.
contaminared soil. and contaminared grounawarter.

<« Transport Pathwavs: Volatiie comaminants can be im nd in various media s.mde,:*

em*imnmema” congitions. A smgie site could contain VOUs v 1) A norn-agueous Dhasr’: liquid
{NAPLy phase. 24 dissolved iy grounawater and pore watzi, 3 m 2 vapor phase. or diine

sorbed m@ 2 attached to soil particies or orgamc mater m the soil m m*i\ Tne phase and
matrix will influence conraminant ranspor. with vapor phases being of greares: mtersst in
vapor | m*umcm mvesugarions, Vapors can mugrate through several ransport mechanisms,
including diffusion m the unsaturated zone. diffusion in shaliow groundwarer, horizonwl and
vertical migration via preferential patiyways (e.g., utility corridors, pipehines. cracked clay .
and advective/convective ansport in the soil. Advectve and convective ransport 16
generally most active beneath or directly adiacent wo bulldings. where there can be a negative
orassure differential berween the building and the surrounding soll mm tends to pull soil ga
upwards towards the building (often referred 1o as building or stack affzersy. Gravite can
drive NAPL and dissolved phase contaminants downward through ptcx::r nual parhways i,
the vadose zone. Preferentiai nathways can be even more importans for vapar phase
migration: minor pressure differentials are all that is necessary  diive soil gas ransport.
However. 1t 15 also important to rememoer that contaminant migrarion s retarded by sorpiior
and other processes.

« Recepiors and Land Use: The primary receptors of interast wouid be anvone Hiving or
working in an enciosed space above soil or groundwater that 1s contaminated by YOCs. This
includss residential seftings (e.¢.. single-family nomes. Wownhouses, and trailers). industrial
and commercial workplaces. office buildings. and eausamna | and recreational semings te.g.
sehools and gvims: Trallers enclosed at 2 bottom by a 3Kivt have greater porential To7 vanar
intrusion than do non-enclosed wallers. Ar movement between the ground surface and the

railer borom of the non-enciosed trailer would wend 1o minimizs vapor buildup and
assoviated vapor intrusion. in gevelopment oF the CSM. receptor and jand use factors should
be evaluated and current as 10 founaation type wherher resiaential siructurs or waller smca
modert trailers could pave cemeant runners or  Toundartion. Similarty. ine exisrence of «
hasement, underground parking. or other modifications 1o the founaation should be
considersd in the vapor INrusion oveaiualiorn.




« Expesure Rourtes: in geneval e onix exnosurs routs of INIerest for vanor intrusion i3 the
Inhaiarion ot vapors migrating from the supsarface into mdoer air. Other I)O'\“Qibli‘ EXPOSLE
routes thar max be considered during otner iNvastigatons at the site may include Uorl
dermai contact. and mhaiauon of-narticuia marerial. At most sites. vapor mrrusion will
ane o7 several possibie exnasure roures thal will need 10 be 2valualed in the 1‘151: asses8men.

1
ote
o

(‘Si\-'is for vapor intrusion swidies often need w consider two diSTINCt exXposure SItuations. A:
some sites. buildings are prasent and there are concerns as 1o whether vapor IMrusion may pose &
risk [0 current gecupants. For this situation. there wilf be sitz- and bunding—spmf'iﬂf' Informatior
availabiz 1o support the assessment. inciuding mformation such as e size and volume of the
butiding. depth of construction. thickness of fioor. air wrnover rates. and activiues of the
occupants. These factors may require consideration in the vapor mgrusion assessment. The seconc
situation is where contaminant fate and wransport modeis ars used 10 predict whether vapor
mrrusion mayv oceur i hypothetical future buildings buitt on the site. In this case. a hypothetical
building is placed anvwhers over the subsurface contamination and moaeiing 18 used  estimare
the migrauion of contaniinants into the maoer air 0f the hypothstical overiving buildings. This
aporoach aliows the risk assessor 1o evaluate & range of consurue ction Tactors (such as thickness of
fioor and ventlation issues) that mayv affect building desigr,. Thess situations should be considered
as part of the development of the CSM and the 1aentification of complete. potentialiv compiets.
and incompiete exposure pathiwavs., A variauon on this future exposure situation is when &
building has been designed but not buill. Modeling can pe used w predict naoor air
concentrations and anyv necessary or desired mitigation measures incorporated inio the buiidmg
design.

The ITRC guide (20C7a; presents a detailed iist of information that should also be consigered
when developing the CSM. inciuding the following:
« The location and nature oF thz source of volariie chemicais in the subsurtace
«  Chemical properties. including degradaticn products. soiubiiity. vapor pressurs. diffusivio
in air and watgr. and Benry's Law constan:
tareet concentrations in indoor dir and other medis. as applicabie
+ A basic understanding of iithoiogy and swatigraphic Teatures thar infiuence the occurrence and
movemeni of groundwate:. NAPL (1T anyi. and vapors

«  Depth 1o groundwater and groundwater flow directions fincluding verticai gradients or
recharge that might lead to & clean grounawaier lens ar the water table; ~

«  General natre and extent of volatile chemicals in groundwater andsor soil gas
¢ Locations and depths of major underground utifiues {particulari+ storm sewers:

«  Porental background sources of voratiie chemicals and typical indoorfambpient aiv
CONCENTation rangas

« Locations. ownership. and reneral use of buildings within the area porentialiy impacied
.
2.4 Assess (uality of Existing Data

Another important consideration 10 evajuate sarly on is whether there ig sufficient dare of
adsguare quajity 1o support a vapor intrusion assessment. Data quality fuctors 1o consider inciugs
media sampied, proximin of samples 1o puildings of concern. and the quality of the date
(3313@1‘%:115\' reporting iimits;. Since many basses have done environmental inv 1; ations oy ¢

umber of vears. e large amount of date mav be avaiiable. Mast C()ITIIH’WTII».'E & dats would




nave been collected during a preiimimary aﬁi”%ﬂ']""ni"s"lt’i‘ inspection (PA/SI. a remedial
investigation (R1). or various monitoring activiues. These date will ofters be limitzd 1¢ soil and
groundwater sam p} results: witen used alons. the data may not be adequate 1o address vapor
mtrusion concerns. Given that vapor muusion historicaliv was not a primary pathwayv of interes..
many older sites may not have sufficient aate 1o evaluate this pathway . Additionai data (such as
soil gasi mav pe required to deime the site in its curren: conditions. it should be noted that using
soli coneentration data alone to evaluate the vapor Intrusion pathway is generallv not
recommended. and Most agencies W'll.'» not aliow usmge oniy soll data for this purpose. Olaer soit
ate can D“ pambumrl* unreiiable because prior w the use of EPA s Sampling Method 3035
(Zncore Sampling}. foss of voiatile contaminants during soil sampliing was & common problem;.

Tl existing data should be compiled and reviewed by & risk assessor before any additional
data is collected. Oldﬂ? date may be of mited usefuiness and mav not accurareiyv represent the

cuiTent nature and tof contamination. Some questions should be congidered when
reviewing 'nisnonc_a; data:

« How ald ars the data” Arethev likelv 10 refiect currein conditions or ars the conmaminam
concanwations fikelv to have changecd significantiv aue to natural atientiation processes?

«  How were the sampies coliected” Are the coliection metheds considered reliabie by today 'z
standards”

= Were anaivses conducted for all known or suspected chemicals’

e Were anaivses conducted for degradation products”

¢ Werse the reportung mis sutficientty 10w 1o comparison with vanor Inrusion screaning
criteria’

e Has the contamination migrated bevond the original study bounaaries”

«  Has the Jand use changed o have additional buildings pean construcied on the site”

The EPA has developed guidance for evaluating data usability in risk assessment {Guidance
for Drara Usabilirv in Risk Assessment. EPAL Part AL 1992, This guidance is specificaliv
designed to provide a clear and consistent process for determining whether data meets the
requirements and mtended use of the risk assessment. As such. 1115 a good wo! for evaluating tne
qualitv and usefuiness of historical data coliectad at & site. 11 descripes what factors to consider
when reviewing data and identifies minimally acceptabic performance objectives for & catase
The basic data quality factors that may affect the risk assessmen: inciude date sources. reporting
limits. use of qualitied data. and consismncx m dara collection. A review of the EPA s dat

usabilitv guidance can help determine whether availabie aata 1s of sufficient quality to meet the

reguirements of a vaper muusion project.

The Dol also has guidance on how 1o 2882ss and evaiuate data quality. 1t is recommended
that the DoD Qualiny Systems Manual for Znvironmental Laboratories {2006 and the Uniform
Fegeral Donc‘\f for Quainy Assurance Project Plans (20057 be reviewed when considering data

qualitv 1ssu2s.

244 Dratz Quality Objectives for Coliecion of Additional Daze

Prior w coliecting any additionas t-”ﬂ tnat may be needed. sitz-speciiic data quaiin
ovlectives (DOQOs; snou\c be deveiopzd. DOOs are quaniitative and gualitative starements that
deseribhe what daw are needed to suonou decision makig (EPA. 2000a. 20067 I
of site-specific statements that gescribe. in detatl. exactly how the date will be used and whai

'a i
YOOs are a set



DIANNING TOO! Tl IS G88iened 1«

! 10 not contrib decisior-makmy and 1w ensure tat &
sufficient quanuny anc qualny of @aa @ are acquired 5o a’n;-.z informed LEL‘LL 1ON& £an DY IMACE.
DOGs are rvpicaliy geveloped coliecyveiy pv ine stakehoiaors assotiated with g project which

mayv include Dol 2P AL stawe healtn deparuments. 10cal nomeowners. and other potenualiv

ne EPA has developed & sever-swep process for develoning DOGL. which are bsted pelow
along with 2 prief 2xample:

Srate the probiem t2.g. groungwarer conaminated with volathie chemicals may poss & risk via the
vapor n u).)!()h D&lﬂ\’yﬁ} '

2. identity the decision to be made (e.z. do S0 gas measurem wilt e ¢ vapor
intrusion sk az locations where future puildings may be co
3.0 jdentifv the inpuis 1o the decision (2.0, soil gas sampling cata. site gao}osn SIYEENING CTHETIA

4. Define the swoy boundaries (e.¢.. all locations above groundwater piume ;

3. Develop decision 1 u1°<< te.c.. whether a single derection above risk-pased ¢riteria 15 sufficient w
WEEer acHon 07 Whethar 2 Imore representative concentration {sucn as the 95% upper conflaencs
itmir (95%UCL)] SmmJ be used Tor UUs comparison,

¢, Specifv the acceptabie mit on decision error (e.e.. identify size of hot spot arsa that can be

missed auring sampiing without compromising overall results

Optimize the sampling assign 1e.g., ceferming i1 proposad sampiing will adequately characterize

the site. revise accordingly if necessary s,

All vapor imrusion data collection projects should have stre-specific DOOS to heip define
V\f’hcli data will be coliected and how tey will be used. Zxamples of I1ssues that need 1o be
considered whern developing DOQOs inciude the types of decisions w be made. the typs and
number of samples needed 10 SUPPOTE these declsions. and the necessary reporting mis
fanalviical sensitivityy. ldentifving thess obiectives prior o sampling will facilitate aecision
making after the data are coliecred. Addn c_mal derails on the davai mmen of DQOs can pe found
in EPAT: DOO guidance documens (EPA 19042000z, Z{JOf-’ Tn .5 Armvy Corps of
Enginesrs also has guidance for the devejopmen: of DOUs (
Project Planning .

r Manual 200-1-2 Tecnnica;

2.5 Generic Dratz Sereening for Vapor intrusion

-

here ars Two Dasic approacnes to evajuaung whether vapor intrusion may be occurying ar &

sxz: or building. These approaches. while aisu neti v different. are co nm mentary and can be us2c
coONjuUNCUON With t:acr' other. The first approach uses 4 contaminant fate and yansport mode! w
stimate the indoor air concentation of ¢f mmica of interest. wiille the qﬂr‘om’ approach relies on

direct measurement of chemicals present in indoor air Tm J},’. and many state nealth agencies
start with an assessment of the contaminan: ansport modei and. if potenuial risks are high enough.
may progress to coliection of Indoor air sarmples. Tre resulling measured or modeled
concentration of chemicals s then “screened” ‘nv comaring them with generic rish-based
concenuations.

Once the data has been determined ¢ be of xun'c‘ =0t guality and guaniity and a preiiminar

CSW has been preparec. the site can unaamo 0 €enerit sereening evaiuation. Sereening is ofien

gone on & building-b»-building basic. so wat cecisions can be made Tor each building of interes! ot @

ey



site. The generic scresning sten vpicaliv compares site data (most commoniy soli gas or
oroundwater gata) with conservative health-protective screening concentratons.

screening mxeix are Leiib’:raloe\‘ conservative ¢ aliow for relavvely quick ang ef

"(

1 SUCh Site-
specific DdT’lel“L,m‘ s 5011 type, bujlding construction. or land use patterns at the site. Tvpicaliv, the
MaxImum CONCentration o & cnemical detected 1n $01) gas or groundwater is used as the vaiue
repressntative of the site Tor seresning purposes. The ZPA presented generic screening ievess for
chemicals In soii gas. grounawater. and mdoor air i their 2002 araft guigance. A number of states
have developed (or are in the process of developing) generic screening fevels for different medie
The appropriate reguiatory ageney should be consulted 1o identify the appropriate screening leves
for the s1ie I quesLoin.

decision making. oy exampie, generic screening 1eveis may not ake Nt consweratio

The primary purpose of the generic screen s 16 separate those sites thar cleariy do not pose

significant misk from: those sites that mav or are [ikeiy wo pc L un aaawmn . risk. Al sites whers
none of the data exceeds the generic s reening ievels. the decision is often made that no further
investigation or action 1s needed. Exceedances of generic screening ieveis generaliy indicate that

some additional site-specific %ILIG}’ 1s warranted. However. significant exceedances of generic
screening levels (subjective. but on the order of a hundrec- or a thousanc-foid mav sugge st that 2
site-specifie evaluation 1s uniikely 1o reduce the calcujated risk estimales o acceptabie levers. anc
the Droy L should proceed directiv to miugation. The efiort and cost associated with a site-
specific evaluation mav be significant. and proceeding directiv from the screening assessment wo
mitigation or iand/ouilding use conwols based on feasibility and life cveie cost may be a mors
cosi-effective approach than conducting an 2xtensive study .

2.6 Contaminant Fate and Transport Modeling

Contaminant fate and ransport madeling is often used in evaluating the porential impacts o
/apor 1ntrusion. Tnis modeiing approach has peen the subject of many ZPA and state guidance
documeants and Is discussed in greater dexatl in Appf‘na . B. Modeiing uiiizes botn analviica!
data collected from soil. mounm vater. or soil gas from the contaminated arez in the vicinity of ¢
building and site characterization data that influence vapor transport. The most commoniy used
mode} 1o estimate human nDaJt 1 risks from subsurface vapor intrusicrn nto buildings was
developed by EPA and 15 based on the work of Johnson and Etunger (19911 coften referred 1 as
the Johnson and Emnger {J& ] modell. The EPA s version of the J&Z model 1s revised
pertodicaliyv to incorporate differsnt assumptions about sotl properties as well as new human
health criteria developed by EPA. This mode! combines the anaiviical data with a variery of s
and building parameters in an algorithm that predicts the emission of chemicals through cracks
the slab of the foundation and. ulumareiy. the indoor aiy concentrauon af volatiie chemicals. The
J&-E model. fact sheet. and user’s guide are presented at

NTED /W W e DE, IN VDS WEY r/riskassessmenalrmodeifg SO7 iy, T

("

ionnsor etuneerdiy. The 2PA has
pertodicallv revised and upaated specific paramerers and recommendatons as new informatior.
becomes available. Based on discussion with EPA S’Laf’:, at the time of the pubiication of this
handbool: it is not anticipated that P A will Tipalize their vapor inrusion guidance: rather they
h"\'“ indicated that they wili recommend use of the | T‘R\, Vapor INrUsion guidance as an

Some reguiators are concerned about the accuracy of the J&2 model and thus some agencies
Ict the types of decisions that can be made about the vapor INtrusion pa »wav based or




l

& = maodeiing rasults with acual indoor alr
conesnuauens are mixed. Whiie the Jé mode) usualiv overpredicts indoor aly concentration
pas & congarvative mode: should . szveral agencles nave reported that validation sampliing
tdicaied that the J& 2 modsi ungarssimaied Indoor air Concentrations 1o a numner of volarie
enemicals. Although modeimg resuns might provids one of the hines of evidencs used 10 assess
vapor mirusioi. not all regulatory agencies agree that modeiing rasulis alone are sufficient to
sereen oUt a site Trom Turther considerarion. Some of; s potential ddv:»m*ac_re’x and hmiations
associaled with conwauminant fate and wansport moaeiing Tor & vapor mpusion investgation ars
presented i Tabie 2-1.

modelinge aiona, Kesulis of studies comparing

Tabie 2-1: Advantages and Limitations Associated with Contaminant Fate and Transpor:
Modeling

H

Advantages:of Modeiing i ‘Modeling:Limdsations

» Can use available qata as 2 staruing poim: + If moael npurs are not representative of site

for the evaluauon | conditions or Qata gualiny is questionable. then the
modaiing results witl also be questionabls (Le,
carbage in, garbags out;

© AN D2 USeq as @ JesKIop 1ol for sereenmy sites | Pooriy ramed pracuuoners may Use the moast |
! and prioritzing anv additional invesuoation needs | situations where 113 use 18 INapuroprias

Collecting site-specific aata can mprove model
performancs

T site characterization dat 1s insufficient we
identify preferentiai nathways 107 vapor migration

and thess pathways are no: evaluaied by the
: - model, then the default parameters of e mode|

| mav underasstimate vanar mrusion risi.

Can pe refined 10 INCOrporae & wias vanery of Modeaimyg is complex and some reguiators may

L site-gpecific paramersss 1f91 5L accentng results based on she-specific dars
| | because they are unfamiliar with how the mode!
: | Tunctions

| Can pe performed without disrupting
building occupants

The modaiing resuits are oniy SsUMAaes of ingooy
L air coneentrations. 50 they may not be accepeed as
definiuve proof that vapor nirusion does not post

tols
2 TI8K.

Can use different v pes o7 anaivical data | Modelmgz soil and groungwarer dats requirss the
fe.0., groundwarer. 50l and soil gass i use of more assumptions than modseiing suil gas
i,
[ data

Can be used for furure tand use and
building analysis

Recogmze that Tuture tund use and building
design may differ from thar modeled. Fuwure
ouiiding design used in the model should resun

a conservatve risk estimais bt also refiee
normal bulldine pracuces Tor the arsa in question.

 Some modets can geoount Tor Accounung for auenuaton requires additonat
| ATIeNUAION OVer Lims { model inmuis. Some of the Inputs may not be well
understood for the ir s conditio

Proviges an gsUmate o7 & bullding-spesiiie iNot accepied by ab reguidtory agenciss
aizenuati(m TAcTO” L as o definitive screening o'

v

in eeneral. it is recommended that contaminant fate and wansport modejing be co .
pari of the geperic screening process. 1t 1s non-Invasive 1 jocal residentc. is relativeiy cheap and
=fficiens. and can be designed 10 Incorporate sie-speciiic parameters. While not ali reguiaton




agencizs will accent the resuits of the moasi

vaiuabie Information 1o consider

© sufficient screening sten. 1t can provids
Vapo~ imrusion mvestganon.
2.7 Indoor Alr Sampling

an alternative 1o fate and ransport modsiing 1§ the direct measurement of indoor ar 1
putldings located above subsurface contaminaton
pertormed as part of the initial screening phase of

o]

indoor air sampling is not typicalix
VAPOT INTrUSION Project. However, some

reculatory agencies are requiring indoor air sampiing when volatile chemicals GSL‘:C[ed 113 $01!
gas or groundwatsr below bulidings. For example. the M vnus"t s Deparunen: o1

cnvironmental Protection (MassDEP | eeneraliv recommend anu"‘ measurement as preférabl&
overall for evaluating conditons in exisung pulldings associated with current groundwarer
concentrations (MassDEP, 20025,

I7 is generally recommended that indoor alr samples be waken on at jeast twe separate
occasions. typicaliv auring the summer and winter seasons. Tnis will account for some of the
seasonal variability that may atfect vapor intrusiorn. There 1s ne clear consensus on now 1¢
average the data collected over mulupl £ seasons. A reasonable approach would be to evaluate e
potential risk for cach individual sample. This would aliow for an evaiuation of the range of nisk
associated with the mdoor air data. Sampling methods Tor conductung an indoor air iNvestigation
are discussed in grearer detatl in Section 3 and m Appendix D. Appendix E presents 2P A%
~Occupied Dwelling Questionnairs™ wiich may be useful when preparing for ar indoor aiy
mvesugation.

indoor air sampling can be a useful method Tor identifving the actuai concenvations of
chemicals 1o which a receptor may be exposed. However, it is important to conol for
backoround. fevels of chemicals that may bz present in the building or m outdoor a1r. mvaluatng
the impacts of baclkground chemicals on indoor arr quaiity 1s discussed 1 greater detaii in
Section 3 A' It may aiso be useful o collect several sub-sian soil gas sampies concurremi}« WITH:
the mdoor air samples 1o evaluate the attenuation associated with the migration of the chemicals
from below the slab into the indoor air of the builaing.

2.8 Evaluating the Results of the Screening Level Agsessment

=

S

Risk conclusions for the screening ievel assessment are bassd on the resulis of the
comparison of site concentrations (either measured or modeled) with the g neric screening
concenurations raferred te 1 Section 2.2, The resuits of tnis conservative ey auon shouid be
considerad to be indicative of potenual site risk rather than an accurate nredicror of risk. The
screening level assessment 1s Typically used o distunguisih berween sites or puildings that pose
littie or no vapor intrusion risk and thoss with potenuai risk that require further study . Sites or
puildings where a singie sample exceeds the screening criteria but the majority does not. may no:
be a candidate Tor additional investigatior. It 13 important o seek agreement with stakeholaers
belorenand regarding how screening data can be meu o make risk management decisions.

For sites thar have chemicals that exceed screening vaiues, thers are two opuions that can be
pursuec. Une opuon 18 10 conduct a site-specific vapor itrusion study. as discussed in Secuor -,
This approach will result in @ pstter deﬁnizi'o ot the vapor intrusion pathwas . The second
option is 1o proceed directly W mitigation. 1f15 iImpotant to note that mili.gmion lsnote

substitute Tor adeguately characrerizing and undersanding potenual vapor iuwrusion pathways.




and the health risks potentially associatec with vanor Intrusion Dam“'avi. A certaln level o
rizauon of the vapor Inrusion D:‘.uwm‘ Is necessary in order e selecl appropriate
1011 measures and 1o azmonstrate tnoir effectiveness, Al ii L IMDOTIARL TG NOE that
S Qetecting CONMamInanis iy Naoor air &l CONCENTRRToNn: above risk-pased
i:, not by irseli an indication of ¢ vapor Intrusion pathway that warrants m*’.tigauor; [T ali chemical
concentratons ars beiow their
cansigered noT ¢ POSE & vapor INTrusion risi and ne vapor mitganon is warranted. However, iy
tnere are multupls exposure pathways for site contaminants 1y be necessary o include the
vapor Intrusion risk resuls i the baseline human healin risk assesament. 11 18 Important that the
stakeholders coliectiveiv agree 1y advance how the results of the study will b interpreted and
now risic management aecisions will C

screening levels

espective screenine concentrations. the site will generaliv by
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3.1.7  Coneceptual Siie Model

The CSM. developed as part of the screening | assessment dascrined 1 Section 2. should
be reviewed 1o 2vaiuate whether changes need 1o be made based on anv new information
obtained for the site (2.¢.. the presence of unexpected chemicals:. Possibie changes i building

or iand use should also be eva
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: Exampie of the Dectsion-Making Process for o Stte-specific Vapor intrusion Stud:
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Locations 1 b2 I,nveetégfzmé

, L DIODETTIS: OF bulidinges that require nvastgation should o2 identified i the work
prar. 1oan no oz relavvely siral f_k’ltmrwzm, aesision Whan oniy ong propermy o buiiding 15 of

oML L., see Scenaric | the [TRC {3&)&;%; COMpPanion QoCUMENt;:. Howsver. when large
numesr of buiidings are potenualiv impacted. seiection of the property or bullding for infual

1a
invesieatons can be mors challenging (€.5. see Seanaric 3.

Historically. groundwarter and soil gas sampies collected as part of the PA/S] or RImav no
nave bzen intended o SUPPOTL & VAPOT TMITUSion anajvsis, A review of the chemical date. e

‘ c«caaorr of the samples. and the resuls of the seresning will inaicate whether sufficient sampling
of an adequate quality was performed and whether additional sampies or locations are needsd w
evajuate the vapor inrusion pathway.

o account Tor some of the Inherent uncertanty. several buildings should be selected for the

vesugaton to ensure thar {ne varving {actors potentiahiy affectung vapor migration are
drsssed. A smtiszisaiiy pased approach might also be appropriate for some bases or siTes 10 neln
seiect unbiased sampling iocavonz. This method 18 mest appropriate when concentratons are fajrix
consistent over 4 relauively jarge arew and there 1§ iimu to arsumguish the most susceptible homes
or area o sample.

o~

2.2 Bevelopment of 2 Vapor Intrusion Sampling and Apalvsis Plar

it mav oe necessary 1o qamni“* multiple meain during the course of a vapor intrusion studs .
Sotl gas. groundwater, indoor atr, and outdoor ar may all ve sampled. depending on the phase of

the stuay and the concerns ana ragulatory requIreImnents at the site. As previously discu‘s o0 10
adequately sample and anajvze these various medie. it 15 necessary w0 develon DOOs. determine
e

the needed reporting limivs. and seiect the appropriate ana wuual TEChniguUes. ImMpartant 1ssues
related o the sampling and anaivsis of chemicals within thess differem media are discussed in
tnis secuon.

Currers: versus future land use 15 al Imporant facior o consider wnen selecting sampling
focations at a site. For current site uses. sampiing should be dons in the immediae vicinity of the
building(ss i auestion. The EPA s 2002 draft vapor murusion guidance recommends sampiing
around any buildinegs iocated within 100 T2e1 of documented supsurface contamination, For
Tuture land use, the samples should be taken i e area at 2 site where the maximum chemical
concemrations are jocatec. Thts location may be adigeent 16 a puilding (£.¢.. near a leaking
chemical storage tank) or may be aken from the location with the maximum groundwater
contaminant concentration. This app maf* provides a worsi-case type <3'Jaf_35vhsmn? for vapor

imrusion risks. Because of the mobiliny of voiatile chemicals. concer 11:’"3&0:‘15; o1 chemicals in
both groundwarer and soll gas can chan g over ume. Hence. addituonal sampiing may be neaded

i the mmzﬂ e confirm the status of site conditions at the time of aevelonmem. Whiits Dob
agencies can control sampiing and development on active bases. they may not have full conro!
regarding future sampling or developmen: ai ciosed bases UDS properties.

!D
\/;
o
i3

These additional sampies mayv ude grounawarer. soil gas. near-siak. sup-gtab soil cas. or
mdoor air. 5011 gas aate. be lar. sup-siab. orm Te remote "Cm* the bulldmg, nrovides
maore appropriate information regarding e migration of voiatls chemicals through the subsurfacs

~



anca trough the puliding roundavion tan groundwater Gate. Which requires the use o7 aaditiona
Taie and wansport moaeling.
’: -

53 Sambiing

Tne density . number. and locations of the sampling aepend on several 'ffa"'torcz mciuding:
nature and extent of subsurface contaminauoen. $ize and constructien of the puilding:s

rhoing

imvestigated, site-specific geology. and iocation of potenual preferential pamwa}.»'s. Thnese factors
need 10 be considered m the development of project DQOs and the sampling plan and associated

Quality Assurance Project Plan (QAPP). The JAPP is 4 documen: that descrives the necessar
guality assurance. auality conuol. and otner technical activiues that must e implemented
ensure that the results of the mvestigation will satist the stated perrormance criteria. 7ne resulis
ox th“ qamn[’mg can then be compared with the appropriate screening criteria 0 used in @ site-

cifie risk assessment. Appendix F presents sampling and analysis costs associated witn
Gifferen: endpoints for evaluanng the vapor intrusion pathwas .

4

33530 Soil

- -~

Sampiing of bulk soil 18 not a preferred approach for vapor intrusion studies. Accurateiy
measuring concentrations of VOCs i soil samples can be problematic for several reasons. The

5

chemicals may volatilize or escape either during coliection or from the sample comainer prior

analysis. [f soil 15 sampled for VOCs, 1118 recommended that discrete (rather than composite !
samples be collected using sampling methods designed to nunimize (oss of volatiie chn-m i‘caiC

\/JOdemL‘ and partitioning eguations needed o predict indoor air concentrations of VO{s from soil

samples are greater in number and often more uncertain than those needed for elther soil gas or
groundwater. Notwithstanding. thers are mathematical techniques that can esumate a soil gas

concentrauon from soil data: the [vsulmn soil gas concentration can then be IlmuL Nt & fate and

transport model. Haruman (2002 noted thai calculated soif gas vaiues can dif fer from measured

SOt

~oas values by several orders of magnitude. As a result. the error mtroduced hy using caleulated sol!

gas data mav be substanualiy greater than associated with all of the other modeiing parameters.
However. as discussed by the California Deparument of Toxic Supstances Conwol (DTSC) {2001
pull: soil data (and groundwater data. where appropriate) may be collected and used as the pasis

modeling at sites with very low soil permeabilitv where 1z 15 difficult to coliect soil gas. 11

I

recommended that a numper of soll proparties be analvzed concurrentiy with any soti coliection.
inciuding soij moisture content. bulk density. and porosity. [{ default soil Uchim"L"'. (rather than

site “D“"IH\. values) are used for J&E mode [[?"“:‘ at sites with jow pe IITlLEl.DI!IT}‘ SOH._ e contamin
rAnsgport rares dre l][\el\’ 10 be overestimated.

~

3.3.2 Groundwate:

Contaminated groundwarter ts often the primary media ac mg as @ source Tor vapor Intrusion
at many sites. Contaminant plums migrauon car bring ()C INto "Io&“ proximity of oceunied
STrUCTUres. So It 13 important to characterize g1‘0L1ndwat~'-"" concentrations and the potential for
plume migration when asszssing current and future vapor intrusion risks at a site. The depth ¢
eroundwater and the fate and ransport properties of the contaminams will influence vapor
INTrUSion riske.

Groundgwater samples should be colizcred Trom welis screened at or across the top of the

aguiier. where the volatile chemicals of mnterest can parunon nte the vapor phase.
accepted component of the CSM jor vapor ntrusion from groundwarter that @ clean water lens

an:



¢ TN

above VO contaminalion can act as ¢ barrier 1o volau 117¢“IOI‘ of VOCs from deeper ground
WaLsr anc redics Or DrEVANT Vabor INWUSIoN to overiving puildings. Field studizs and modshing
prasenied in Rivett {19951 suggest that gfr{)u NOwalsr CONCcentrations one Meler bejow the warer
nifican: mi‘ cas signaturss in the overiving vadose zone, Otngr
swudies nazcam that because the rare of diffuston of com amin' ngs ihrougn the overlving clear,
crounc water is so slow. the overlying ground water can greatly impeas or preven: VOCs in
degper ground warsy from reaching the unsaturated zone. thus possibly preventng & vapor
mirusion situation {Fuzpatrick a Firzgerald. 2002 \/‘swu.ar‘ et al. 20041 New Jersey s vapor
intrusion guidance stares that sites with a groundwater fens at least three feet above contaminated
groundwater are not likelv 1o b associated with significant ontrzas ng (NJDEP, 2005
{3 'OLHGV»"B.’L""“ monitoring from the wp of the warter-bearing ZONE Is COnsi idered appropriate for the
purpeses of evaluaung potental vapor intrusion pathwavs. Zither permanseni monitoring wells or
mporary direct push wells can be used for accessing the groundwater.

{;e\

3

1able are unlikelv 1o create sig

!,{"

i Nor-Agueous Phase Liguid
Liouid phase contaminauon in the subsurface environment mas be associated with either

dissotved phase comamination or as NAPL, The NAPL can be associated with either light non-
aqueous phase liquic (LNAPL: tvpically small hvdrocarbon moiecules such as gasolineg) or dense
non-agieous phase tauid (DN APL: typically enlorinated solventsi. NAPL occurs when the
amount of chemical present exceeds that which can 2o into solution (1.e. dissoivel. LNAPL
forms on 1op O the aguiter fofien referred 1o as “ficaters™). whiie DNAPL :."smkers )mm ares
towards the botton: of the aguifer. LNAPL 15 usualiy present as a discrete laver: DNAPL often
form‘:: small. isolated pools that can be difficultto find. Both LNAPL and DNAPL are essentialiv

-eservoirs of chemicals thar will continue o contaminate the surrounding s.r"ounc'iwater' as long as
thev remain, Thus groundwarter concentrations of chernicals are usually highest near NAPL
sources, Both groups of NAPLs can be very hard 1o find and measurs accurately . Sampiing
grounawme:" at the appropriate depth 1s O;[EH used as a surrogare 10 determine whether LNAPL
or DINAPL are present. However. as noted in Secuion 3.3.20 any groundwater samples shouid be
taken from the 1op of the aquirer.

e

333 Seoi Gas

Soil gas 1 often the preferred subsurface media sarnpied for evaluating the vapor muusion
pcmm*m CUsing sol gas gata instead of soll or groundwarer date avoids the mod vm(* needed ¢
predict a gas concentration from soil or groundwater data. Direct measurement of soil gas will
capture vapors from all sources that may be presenl. such as col ammav‘c’ groundwarer, soil. ar
tatevaliv ransported vapors (Harmmar, 7{30?% t s important that the soil gas sampies be 1aken
from the appropriate depth. as the site-speciiic geciogy and the type and location of the
contamination can affect how soit gas behaves iz the soil cojumr.

Soil gas can be collecied in one of three wavs: actively, passivelv, or by surface-flux
chambers. Active soii- g' colle ctmn Is probabiy e mMost commoniy used metod, Active
methods volve direct coliection of sotl gas etther by driving a wibe oy rod (orften calied &
“probe”) Nt the earth or by burying a small diameter tube underground. A vacuuw 1s men
appiied 1o the coliection asvice w nu] 01 gas Into e colisetor. Thers must be a good seal
beiween the probe and the earth’s surface o minimize puliing atmospheric air e the coliecto
in general. the coliection system {eitner probe or woing; should have & small imernal volume
(dead space) o minimize the purge volums. Purgme is done 1o removs the ciean alr prasem in the
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SYSIENT Whern I 18 pii In place: the svsiem must be T‘u[i\' purged ana replaced with soii gas neiors

actual sample co"i“"T'or is aanz. The numoer of times the svstem shauld be purged prior e

sampie coliection 1s essentialiy @ marer of protessional jucgment. Hartman (2002 savs that the

purge number can range from one 1o five, depenaing on the svstem and reguiatory requirements,

OUne of the beneflts of acuve soii-gas v.,Oll“(,UOI" 1$ that tnese me Lnoox gwu. concentration-bassd

daua (£.¢.. micrograms per cublc meler. Lg/m’ . wilch can be mput directiv e contaminan:
rransport models or @ risk assessmen:,

- Pagsive soil gas collection 1s the burial and subsequent rawrieval of an a}wgorbpm maierial
assigned to collect voiatile chemicals. This material absoros chemicals present in the soil vapor
over tme; the fonger it Is thers. the more 11 can absors. Un the plus side. it can be feft in the CrounG
for & long enough period to minimize temporal varations in soil gas fiu. However. because 1t
measures chemical mass “athe'-* than concentration. there is no way 10 determing the volume of soi
gas associated with the chemicais on the absorbent mareria.. AsS & result passive soit-gas daty 15 no:
suitabiz for quanmatl\fe risk assessment. However, passive soli-gas results can be a useful screening
ool to target mors definitive soif gas sampling 1 areas whers soji gas concentrations o fiux ars
highest. Passive sampling can also heip aerermine which VOCs are preseni in $o1f gas

The third opnon for measuring chemicals present in 501! f:ﬁs is the flux ciamber. This is & box

Diaced directiv on the ground or puilding fiaor that captures the chemicais I soii gas that are

eaking through the area of the floor covered by the flux chamber. Fiux chambers can be iefi on the
same sport for relativeiv fong periods of ume (hours or davs). thus vielding a Ume-megrated
sample that will neip 1o reducs temparal variabitiny. There are two basic rypes of flux chambers:
static and dvnamic chambers. The static chamber does not use “sweep’ 2as o mantin a sread\
state concentration in the chamber. Dynamic fiux chambers. by contrasi. have e “gas in. gas out’
design that allows thelr chamber to reach @ steady-state conaition with regard to the chemical flw
fl‘om the subsurface. Static chambears are mors sensitive than dvnamic chambpers becauss the soil
¢as entering the chamber 1s not diluted oy the sweep gas. However. the disadvantage of the stauic
chamber is that ii high concentrations of chemicals buiid up in the chamber. this will reduce the
flux rate from the subsurface (which 1s airectly related to the concenwration gradienti. Fiuy:
chambers can provide useru] information regarding the migration of chemicals from the
subsurface. However. not all agencies are Tamiiiar with them or will approve their use. For
exampie. the Caiif’orm? DTSC will accept them as a gualitative screening ool but wili not aliow
their resuits to bz used 117 & quantitative risk asse on: The use and mterpretation of flux chamber
results snould be determined duiing the dew;oumpn* the DO

Flux chambers cannot be placed at the siab/wall connecuon, which is typically cansidered to be
the primary building entry point for vapor intrusior. For more nformation. Hartman (20033 has =
detailed discussion of various issues concerning fiux chambers.

Sub-Slab Sampiing

Sub-siab sampiing can be performad to determine if vapors are present airectiy peiow &
building. Buildings selected for sut-siab sampling should be chosen with full consideration
both thf: CSM and project DQOs. One approach recommenaed by some reguiatory agencies 1s 1¢
colizcr several sub-siab sampies per building and combing the daws with a generic areenuatiorn
factor. T 1s viglds an estimated mndoor alr concenrration of the :nemic-ais detected pelow the
siak. Other agencies require that both sur-siab and indocr arr data pe coliecrea concurrentiv so
thai @ buliding-specific attenuation factor can be calculatec.

~r



There are several technical and logisucal difficulties with sub-slab sampiing, |z can be ven
invasive 1o the occupants and may be difficult to get the right equipment in place 1o arill tnrough
the siak. paruculariy DTS

b1 bulldings with basgments. Caiifornia SC and MassDEP recommend
using either an eiectric nand-aril or & concrets corer 1o drill thic ugh the slat. The recommendec
hoie size is 1.0 1o 1.25 Inche2s v @lameter. and e noies should be advancad f'hl‘(\UUh the siab anc
three to four inzhes into the sub-siab matenial (DTS, 20055, Care should be maken 10 avoid
arilin 1<: through a slab tensioning cabie or rebar i the siat. Utiliues aiso need 10 be located prior
te drilling. 1t 1s important that any noles or breachss made 1 the foundation as pari of the sub-
slab sa.mmmg be properiy sealed following the sampiing 0 avoid creating & new preferential
pathway for vapor intrusion.

Sub-slab sampling 1s used ror the direct measurement of soll gas that may accumulare
immediately below g builaing’s foundation. The DTSC recommends that at Jeast two sub-slab
sammples be taken per butlding. with one sampie from the center of the building’s foundatior. For
puiidings large: tnan 5.000 square feet. one sample per 1.000 square feet is recommended by
DTSC (2005, Other agencies mav have differsnt requirements regarding sub-siab sampling
jocarions and density,

Several factors should be considered regarding sub-siab sampiing:
< Sensiuvity of reporting limits (should mest DQOs and risk-based requirements:
«  Szasonal and/ov emporal variabilin
«  Fresence of shaliow groundwarer

¢ Spatial variabiiity (e.o.. soil types, preferential pathways. bullding aesigrn. subsurface
contaminalion iocarnon. ste. )

e Chemicals thar max be formed by the degragaton of the primary chemicals of Interest
The results of sub-siab samples are coupled with an attenuation factor appropriate for the
building of interest (selected from either EPA draft guiqance (2002}, EPA s new paired carabase
or other appropriatz guidance) and compared 1o risk-based criterie. The EPA's draft guidancs
{2002 recommends an attenuavon factor of (.1 be dpwuec to sub-siab soll gas samplies 1o predict

Indoor air concentrations. Based on updated mformation, DTSC (2003 recommends that an
attenuaton factor of (.01 15 app loormts for sup-siab soil gas sampies. [T the site concentrations

are pelow the risk-based criterie. it may be conciuded that the pa tnwav does not pose an:
unacceptable risk and ne further study is neaded. If the site concentration exceeds the criteria
additional investigation may be needed 1o evaiuaiz the risks associared with tins pathway
Alternateiy. the soil gag data and seiecied atienuation can be used to esumate an indoor
concentration. which can then be evaluated in @ human health risk assegsment.

)
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WNear-Siab Sotl Gas Sampiing

.
L
[#5]
.

Near-siab soii gas sampling can be anoter line of evidence 1o evaluate whether vapor inrusion
is oceurring at @ buillding. Taking near-siab sampies has the gdvantage of not being as mvasive
as sub-siab sampling. since thev can be taken outside without piercing the foundatior, The closer
the sample is taken to the ground surface or structure foundation. the greater the chance tha
surface processes (such as precipitation. atmaespheric pumping, and advective fiow caused by the
building: will affect the soll gas concentration. it be mav appropriate to concurrentiv coliect
groundwarter and indoor air samples 16 altow « better understanding of conaminant movemem a:



the site. i :'e'ne‘.“al.i‘-f recommended W avoid taiing "1*%110‘»\ §01 zas sampig

efre,

2et pelow grounc surrace . since notentlal mﬁlr"'ﬂ 101 OF atmospheric air can potentialy
) Cotaminant concentration in soil gas, Other factors 1o consider v selecting *s,r appropriai
aeptit for sol i i'>‘i~:; conditions ax 1nGatior

] oas bammmg ncings geoin
aeptii. and pullding arew. as thess w IE

concentrautons. When evaluau mg 501

flugnce the sui-siab and nsar-siab soil u
Cas data and cCommariig 10 larget Coneentrations. |

important to undersiand tne subsurface litnology. preferential migration routes {CONQUITS ;. anc
the potential for multiple sources. The samplier snouid dentify whether the source of -
the aree occurs in the unsaturated zone O wnether contaminated groundwater 13 the m“‘“ sourees

of tne contaminamn

3.3.4  indoor Alr Sampling

indoor air sampiing mav be conducted 1o evajuats the vaper inpugion pathway. This
sampling would evaluare whether chemicals have migraied from the subsurface and inw the
inaoor air of structures jocated above the contamimation. 1t is generaliv desirabie 10 conauct
concurrent sam 3; ing of other mediza. such as st*o-siab Ol gas, outdoor aiz. or groundwarter.
Samplhing multiple mediz concurrently WII" give amore m;u ‘ate represenwaiion of con@aminam

¢

migration than that obtained from a singie a'*‘ ‘1 man: Dol sites the subsurface
contamnancn 15 histaric ¢
CONCENTations over t nm e 10 1E “ci‘za*'on. atienuation. or poti. Because the subsurface
Lemﬁwmon\ exhibit @ aecreasing rend, mdoor alr concentrations would aise bs expecied

oresase aver Ume,

g,_ H3-20 vears ol d‘x and there is a rend towarcis decreasing

{e.
au

Some of the potenuai advantages and Imiatons of maoor air sampiing ars summarized in
abie 5-1.

1
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Tabie >-1: kssues Associated with lndoor Air Sampiing

; Adgvaniages of Indoor Al Sampling 1 Limitations of Indoor Adr-Sampling

! Pravidss g Cii‘f“i‘i measuremeni of iINGoor air cLike any epvironmenial sampie, an individoat

: concentrations of the chemicals of concern | Indoor air sampie may not be 1 '*{m esentative of e
: Llong Teny eXNOSUrs CONCENIAIo

- Mighiprovide confirmation hat e vapo: ¢ A numoer of environmenta; parameisrs

L InTrusion pathway i3 Compliets (or Incompists; {2.¢.. Water 1able variarons. remperarurs. $0i

. TROISTUYS, AUMOSpReTic Prassure may ¢

| | vapor murusion rates. thus mdogr a

| CONCentrations can have iame tpmmm varianiing

Can pe usag as a vailoauon 100! 107 Jat and
transport modeling

Samples at different times of vear mav oe
required ta account tor eiﬁi’ects c}'fseasomsii‘r}r
On vapor inwusion

Y cohiecied in conjuncuion with sub-slat sampizs. | Sampling may be disrupuve 1w

L indoor alr sampies can be used (o develon ! building ocoupants, Normai ac "xfitiez: mayv negd W
. empirical. building-specitic altenuation Tactors : be curraiied to aveld adding volatiies 1o air.
g ' Stored chemicals and cleaning suppnas may neec

' 10 he removed from building.

The direct m“'mxrﬂhﬂn“ of maoor air may account | »ampling cannot pe used W 8SLIMATE ANEnuatian
for the influence of buiidmg-snecific paramerers . of comaminants over thne (unisss long-term
that are hard to measure o~ quantiis monitoring 18 angeraken;

Can provide dats sumabis for either quainalve ; Sampihing cannotl pe usad 10 pradicy vapor
soresning ievel assessmeant or a quantitative | INTrUsion IMpacts to buildings 1o pe buils
risk assessmens if sufficien:s dawa 15 available fin the funue

Sampling does not require arilling througn D Volariz contaminant OUNUWALEr May b
buitdine foundanon and mus does not have the | released diree Tiv IO Indooy alr if groundwater =
| potentizl O changy vanor miorstion DATIST L used in the homs
; impac fr(vr- packground chemicals may be
! ' { supstanuiai and must pe accoumed for
¢ (for indoor and ouwcm? packuround mMmpasrs
E . : Sampling aesion can affect risk assassmenn

for an indoor air %?:m} 19 study. In general. e samplhing duration 1or sach sampling even:
should be sufficientiv long to reniicats the annicipated daily exposurs auration ~0r 'S *idemiaé
receptors. a Z4-hour sampie collecuon period 1s reasonable: for commercial and industria
receplors. an &-hour coliection period ts I}'chalij\" used. Sampting canisters and flow reguiators
snould be adjusted ta coliect an integrated ai” sample over the exposure duration of nteres:,

Tne sampiing dw zmoe: and the numper and jocation of mdoor air samples are keyv parameters

ey

[he ZPA and a number of states recommend that indoor aiv %ammw bz cotlected during a
least two different ume periods 1o account for seasonabie variabiiity in building paramersrs and
fie volatiiization of chemicals from the subsurface. One sampie moulu be coliected In the
simmer and the other in the winter, Samples coliected in the winter are expected 10 represent the
nigh end of potentiai expoesures at many locanons since there will be less external ventilation
(windows closed: and the building heaung sysiem will create « pressure differenual that pulis
gases up from the subsurface.



Csampiing points wili dikely vary frony building to building. in
general. several samoiss should-be taker from the sasement and from higr-trafficked areas in
botn residenual and commercial puiidimges. DTS 2005 recommends that resigential samniing
poInts meiude the Dotem:af VO infiltration poin: ir\'pl:ah}; the bathroom or iitehen . as well as
the primary jiving area. For multi-storied resiasntia!l buiidingsx thev recommend taking a: |
one samplie from cach floor. For office huiidings. DTSC (20051 recommends taking at
sample from =ach discrers office.

The number and location ¢

Thess

There are several different technigues that can be used o colizet indoor air sampies.
inciude grab sampling. ume-integrated sampling. real~tims monitoring. passive sampling. and
portabie direci-measurement sampiing. Each of these rechniques has agvantages and
disadvantages that vary depending on the mon'wruw omw‘mes "equIred reportNg 1mit.
duration of monitoring. ana the proiect goals. Selection of the proper sampling @ cnnmm: N
dependent on how the data will be used and what reporting iimits are needed.

The EPA recommends that an ~occupied dweliing questennaire™ be compieted betore
conducting indoor.air sampiing. This guestionnaire can aid in the identfication of human
activities and household chemicals that may contwibute to the presence of chemicals in indoor air,
This information can dbe critical Tor determining whether the source of an indoor air contaminan:
18 c-oming from vapor inrusion from subsurface contaminatiorn or 1s associated with c’memicai use
or storage within the house. A copy of EPA™s occupied G\\”‘]llﬂU questionnaire from their 200

draft vapor intrusion guidance is inciuded as Appzandix £ of this document.

Grab sampling: This approach invoives collecung an air sample at a single point in time.

The actual ume of sample coliection can range Trom a few seconds o a few minutes. Grab

sampling 1s typreally used as & screening technique to 1dentify contaminants present and 1o
determine theli approximaie concenwation range. Compared to other monitoring techniques. gran
sampling s 2asy and guick to conduct, anc sampling costs are mimmal. There are two primars
disadvantages of grab sampling. The first disadvantage is that the sample represents just &
“'snapsho. mtme” and may not be refiectuve of long-term condivons. The second disadvantage
is that the sampie vo)urn coliected 15 very small. thus making 1 difficuit to achizve jow
reporing 1Imits

Time-integrated monitoring:  This 1s the most commoniy used techniaue tor indoor air

sampling. The sampling is conducted over a sufficientiv Jong period of ume 10 be reprasentative

of the population occupving the space. typicaliv over 24 hours for residences and § hours for
workplaces. integrated samplers work by rapping the chemicals of interest on either solid
absorbent molecules or i specially wreatea caniswrs in general. the fonger the sampiing perioc.
the more chemical will be coliected. Advantages of ume-ntegrated monitoring inciude
achizvement of low reportng limits and the a,b'li'ir}' w conduct the analvsis when 1t 1s convenient
(since the chemicais are absorbed MO & Marix:. A primary disadvantage reiated 1o this method
is that 11 aoes not provme umelv daw for shor-term decision-making. in addition. the potential
time gap between colizction and anaivsis allows Tor sampie loss. chemical deterloration. and
contamination of the canisier.

Real-time monitorieg: This approach uses techniques that provias for rapid colizction and
anal¥sis within & snori period of ume (often Just minues;. This approach re er‘-% hooking up ar
anahvsic svstem directly 1o the coliection devics or transporung the sampis via heai-trace 1ings to
2 central locauion for analvsis, OTter. a singie analvsis device 13 able 1o process samples rrom:




multiple sampling locations within & building. P45 wace aumospheric gas anaivzer

CTAGA T unit can be used for real-time monitor‘in and the rapid anaivsis of air sampies, The
analvsis system for real-time monioring car use various techniques and detectors. including gas
ciromatography (GCj. GCrmass spectromety (UL Mb .. and infrared sp ECTOSCOpY | (IR as well

as others. Care nesds 1o be vakern that tha detection and reporting iimis are sufficientiv
and are able 10 meet DOOs.

’r':

unE\ILI\"‘:

Pagsive sampling: This is Drimari]'\ al eI monitorng eehnique. 1t does not require

pump or any kind of active coliection dey assive sampling uses an absorbent material {such
as charcoal or organic resins ke Tet axﬂm mar absorbs anv VOO molecules that come mic

contact with 1L Passive samplers can be either permeation- or diffusion-driven. Afier the
appropriare interval, the absorbent material 1s removed and the VOCs are extracted and analyzec.
This technique provides & means for evaluating the presence of VOUs over extended periods of
time. Passive sampling provides an inexpensive and convenieny al’te.manv": 'r"or 455238INg me-~
weighted average concentrations of chemicals for personal monitoring. Passive gas coliection
may be used 10 provide either qualitative or quantitative results. depending on the project needs
and project planning. A disadvantage of this method is that there may be sample degradation 1f
the collection period is 100 long.

Passive sampling devices have to be developed and calibrated for specific chemicals. Thev
are often used as personal monitormg devices (badgss) for industrial hygiene applications 1c
evaluate & worker's exposure during the course of & workday. The absorbent material is an
important factor in defining the sensiivity of a passive sampler. When conducting ambient air
monitoring for VOCs. organic resin absorbents will vield lower reporting iimits than wili carbor
absorbents. T 1s important that the choice of absorbent material be seiected specificaliy for the
compound of interest. This technigue 1 nol commoniy used to evaiuate residential exposures i
VOCs because the reporting mits are not iow enougl.

e

Portable Direci-Measurement Sampling T echnigues: These screening methods provids
rapid anajvtical results so that on-sitz decisions can be made regarding worker or CommMuAIn
safery. The most commoniy used direci-imeasurement detectors are FIDs and PIDs. Thess
derectors are handneld devices that d]"xdl\[" an 9«1mpl°q on-stte. The primary analvucal ourpui '7,5‘
these Instruments s typicaliv given for classes of chemicals. sucn as VOCs. SVOCs. and 1o
hvdrocarbons, rather than for mdwidv“ chemicals. These technigues are u wm\ used as a
screening 100! to determine whether chemicals are present at ievels of concern, as thelr lack o
anaivtical sensiuvity imits their userum‘b s. 71D or PID devices may pe he ld at specific locations
of interest, such as sumps or cracks In the founaauon. to astermme if VOCs are migrating
through them. If chemical groups (total hydrocarbons) exceed a generic wigger concentrarion.
mors sensitive and specific sampling and analysis technigues may be needed 1o provide more

\courate date.

Backeround Issues for indoor Alr oammmg‘ The conwibution of background sources of
chemicals to measured concentrations of INAOCT alr Must e awoumpg for in any samniing
program.. Background indoor alr contamination is evervining unrelared 10 the subsurface vapors

-y

That migrate INto 2 Sruciure. 'Baci-:groun’* -ontamination may rf-‘ﬁulz froms either Indoor or outaoor
sources 4nd 1s an Impornani component of the chemicals measured during indoor air sampiing.
Background chemical sources should be accounted for 10 ensure thaw any site managemein
decisions ars based on chemicals assoclated with vapor INTTUSIOn and not sackground chemicals.




Concurrent background outdoor atr samniing sh '“cw-)f;i(iﬂrng e aliow for evaiuation of am

DOSSIDI e contamInan conwinunon o ambient alr o the indoor
Hackaroune mdoor air sources of volariie cnemicals in residential suuclures inciude

consumsay g Jluauc'.f su 3m|ﬂ\ uszd for personal hobb)

nousenold ciganers. paints. and ouiiding

suppliies. These packground sowrcss should pe 1dentified and rsmoved prior 10 Inaoar air

sampiing it pracucal. As noted oy [TRC {20072 commonr househoid products that can cause
surable {eveis of volatils cnemicals in maoor alr ars presenied on the Natonal Institutes o

H: itn (INTH 1 Household Products [ratapass {3 L. ane/y and inciudss

e Adhesives tautomouve, nousenold. cralk, plumbing :
« Housenold cleaner:

« Luericant

¢ Building materialz

»  Bonders

«  Adhesive remover

¢« Ant-static aerosols

e AUTOmOUve parts cleaners

¢ Paint smipper:

S

¢ “Spotremovers” for faprics

¢ Sprav paints

«  Dry-cicaned mareriais {£.¢.. clothing containing residual drv-cieaning soivents.

¢ Caulks anad sealants

o Cosmetics inciuding hair sprax . nail noiisi and nail poiish remover. pertume. cologns
¢ Alir fresheners and odor eiiminators

¢ Insecrr

These products should not be used side the buliding at least 24-48 hours before and auring
the Indoar air sampiing activities. if practical. 1+ should aiso bz noted thal some mater 'a,l fe.g..
arpeting. drapss. upholstery) mayv absorp and retain VOCs. slowly releasing them to the indoor

environmen: over a IOI’“ > eriod of me [Weeks or more}

Other packground sources incluae outdoor ambient sources such as those related 1o automotive
axhaust. Smoking (e.¢.. benzenar and commoniy emited solvente (e.o., - Quwoor sources may
include gas stations. industrial factlives. agricultural activities. and roaaways taiong with widespread
regional sources such as power plants or refineries). Sub-siab sampling and cutdoor ambient alr

sampiing should be conducted concurrentiy with indoor air samping o aid in identifying chemicais
potentially migraung mue the structure.

Indoor alr concentrations of chemicals. even ar contaminated sites. are often very jow—in the
parts per diliion by volume (ppov i and parts per tillion by volume (ppiv) range, Even smali
Mdoor sourees ich as paini cans ¢r cleaning botiies—car; inwoduce VOLs into the air as
concentrations that can be detected and interfers with indoor air studizs. Prioy to conducting any
Ingoor air sampliing. the ComrinuLon from packground sources snouid be dzimeac and
distinguished Trom any Inpus via vapor intrusion w avoid anv confusion berween different




sources of chemicais. Addiional informauorn regarding the asssssment of background cnemicals

s

nciuded i Appendiy C

Severai regulatory agencies. including BEP A C,, L oand MassDER,

repared o

guestionnaire that includes detatied qusstions regarding p' s Dle sources o ounc
chemicals my maoor ar. A copy of the 1 :,ﬁ.r"e‘:’ usstionnalre from their 2002 arafi vapor morusion
guidance is atiached as Appendix . For addinonal mi’o*mav 1 regarding Indoor a ;“ SampIng.
refer ao he 2002 publication fadoor Air S’s mpiing and Evaluarion Guide. WSC Poliey #02-430

(MassDEF 20021

3.2.5  Building Degign Parameters
The DoD has g wiae vaniety of puiidin $ U’}"i can be impacted in differsnt ways oy
vapor intrusion. Exampies of various puildings used by the m milnary inciude residential housing.

barracks (group housing). industrial bulldings. airplane hangers. warehiouses. DUNKers. muniuon:
igioos. commercial buildings. and office space. Foundauon constructior and composition will
varv among the different types of buildings. M zmj.' butldings will bz slab on erade. while others
will be bullt stigntiv off the ground (pier and beam ! with ¢ craw! space for accessing utilivies

g e
jocated under the buildmg. Sull other bulidings will have basements. some of “which will have
sumps for coliecting water. Al of these Tactors will infiuencs the emission of vapor througn 1
foundation. The Jé&E moasi was developad assuming either siab on grads or @ basemen
construstion style. b s currenmt configuration. the J&E mode! 15 not designed o accurarsh
model vaper intrusion mo buildings witn & craw! space.

Alr exchange {air urnoveri 1nsice @ building 13 aiso an imporant parameter i the J& I
modsl. The J&E mode!’s aetanh assmn*otion 15 0.25 awr exchanges/hour (AEH for a tymea:
residence. This value is Intended 1o bz conservanve. and represents a ilower bound on air
exchangs rate for houses nattonwids: it does not account for any local oy regional Issues t2.g.
affects of Ewmmg or air condrioning. The armommenes: of this agsumpiion would nesd 1o bs
considered ror Dol opera uona ouiidirf_rs., which may pave air exchangs rates substantially
different than residential dw

iings. The DTSC {2003 recommends using an air exchange rae of
{:.5 per hour for houses and | ( for commereral buildings i Calitomnia. Lare mz‘iza.v

varehouses or hangers are ikely 1o have alr tirnover rates much greater than typicai residentia’
and commercial butldings.

~

Another facior 1o be considersd In 8ssessing vapor muusion s prejerental pathways m
may serve as a channel for emry of vapors inte buildings. Thess preferenual pathwavs may de
created by various bu"ciing. miriec. such as sewey ’mes ¢as fines. or floor drains and %Lmoh
Vapor intrusion o & building vig preferental pathways cannot be evaluared using the &
mode!. Direct measurements taken ad‘a— eNt T0 pOssible preferential pathwavs mav be needed e
svajuate whether these pathways ars comributing o indoor air contamination. Appendix G
containg information on how the evaiuale a puiidme envelons and its efiects on & vapor murusion
nvestigation. ‘

3.4 Amnalviical Methods
The EPA has standardized anaiviical protocois for many common chemicals detected n soll.
soil gas, groundwater. and indoor aii. [11s outsias the scope of this document 1o descripe the

analvtic al rechnigues avaiiabie Tor soil anc groundwater sampliing. This document is focused on
the analvsis o:‘cnemzcazs 1y atr. either in sotl gas ¢or indoor air.




4 onas developed e number of technigues Tor measuring air mm TaNTS IC SUPPOsT

17 Brogrants across e countr . Tne mistbods for & wias rangs of airoorne ncllumnv.:

entiy. there are tiree
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e Compendium of Metnoas Tor tne Determination of inerganie Compounds in Ambier A
ZRA/GZIIR-90-010z juns 1909L,

The Compendia mmcluds methods for many chemicais that are not volatiis and are not of
concern Tor the vapor intrusion pathway .

Twe methods commoniy used to measure VOCs in indoor air ias well as uy soii gas) ars the
EPA s oxic organic TO4 tand TG-14A 1 and TOID metiods. in gensm_i these methods have the
sensitivity needed t¢ provids data with reporung limits that are sufficientiv 10w 1o suppoIt risi
assessment. Thev have similar sensitivites of 0.2-20 rmb\f. depending on the chemical and tne
instrumentation sztungs. These air sampies are coliected iy canisters. usuallv Summa® canisters
The TOT4A method 15 used for non-poiar VOCs smn as toluenf—* benzene and eth\r'im nzene. The
TOS ’ét‘nod includes botrn polar and not-poiar VO{Ts, such as metnano!, xviens. and nirobenzens.
as well as those praviousiy listed. The TG-13 Suppie smental method was d.evelopeo specifrcaliv for
coliecting and analvzing chiorinated VOCs. such as dichiorastnane. TCE. and tetrachioroethens
(PCEN The TG-15 bupm’*mvnu method can achieve detection imits in the ppbv-pprv range. Botn
the TO-14 and TO-15 methods use & Summa® canister as 4 coliection device—a canister (ofien o
jiters in size! th?T i3 sp “L]dl!\ treared 10 avoid absoroing VOCs—and a combination GC/MS for
analvsis. Dven iower detection Himits can be achieved by using these methods in the “seiective ion
modz." or SIM. Another benefit of TC-14 and TCG-15 SIM analysis is the capability 1o focus on
seiected orfrum-: compounds of mterest 1o Dol at & very low detection iimit without imerferencs
from other chemicais. SIM anaivsis may be required when the needed reporting iimits or action
fevels arz in the 0.01 ;Lg/'m; TAnge.

r

The California vapor intrusion guidance (DTSC. 2005 discusses the use of severai otner
analvtical methods that can be used for indoor air sampiing. TO-1 and TG-2 both trap VOCs on ¢
marrix. which can then pe stripped and anaiyzed by GC/MS. Reporung limits for these rechniques
range from (.07 1o 1.0 ppbyv. depending on the chemica;.

(C

.5 Multipie Lines of Evidence

D)

Once the anaivucal data needs hzw‘f- been identified and appropriate date coliccted. it will be
necessary 10 evaluate the aata for site management decision maxing. There 1s & wend away from
using just a single gatu set for decision making and \owards using the Imamm from several
different data sets for making site decisions. This approach is termed the “multipie imes of
evidence” approaci. Considering tnese multipie findings together rather than relying on a singis
decision criteria will often give a better understanding of the vapor INTusion patnway.
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vigenos thal coui

T evidence MeIles (i ne

C !’2(){‘179,} iweniified & number of nossible i
DO Intrusion pathway s complets, Thess %mfs o

. Groundwarar dals

«  Backgrounc data {Trom incoor and owdoo:

«  Building consruction and currem condiuons

e Sub-siab vor craw! space s solf gas gaw

< Indoot air gae

«  Qutdoor alr samplies coliecied CONCWTENtY with mdoor air sampies

«  Comparison of constituem ratios of chemicals in soil zas and indoor air

«  impact of site geology

«  Resulis of faiz and wanspor mods]
«  Resulis of the risk agsessmen’

«  Site or building ownershin ana conwo!

It should be noted tnat the various iines o1 2vidence have different degrees of accuracsy and
relevance associated with them. 1t 1s unitkely wat all of m“sf* imnes of evidence will need tw be
evaluated In order 1o make siie managemsent decisions. It wall pe immoriant w identifv wha
informarion is needed for site decision making by WOH(lng with the reguiarors before conducting
an additonal field mvestigation. Some agencias recommend that indoor alr samples be coliected

as 6000 as 2 polential vapor intrusion concern 1s identified. while other agencies prefer o coliect
mdoor air data as the final data type in & vapor Inusion nvestigation

Evaiuation of constituent ratios in soil gas and indoor air can provide evidence as 1o whethsr

¢ chemical detected n INAOOr aii 1s agsociaed WIth vanor INUrUsIon o7 1 & bacigrouna cnencal,
~or example. if the concentration of TCE 1510 umes nig 18 than tha: o*“ PCE i groundwater anc
soil gas but the PCE concentration m maoor air is higher than TCL. 1t 15 possible that there is an
mdoor or background source of PCE ¢such as ar s-“ipanecj ciot nesy. Tm\ onservarion will heip
the investigator betrer understand the site and make bewer risk managsment decisions,

”~

Using g*qundwate;- or soti gas data requires faie and transport modeling and the selection of
an attenuation factor for the siab in order o predict an indoor air concentration. Modeling Trom
graundwater typicallv req uir&«: verw oonszaz“mll\r“ assumptons. and the Henryv's Law parameter
must be corrected ,cr the aguifer temperaturse, Modeling from soil gas requires fawer
assumptions than from groundwarter. but the accuraCy and representativeness of tnh soil gas dare
may be ¢ factor. Modehng from sub-siab vapor reauires e r:wﬁs’ assumptions. put coliecring
the aa a is intrusive and the assumed atwenuation factor may stll be conservative for manv
buliding:. indoor air sampling avoids the need to make the assumplions reg ::'r% for faw anc
rranspott madeling. but can be mrrusive and e resuits may pe confounded by background
sources and seasonal varianilit..




CONSLIUSTION details can alse he o iins of‘e\./idenc‘ Wi & vapo

& ventiiation SVSICTTT Cir2ates DO\ITI‘Y“ air pressure. this will t2n¢

5011 gas from emering the building. Other bullding parameters thal sho

3

foundation thickness and miegrity and the locaton of utiiiny lines and drains that mas nierce the
{loor and create preferential pathways. Refer o ;’-‘xDDendit-: H Tor mors detailed mvormation about

how the bullding characteriatics can impact the vapor intrusion pathwas

in general. the closer 10 the receptor the darta is collecied. the more relevant 1t is consiaerec.
roliowing this logic. mdoor air data would be considered more rslevant for a risk assessment
man an ndoor alr concentration modeled from groundwarter or soif gas. It is imporwant the
werghung given to each line of evidence be considered durmf' the development of project DOGs.

o

I1 s possibiz thar the findings from some Tnes of evidence may confiicr with: others (
Indoor air concentrarions mav be accepiable but sub-siab soil gas sampizs 2xceed sereemny
criterial. and this should be anpeipated o the project planning process. 1t 1s recommended that
gars whecmuh pe Himited oniv to these speeilic Lines of evidencs needed Tor site-decision




4 Health Risk Assessment at Vapor Intrusion Sites

e

[he objecuve of & vapor Intrusion study Is o identify a representative imaoer air chemical

concentraton thar can be used 10 ey cllUclT_"‘ potential risics at & site. indoor alr concentrations of

cnemicals are presented as either ng/m’ or as pphy. These concenmrations can be compared witr:
screening criteria or can be used in a sie QDLCITK risk assessment. Comparison with conservative
screening criteria 1s often done as an wniual step 0 the risk assessment process 1 prioritzs sies
anc resources. These generic screening criteria tvpically mmciude e number of conservanve
assumpuons mtended 1o overssiimate the actual SXposurs potential ar most sites. However. a
scresning evaluanion may not ¢ive an accurate picture of potential risk at 2 site, since results of &
screening assessment ao not vield a numerical esumate of risie. Screenme can be useful e

eliminare sites whers the daw are below screening criteria and are noT expecied 10 POSE & Tish oF
16 prioritize resources at sites where the date 13 above screening criteria and there 1s potential risk.

present. At sites where ne collected date signiticantiyv excseds screening cr iLt? rle. L may not be
necessary {or desi*'ed from & risic communication standpoint) to caiculaie riske rather 1t might be
_more advaniageous 10 proceed direcliy 10 mitigalon or remediatiorn.

This section of the handbook diSf‘usses oW r2sults of ¢ vapor INTrusion Stuay can be inciude

o1

i a risk assessment. Human healtiy rish assessments ars rymcaliv conaucted at sites that ars pan

T2 CERCLA or RCRA nvestugation. Tnese assessments are used w determine wnetner & sit
poges a potential nealth visi o peonie wno may be £xposed 1o site contaminants and 10 determing
whether remedial action s needed. Generally. the risii assessment 1s pait of the Ri: however,
other reports mav also contain & risk assessment. There ars many risl assessment guidancs
documents avaitabie. bur the most commonis used 13 ZPA S

Superfunc: Humar Healtn Zvawanon Manual (19895

vssment GUIdana: 7\)

A risk assessment consists of four distne: phases

«  Dara Evaluation inziuges site investigation. cotleclion of dara. and identificaton of
chiemicals of potential concern.

«  Exposure assessment includes idenufication of potentaliv 2xposed receptors and sxposure
pdlhwd_‘;;., as weli as exposure duration. Trequency. and eXpOSUre 1notnt CONCENTTatorn.

« Toxicitv assessment inciudes the hazard identification and a dose-rasponss evaiuanon for the
chemicals of potential concery

+  Risk characterization conmbinzs the results o7 previous siens and proquces ouantialve and
qualirative evaiuations of risk resultung 1rom real or potential exposure 10 site chemicals: this
phase also Includes an UNCerainTy analvsis,

This section discusses the primary components of Tisk assessment within the context of a vapor
INUrusion sway'.

4.1 Dratg BEvaluation

Tne data evaluaton phase of & risk assessment £ncompasses two primary elemsents: site
CNAraclerization zm"’ iaentiiication of chemicats of potential concem. OQlder sites may not have

been well characterized for vapor murusion: a llam' aara shouid be carstuliy reviewed inn ol
of the project DOOS o aetermine now well the sie has peen characterized or whether the sit




needs 1 e re-characierized dus o the volanie nawre oF VOLCa, For vapor INIrUSION studies. the
cpemicals of interest will typlc'-"" he ose chemicals that mest e criteria for toxiciy and
volauliry (see st 'n Appendl. 4 Cnemicals of potential concern for other pathways mas
Include these chemicals as we I: as non-volatie chemicais.

4.2 Exposure Assessment

“SM and evaiuares the patirwavs and rouies by whicr;
people may be exposed to site-related chemicals. Thers may be o number of exposure p attmq;\.
by wihich a recentor mayv be exposed 10 site-rejated contanmination: howeaver. this document
focuses onlv on vapor intrusion and mh"iz-U'ion sxposurs. Standard exposure routes not address
b this handbook include soil exposure via ingestion. dermal contact. and inhalation of dust, anc
oroundwarer 2xposure via ingestion. dermai comact, and inhaiation of VOCs while showering,
While these exposure rouies are not relevant a the vapor intrusion investgauon. they wili be
relevant when assessing overall site risis and making risk management decisions. An IMporant
aspect of th: CSM 1s 10 distinguish berween complets and incomplete exposurs pathwave.
Complete pathwayvs are typicallv guanutatively evajuated in the visk assessment. white
InCOleu[D Datn wavs are now Patm\a‘,a that ars curre ntiv mcomm“tu may be "OmD]"[‘ o Tutus
scenarios. The exposure assessment also identifiss specific exposure assumptions 1o be used i
the risk assessment. Including such paramersrs as exposurs duratlon. exposure requencs . and
breathing rate. These paramerers wili vary for different popuiations. such as residents. workers
active duty personnel. or VISILors.

AT £XPOSUrE assessment 10¢) ude'\‘ the

(.2.1  General Exposure Factors

The EPA risk assessment guidance (1989 discusses evaiuating risk for the reasonable
maximum exposure (RME! scenaric. which 1s intended to represent & cumulative estimate of tire
maximum exposurs that is reasonabiy expected 1o occur at 2 SIIE. N SOme INSIances & second
scenaric. the central tendency exposurs (CTE) may alse be evajuated. to consider & more
probable exposure estimate than the RME. The RME relies on upper bound estumates of
chemical inmake. while the CTE uses more representative {mean or median; esumaies oi ntakes.

An important component of the exposure assessment is caicutation of the exposurs poim
concentration (EPC . which is the concentration of a chemical to which a person is assumed 16 be
exposed 1o for the duration of their exposure. EPCs are caleulated for all chemicals of potential
conecern identified 1n the data evaluation step. The EPC shouid be a reasonabie upper bound
concentration of a chemical that a person could be exposed to. When there are sufficient sampizs.
the EPC 15 often a statisﬁcaliv—deri ved upper bound value. typicaliv the 95% UCL., When there are
not enough sampies o caleulate a 959 UCL. the maximum detected concentrauion is typicaliy
usad as the EPC. For MOst INdoor aIr m\%w_ranon\ thers will not pe & sufficient number of
samples coliected to caleulate a 95%UCL. An alernate approach would be 1o evaluate risk for

sach sample coliected. which would be more representative of potential exposure than reiving
soleiv on the maximum dstected concentration:.

This concentrauon will bz used In tna Tisk assessment 1o represent the iong-term vaiue 1o which:
2 person 15 assumed 10 be exposed. It does not account Tor any amenuation or MIgration over tims
or changes In building or venulation svstems. As @ resull. it 1s consigersd 1o be a conservatve
concentration. Tie RPM should veriry that the sourcs can be considered 10 be either denleung
(reducing in CONCENTATION OVEr UMe a8 & I'2sult of either remediation or biodegradalion) oF nor-




";‘“")j"“il”’ \'/Oﬁ ntermed an infinite source. where the concentration of the conaminan: sourc
mains une 1[12111” ver iimsai,

*1

Zxnosure 1o volatle cnemicals by the Inhalauon pathway can be evajuatec vsing the feliowing

intake img/icgfaav: = CA » IF

Whers:
CA = Comaminant coneentration In aim (mg/m’ !
IE = Inhalation rate {nv’/nour)

ET = Exposurs time {nours/day)

)
1

=F = Exposure Trequency (davs/vear:
2D = Zxposurs duration ( Vears;
P)V’\ = T‘%OU" \N'-‘lcrr]:L (Kgx

AT

AT = Averaging ume (davs;

P - ~ ~ -~

4.1z i“v’ii.iité};‘j?-Snecinc Fxposare ¥aciors

As noted above. defaulr exposure parameters may nave reduced applicabiiity for militars
personnel. Most military exposures Wl] pe shorter in duration than EPA s 30 vears defaul:
sxposurs duration for residents and 25 vears for commercial/industrial workers. The Ay Foree
conducted & studyv of ttme spent on station for both officers and eniisted personnel (USAF. 2000;
at Alr Force installations within the continental United Stares. Tvearly 2 miliion records wers
searched covering five disunct assignment dates w evaluate temporal variauons in residence ume
of Air Force personnel. The umeframe evaluated covered from September 1987 through Julv
1099, This anaiysis indicated that mean residence Time on station was 2.5 vears for enlisted

personnel and 1.90 vears for officers. The 95% percentile residence 1ime on station (based on

109§ data) was 7.86 vears for eniisted personnel and 4.38 vears for officers. The 93 percentie
residence uime is a factor of 3.82 lower for enhsted personnel and 6.25 lower Tor officers than
EPA s default residential exposurs duration ot 30 years, Simiiar situations may exist ai Army.
Navy. and Marine Corns facilities. Reasonable axposure durations that refiect exposure of the
target populations snould be used in the risk assessment wien avaiiable. in addition. 1t may D2
appropriate to adjust the generic screening values for soil gas and groundwater deveioped b
EPA 1o account for the snorter exposurs duration at active quiy Dases.

It may also be Umportant to disunguish between exposures af aciive duty personne! and
civiiian personnel working on base. Civiilan La"f may work on & single pase much longer than
active dutv personnei. who end to get wansferred with some z'egumwt\ RS D'%"me risk
evaiuations for civilians and active dury Dcrsonnei mav need 1 be conaucied depending on the

15k management decisions to be mads.
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4.5 EOXICITY ASSessment

The toxicite assessment identifies the potenlial nazards and dose-responss miormation i
the chemica

. of notenitial concern. T )‘{XCH:\’ valuss Tor carc IHQDS 15 dre \JT"“IT

_[')i"i‘SSl‘"iItiG as cancer
)IOT')’ facrors. 4 cancer \\’)]“*? factor 1dentifies the raiationshin between lne anss (Or ‘,“{_DOSUY"

level) ol a chemical and the observed response (cancers. Toxiciny values tor chnemicals thay are
;ar;mooelm pyv the mMnaiation pathway may also pe p esented as @ Unn risk factor. Unit risk

actors represent the potential excess cancer risi & person could pe subiect 1w per unit of -’“I"’"T‘ﬂ:’:i’-‘.%
SXPOSUTe (Lhuah\ ‘,g/m‘ for inhatation carcmogens; For 1101'@-:arr:.:1no,g-"5 TOXICITY vaiues &
pres.iited as a reference concentration (RfCH for the mhalation pathway and as a reference doge
(RID) for the oral mmv“ . Non-cancer toxicity endpoints can vary from chemicai 1o chennca!
and can inciude such effects as dermal irritation or nflammation.

In Septemoer 2007, the Office of the Under Secretary of I)Plew zased 4 memoe that nswed
praferred saurces for human health toxicity valuss Tor use in Dol Superfund risic assessments
(oD, 2007 Thess sources wers based on recommendations madﬂ by the Environmental
Council of the States (EC @S\ Dol %uswmamm\ Work Group. Emerging Contaminants v ask:
Group contaimned in the 2007 DoD memo. The Dolb recommendarions were in part based on tne
OSWER Directive “Human Hea th Toxiciiy Values 1 Superfund Kisii Assessments™ (EPA.
20031,

The recommended hierarchy of toxicity values 15 as follows:

EPA°s integrated Risk Informarion Service (IRIS) Dratabase: These woxicity vajues 1')()1'111&]‘1;\'
represent the official EPA Sc’renriﬂ position regarding toxicity of the cnemicals based on ¢
availabiz atthe time of review. The preferred EP A crieria can be Tound n tne onling TRIS
darabass au 1

1t

2. EPA’s Provisional Peer Reviewed Toxicizy Values (PPRT Vs These are ceveloped by EPA
on a chemicai-specific basis when requested by the Superfund progran.

3. Other Toxiciry Vaitpes: These values inciude additonal EPA and non-EP A sources of voxicin
information. Priotity should be given to those sources o INTormation that av2 most current. me
pasis Tor which 1s transparent and publicly availabie, and which nave been peer-reviewad

Toxiciy values can be developed for both oral and innalation exposurs. Some chemicals of
potential vapor intrusion interest may have an oral toxicity value but not an inhalation-derived
toxicitv vaiue. In these instances 1t mayv be necessary to exwrapoiate from the oral toxicity vaiue
and estimate an mmhalation va’lw-'. This is termed “route to roure extrapolation”. This technique
Inwroduces uncertanTy INto the risk assessment and Is nor commonly donz. uww‘-vp" T may o
useTul Tor those nstances where an important chemicai of potenual concern lacks an inhaiatiorn
derived toxicity valuz. Using this approach. the oral toxicrmy value s assumed 1o be the same as
the nnalation: toxaciiy vaiue, This approach assumes that the route of exposure has no effect on
the svslemic toxicity seen once the chemical s absorbed into the body. This extrapoiation
mathod assumes that the heaith effects following exposure are not route specific. and that porai-
of-emry effects (e.g.. respiratory

fects associated with inhalation exposure | are not the
principal effects of concern. F z.m_jal;. the ZPA recommends thal i use of oral toxicin
values is not appropriate Tor chemicals that are associated with respirarory wacy irritation or
sensitizaion.




I exrrapotation from an oral toxicity value o an iniyalation toxicity vaiue ’Sl
review of tne study used 1o aerive the oral wz;iur_\ﬁ vaiug should be performe
assumouions are vaiic. i these assimprions are not vangd for & specifis :‘nemi:
route extranclation should not be performed.

D A [

In Californiz. Cal-EPA has developed their own vajues Tor a number of chemicals that should
be used in preference EI’/ values Tor risk 2sss >Ssments conducted within that starte.
informauion regarding California toxicity criteria can be found in Guidance 1o the Evaiuarion

St

and Mingarion of Subsuriace Fapor Inrusion to indoor Air (DTSC 20051 These values are
peer-reviewsd and address both cancer and non-cancer eﬁ"‘ec*: Vaiidated Cal-ZPA toxicit
vaiues are considered to mest the standards for Tier 3 toxicity values in the DoD hierarchy.

One of the more important toxicology 1ssues surrounding vapor inTrusion Tisk assessments

selection of the toxiciry criteria for TCE. The EPA witharew their cancer [rmflt_\' atue far T
from the [R1S database in 1989 pending a reanalysis of the date. in 2001, EPA released a draft

el

risk asseasment for TCE that suggested that TCE was ten- to fortv-fold more carcinogenic than
previousty thought. The draft risk assessment was submitted to the National Academy of
Sciences (INASY for review. and EPA 1s currentlv working to revise their 2001 draft risk
assessment ba%“d on the 2006 NAS review commentz. As a resuit. EPA does not currently have ¢
vatidatea toxicity valuz for TCE. Based on the DoD 2007 meme. it 1s DoD preference that ths
TCZ '[OAI ity value deveioped by Cal-EFA be used for TCE vapor murusion risk assessments
since 1t has been vaiidated. pesr-reviewed and meets the Doly and OSWER Tier 3 (*QOther
Toxicity Values™) criteria
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risk 1TION SIEN COMDINES analyti:a! data. exposurs information. and Tox ICiT_
crif‘%rr-‘- s 2 series of calculauons that results 1 numerical nisk esumates for each chemizal, Risks
for carcinegens are presented as a Probabliiny estimate o7 cancer due 1 eXposurs o a chemica:
this factor 1s often presented as “one in a miliion.” 1 x J07, or 1E-0¢. These cancer risi:s
esumates are calied “excess lifenime cancer visks™ and are soieiv associated w‘th EXPOSUTe 10 §1Te-
related chemicals. Thev are separate and disunct from “background” cancer riske (essentialiv the
fifetime cancer risk from ali causes;. wnich are ’)IOUHC T2 fo males and 1 1 3 for femaies
(Amertcan Cancer Sociery, 20061 Cancer TISkS carcinogenic chemicais are typicaliy adaed
together for a cumularive risk estmare. b}muany cancer risks for different pathwavs (¢.c.. vapor
intrusion and soil ingesiion) associaled with the same cnemical should be added together 10 vigid
the Total cancer risk associated with site exposure.

>

Risks 1o carcinogenic chemicals can be evaiuated using the following equation:
Risk = Intake x Cancer siope factor

on-cancer hazards for mdividual chemicals are presemed as & hazard quotient (HQ . whicn
is essentially a ratio of the threshold level with the estimatred exposurs level (dose) 16 & particular
chemicai. HJQs Tor different chemicals are rypicaliy added together. resuiting m a cumuiative
hazard index (Hiy Similariy. His for different pathways mav also pe summed
assoclaied with xposur‘ o site cnemicals. An acceptable HQ o Hi iz wwpicaliv —Lh: STe-
related exposure snould not exceed ne level considered accepuable by EPA ]
HOs for chemicals can be separaied ny target organ effects.

I



Risks for noncarsinogenic shamicas can bf evaluated using the following squatior:
4 — e JEY T
HO = intake/RIT

The EPA s 1901 memo “Roie of the Baseiine Risk Assessment in Superfund Remed:
slection Decisions” discusses nsk-based decision making ar Superiund sites. As noted 1n EPA
8¢  memo, the CERCLA accemni le excess cancer risk range covers from 12-04 1o -‘5-06
RPWNis mayv be given some discl amon 10 make s Jr“-ww*mf ue:ls’om abour what tevel of rish Iz
acceptable. Typreally, 2P f% preferencs s w Iﬂd age Tisks towards the lower end of the risk
range at residential sites. while commercial and industrial setzmgs; mav be maha g a0 TOWATES e
upper end of the risk rangs. individual states may s2T their own deceptable risk level rather thar

use the CERCLA risk rangs.

=

~

An IMportant component of the risk characterization siep is idenufication of the priman
uncerial inties present in the risk assessment. Acroumuwm*‘n“ uncertainties 15 important for tne
‘isk manager. o support defensible dec xs' »making. All four primary components of @ vapor
ced with them. as discussad below

intrusion risk agsessment have unceramntes associ

The effecuveness of the data 2valuauon st p% dependen: primariiv on | he thoroughness of the
sampiing strategy at the sitz. Given that no site can be thoroughly sampled. it 1s alwavs possibte w
MUSS an ares or areas whers chemicals arg located. j Ust as the ared of Maximum Concentration mas
be missec. Similarly. 1t may not be poc"m!ﬁ 10 1¢entify all subsurface.preferential channels that can
enhance vapor intrusion in a building. Selection of an ZPC for the risk assessment should taie inie
account these uncertainties. For most indoor alr Invesngations there will not be & sufficient numbsr
of samples coliected 1o caleulate a 959%UCL. An alrernate approach would pe 1o evaluare risk for
zach sampie collected. which would provide & more evaiuation of potential exposure than relving
solely on the maximum detected concenwation.

There are also a number of UNCeriamuiss i the 2Xposurs assess! ment. Thﬂ» standard defauis
assumptions used by regulatory ageneies are generally upper bound valtues (but nor worgi-case .
Thase assumpuons—oparocularly those related to exposure frequeney and exposure duration-—
mav not be appropriate or relevant o Dol personnsl. For exampie, the stanaard defaul:
assumption that & resident will live Tor 30 }eazs 1 the same house 15 fikely 1o be an oversstimais
for most DoD personnel. Avaliable mformation regaraing miiitary exgms; re profiles snould be
reviewed to determing the most appropriate assumpions.

The toxicity assessment has @ number of inherent uncer '-,imiﬂs‘: assoclared with it For man:
chemicals. m\un values are derived from animal studies and @xtrapoiated to humans. Tesung
nrotocols Tor animal studies ma} be verv different than the exposure scenarios for humans.
?:};u*’-mo“‘*t' 1 berween exposure reutss {oral o inhalatnion: may mtroduce uncartainties for those
chemicais being evajuated. A mmbsr of une nanr\ Tactors are alse included in toxicry values
for both carcinogens and noncar: cinogens, i general. unceriaimiy factors (huistoricaliv calied
~safery factors”) are noi something that can ve modified. as regulatory personne! will not aliow
this. As a resuli. the uncertainuiss associated with the toxacity agsessment are fairiv standard from
One sk 483essment 1o the next.
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4.5.1  Pewoieum Bvdrocarbons

The EPA recommends thar tnetr dratt 2002 vapor intrusion guidancs not be used Tor
evaluation of vapor intrusior: associated with Subtitie | sltes pecause petroleum
nvarocarbons reieased trom USTs are susceptible 1o natural attenuation and biodegradation.
5m e the J&E model does not account for degradation. modeiing-based vapor ntrusion risi:
azsessments of perroleum hydrocarbon sites will often overestimate the long werm exposurs

CONCEenallon. In tWrn ove TE.SUH')B.’LH".‘_ tha DOL“HTI I risk 1o reecepiors tha: Tay be nresent,

T

However. not all states concur with this position. The Cal- EP.’\ requires that petroleum
hvdrocarbons at sites in California be evaluated for the pessibiiity of vapar intrusion (DTSC. 20055
The Ca-EPA guidance acknowledess that while biodegradarion may occur at many sites. there ars
focarions whers conditions will not support biodegradation. Tneir guidance recommends that twe
gepchemical indicators of aerobic biodegradartion xvgen consumption and generation of carbon
CILOXICL‘——D" measured in soil gas 1o evaiuate blodegradation. i biodegradation is occurring. oxveer

evels would decrease and carbor dioxide levels wo u‘lc Increase. Measurements made over time ¢
pe used 1o determine whether biodegradation af petroisum hvdrocarbons is oceurring. The
appropriate regularors should bs sonsulted prior to mnitiaung a vapor inwrusion study Tfor petroieum
hvdrocarbons.

4352 Regulation of Indusirial Sites

Regulation and management of vapor Inrusion and imdoor air in an occupationa! seting nas
been identified as a concern by beth ZPA and the Occupational Safery and Health
Administraton (OSHAL An agreement between the two agencies back 13 1990 gave OSHA the
authority to manage door aiy qualiny in the workplace {Schiller, 2003 ;. However. this was
before vapor intrusion necame a concern. and OSHA focused primarily on exposure w volatiie
chemicals that were actively used i the workpiace. Since indoar air contamination resulting
from vapor intrusion is a resuit of subsurface conamination. which EPA regulates. the agencies
ars ¢iscussing which agency has authority over Indoor alr contamination Irr work piaces resulting
from vapor intrusior. The EPA has raised the Issue tiar workers may be unknowingiv expoesed
o levels oF alr contaminants that poss an unaccepiabis risk using EPA s risic assessmeant

nproach. The EPA is recommending that its own environmental exposure standards be used a:

sites In which workers ars expesed 10 fnﬁmlwl not used m the workplace. or when workers are

v

€~Xp()SSG to chemicals used 1 a nual‘{“'ﬁ W OH ace.

The EPA has recentiv prepared a draft vapor imrusion poficy document §
the time this handbook was pubiism Jasserting EPA s authority w estabiish surier r
standards to limit vapor intrucior and indoor 4Ir contamination at ceram wor \p“,ct seumings
nweaa of waditional OSHA standaras (inside EPAL April 27 "()(7* The EPA is recommending

thal 118 OWT CJ'IVII'OUIT}S‘HT.HI eXposure standaras be used ar sires i which workers are EXDOS sed 1o

cnemlcais nor used iy the workplace. o when workers are exposed 1o chemicals used in a nsar’b;
workpiace. The EPA draft proposes that OSHA reguiate workpiace \Jﬂlhg that usz inqustrial
chemicalz and where tne workers are notified of potential exposure vie OSHA-mandated nazarc

cammunicalion informauon. For these ndiviauals. workpiace exposure 1o chemicals will likels
exceed any exposure that mayv occus via vapoer trusion. However. for individuals who do not
work with chemicals (2.0, an office workers and ¢o now nave OSHA hazarc communication




MTOrmansnh n therr \-'voz‘[m}a:c Vapor INrUSion Trom subsurface contaminatior might oe their
Ise preparine guidance

atnway. A number of state healtn agsncies are
3gu,mmr workplace exposuras

4y
o

Lumits (PELsy are the maxdmum CONCentratio

ne acceptabie OSHA Fermissibie '—:’KT)OSU‘;"’:

cenemical In air that @ worker may be exposed ¢ without respiratory protection. OSHA PE—_M:\

are tvpicaliv two 16 three orders of magniude higher than § MOTE TEsIClive riskh-pased
screening values. At DoD faciliues. Obi 1A guldance will u_umv wommdw ettings that use
madustrial chemicals. For emplovess not using job-rejated chemicals i their work pilace (€.¢.. an
office worker). risk assassments atributabis 1o vapor intrusion »\1\’ appropriateiy consider
packground concentrauons 1or commercial/mdustrial setings and reievant non-residential
EXPOSUre A8SUmMpiions.
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5 Risk Manpagement at Vapor Intrusion Sites

he risk management phase of @ vapor intrusion study should be based on the resuln of the
righ assessment and other reizvant inform ation needed t¢ make informed site managemen:

fecisions. The risk assessment estabi *snes whether an unaccepiabie rls‘i; Is present {or may be
present in the future) an I’i"ﬂlil es cnemicals and pathways associated with that rish. In risk
management. the resulte of the risk assessment are integrated with other ccmsxcﬂ’xvom such as
economic or l°t*a, concerns.  reach decisions re gar ding the need 10 conauct & remedial action a:
& site or to impiement other risk reduction activities. Additional factors—such as reguiaton

equirements., technical implementabiliny . and DUDUC acceplancs—imust alse be considered when
mar;mg r!sK management 4ecisions.

Risk management is not nec agsariiv e singis option (agency D”*\Om’lu often uss it 1o mean

“remediation” ;. but rather 1318 @ rangs of oplons that can be s crively applied o manags risk i
"2SpONse 10 t’i e site-specific needs. For exampiz. risks associated with workers in a hypotnetica!
Tuture building can be managed tnrough 1and-use comrols {da not build on'the site withouw!

approvriate consruction echniquesy: while risks associatec with current and ONZOME EXDOSUTES
may justity direct action {subsuriace reinadiation. ventijalion improvements;. This secron
descripes various risk management opucns. e pros and cons of eacn option. and ths

s
rsquirements o implemenst them

An important disuncuon needs 1o be made between remediation and mitigation. Although
they are aiffersni conceprs. many peepic use thess terms interchangeably . Remediaton 1*‘1"“'"‘ w0
the reatment. removal. and reaucuion in the amount of contaminants prasent at & site. =xampiz
of remediatior include soii vapor extraction and groundwater pump and weat svstems. Mitigatiorn
means 1he Measurss 1aken W minimize or reduce EXposure. 7\41U<’2L[i©“ by itsell. 10T have
anv direct effect on the contaminant source area. =xamplies of mitigauon inciude seaiing of
floor. sub-slab depressurization devices. or increased ventitation of a dweliing. Tius section
discusses both mitigation and remediation measures that can be used at vapor INrusion sites.

5.1 Risk Management for Acute Risks

dmav 'lll"’\ of wre

Acure risk scenarios may be ide mi'il' is: by the obvious presence of & spill
or release. the presence of odore. ar ;n measured levels of chemicals that exceed either an acute
exposure criteria or the iower expiosive iimit (LEL ;. These scenarios may pose an acuis threas 1
human health: In some cases. actual ¢ f““*"' may bt observed—ine most COmMMOoN SVMpPTon:s

incluge nausea. ,n“af*-acne:& and aizziness. IL may not be necessarv (or possible) wo Tully quanih
the magnitude of the acute risk. bul often. the situauon 1s fairiyv noticeabie. The RPM shouid
contact health officials in their respective Service branch t determing the best courss of acuion,
Health-bassd acute risk exposure values are not avaiiabie for ali exposurs scenarios: acuts
exposure Jeveis for most chemicals are only availabie for occupalional exposures.

Acute risk Trom vapor INrusion may require a rapid response 1 Minimize exposure or risk w
human health. Possible responses for acute risk inciude aung the premises 1o eliminate
exposurs or providing additional ventitatior. This action ‘: especialiv Imao*u nt wnan poentialiv
explosiv gﬂspf are present. such as petroizum hvarccarbons or memane. For acuze Tisk
STLUATIONS Trom vapor inrusion. e local fire department. health department. or other reguiatory

authorities should be alerted T:;'lr‘ﬁll““ The DOSSIDINTY O or ’SXD 0siIve hazards.

I
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2 Risk Management for Chronic Kiske

84}

A risk management strategs should be d“"lr‘ 17 the 1isi assessment indicaies that chronic
risiks are unacceptable. There are 2 number of options for reducing Chronic SXpESUre 10 Vanors
ranging from groundwaier and soif remediation W miligaling duliding parameters. This secuon
oulimes some stanaard remediatiorn zmc MITAtion ONLIONS USEd 10 1‘*au' ¢ IONg-1ermm 2XpOoSsure.
fwmnmz fdeseribes @ number of alr-flow mitigaton measurss that can be impiemented at

huildings with higt levels of risi.

Tt f*f-"ﬂesD?p 'ndo or air guidance document (20025 iisted several remediarion ana mitigatiorn
options for veducing risk from vapor intrusion. The mitigation oplions include:
¢ Sealing cracks/anvaiar spaces around utifities and where the floor meets the wall.
and/or cracks o basement floor: This s ¢ong using epoxy-based sealants that ars
impenetrablis 1o vapors. Although this approach may heip in reducing the flux raw at specific
focavions. it may not be adequate 1o ehiminare intrusion over a large siak,

e Sealing and venting groundwarer sumps: Many buildings with busements have sumps tha
are inmended 1o caplurse any ungxpecied water reieass (flooding. burst hose, a12.}. Thess sumps
are dug i the ground below the level of the rest of the Toundatrion and may servz as an east
access point for vapors, Sealing and venting therm will aliow them w mainain thelr funcion
while prevenung vapor intrusion.

«  ¥apor barriers beneath the building: Vapor barriers can b2 piastic or w‘mb:\'li*e shesting o
car be 2 sealant that 11 applied directly 1o the foundation or basement wall. Barriers are mors
- easiiv installed quring construction of a buliding than during a retrofin. This te&.nmque 15 ofter
used in conjuncrion with active mitigaton Systems at §ites with Known contamimarioy:,
Dama g o even a smali portion of the barner during instaliavion can resuit in significan:

teakage across the barmer,

« Reducing basement depressurization by ducting in ourside air for furnace combustion
bringing outside air into the f’a imace. this approach decreasss the pressure differential across 13’:5
slab. Lowering the pressurz in the basement lessens the pull on subsuriace vapors.

«  Overpressurization of the building using air/air heat exchangers: This technigug creates
a positive pressure within the building vy f;upp‘l_vm o mors outdoor air to the msids than I‘P
amourt of air exhausted. To work effectively. budidings should be tightly seated and nave ¢
ventitation sysrem canable of producing the ompm neeced 10 MaINin e pressure
differential

"o Pasgsive or active su‘n-alab depressurization systams: This technique reiies on formation of

2 vacuum that is created benzath the building founaauon: this vacuum is greater in srength
han e pressure differential thas exists bewween the building and the soil Low-pressurs
zones that are created beneath the siab reverse the flow direction. so air is drawn Trom inside

the puiiging and into the 501l Thus preventng vapors from migrating into tne strucwre

Bassive and active systems are very sumiiar m design: the oniy real difference s inciusion of ¢

powered Tan 1o create 4 [ow-nrassure zone for ihe active sysiem. A passive debressurization

systers may nol be particwarty effective beeause it tacks any means of acuvely moving

vapors and 1nstead reiles on natural thermal and wind effects 1o move the soil gas from the
colisction zone and to the external ven:,

Some of the ’4{1\f81 rages and disagvaniages assotiated witn sub-siab depressurizaion sysiems
are shown m 7 abie
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Table 51 Advantages and Disadvantages of Sub-Siah Depressurization Svgiems

Advantages ] Disadvantages
. Suceessiul rack record o*”mrforma‘ncs. 90%~99%, | Keguiras periodic Mainenancs: acuive systerns
i . . ) .
¢ reductions typical. 9¢. *:"/o oF greater reguetior [ requirs powsr hookub:
F nossibie witn well-designed svstem ‘
! Adaprabic technoiogy. appiicabie w & wide varien  © Wetand 1ow-permeabiline soiis revard sol:
- of slix condimons and geology S MOVEINAN!
- Simpis gaugss or flowmeters snow whetner the | Building-specific conditions may limit option: 10
! systent s working suct

1on DIt riser pipe. and Tan locations

rrom TTRO {2007%a;
These mingaton s;ﬂc’nn'a 1e5 nay pe used indiviaualiv or they mayv bz used In compination w
form a more comprehensive plan.

Remediation options inciude the following:

«  Groundwarer treatment: This can be aclive (pump-and-treat) or passive (permeabls
reagtive barrier wally, Groundwater rearment is one of the mos. common remediguion
strategies at vapor Intrusion sites because contaminated groundwarer is often the source ¢
soil pas and indoor air comammaton. ACve rearment PUmMps groundwater 1o the surfacs

where 11 1s reaied by a variety of tlechniques {0, carbor. ozone! that remove
contaminarn.. Other reaumants volve 110

or destrov the
cnon of marerial (Such as permanganate) into me
growndwarter 1o destroy the contaminabon or The construsTion of subsurface barrer walls tha

the warer pagses through. Grven tne ruznt design. the marerial in the varrier wall ¢

&L 10N
filings} wili chemically destrov the comamirant withour having to remove the groungwiaie:

«  Soil excavation and nnxo‘"“~ This omion can be very effecuve in reducing the mass

e
onwnmmn’ ar & site with a surface or shallow subsurface releass. The older or deeper the
refes e further contamination wili spread: as a resuis soil ramoval will b= less e "feur,\

<« Seit vapor extraction: For this oprion. a series of perforated pives are instalied undereround
adiecent 1o the contaminalion. A pump 15 connectsd e The pipes. and suction 1z estabiished,
Contaminants in the soil zas are then coliscied in carpon filiers and disposed

of T technidus
cany be effective in reducing the concenmation of con@mination in Specific greas. dur it will

i no
address the typical source of comamination (groundwater:,
« Monitored natural attenuation: This rmehmgus sssenually consists of allowing
comtaminants 1o degrade on their own. Sampiss are 1aken periodically o monitor the rare of
degradation, Monitored natural atienuation does not involve the addition of any amandment:

or supplements as pari of this ramed

¢  Enhanced bioremediation: Fo m"\:remed;; Various amendiments or supplements may ne
nroduced into the grounawaier as & nuwient source for nazurai’%y OCSUWITING MICH0Oreanisms.
These amendments allow the mxtroorgamsn’as o gegrade the cnemicals

& in the groundwarer
@ Taster rare than they would withour them.

Removing the source of vapors is often tne preferred remediation STategy at vapor Intwusion

sitzs. These different approaches will have variable effects on the conam mcm'» CONCENTration in soi!

¢as. Soil removal and 5011 Vanor ext Acuon may have the most substanial shor-term effect:

fects either
oy enminating the source ofﬂommmramon {removall or oy Intercepting the contaminared soil gas

and partialiv or completely cuming off the pathway . Groundwarter remediation is g long-iermy option
that could take vears or decades pefore cleanup goals are mer,



5 maj\ ne nesessan o implement both @ remediaton and & mitiganon strategy at a particular
F 5 :ha; D~ mgh enough & & ml)mnf_ thar 13 currentlsy occupiad that somz

¢ 18 needed 1mmediately 1o reducs exnosurs. However. since mitgalor
th2 soUrce Cconcentration. a remediation strategy mas aise nead 10 be impigmentee
[0 that the sourcs mass and iong-rermy risiks can pe reduced

Possibie impacts of remedial alternatives on vapor intrusion shoulid also ne considered

Certain groundwater remedies may changs the chemical conditions of the subsurfacs. wh‘ N mar
notwrn inerease the possibility of vapor intrusion. For exampie. enhanced bioremediatior
remedizss typicaliv involve the injection of an organic carpon substrate wiich induces
biodegradation of parent compounds such as PCE and TCE. This may in turn resultin elevated
concenwations of the metabolites dichioroetnviens and vinyi chioride. which have more stringen:
risk screening jevels than their parent compounds. These possibiiities snouid be considerad as
part of risk management proiect planning.

There are altemate risk management strategies that rely on land-uss and building-uss controis
more than remediaton or mitigation. ror exampiz. oD can choose o not use a particular
buiidiuc If vapor inrusion risks to the oceupants are too nigh. Simitariy. they can choose not te
develop property that 13 located over a contaminant piume. thus avoiding indoor air problems
from vapor intrusion. Land use controls and mstitutional controls are common tools foy imiting
aceess andror development at & site. Institutional controis may be appiizd at unaeveioped sites or
sites whers land use mav changs in the future. Institutional controls mav be necessary 1o assure
that the vapor intrusion patnweay 1s effectively addressed in the future conwols may
inctude requirements to install engineering controls o buildings to mitigats potentiai patways.
institutional conwrols might also be used 1o iimit certain kinds of land use (suci as residential
use) thar might be associated with unaceeptabls health risks.

The disadvantages of instituiional controls melude potential problems with impiementatnion
and enforcement. Many swatss do not have adequaw statutory authority 1o enfores insﬁmt’xonz&?
controls. Assuring that mstituional contro‘lf‘ f“maﬂ}; are protecung pubiic health involive
performing ongoing inspections and MONITOrNG. ngingering conuols that ars impler 1eme(i as o
part of institutional conwols reguirs operations and maintenance (G&Mi o retam thetr
effecriveness.

3.3 Piannping ap Exit Strategy

Am imnor'aﬁ component of @ vapor Intrusion swdy is developmmm of an exit strawegy. In th’f
contexi, an exit srrategy 15 used 1o mean a pian for reducing r'sc;" from vApOT INETUSIon 1o & jsve
where no Turther mitigation or monitoring ts ceded. Wnen this status is achi f"*’ec» the mf“ wr};
no longer require active management. The exit swategy should clearty identify whart eriteria wili
e used o determing that the site no iongﬂ DOSEs an unacceptabie vapor imrnx {ON TSk, Tms
strategy should be developed early In a vapor intrusion project. so that RPMs and raguiarors can
agres toget‘rw when risks at o site o7 b 1(1111g have been a ~aequa€er}f mitigated. Factors such az
mitigation and/or remediavion technigues. final cleanup goals. iand use, and possiply future
i.:»ui]ding construction. shouid be considered for the sxit swategs. This exiz strateey should be
memoriaiized 1t @ formai decision Qutument.




6 Risk Communication

An important bui vel often overiooked component of vanor intrusion projects 1
commumcatim r)ov'm.a\ TISks with pullding occupants as weli as with reguiatory agenciss.
\apor intrusion is an unfamiiiar concept 1o Most peopie and theres 1s great potenual for ajarm

fear and/or outrage, Because of the unfamiliarity. lack of control over the potenual risi. amd lack
of any ben@ﬂv from the exposur’: there s fikelv to be a high perception of risk no mauer wnat
numbers say. Sampling for a vapor intrusion studv and remedial response actions can be

nvasive o bunamg occupants because they can mvolve drilling through floors. the presence of
obtrusive equipment {&.¢.. noisy samplerst. and excavation. These situations and activinies have
greai potentiai 1 alarm ouIJGmg occupants who may be concern”‘i abour their health andror
property values. Additionaliy. becauss vapor intrusion issues occur Ndoors where peonie work
and Hive. thelr input. understanding and cooperation can significe m\ IMPACL a8SESSMENT OF
mitigatiorn activitss.

The success of the project may weli depend on earlv and effective communication with al
interested partiss. 11 s verv important w be aware of the risk communication chalienges and t
a_rmi\‘ risk communication practices and principies throughout a project. This section Dresents &
brief discussion abour whart risk communication le. how it T11$ I With vapor intrusion
investigations (or any environmental vestigation | and some basic guidance on how ¢
communicate risk.

Effective risk communicaton is based on buillding, mamaining. and repairing relationships
with stakeholders that impact vour mission. A Sial\cll()ld“= 15 any individual or group that nas an
interest in or could be impacted by a speciilc £ oractvity. In the context of a DoD vapor
mrrusion study. the most common Stake humelv mclude the servics prancih. EPA and local
reguiator authority, the builaing occupants and pessibiv offsite residents or workers. medie, and
environmental advocacy groups. 112 MOSt COMMON CONCENS 0f stakeholders ar vapor intrusion
sites relats 1o possibie nealth impacts. real estate values, groundwater contamination 1Ssues. and
the noise and impacts from remediation effors.

Eariv stakeholder involvement is critical.  Too often. risk communication Is seen as
something that takes place oniy az the end of a project aﬁ_"x" all the important decisions have been
made. This approach often nagatively Impacts the mission because peopie ars outraged that they
haven’t been informed eariv on in the project and can lead to rejecuon of the soiution. An
=xampie of this could be teliing residents during a meeting that TCE had been getected in the
groundwater below thelr houses: Dol nad investgated the situation and determined thar vapor
intrusion was noi & concern and they were noy going 1¢ ao anvihing eise. 11 the stakeholders were
not involved. or ar least informed. of the sieps leading up to this conclusion. thers is a high

possibility that thev will not only reject the swdy conclusions and that we (Dol officials) will
jose trust and cvadi‘niiin 1n.The process. Such a scenario may lead 1o protracled arguments and
discussion about what was done at the 51[“ w'na{ the results mean. the path forward and finding
someone the stakehoiders will trust and bei Cinvoiving stakenolders eariy and often s & much
beller wav 10 execute a suceessiul project.

While chalienging, effecuive risk communicaton can pe acnizved through knowledge and uss

of risk communicaton principies and skilis. sk communication 18 not public speaking nor
“spinning” or embeliishing messages. [T requires being open. honasi. genuing. and sincere and

r-—\
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appiving good communicaton skills tverpal and nonverbaly in & variery o siiuatons. it aiso
requirss an ongoing commivment for pracuce and prevar ation. Tners are mulupie benefits a

can be achieved by using risk communicaton principle
«  Bamer orojiect managament and reducsd exnenss
« Improved reiationshive with stakeholders. which can resull in increasedimaintaimed ous,
«  Bone nagemer deCisions because of puy -1 DY VaTiousS partes

e imoproved public perception

«  Henerjemal standing

©  Bener saperience with the medic

,,«

Getring stakeholder i"x\"a'w\wmn? and parus mamo rcan be a chaliengmy pro . ATIMOST
Dol bases or posts. the RPM often has o briel audiences on nronnuma' [ projects. Given the
nawre of vapor intrusion and the potentialiy invasive natire of sampling. inf ormng the pubiie i&

rivical. Howsver, most DoD RPMs are not adequateiy wained and jack sxperience in risk
COMMUNICALIAN.

i

Frincipies of Risk Communication

A faentify stakebolders that impacr vour mission. favorably (supporters;, neutraliy
{straddiers) or unfavorably (splenefics.y See curve beiow.
The spienerics are at the left end of the curve and Immoveable — their minds are made up,

They oppose you and will have no interest in finding common ground, q“vmll‘ thers are noi u
faroe number of Individuals ar groups at that {27t end of t "’““ODI""”"I“OLAD\ on the righ:
end of the curve are vour SUPPOTILTS — PEO le whe agres with vour position. Most stakenoiasys
are somewners in the middie and are ce 5. Therr minas are not mads up: thev are

&l
QDN 10 Mor2 information and findin 1CCOmMIMon groun(j.

Esiviasieigiciy

-

H AR B - < LS P el N irt ; pom -
B2re 4re quiisrent swareglas yor cach stakenold sarauel

¢ Forsupporters, the primary mission 1$ 10 maiman the relg 'Gns‘mP Resp mhem informes a ;w‘
keen up the two-way dialoguz. Ask them for agvics, 1deas. other stakeholders 1o contact 2.

e Forstraddiers. e mission 13
and vour goal is 10 mave them wowards

5 mav pe VOUr most i nporant st akeholder garour
more § UDD()H)\& position on tha bottom axis.
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straadiers.

cognizs that
influence them o SUpHOT vou - this is very unliie r\ 0 h ‘men. T WOTRING
spienatics 18 o show good faith (provide information. iisten 1o them. and invite them 1
meeungsy with th? goar of infiuencing the swaddiers. Good iatth doss not mean permm
spienetics 1o ao what they want Jetthem d
wililngness tor discussion.

et

Dretermine the underiing motivation:
©  EmOTIOns (anger, disguss, irriaton. jea
«  agendas (personal, poiitical. economic. social. hsroricar or cultural

= Risk Perception (peopie think it is riskier than it is or less risky than i1 1s.

Utilize thirdé parry supporters:
A third party supporter 1s a stakeholder who s trusied and seen as knowiedgeabie

SUPDOIL OF Pro ’10111(~ vou Wit aul‘(ll ound or Sugyges STIONS On 'U’J‘DI‘C:LUD“F

Ol
with

o vour

LUTTQ

by the
Thira parrv SUPPOTTETs Can help in many different ways. irom formal or informal

‘\lL[}“JT your ]ﬂ(’l@l’l!’l‘:’:‘. 21e. b does mean demonstr atmg

For Internal communication. third party supporters are frequently lower in the hierarchical
chaini of the organizatior. Keguiators can also be effective mird PArTy SUPPOTTErs & 2ar local

nealth officials. in anv case. it would be someone wio 18 respected and idealiv has extensive
sxperience 1n the organization and with tne communizy. Third parry supporters often are gooc

sources for identifving additonal supporiers. BWL use contractors are patd for they wori. they

are

Qet

assurance that more information will be proviasd as it comes available. The longer the d
tacts. the more e perception of hiding and covering up

usualiv not percetved as good third party supporters.

Get in frent of 1ssues:
«  Tell peopie what vou do knov
«  Tell them whar vou don’t know
< Unpdate tnem as you learn more

7
1

“alk to your stakenolders sarlv and ofte

ting in front of issues rapidiv is critical for successtul risk commuuication. The longer an
organization takes 1o provide informatior. the more difficult it 1 w0 overcome erroneo
information. Don™t wait to get all vour facts. Insead, provide what vou do know witl

associated with ~“getting out’” the slor
grows.
E. Ensure all communicators are property trainec.

1

media. Thep

afiairs office should be abie t¢ provide extensive assistance

us
h the

earn the n L-d; mmum"'mon process and build professional relationships with the
ub

with

Maintain fiexibility in tne communication planning process. Recegnize that change
o

ey r]‘

this.
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7 Summary and Recommendations
4 paper nuplished by the legai firm Goodwir Procter (2004 containec a set of “strategie

arding vapor intrusion sites. These considerauons ecii

consigeranions for responsibis parties’ |
the Information presented it this handvbook and are summarized here for k

WHen addressing vapor Inrusion SiLes.
-+ Undertakz appropriate planning to address the vapor murusion Dathwa; .

<+ Prior o inil"alirw 2 vapor intrusion stidsy, it 18 recommended that the relevani regulator
requirements be identified 4na incorporaied 1nto the study (1651‘;1’..

4

«  Collect sufficient site-specific data 1o b abie t avoid using conservanve defauir vatues wher
performing fate and transpott moaeling and when caicniatng potential nsks to numan nealth,
as appropriate.
e Set DQOs speeific 1o @ vapor intrusion evajuation and ensurs the snure project e
{incluamge reguiators) understanas ow ths data will be used 10 makz decisions regarcmg the

vapor tresion pathway.

e Determine whether migration of voiatiie supsurface contaminants 1o indoor air 1s occring.

noi 1LLS whethar comamimnants 07 CONCern are present W Ingoor ar.

~

«  Dven if 4 site has an approved remeay In piace. be nrepared to respond 1o requests fer
reassessments i1 the vapor intrusion patnway has not been evaiuared.

< {7 vapor inmusion s identified as an issue ar vour site. consider ail miticarion anc reniediz!
onUoNs.

e Befors vou begin the investigation. establish & plan for communicating the resuwits of me

vanor intrusion stuay,
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! ner‘: are numerous additional resourcas tnaw can be consulizd to provide more aetall on «
cciiic toplie related 1o vapor Intrusion. This section i

a number ¢f fNese resourees. but the
8 not exhaustive. Additional material on vapor intrusion s being pubiished on a regular basi

by EPA. state healtih agencies. and various experisan the fieic,

A

As previousiyv noted 1 this document. new guidance fo the vapor intrusion pathway

CONtinues 1o be prepared by Hl’f\ and state health agencies. It 15 recommended thart the reager
check the weh site for the state regulatory agency mang 1gmg:- the Site 07 INTErest 1o see wnat
mformamon might be avaiiable.

Several organizations have compiied itsts of different websites that contain information o
the asssssment of the vapor intrusion pathway. {INote: the listing of a company does no:
constitute endorsement by the Dol

«  Enviregroup. L1d. maintains a iist that 1s searcnabie both by state and by topic. This 115t can oz

viawed ar hnms/ AN BN VD CTOUT, CONT TR [0

«  H&P Mobile Geochemisiry maimams a website that contains a number of reports on vapo:
intruston and immdoor aiy. These artieles can be found at fmrs s wwin . Bandnma .com. .

[ty

and is active m L'l“VE‘]OD]ﬂ" amplm'_‘ and CLHCII‘ sis [Epﬂﬂ]GL‘{‘ﬂ Tor vanay INTrusion :DI’OjCCES,
More information can be Tound at www.an, ore )

«  The American Perroleum insute (AP funds and manages studies of peoroieum proqucts.

The ITRC finalized their set of vapor intrusion documents in January 2007 using the
coliective input of a number of nauonal experts from state and federal agencies, industry. and the
consuiting fizld. The guidance and 11s companion document can be found on the [TRC websiie a

{ Viage. inadditor. [TRC offers raming in the assessment of the
vapor mtrusion pathway. Details regarding this maiming may be obtained from thelr website.

The ITRC companion document (20070 contains six; example scenarios aiong with & logical,
flexibie framework

& varierv of wols and remedial approacnzs. and the practical rationaie for
developing an Investgative strategy for- assessing vapor intrusion. This document and 113
associated scenarios are described here because several of thent will have direct re
manyv Dol sites and pases. A review of the approacnes and assumpuons maae by
streamiine investigation and mitigation efforts at simijar sites,

vance 1G
C could

olen
i
17
b

These s1x scenarios are:

An active service station in a residential neichborhood

A dryv cleaner in a st mall adlacent 1o & neighbornnod

largs industrial faciiimy with & groundwater plume under several hunared receplors:
A vacant lor with propesed Brownfield deveiopment over a croundwater piume

£ vacan large commercial building with warehouse space and office space

. An aparnmnent DUHL]]TI( With u mn\m” qarafe over conaminatior:
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Appendix A: Selection of Chemicals for Yapor Introsion Assessmenst

N

ha

Table A-1 ligis chemicals that mav be ifound al ha ardnnx« waste sites and indicates whether.
i the judgment of the EFAL thes nmnc is are sutticiently w\mi‘le( lan,. s Law Constant =
1T amy mimolt w .f’esuh I potenualiv 51 gn:s’: cant vapo imtrusion and sufficientiy woxic—an
incremental lifeume cancer rish greater than 167 | non-cance v nazard index greater than 1 (in

SomIE cases 30t‘n -0 result in patentially unaccept ndoor air wnalatior riske. The approach
used o deverop Table A-1 s documented m Appendiy Li of EPATs 2002 Drarr Guiaance tor
Zvaluaiing the Fapor Inrusion 1o Indoor Afr Patimway from Groundwaier and Soils,

Tabie A-1: Chemical-Specific Toxiciry and v m:mhrv Assgessment

s~ Chemies 11 Suffictenthy:

emiical . O Texic? | Valatiie®

8332¢ 1 A cenmhr‘h"zw ‘ POYES YES
{75070 ' Acernaldehvde © o YES YES
L 67641 ; Acetonz POYES [ YES
73058 U Acewonitile CovES YES
L 988G | Acetophenons YES YES
167025 | Acrolein YEX YEL
107131 | Acrvionntiie YES YEL
309002+ Alarn YES YEES
319846 1 alpha-HOH iainha-BHT YES YES I
| 62333 { Aniting YES NG B
i Anthracens : NO YES i B
| Benziaanthracens bOYES NG MA
1 Benzaldehvde ; L YES '
| Benzens fYES YES ;
| Benzofa)pvrens i OYES NG ; NE
I Benzof p)fiuoranthen: P YES Y ES
i Benzol{lifiuoranthens : NG C NA
i Benzoiz acid : : NC i N,
100516 Benzyi alcohol YES WNO | N
1002447 ¢ Benzylchioride VEL YES ;
91587 ! bete-Chioronaphthalens YEX YES i
c -

319857 beta-HCH (bera-BHT:

Z
C

7

.

<
iG]

9zz24 i Biphenvt S YES
111444 | BislZ-chloroethyliether YES i YES k
P10860°7 | BislZ-chioroisopropvliemner YES YES
{17817 ] Bis(Z-ethvliexvimhthaiare NG N | N
i 542881 | Bis{chloromethvliether YEE YES
175274 | Bromodichloromethane YES YES
{75257 ! Bromoform YES YES i
106996 1 5 5-Butadiens YES VES
C 71363 Butam? YES W
| 85687 | Buwl benzyvi phinajaie NG NG
| §6740 ! Carpazoiz YES W

A



| "Gheck:Here iffnown |
- Chemicdb:Sufficientive dreasonably

)
|
I
i

Cheniical | Toxic?' Volatite™ ," Present

75130 i Carbon disulfide i YES | VES
| 3603 I Carbon tewrachioride POVES YES
37746 I Chiordans YES . YES
126998 1 Z-Chiore-:.3-butadiens (chioronrene: YES YES !
108907 | Chiorobenzens YES i YES ;

109683 1 1-Chlorobutans YES | YES
124487 ! Chloradibromomethane [ yEes i YES ‘
75456 I Chioradifivoromethane YES ! YES ;
K ! Chloraethane tethvi chioride, YES YES ‘

I Chioroform i YES YES
| 2-Chiorophena! | YES YES !
I 2-Chloroprapane YES g |

<
o | 17
ol
< |

S|es | v e | | ed e | e

21801¢  Chrysent > S i
136392 | cie-1.2-Dichioraethviens | YES YES i
1237306 | Crotonaldenvde {Z-butenali ! YES ‘ YES :
| 98828 { Cumene POYES YES
7254% | DDD YES NG | NA
7255 | DDE g

¥ <
o3|t
| T i

<

3}

n

"
[
12
Yol
.2

02 | DDT NG NA

~
1

33763 I Dibenzia.hanthracene YES : N A
132649 ! Dibenzofuran YES | 'EQ !

96128 1 2-Dibrome-3-chioronropane ! YES YES

10693+ | | 2-Dibromoethane (etnviens dipromice f YES i YES \

34173 1.a-Dichiorobenzene oymg YES i

93501 i1 2-Dichiorobenzens YES { YES

=
>

N
i
o

i.2-Dichiorobenzene

=,

4| [T
3 A

<

™

)
5}
z
-
¢

41 . 3.2-Dichlorobenzidine N

173}
=<
38
178}

i Dichiorodifiuorometnanc g

~I
o
~1
I | — | B
o

A

1.1-Dichioroethane i

]
rajgg
SAN VAl

<

]

!

os
kS
[e
AN IREL]

107062 | 1.2-Dichioroethane YES VES

73354 ¢ 1.1-Dichloroetiviens YES i YES
120832 | 2.4-Dichloropheno) I YES NO ‘; NA

7887*F i 1.2-Dichiorovropane i YES i YES

{547275¢  1.3-Dichioropronent O VES YES

160370 | Dieldrin yee | YES
! Dietviphtnaiate PoyBS NO NA

Y

173
(58]
—
o
»
BB

1053679 ¢ 2 4-Dimethviphene!

131117 | Dimethyinhthalate NA i NO LA
84747 I Di-n-butyl phthaiat NO NO ;

534520 0 L6-Dinire-Z-methvipnens! /4. o-dinmre-r-cresol | YES NG ;

31283 . 2 4~Dinivropheno! P YES ' N

1217142

<
I
el
z
7

~ A-Dinitrotoluenes

_/‘
{

o
=

606202 1 2.6-Dinitrotoiuens

>
2
<
1

1178406 Di-n-octvi phthalate

£ 115297 | Endosulran YES YE!
| 7220¢ | Endrin VES NC N




r‘ i | -Check Here'ifiknown |
| | | is Ghemical Sufficientiv: | -or:Reasomably |
! . ;‘%:h ‘ N ‘ =S:uspected Be ;
U CAS*No. |Chemical o Toxic?” Volatile™ | Present {
106898 | Epichiorohvdrir P OYES r WES
1602907 | Edhv ether YES  , YES
i 141786 ! Ethviacerate ‘, VES ! YES ‘
L 1004124 | Ethvibenzens I YES VES
| 75218 | Edviene oxide . VES VES
| 97637 | Ethvimethacryiate ;o YES YES ;
| 20644¢ | Fjuoranthens | YES " N
I 86737 | Fluorens ' YES |
| 110009 | Furan YES ] §
| 58899 | gamma-HCH (Lindane: 2 YES | |
| 7644 | Heprachlor YES ‘
{ 1024573 | Heptachior epoxide YES ‘ NC NA [
| §7683 | Hexachlore-1.3-butadiene | YES YES |
| 118741 i Hexachiorobenzens o YES YES |
1 77474 | Hexachiorocyvetopentadiens POYES YES ; ‘
187721 | Hexachioroethane YES YES |
(710543 | Hexane YE: | YES | |
1 74906 Hvdrowen cyaniae YES YES : :

indeno( 1.2 5-cdmpyvrene

z
C\
Nz
(@]

| 78337 | isoburano! COYES YES ‘

| 78591 | Isophorone YES NC ; NA |

| 7430976 | Mercurv (eiemental VB YES |

L 126987 | Methacryionttrile i VES YES

| 72437 | Memoxychlor YES YES | i

179206 | Methy] acetate YES YES | f

196332 1 Methy) acrylate YES YES

| 74839 I Methyl bromide YES YES ‘

| 74873 | Methv] chioride (chioromethans YES } YES |

| 108872 | Methvicvelohexane LOYES VES |

1 74933 | Methviene bromias [ YES YE& i
75097 | Methvlene chioride PoYES YES ;

[ 78933 | Methylethvlketone (Z-putanons YES YES |

| 108101 | Methyiisobutvlicetone YES YES

180626 ! Methyimethacryiate 3 YES ,

191576 | 2-Methvinaphthalens YES YES

A-Methylohenol tm-cresol®

{
]
YN
z

NA

63438 ! 2-Methyiphenoi (o-cresol; vEs ! WO NA

106455 | Z-Methviphenol ip-cresol: * YES ‘ N4 i
19908 | m-Nitrotoluene YES NA f
1634042 | MTBE TOYES
1 708383 | m-Nviens bYES
P 91203 I Naphthalens YEL ;
1104316 | n-Butvibsnzens YES
198932 | Nitronenzene YES :
1100027 1 A-Niopnenot YES N ,
ESIS . 2-WNironropans YEX

h
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remiical

siGhremiedbbutficientiy: -

Foxic®

924365 1 NNrose-di-n-nutvlamine =0
| N-Nitrosodi-n-propyiamms YES
&630¢ CN-Nitrosodiphenviamine VES
10365 i n=-Pronvibenzene YES
86720 U o-Nivotwoluens YES
05476 | e-Nyiens !
106478 | p-Chioroaniiins | N NA
87867 . Fentachioronnencl ! NO NA

108927

Pnenal

99O

p-INIfrotoluens

NA

9806¢.

reri-Burylbenzene

o
T
[
»~<'
R

147

! 1.1.1.2-T errachloroetnans

106427 1 peNviens YES YES :
1129006 | Pvrene YL VEC :
F110861 ! Pyridine YES NQ ‘ NA
| 135986 | sec-Buwvibenzene YES YES i
[ 100425 Stvrene YEC JEG
| =
|

i 1.2.2T errachioroethans

i

! Tewachioroethyien

Toluene

Toxapnent

YES YEX
RN

Jn
Y‘EXL H

s B i
YES i
WL :

JSAS

I wans-].2-Dichioroethviens

F 1. 2-Trchiore-1 2 2-rifluorozinans
CL 2 A Trichloropenzens

[

|12 Trichioroethans

P - Trichioroetnans

U Trichlorogtnviens

! Trichlorofiuorometnans
D “1~"lricmo-ronnenoa

chloronhenot

96184

L1, "~2~"“ricn]ommonan-a

93830

iq
S
.—1

rimethvipenzene

108674

Trimethvibenzen:

10805

Vinvi acerare

<|<
17

73014

" Ninvi chlorige cchiorostnens

-,
[¢s Rty
VSs
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Appendix B: Summary of EPA%s Draft Vapor Intrusion Guidance

One of the intal guic‘ﬂm:e documents 107 vapor INTUSION 4ssessment was asvelonsd nv =P

in 2002 whern thev released Draf ce ior E‘va[umimf the Fapor Intrusion o Indoor ALr
Fathway jrom (jmz,zm:z‘v.:c.f,/,a: ang Soits (ERA 20027 The Qlal L EPA guidance s flexibie and
encourages the coliection and im;orporation of site-specific data into the assessment. A number
of state agencies have also developed or are deveioping their own vapor intrusion guidance tha:
may be appiicable at specific sites or bases. The draft EPA approach s summarized hers ¢
provide a demonstration of ow a screening ievel evaluation may be hnked 1o a site-gpecific
mvesugation.

While thers are variations in the approaches recommended by dif"ere Nt agencies. many of the
undertying strategies are simitar in styie and method to that recommended by EPA. i the

mtroduction to their draft document. EPA points out that their ~“guidance” document is s just that
vather than a reguliation or an enforceabliz requirement. Other technically sound approacnes arg
also accemab}e., as are modifications 1o the 1pmodunes recommended wltmn EPA’s araTt
dgocument. This Tri-Services handbook recommends that RPMs utilize the technical guidance
docum“ntl\s‘r most appropriate 1o their site. supplemented by the material presented n this
document {and discussed with the regulatory authorities)

The EPA's drafr guidance has been designed "to provide a tool 1o help the user conduct a
screening e*m}uation as to whether or not the vapor intrusion 2xposure pathwav 1s complets anc.
if so. whether 1t poses ar unacceptabie risic to human nealth” (EPA. 2002 Impouamiy. the
guidance does not provide recommendations on how 1o manage or eiiminawe the risic that mav be
present: these decisions are [eft 1o the project manager 1© work out withy focal reguiatory
personnei. The EF. f-fx draft guidance has beer developed for residgential serings. and the
assumptions will need 1 be adiusted for other setings (2.c., i nqustL1a1 . The EP4 s grar
vuidance was designed primarily for RCRA Corrective Action. CERCLA (Superfund ). and
Brownfield sites.

One important and noteworthy recommendation from ZPA s 2002 draft vapor intrusion
cuidance ts that it shouid not be used for the evaiuation of vapor intrusion associared with:
Subrtitie | Underground Storage Tank (UST 1 sites. This exclusion is based on the awareness that
petroleum hyarocarbons refeased from USTs are more susceptibie to natural attenuarion and
biodegradation than are other comnion vapor INTrus1on contaminants, partcuiariv chlorinated
nydrocarbons. The EPA s draft vapor intrusion guidance does not account for compounds that
degrade orattenuate over time. As a resuli. vapor Intrusion risk assessments of perroieum
hvdrocarbon sites may overesiimate the long-lermm exposure concentration. In wrn overesiimating
the risk to any potential receptors. However. not ali reguiatory agencies agree with this exciusion.
and this approach shouid be discussed with the agency prier 1w conducung sampling and anaiysis.

Summaryv of EPA's Approach

-~

The EPA’s draft 2002 guidance document was deveioped as a three-tiered approach for
screening and evaluating vapor Intrusion sites. This aporoach was designed 1o provide &
conservative and standardized approach for assessing potential vapor intrusion risic. Ths
guidance recommends “simpie and generally conservatlve sereening approaches and gradually
Drogresses 1owards & more comblex assessment Invoiving increasingly greater use of sive-
specific data™ (ZPAL 20025 The EPA cutaance includes a series of guestions and answers

ol
A~



designad to explain the nered scresning m 0C2S5 10 the risk assessor. These guestions. presented
15 & series of floweharts. can be found s draft 2002 document. A summary flowehart
showing the mos: important facets of ZF27s approach is presented in Fieure B-1.

I 1s important w note that EPA’s approach aliows for collec n: indoor arr ¢
sten i1 the process. The results of mdoor air sampling can be used 10 make risk management
decisions and may obviats the need to follow each step in the tiered process. This approach man
prove us»tul at sites where there ars obvious concerns. such as sites where there are high
chemical concentrations ir srahow groundwater or where sensitive sub-popuiations {£.¢.. day
care centers; are present. Several states (e.c.. New York and Colorado! require tha: mdoo*‘ air
sampies be collected early In the vapor intrusion assessment process. This indoor date is then
compared directly with health-based standards 1o evaluare potential risks. However. most state
and federal agencies start with & moasiing-based apnroach and oniy move 1¢ indoor alr sampling
wnen modeling results suggest 1t 13 necessary .

‘Tier 1: Primary Screening Step

This tier requires a review of the available dawa and site history 10 determine if thers are any
volatile chemicals present (or suspected of being present) ar the site. and if there are. whether
those chemicals are considered 1o pe 1oxic, The first uer is deiiberatelv simpiistic and will oni
screen out those chemicals and/or sites with little or no potentiai risic from vapor intrusion. 17
volatile and roxic chemicals are known or suspected to be present in the subsurface near (within

100 feet) currentiv occupied buildings or areas that could be deveioped m the future. then te stz

Progresses to the next tier in the evaluation proc S< The list of chemicals tnat EPA considers w
nave sufficient toxicity and volatiiity 1o be meluded in & vapor mnwrusion swdy are nted in
Appendix A.

{7 is not essential o start with Tier | and foliow each sten of the tiered process. For sites that are
grossiv comaminated or where thers are reasons o balieve that the "aDO‘ IMLrusion patnway s
combplete. it may be appropriate (and health protecuive; 1o move directiv o 4 iawer ver 1t the pro

Tier Z: Secondary Screening Step

This tier mvolves the comparison of analviicai data coliected at & site with generie risk-based

concenrations for sotl gas. inaoor air. and crround\'vate for restdential exposure settings. Thess
risk-based concentrations were developed for cancer risks ranging from 1E-04 (one cancer cass
in ten thousand exposed individuais! 1¢ | ()o (one cancer case in one militon exposead
maividualst and for non-cancer risiks corresponding 10 & hazard quotient (HQ) of 1. Because the
were developed using generie residental exposure assumntions (e.¢.. 350 days/year. 30-vear
exposure )
he modified o mors ciosely reflect the exposure setting of interesi. whether it is occuparnional or
military residential. ivieasured 5o gas, groundwaier. Or indoar alr CONCeNtralions are compared
10 the generic risk-based concentrations provided in the Tier 2 look-up tables. Tier 2 screening
concenuations were developed using the J&Z mode! in combination with conservative defaul
assumptions. In essence. the model 13 used 10 predict subsuriacs contaminant conCentrations

ased on conservatve migrauon. buliding conswuctorn. and exposurs assumptions. [1 all sie
contaminant ¢ omqn*duom are less tnan theiwr respective screening vaiues. lhe vapor inwrusion
pathwav mav not be & vathway of concern at the site and no Turther evaluation needs 1 be done.

1ae
s
o

(.)

&

IT any contaminant concentrations exceed their ser ening value. the site progresses w Tier 3 1or e

Oi

Ty data atany

L.these screening jevels may be overiv conservauve for most milnary seitings. Thev car,

Cess.



1.7“17 e SIL\—““C\_‘ TIC evaluatonr. 4 numuoey 0f stae aleneies nave deval pCd eIy owh streening

VAILSS That may also need e e consiaersc

~

ier 2 sereen actually provides two different ses of risk-based concentratons.
| screening vaiues Is used for a generic sereen, while the second setis i
Semé—‘sit?-sneci'r”i: screern. The generic criteria are JLHIL‘ conservative and do not aliow for
mcorporation of & e site- or building-specific date. The semi—site-specific screen assumes tha
several gite-specific parameters (¢.C., soil type. depth to contamination) and building

naracteristcs (¢.g.. basement or SJHL"OTI-grad foundations} will be avaiiable and aliows for
them 1o be Incorporated inte the model. The semi—site-specific screening values are used i the
contaminam concentration for a site fails the generic screening step.

Tier 2 introduces the concent of an ausnuation factor {aipha™) 1o the vapor murusior
pl'ocess, The attenuauon factor (or alpha) represents the ratio berween the chamicas
concentration in indoor aly and that in soil gas. The attenuaton factor. wnich generaliv ranges
from C.1 10 0.001. 1s dependent on & variety of issues. inciuding depth to contamination. typs of
building foundation. and building ventilation rate. Although the attenuation factor will vary from
building 1o building, EPA has developed generic values for several standardized settings.

”~
i

Seiecting the appropriate artﬂ'nuatlon factor Tor Tier 2 site-specinic assessmen—based on
avaiiable site data (suppiemented by iiterature vajues as needf*d —I5 an Important step: the

process for doing this is deseribed in EPA’s draft 2002 euidance. [f'site concenwations do not
exceed Tier 2 sereening concentrarions. the site can be screened out and no further action 1
ecessary. [f site concentrations exceed Tier 2 scr emm concentrations. the site may pos‘:. an

unacceptabis risk and should b2 evaluated under & Tier 3 assessmens.

7~

For the Tier 2 soil gas screeming values. EPA assumed that soif gas 5 fest or jess beiow the
puilding foundauon wouid intrude 1o IndooT alr spaces with an attenuation facior of (.1 —the
INAOOT a1 CONCentr: clUOH ot a c.nqmcal would be 10 percent of the sub-siab soll gas concentratior:.
ror deep soil gas (below 5 feet). an atrenuation factor of ¢.071 was used. For groundwater. a defaul:
attenuaton factow of {. ()( 1 was used. These attenuation factors wers derived using data rrom sites
where palred Indoar air. soll gas. dnu groundwater samples were availabie. However. there ars
certain conditions whers these generic arenuation factors mav not be accurate. These conditons
inciude the foliowing:

e Verv shaliow vapor sources {iess than S feet,
« Resiqual NAPL at anv gepth

e Buildinus with crawi spaces. unfioored basements. or basements with numerous cracks in the
floor or foundaiion

e Very permeable soil betwesn e vapor sources and the bullding or the presence of horizontal

preferential pathways

e Shallow groundwater sources (1ess That

L below the puila: ng

.

¢ Verlical preferential pathwavs. such as cracied soii. macropores. or kars:

e Builamgs with a very low air exchang? rate (2.6, <

¢ Buildings with & high sustained indooroutdoos pressure differential
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fndoor air samples may he taken at any step in the process. This
would eflectively move the evaluation to the Tier 3 stage.

Figire Bl Najar Flemenls of EPAs Vieted Approach
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creening stew o7 Tier 2 includes me YIROTALION OF fthe soil tvpe presen
a- the sitz. as well as the depth ta the contaminant sowee. T‘[.e criteria azveioped for this
screening step incorporatz tis informaton through th: esumation of & building-specific
awenuation facror that refiects both the underiving soil tvpe and the depth 1o the source,

The semi—site-spec

-

Tier 2 critenia can be appiied towards either current or future site conditions: they can be used
10 evajuate vapor Intrusion.at exi%tmﬂ buildin g_ and can also be used 10 assess nazards for
hypotnetcal future buildings. In sither cass. generic and non—site-specific assumptions are made
regarding the building foundano-rz crack space. and ventilation/turnoves rates. The conservative
as %umn‘lom used for these parameters ars not intended to be altered for the Ties f

l

r 2 evaiuation. if
ier 2 criteria (either the generic or the semi—sitz-specific are not exceeded, the vapor intrusion
pathway may not be & pathway of concern at the site. 1T the criteria are exceeded. the project
shouid progress to a Tle: 3 evaluatiorn.

The EPA recommends that 1f there 1s & contaminant source i the unsaturated zone. soil gas
data should be used 1o evaluate the potential vapor intrusion risks in the vicinity of this source.

Using bulk soil data to evaluate the vapor intrusion pathway s not recommended. The presence

of D"“J"I‘CHUCU pathwavs—narturaliv occurring or anthropogenic pathwaz's (e.2.. soll cracks.
arains. pipeiines) that are expe t d 1o have a high mrinsic gas mrmeamm‘ —should also be
considered as possibie sour vapor INrUsion. Indoor air measurements could be taken

directiy adjacent 1o where building peneration has occurred w evaiuate this possibiiimy.

The BEPA 3 araft guidance (2002 sugeests selecting worst case building(si for the nitia
investigations {building{s] most likely to be impacted by vapor intrusion ). The worst cage
building. however. cannot alwayvs be identified due to & variety of Tactors that conuribute o vapoe
imurusion migration, including contaminant concentrations i groundwater or soil gas. depth ©
groundwarer, soli types. building construction and ventilation. and groundwarter flow dirnftiO'ﬁ
Buildings iocated over shaliow groundwater or built on sandv and permeabie soil are iiieix 1o
nave greater potential for vapor inwrusion. |

Tier 3: Site-Specific Screening

This tier is the “site-specific” sten of P A’ vapor intrusion assessment protocol. The firs;
steps recommended by EPA in the Tier 5 evaiuation are to update the C5M and 1o identuty what
additional information may nesd 1o be collected 1o support this evaiuation. One or mors of the
foliowing actions may b€ appropriate fora Tier 5 assessment: direct measurenient of sub-siak
soil gas concentrations. collection and measurement of near-siab soil gas sampies. indoor air anc
background measurements. a home survey for possibie m-nome sources of VOCUs. and site-
specific fare and wansport modeing. The modeling is intended ta be complementary 1 the actual
air concentralion measurements taken auring the recommended sampiing. Modeling can be
useful in identifving which stie or building parameters are iikeiv 1o nave the greatest impact on
Vapor INTusIorn.

The Tier 3 volatiiizauon mode! 15 based on the J&E model. which 15 used 1o caiculate 2
building-specific attenuauon facior and o r,-redi::: the Indoor air concentration of chemicals of
concert. The J&& model nas been adomed by EPA &g thelr primary model 1ov the vapor
iNtruston nam vere, The EP A has developed an interactive wep-based program that is pre-
programmed witn the 1991 J&Z algorithm and a number 07 INPUT barameters. soms of which are




~ -
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generic and some are site-speciiic. The E’~ .‘&E modeiing pmwran can ve Tound a

frwwys epa.a0vistnens/isamimocelnari-l \= e forwarg.hi. Up 10 thres differen:
verticai soil strate can be icluded. whicr 1s significant because soll type. grain size. and
moisture content are Important determinants thar affect vapor wansport rates. Tler 3 may be
conaucted i a phased fashjon. For exampie. if siie-specific transport modeling predicts that
indoor alr risks are acceplable. It may not be necessary 1o collect any additional soil gas or indoor
alr date. Converssly, at some sites, 1t may be maore appropriate 1o skip modeling and instead take
direct measurements of indoor alr {€.¢.. at sites where the Tier 2 assessment indicated 2

i

o

substantial excesdance of the acceprabie risk lzvel or where contaminated groundwarter ben=ath
the butlding is very snal jow and the anenuation potental is very small). The dersrmination 67
how best 1o proceed with the Tier 3 assessment should be made in consuitation vit”“

reguiatory authoriues-and may involve communication with and input from pubiic stak hoidez‘;\:,

Tier 3 involves assembling 2 more comprenensive dataset than that used for Tier 2
mvau anons. Soil gas samples may need to be coliecte d from locations immediately adiacent 1o
mpacted bui Jdmg‘ or from beneath building foundations (sub-slab). For Tier 3. & more site-
specmc set of geochemical parameters are incorporated into the J&E model. .r\csamonam; an
mdoor air sampling program may be deveioped and implemented at certain buildings. A Tier 2
assessment is typicaliv used for developed sites because much of the sits-specific information

that is coliected is relared 1o putlding properties or Indoor air quam}'.
The results of the Tier 3 assessment can be used 10 tefl whather the sits poses an acceplabic

risk or whether it is & candidate for miugarion or remediation,

J&E Modeling 1ssues

The J&E model has become the standard fate and wansport model Tor evaluating vapor
intrusion. The mods! incorporates both diffusion anc ade“'(m to estimate the ranster from soii
gas into indoor air. Diffusion 18 the means D}' which a chemical moves from high concentration
o low concentration as a result of the concenwation gradient. Diffusion is the primary vapor
Wanspor mechanism within vaaose zone soi? Advection 1& the means by which vapor moves due
to differences in pressure. Once subsuriface vapors are near a building. advection may move the
Aapors inside dus 1o the pressure differsnual benween the Inaoor air and e subsuriacs.

J&% modeling includes the following assumptions. which are conservarive and mayv no:

appiv ¢ ali sites:

«  Steagv-state CORGITIONS 8XisT.

<« Aninfinite source of comamination is present.

<« Subsurface geology Is homogeneous.

. Alrmixing in the puiiding 15 uniform.

= Preferenval pathwayvs do not 2xist.

«  Conmamination is hontogeneousiy diswibuted within the subsurface,

o Cracks in the building foundation and walis are the primary enry soures 1or vapors,

< Vemilation vates and pressure differences remain constant ovey ting

iy



These assumptions sugges L J&E modeling may not provide accurate results at mam
'Dunomg:‘. since all of these assumptions will seidont be met *—Jowsve;: the moaei can serve as o
-usefut 100d 16 assess the likelinood that vapor imrusion wili pose ar inaoor air Tisl. Because of tiit
assumed conservative nature of the modsimg. i max be necessary 1o coliect indoor air sampiez if
the moae! predicis iliwiﬂ risk. Measured indoor aiv concentration of chemicals can then be
compared to the predicted concentralion and appropriate rish management decisions made.

AT EPAs National Risle Assessors Meeung in Mayv 2006, Dr
& outlined some of the proposed changes o future EPA vapor mtrusion gulazmce- in hertalk
entitied “Empirical Attenuation Factors in EPA™s Vapor Intrusion Databass.” These proposec
modifications consisted primariiy of the inclusion of addinenal features since the iniual J&::
algorithm and conceptual assummptions would remain the same. Proposed changes outlined n the
siides Trom her tall: include the following:

«  Combinng sereening and advanced versions of the groundwarer anc soil gas spreadshest:
«  Providing default paramerers for commercial buildings and commercial exposurs scenarios
« Using default Qsoil/Qbuilding rather than default Osoil (where O s the fluy rate:

o Inzorporate reasonableness checks based on Johnson (2002

-« Making ransparent the intarmediarz fate and ransport caiculations

«  Providing an estimate of the subsurface soil gas profile under buildings

«  Providing hoth forward and revearse calcuiations Tor screening leveis'and risk calculation:

¢ Incorporating uncertainry caicuiations
¢ Providing results for multipie chemicals

Dr. Dawson aiso noted that EPA has assembied a database of over 2,500 paired sampies of
environmental and indoor air concenwrations. This data indicates that in manv cases. the dafaul:
amenuaton Tactors used 1 the J&E model are highlv conservative.

At the time of the publication of this Tri-Services vapor intrusion guidance, EPA has nor ve:
released their updated guigance. and it cannot be confirmed how many of these changes will be

e

included 1 and when 1t 18 ulllmaLDJ\ released. 1t1s recommended that ZPA s vapor intrusion
website (DI wwi eni, gov/eorrectiveacion/eis vane . itin} be cnecked periodicaliv 1o see if
updated guidance has been posted.




Appendix C: State Regulations, Guidance. and Otber Publications on
Yapor Lntrusion

This appendi: provides a 11§t of state gudance o policies rels *wc o evaluation of the Vi
pathwar. Tn;‘ references associated with each stare inciude a hyperiink to the Web site where
ms: cuigance and more [prormanon mav be found on the subject. Other links that heve Hists of
sta g ndange are giso mcluded. It should '::: noted that thess iinks are subject 1o change or
d—“! Tion aver ume: ine Y¥owers current at the Time this L appendix was prepared,

Alabama Depariment of Environmenral Man g ment. 2001, ARBCA: Alahama Risk-Based

Corrective Action Tor Underground Storage Tanks Guidance Manual. Appendi: H:
Evaiuation of the indoor Innalation Pamway November,

Adaska Deparument of Environmental Conservation {ADEC: 2004, Evaluation of Vapor
Intruston Pathwey an Contaminared Sites. ADEC Division of Spill Prevention and Responsz,

28 Junz, hm:"'\"\«x L e STae. B Us/anar csprouidan IR e o 28 dog
Alaska Deparument of Environmental Conservation (ADECY 2002, inhalauion of Diese! Vapor

in indoor Air. Technical Memorandum — 01-001. ADEC Division of Spill Prevention and
Response Comaminaed Sites Remediation Progran:. | U“L“IT‘D"‘

LRLAC. Al U/ dessparcen/omidance/mdons arr L2 G0 ndi

T

American Soctery for 7esung Materials (ASTM . 1992, Standard Guide for Risk-Based
Correcuve Action ar Petroieum F\ leass Sites (21736-955. American ‘wo”fet}g for Testing anc
Méﬂ““]’ﬂi’, \‘»ex Conshonocken. Pmmwl"alw ghni e ASTImLOrEiey-

{734 him

ry,
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American Soctety tor Testing Marerials (ASTM . 1997, Standard Guide for Soif Gas
‘v;omcr ”Jf‘jl the Vi LGOS‘C Lon“ (D= 3;—-;2}. West Cor 1311onoc'\sk P
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Appendix B Samphng and Analviical Miethods Available for Evaluatin
the Vapor Intrusion Pathwaz

s

Thiz appendix presents an overview of the sampiing and analvucal methods availabie for
evaiuatng tne vapor ntrusion V1 pathway. Methods are inciuded for groundwater. air. sub-
siab soll gas. soil gas (both near-slab and farther away). and soil. Sampling shouid be consider
oniv after initial data collection and development of the conceptual site made! (CSM1 indicates

that the pathway is potentialiv compiete. If sampling

< required at @ site:

i. Consider a phased approach to 2valuare the potential ror subsuriace vapors w intrude Mo inaooer
air and pose an inhalation risi.

2. If groundwater iz the source of the porential V] contaminaton at a site thar 1s proceeding
o Tier 1 and if the eroundwater data used 1 Trer | and L evaiuations wers coliected &
reiatively gisiant locarions from the buiiding, consider coliectny groundwater and soil
cas (eitner sub-siab or near-siab) samples ciose 1o the building prior 1o coliecting indoor
-alr samples to petter focus the Tier [ evaiuation on those comaminants detected m
groundwater near the buiiding.

I, Limit analysis to constituents of concermn for the indoor aiv pathway ar the site. v’)my analvze tor
constituents that are of concern for the Vi pathway that have been detected 1n s0ik. 801l gac. o
groundwaier {depending on data avairability .

i

Consider sub-slab or near-siab soil gas sampimg prior 1o other soil gas sampling. Sub-siab soi!
gas 1s v"O]le\,t’:Q directiv D"lO\""’ the puilding sian. Near-siab soii gas is collected as close 1o e

building as possibie. genevaliy within 10 feet from the puildine. Near-siab or sub-siab dara witl
b2 mors represeniative of vanor infitwating a building than soil gas samptes 1aken farther away.

1y

5. Ifindoor air sampling 1s required. inciude co-iccated and co-coliected sub-siab soij gas. near-siap
soii gas or grounawarer. and outdoor arr sampies n the samping and analysis plan.

4. Establish how the results wili pe used and how background data will be apphed 1o the indoor al;
svaluaton.

include the approach for ebtaining reprasentative subsurface data in the sampling plar. Site-

specific modeling is oniy as good as the subsurface data SUBPOTIING YOUr INDUL paramerers.

Coliection Methods for Groundwater Sampiing

Groundwater cau be sampled either by mstaliing perimanent monitoring welis or through the
use of emporary welis. Procedures for cach are described below. Advaniages. disadvantages,
and recommendations 1o support data auality oblectives (DQOs) Tor each method are presented
i Table D-1. Guidance on the EPA"s DQO process can be founc in Guidance on Sysiemaric
Planning Using the Dare Gualine Objecrives (DQU) Process (EPA 2000,

Monitoring Wells

Groundwarer sampies snould bz collected {rom wells sereened ar or across the o of the
water tabie. Tns user shouid estabiish -*’l at 11ghit. nenaqueous-phase 1iquid 1s not fioating on the
groundwater 4s the INdoor air concentrations are predicted assuming equilibrium partitioning
berween e agueotts and vapor pnases.

e



Fregented below are suitable groundwater Sumnimg methods Tor ass ‘Dssing the V1 pathway.
Low-flow purging and sampliing generaliy S i the most reliable data for the VI pathwas
¢

becalse mixIng 1s-minnmized and & .811.} depth-discrere samn le can be coliected across the warte

table

< Low Flow Pureing and Sampling: Low-flow purging is performed using a iow pumning rar
(rypicaliy less than 1 fiter per minute [.23 galions per minue]) 1o reduce stress on the well and
surrounding formarion and to contro! sampie wrpidity. Depending on the geology. the method
can consist of a mixed sample that mixes cm;celmatlona over varving intervais like a pures
sample. or can approximate & point sample simitar 16 a Passive Diffusion Bag (PDB) sampiz.

< Paggive Diffusion Bag Samplers: A PDB sampier consists of a semi-permeable membrans tube
made from low-density poivethviene (LDPE) that ic filied with iaboratoryv-grads detonized water
and placed art a specific iocation within the screened interval of a monitoring weil. The PDE
sampler is 12ft in place Tor ar least twe weeiss while constituens in the groundwarter diffuse e
the water in the bag. Zventually. the concentration within the bag 1s the same as in the
surrounding groundwaier and the sampter i3 retrieved. Ouncee rerieved. the sample 1S transterred
w0 a standard volatiie organic anaivsis (VOA ) vial Tor analysis. PDB sampiers generaliv
constitute a point sample thar represents outdoor conditions beter than conventional methods
because there is no mixing.

e
—

=  High Volume Puree Samples: (at least three casing volumes: — Tius method provides & fiow-
weighted sampie. meaning more permeable zones provide proportionally more water than 12ss
permeable zones. Sampiing integrates warer over a relatively largs area and alters concenwation:
by mixing. Someumes this induces fiow from ’norx/om notn the vicinity of the well screer. A
substantial quantite of water 1s removed from the well, Tins method is generaliv not
ecommended Tor evaiuating the VI pathway

Temporary Wells — Direct Push Technoiogy

Push-driven technology refers to wols used to investigare sites by driving, pushing and/or

vibratng small-diameter holiow-stem rods nto the ground. Sampiing toois can be attached (o
the end of the steel roas to coliect sotl. soll gas. and groundwater samplies. This aDDroz‘-xch altows
the collection of more samples i & shorter period of Time. and easier mobilization and aceess.

However. under some condrions, push-driven technology may be limited by the subsurface
material (e.¢.. compacted clean sand;. One-ume groundwater samples can be coliected throueh «
screen point sampler using, direct push methods. '

Anpalvtical Methoos for Groundwater

ire EPA SW-846 methods should be used o analyze groundwaier sampiss Tor Use 1r.
assessing the VI pathway. However. the key factor in selecting the appropriate method is w0
review the mathod detection Hmits to determine If they are sensitive enough 10 support risk-
basea criteria for evaluating the VI pathhway. wnich: can be m the part-per-billion 10 pari-per-
wiliion range. EPA Method SW-846 §260B. volatiie organic compounas (VOCs) by gas
chromatography/mass spectromery (GCO/MS L 15 an example of a method that can achieve
detection Iimits for VOUCUs sensitive enough o support the Vi patnway . Sven lower detecuion
limits can be achieved for specific constituents by apdiving tne method in the select 1on
monttoring (SIM) modz.




Alr sampiing can be performed to guanif Lm actual fevel of vapors 10 wiieh building
occupants are exposad. Tu etermine the level of contamination atmributabl= 1 V1, air sampiin g
should bz conducted concurrentiyv in indoor and outcioo:' air. Co-located and concurrent near-
siab or sub-siab soil gas and groundwater sampies are also recommendad along with the indoor
air sampizs. One source of wformation on indoor atr sampling mef’mda‘ is the Massachusers

Deparment of Environmenral Protection (MassDEP) Indoor Air Sampiing and tvaluauon Guids
{2002}, This document provides a comprehensive overview of the considerations for planning

and Implementng an alr sampiing program to evaluats the VI pa‘cnwa},a ;vjassD:,,- recommends
that an outdoor (upwind; sample be collected during everv indoor air sampiing 2vent.

For outdoor alr. constituent concentrations can be highlv variabis over ime and space
Therefore. a site-specific sampiin g suraregy should be developed for each site to ensure thas
representative background omdm rair samples ars collected.

Both indoor atr/outdoor air and sub-siab soil gas sampling me hodqimi‘*s are presel nted
below. Advantages. disadvamagess. and recommendations 1o suppart DOQOs for each methoa are

~

presented in Table -2

Also. whenever direct sampling at & potenualiv affected building is done. a sire visit and
building evaiuation should be performed prior to sampiing. in addition. it may be aporopriate
uss tracer smoke tests or other methods to confirm pressure relatonsihips and air flow patierns.

1

257 3(.‘121“}’ betwesn floor teveis and between suspe cled contaminant sources and otner areas

Indoor/Ouidoor Alr Sampling

Monitoring indoor or outdoor air for the Vi pathway generally involves active sampiing
rechniques. Acuve sampi mo mvolves using 8 uump to actively pass air through & sorbent
carridge or coljscung air in & flow-controlied evacuated canister. Passive sampiing of VO
used primarily for inauswrial hygiens pul‘posssh relies on the kineue energy of gas molecuies and
diffusion of the gases onto a sorpent medium

Active Al (Time-Weighted) Sampiing

AT actiw air time-weighted average sample represents & sample taken at & known sample
ate over a Tixed period of time (usually less than or equal 1o 2 24-hour period;. These methods
oive average concentrations (e.g. mnl y over the sampling period. which can be compared
atrectiy to target risk con entrations: The most common issus raised with active air sampiing is
whather the concenmrations measured at any @iven time and dav are representanve of normal or
reasonable maximum exposure (RME) conditions. For indoor sampling. ransient artificial

conditions {2.g 2. heating and ventilation svstems: or nawiral conditiom {e.¢.. seasonal or
atmospheric changes) can impact vapor flux and miIxing within the ouilding over Im% in

focations with targe seasonal varialions. mors : conser \dU\r""‘ indoor alr samples may be coliected
during e winter months when puilding conditions (heater. ventilation sysiems. iimiieg

infilrration increase the pressure differential and subsequent advective vapor fiux mito the
building.

1
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Active Indoar alr sampiing Tor Vi purposes can be performed by HrE-EVACUATES

canisters or by sampling with adsorpeni-filied raps. Alr samples also can be collscted
Tediar™ bcg although this pracuce 18 not considered as *f-"nan s uniess analysis can be

\
shed within 2 few hours (MassDZP, 2002, Siz-liter (L) stainiess steel or siiia&~iimd
ed camswm ars most commonly recommendsd oV state and federal a
canister and adsorbent wap metnods are deserioed below.

¢ Evacuated Canisters: This method involves coliection of air into passivated stainiess sies:
containers oy silice-lined canisters that have peen prepared under negative o »a‘ullf and are lab-
certfied clean for the constituznts of interest for the site. The vamsreusnm} = souipped with
gedicared fiow regulators 3 nd are typically 520 up to colliect air over & 24-hour period for
residential settings (often § hours for occupational settings). Resulis of analvsis (2o BPA
Method TC-14 and/or TC-157 ave airbome concentrations of voiatiles. tvpically measured down
o the Iow ppby levels. For indoor air sampling. 6-L canisters are recommended to collec:
sufficient sample and achieve reguired detection hmits.

- VOO Sampling with Adsorbeni-Filled Traps: Both VOCs anc semivolaliles can be collscred
on adgsorbent mediz by arawing air (ar 2 calibrared fiowrae ) through & nollow tupz (glass or
metal) contaming adsorbent media. Analvsis s performed by thermal or constituent desorpuion
and subseguent gas chromatography (GCY anaivsis{e . TG-1 or TG-1 7’;' Although sampling
auranon and flowrare can be optimized based on the adsorbent used and targst congtituent. thf
most common problem associated with this method is “preakihrougli™. in which the sorbemn
media beeomes saiuraied and any addinional VOCs passing tnrough the sampling medie are no
collected resuliing 1n erronecus concentration caiculations. Background contaminanion of the
sorbent material is algo a potential probier., particulariy Tor some of the petroisu vapoers such
henzene. etitylbenzens and wvienes. Finaliy. onlv one sample run is nossible for therma
assorption samples. N cONTrast to the canisier methoc.

Passive Alr Sampling

: Basstve air sampling may be appropriate for longer-term duration sampling (up to thres
weelis;. but 18 not widely accepted for sampling maoor air in § upport of the Vi pathway. The
passive air sampling methodology is mors ofien empioyed for sali gag monitoring. 1he mos:
common use of passive indoor air sampiing 15 for indusrial hygiene sampling m oceupational

£t 1gs and this method 15 inwroduced belov,

‘

-

= Diffusion badees: This metnod invoives the use of badges. which coliect VOCs 1 air as they
diffuse across the face of the badus. Once vapms cross the face of the badge. they are coliectes
into a sorpent locared in the pack of the monitor. This sor pent is anaivzed for VOUs by &
iaporatory. This method s not rypicaliv used 1o evaiuate the Vi pathway & residenual locadons
vecause the derecion Hmits are nat low enough 10 assess _DOrw ntial resigential V1 patnwas
EXPOSUIEs

. c

Sub-Shab Seil Gas Sampiing

Sub-siab soll gas sampling 1s included with air sampling becauss it is an approach for
meas '“nm vapors directly bensath the foundatian/siat of o building. Sub-siab sotl gag sampiing
entails drilling (using & hand drill or limitec aceess arilly 2 series of small (3/&-nch diamerer:
\ N "

holes through the conerete fioor of the oullding foundation. ?\‘:\\' Tefior” -lined wbing is piacsc
down gach hole w0 a depth ;ux below U’.: foundation fioor of & building. Plumbper’s pumn. o7 ¢

similiar /f)\. ~free subsance. is appiied o e hole around the wbing 1o seal the nole. and 1
minimize disturbancs of the syb-siab soll gas concentrations anc surface ai~ inwrusion. The




ached te & purging pump outsiae of the holz and three 1¢ five twhing volumes ars
; e 2 Tediar™ bag (to avoid puUrgIng o mdaco: air 1o ensure e Sampié represents
subsuriacs conditions. A pro-2vacuared SWIniess steel canister {1 -L or 6-L1 15 anached o thy
%am'pamg rratn. and samoied. as discussed above,

interference from packeround 1 (outaoQr ar ang au (»»mwric dilution s tvpicaliv s
siab sampies than for Indoor awr samples. Sub-siab 53 ml ng
building hay an xxslmg vapor barrier. o 4 tension ¢

mayv noT be appropria
siab be: veral considerations in sup
DOOs auring sub-siab soil gasg aampimg includz ms- mm\:m;;

«  Sample from the cemral porion of the foundaor o minimize dilurion

¢ Minimize prassure changes by controliing appiiances (e.c.. exhaust fans. mnfiltration, 21¢. 16
achisve steady state conditions

¢ Confirm that analviical resuliz meet the required detscrion Lirasholas

e Take precawmiions o minimize disrurbance of sub-siab soil gas concentrations — plug hol
immediarely after driliing

¢ Consider temporal and spaual variabiliny and sampie accordingls

¢ Colleer al lesst ong dupiicate sample per building. using dedicated stainiess steel o7 Tefiond
tubing.

Analviical Methagds

The EPA has developed a series of analvucal methods tor measuring VOCs in air, known as

el &
the EPA Compendium of Methods Tor the Determination of Toxic Organic Compounds in
Ambient Alr{aiso commoniy referred  as the TO-methods:. The EPA TO-methods for

analysis are specific 1o the sar nmmt_ method and ars frequentiy recommended for air samnhing
associated with the V] pathwar. Seiection of the appr OpTIHL‘“ method 15 alse dependent on the
method detection iimits needed 1o support risk-based criteria for evaluaring t'nm Vi patihway. Tne
canister method and the adsorbent methoa reguirs difrerent TO-methods. s discussed pelow.

s Thwe EPA mathods typically used for alr sampliing with the pre-evacuated canisters are methods
TO-144 and TG-13. The advantage of the specially prepared caniser and GTimass spectromatn
(M8 detection i ~1oum TO-144 or '““-'é% is the abilinv for muipie analvsez. which canpor be
achieved with the sorbent-based TO-1 or TO-17 method. Method Cs»:i,ﬁ measures non-polar
VOCs: Metnod TO-13 meusuras b’)tn polar and non-poiar VOCZx. Whole air samples are
collected 1n an evacuated canister and VOUs are concentrated in the laboratory prior 1o being
revolaitlized and anaivzed ov GC/MS. Detection Himis Tor constituents rangs from 0.7 we 27
ppby. It is ofien necessary o apply GO/MS in SIM moas to achieve the required detection fimiu

e« EPA Methods TC-1 ov TO- used Tov analvsis of coliection sorbants. The use of
hvdrophobie sorbents in high moisture environments can og an advantags over e whels air T0-
14/ TCO-158 method. Method TO-1 s used for TENAX-GC adsorption and Method TO-17 ﬁ used
with a multi-ped adsorbent. In 1hese merhods. consutuents are thermaliv desorbed Trom the
adsorbent cartridge 10 the Jaboratory and analvzed nv GC/MS and other methods. Detection
iimits Tor constiwie sing T~ 1 vange from .07 16 106 ppby and for TG-17 = rom 0.2 1
2% ppov. Althougn ! nas a good gatabase and jow °[~::,an fmis. highhby velanis
comSITuEnis and cexm’n polar constiuents are not coliected with thts method. Method TOGZ s
used for more highiy volatile constituents bu has Righer dereciion Himis.
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Near-Siab Soil Gas Sampling

With the appropnate methodotogy. soil gas sampling can pro ovide measured vaiues that

accourn
groundwater, ranspoit across tne capiliary frings. broatrenuation. and sofi-vapor partt cmmg;.
gasured values also refiect the presencs of vapors in the vadoses zone from sources other than
the groundwater (£.¢., contaminated soll or other unsaturates zone sources). Soll gas sammmf:
MOost appiicable and reliable at sites with | high constituent concentrations and permeabie. low
moisture soils. Considering the Tollowing can opumize reliabilitv ang application to the Vi
pathwas.

%!

for processes that are hard o quanufy througn modeling (2.2.. volatilization from

Atr concenrarions of VOUs may be eXpressed s mess per unii volume (e.g. mgm’ 1 or ax

i

Sampie Location and Timing: Sampies shouid ve coliected as ¢ios: 10 the building as possibiz,

preferably near the location of the highest vadose zonz contamination. [1may De appropriate
collect soif gas samnies concurrently with reundwater and indoor aw S&TT]D!»&.

Sampie E){i‘}‘)th: Sanm?es shouid be colizcted ax & depth of grearer than 3 i below the Joundahm
or below ground surface (bgsi. Vernical profilir UESERN samnmw above the groundwater sourc

and 11 diserete Stmng"; apn o intervals) can pe vsed 10 aeterming IT measurad concentranons
crease with increasing dismance om the source. Measured Soi‘! gas concentrations anove the

warer tabie should correiate with groundwaisr concentrations based on the Henrv's Law

relarionship {e.g., vapor concentratians measurad immediatzsiy ao yve groundwarer should no:

i

sxceed the value calculated using %ff*nr"‘% Law uniess thers 1s a NAPL source nearby . Shallow

soit gas sampling cusualiv l=ss than 5 1 bes; 15 considered iess refiable than deeper soii gas
samples dus 1o potential mnmamors o7 aTMOSpRenic aiy Into the samnies. For shallow sources,

nzar-staly soil gas samples should be taken just above the source, Otner faciors 1 consider n
selecung the appropriae depth for soll gas sampling include geologic conditions at the site 2
he pregence of conﬁni‘nft lavers:. source depth. foundation depth. and puilding area (Abreu ¢
20087 a3 these will influence the sub-siab and near-siav soif gas concenrations. For example.
colieciing near-siab s0it gas sampies beiow a confining iaver would likely overesumame the
CONCeNTrations present ¢ siab. Thereforz. i1 is important 10 unoerstand tne specific
condirions at the site.

fid

When evaluatng soil gas date and comparing to targst concenrations. It is important o

undersiand the subsurface ilithology. preferential migration routes (conduits . and the potential
for multiple sources. The sampler should taentify whether the source of vapors i the a

UT‘C.

in the unsaturated zone or whether contaminated ar pundwaler 1s the onl\ souree of the

coniaminant,

% N

Sampiing Methodology




Both active and passive sampimg methodologies. as weli as fiur chamber methods. are availabie
Tor sampling soil gas and each methad 1s introduced bejow. Acuve 301l gas sampling
methodology 18 mos: widelv accepred for evaluating the Vi Da'th\m» AdvamaON

disadvantagses. and recommsnaatons o support DOOs for each memod are presented i T ablie

moa
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Active Soil Gas Sampiing

Active soil gas sampling consists of witharawing soii vapar from the subsurface by drivine 4
neavy-gauge steel probe with mert tuom”runmna down the center of the driva rod or by burving
2 small-diameter inert tube 1o a given depth. Sampies ars collected at discrers depth intervals
using vacuum methods (£.¢., evacuated canisters) ar by puliing the soli gas through adsorben:-
filled traps. Active methods are appropriate for the V I pathway because results are reported as ¢
mass of constituent detected per liter of air (pg/m?). which is required for calculating the
contaminant flux using the EPA V] Model. Howevcr, active methods represent & “snapsho:” in
umes and may not refiect transient conditions.

A good overview of the active soil gas methadology 1s provided in Bulietin 42 (Haruman.
2()()3“; Specific sampling methodologies and protocols are provided in Advisory — é\-"tive Soli

Gas investigations (DTSC and Regional Water Quality Control Board [RWQCBT. 20031,
Several considerations for sampling to evaluave the Vi pathway are presented below.

L]

Large exiraction volumes (e.¢.. &-L canisters) increase the potential that sampies might be drawn
from a different depti or locarion and may create vacuum conditions that cause contaminant
partitioning from the sorbed and dissolved phase into te soil gas. However. iargs volumes mav
be required to achieve the necessary detection iimits for some constituents with very low rish-
based screening criteria {e.c.. richlorostylens and vinvi chioridey ang excessive vacuums can bz
prevented by cantroliing the fill raze. In same cases-(at sites with high soil gas constituen:
concentrations;. smaller canisters (e.g.. 330 cupbic cenumeter (cct “mini-cans™ ) may be adeguate
10 achieve site-specific DOOs and be more representative af in situ soif gas.

¢ Pures a minimum of one and a maximum of five system voiumes pefore collecting the sampie
and use a consistent purgs volume throughour the sampiing even:.

= Seal probes at the surface 10 prevent breakthrough by packing the upper contaci of the prope &
the surface with grout or by using an inflatabie seal. The pessibiliny of breakthrougl increases
the closer 1o the surface the samples are coliected (i less than 3 ft bos.

e Samples from coliection svstems thai employ vacuum pumps should bz coliected on the intake
side of the pump to prevent potential contamination fron the pump and with gas-ticht syringes
and valves 1o ensure that the samples are not diluted from outside air.

e VOCstypicaliy have verv short heolding rimes: therefore. it s important 1 caordinats with the
taoo.ato* v 10 2nsure that holding imes are mes. Tediar™ bags are not advised unless anaivsis
can be performed onsite.

e Consider wansiem effecis. Temperature, barometric pressure ang precipitalion can influence
vapor fiux and nw%sur% concenurations. Th2se effects are most pronounced ar shallow depti:
(iess than 5 frbgs: in areas with large seasonal temperaturs variations. the most conservativ:
samples (1.2, the samples with the hignest cancengarions of VOCss will be collected during the
summer months.

Bassive Soil Gas Sampling



Passive sampling techiigues (f*.g.. EMFLUX® or GORE-SORBER® relv on diffusion anc
adsorption and are g neraliv used for longer-duration sampiing periods “oliectors nousing
adsorbent materials are placed in th'-;: subsurrace and ieft for a period of umez. Orgamce vapors
migrating through the subsurface encounter the coliector and are “passiveiv” collected onto the

adsorpent material. Passive samplers use hydrophobic adsorbent materiai or house the adsorbent

in 2 waterproof membrane to prevent the uptake of wav= vapor. which can iimit VOO
adsorption. Passive samplers can be used for both VOCs and semivoiatile organic compounds
{(SVOCs). Darta are reported in units of mass of consutuent adsorbed onto the sampie cartridge.
which i1s converted o mass per unit volume of air In the laboratory based on & “cartridge
collection constant.” This constant requires knowiedge of the volume of vapor that passed by the
buried adsorbent during the burial nime period and there is no established protoco! for estimating
thiz volume. This uncertamty makes it difficul? 1o use the passive methodology for quantitative
evaluation of the Vi pathway. However, passive soil gas sampling can be used as & screening
method 1o identiiy areas with the highest relative VOC concenmrations. These areas can then be
targeted Tor active solf gas sampling.

Surizee Fluy Chambers

Surface flux chambers are not widely accepted by the reguiatory communiry for evaluaring

the V1 pathway. This mvtl 10¢ Invoives use oF a flux chamber 1o sample gaseous emissiom from
a defined surface area for & period of uime (generallv a few hours 10 a Tew days:. The fiux is
calculared by dividing the measured concentration 1 the chamber by the incubamon ume. The

fiw chamber, if properiv appnea, provides a direct measurement of the subsurface contaminan:

fiwx. which refiects the fate and transport processes (phase-partitioning. bioattenuation.

x eferenual patnways. and advective fiow) thar are difficult 1 estimate whern applyme the ZPA
i Model. There 1s currentiy ne pubiished EPA protocol for the surface fiux chamber method.

The advantages and imitatons of this method are discussed beiow and presented in Table -3,

Hartman (2003 describes two basice types of fiux chambers: a) the Static (Closed) Chamber
method and b} the Dvnamic Chamber Method., Each method 1s summarized below.

= Sratic (Closed) Chamber Methad — A static chamber consists of an ineri. non-adsorbing marznal
with bampnng TIOTTS. Nu gas is inwroduced ine the chamber durmg te incubation period 11 this
metnod. Contaminants flux into the wapped and stagnant chamber volume and VOC
concentration builds up over nme. Discrete sampies are withdrawn during reguiar intervais
durine the incubation pertod. This method 15 considered x‘imp’ler and more sensitive (can detec
lower 1ime-integratad fluxes) than the dynamic chamber metiioc. and is less prone 10 disturbanceas
and mrerferencss resulting rom the flowing iniet and outiet gases. The primary disadvantage
reparted Tor this— mﬂthod is the potential for the chamber concentration to build up (wien emission
rates ars high) and subseguentiy mmpade the vapor flux.

<  Dynamic Chamber Methoc — Clean. ary sweep air is continuousiy added 1o the chambper ai 2
fixed controlied rate (sweep gas) and an equivaisnt amoum oT the chamber gas is aliowed to
ascaps. Atter the SYSIEm reaches steady stawe (assumed afier four 1o five chamber residence
umes). the voiumerric flowrare of sweep air through the chamber 13 recoraed and the
concemration 07 the vapor(s) of interest is measured at the =xi of the chamber. This method is
not iimited by "Ihlm[)u concentration ouild ur. as noted for the Static Chamber Method. but i
more complex an s sensitve due 1o the high dijwion of the chamber volume resufting from
e sweep gas. The Dynamr: Chamber Methoc was documented oy Radian under SPA contrac:
[faenousc

~



A flux chamber survey should inciude Tour o five chambers employzad around the perimeate:
and cenrral foundation area. For both dynamic and static methods. & typical sampie coliection
inciudes real-time monioring or grab sample collection using & svringe or evacuated canister.
Thea result of this measuremen: 1s an emission rate 7or the vapor(s of interest: actual
concentration intormation is calcujated by emering this emission rate Gata Inte a dispersion
model.

Flux chambers can be emploved inside or outside a building. However, several concerns
hav"- been raisad with respect io their use for m'alu@nw the VI Datn ‘ay. It 1s difficult o p}act’
the chambers in the most _De]meabja zones (often perimeter cracks in older buildings). FOT ﬂu:-;
calcuiations. a chamber placed on the floor of a basement may not adequateiv repregent fius
from the sidewalls. Chambers placed outside of a building {or in the footprint of a DIODOS
butlding) will not represent the potential Impacts of the slab (resulting in overesuimares) o
advective flow associated with the buitding (resulting in underssumatzs 1.

Fieid Methodology

Recommended active soil gas sampling procedurss generaliv inciude driving a neavv-gauge
stainless stect sereen with a ciriv" point or drili rod or pipe inte the ground by a nammer or
vibratory hammer. Instaliauon can be either temporary or semi-permanent. Soil gas is drawn
through the port or screen through plasuc (primariiy poiyeth_\/ien@ or Tefion™; or mm‘aé wbing
and 1o a coliection vessel using & vacuum device. such as an evacuated stainiess stee canister
or mini-can. Similar direct push methods can be used t instali passive samplers. The passive
sampiing moduie 1s inserted into the hole ar the prescribed depth.

Noie: Tne EPA Drar Vi Guidanee (EE4A 2002) nores thar using slaw bur metnoas resurs i
Righty variable resulls and, necausc the iechnigue iy frequentiv used jor relaived: shaliov
sampling. 11 is prone 1o ervors from dilution 0y suriace afr. Parucular probiems arc noied wher
the hole is punched or arilied with one insoryment 1hal s 1hen replaced Dy a measurement prode
(somerimes of smalier diameier..

Analvsis
Active soil gas samples coliected for VOCs are ceneraliv anaivzed usmg EFA Method TO-
144 andior TG-12. or equivalent. In \ome cases. based on state reduirements and targer Criteria,

™

it mayv be sufficient {and more cosi-2frective) 1o use EPA Method 82608 with STM moce.

However, Method 82608 1s perTormeG using a liquid standard versus a gas standard (used f(‘* the

”; i method;. There 1s some concern that sampies anaivzed using the §260 method mav pe
yased low. Passive samplers are analvzed using EPA Metnod 8260 or 8270,

Soil Sampling

Soﬂ sampiing for constituent concenwations 1s not recommended for use i modeling indoor

caiculauons due 1o the uncertainues associated with soll partitioning cajcutations. soil
sampn.ng. and soil constituent anajvsis. Accordingiyv. no soll consmuent cmeria ars derived 1n
the EPA Draft VI Guidance. However. soil samphing for geotechnical paramerers i cruciai for
obtaining mfommtion IO USE In groundwater vapor nligrarion modeis such as the =PA Vi Model
Aavaniages. disadvantagss. and recommendanons 1o support Q0Os for sach metnod are

e \

presented ir: Table D-4
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Analviical methods for geotechnical soll samples should include: grain-size by American
Soviery for Testing Materats {ASTM D422, moisture content by ASTM ”“”io wel and ary
pulk density by ASTM D2937% and total poresity bv ASTM DE5d. Geotechnical sar mples should

!

ne coliected from verucal borings. |tis recommenaed that the soii 0 logged 1o the op of th

water taple o detzrming the Hthology. Ata minimum gcme”h ical samples spould be :,oH cred
from each fithol ocrzul different soil horizon. Samples should oe coliected in 2.3-inch-aiametsr
sleeves or greater Ll\II?S stainiess steel or Drass coMainers W minimize disrupuon of the sampi

Qusiity Assurance/Quality Control

Quality assurance/quatity controt {QA/QC 13 important fo" all sample collection and ’i‘”al}.fSiS
activities associared with asssssmient of the Vi patiiway: howsver. detalled descripuions of
QA/QC procedures are bevond me sco_n:‘ fthis document. A uompwnomzw- review of \)A-’QC
requirements for Vi samplu g czm 2 found ir: Appendix | of the New Jersev Deparment of

Tpvironmenial Protection’s Vi Guidance (INJDEP, 2005,
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Tabie D-1. Groundwater Sampling Methods

Method

Advantages

Disadvantages

Recommendarions

-~

Jroundwater Sampling DOG

. To determing groundwater concentralions ai or across 1op of water taije that most refiects aqueous phas:
| concentrations at the source beneath building.

Monitoring Wells

Permanent — can monitor
nme-dependent conditions
{concentration and depth w
grouriawarter).

More cost and time.
No1 as accessibie 0
building.

Long-term commiument,

Sample discrete mrerval across
water table.

Samnie at least two evenis
{seasonal}.

Coliect depth to groundwarer ¢
show warter table fiucteations.
Sampie as close to buiidings as
possibie.

¢ vionitoring Welis
- — Low- Fiow

Purge and Sampie

Minimizes drawdown and

total purge voiume required,

Less purge ime and
wasteware:.

Low wrbidity samples.
reduced Tield flitering costs
and tmz.

Minimizes aerarion during
sampie coliection.

Reauces stress on well and
surrounding formatiol:.
increased accuracy dug 1o
improved well stapitizarion
Techniques.

|
|
i

Kequires more purging
than PDB sampiing.

Use only positive-disbiacemen:
pumps Tor VOO sampiing.

Pipe intake must be ar fne proper
depth 1o ensure tha

ntercepied correct

I

1 CONnSTITUEeNt is

| Monitoring Wells
+ — Passive
! Diffusion
| Sampiing

i Reflects groundwarer

concentration at sampie
location. nor drawn in trom.
another area,

inexpensive and

relatively easy o denloy,
mimmal fabcr and Tieia
equipmens.

Samplers are disposabic.

Kequires more sample
time man iow fiow.

Time to equilibrate may

exceed VOO changes in
concentration.

Best used for well-characierized
Sites whnere targer chemicals ary
knowti.

Conduct side-bv-side comparisorn

¢1th jow flow or purgs
groundwater techniques beiore

luse.




Table B-1. Groundwater Sampling Metbods (Continued)

i

‘ ;
\\' Methad | Advanrages ‘ Disadvantages | Recommendations.
i i :
\" . ;
| Monitoring Weli: - ! Muitiple samplers carn Relies on free movemen: | Samplers shoulid
| Passive Diffusiorn { delinzate constituens through well screer. Mar | zquiiibrate for atjzas: 2
- Sampime (Conunued: 1 stratificatior. nOt TEDresen: reeks in monitoring
: i Pore size prevents concentrations if weli wells constructed in
; sediment passing through ; screen is oczluded or sand | sandy soils.
; membrane. packed more transnuissive | Demonstrate thar
I Aliows collection of ¢ than the weli screen. equiliprarion periogd L
: VOCs m non-alkaline | Represents concentrarior: ! sufficient in less
‘ | mauix. eliminating VOO | at elevation of sampte;- | permeabie soils.
i loss ihrough Toanting singiz PDE samplier may Muitipie sampies shouid
auring samnie not adequately rarget ve used untii constnuen:
: Dreservarar. mos concentrared zone. stratificarion or other
f complicatng factors are |
i1 J‘ determined 1o be no: ;
| | present. §
Monitoring Nong Large purge volume, Not recommenaed.
~ Volume Furg , Increased wastewates,
: J | induces mixin g, aeranon. |
[ | and wrbidn.
; May induce fiow from
J other horizons. |
Temporary Wells ~ Direct | Relafrvely inexpensive, l One time oniy - N¢ | Coliect as ciose 1
Fusir Methodoiogy Less ume w install — car scasonal variarion. building as possibic.
: be used tor screening Mayv pe mited ny | Sampie at or across waler
DUIDOSEE. hard;compacted material. | tabie.

Equipment relativen
compact. mobiie. can be
used mdoors or around
buildmes.

Allows for discreis
sampliing &t top o7 water

tabie,

Optamed from USGS. 2001 Lser s Guiae joi Forvemnyicne-Based Passive Diffusion Bog Sammrers 1 Opian
O Concentration in Well.



Tabie B-2. Alr

st

Sampiin

¢ Methods

Alr Sampiing Method | Advantages

Disadvantages

Recommendafions

Al Sampiing — Indoor AirfGuidoor Ay DOC

Te determine the air concentrations af voiarii
sOUrcE

£5 that building ¢

CURANES are expos

ed o supsurface

. Staniess Steel

Active Alr Sampling Portable and sasy 1¢
Lising Dvacuaied oow e
S Canisters | Directlv measurss air

uOI’ICJ}IJ arois.

Can obtam detection
Iimits that mee:
reguiatory levels ¢
interest,

Not imed b
breaktirougn.

Treared mterior prevents
sampig decomposition

i and samm“ loss.

- Sufficient volume can bz
omlaatca for muinple
analvs

mrerpre! based on
potential background

{osourees’
Higher anaivical and
cerrificauon cosi,

Kesults can be difficuit w

conanunauon from otner

Co-sample with outdoor
air, sub-siab soil SO1
YIB”\ '&T!O WI’OUHC]W’&‘L@ .
L.DO"*?"‘ sarnp ‘(’ dﬂ(‘

21‘ \"llunf ﬂ']SLnOG:,\ e
meet regularory 1eveis of
concen
Coliect ume-integratec
sample in &-L flow meter
Tor 24-hour perioc.
Monitor flow gurmng
period 10 ensure
consistent flowrate.

eyne

b LEIN

Analyze samplies with
methad TOT4A andror

TO:.
Coliect at 12asi ons
duplicaie per building.

{an be iess costv ther

canister meinaas.

More compiex and
difficuir 1o use thar
canisier merhogs.

Each cartridgs can "c:
analvzed only onc
Breakthrough mav resu?z
I unéerestmanng
CONMCENTTatons.
Forential tssues wit‘ra‘

extraction efficiency

biank contamnation” and

. : Collect at ieast one ¢
ourdoor air sampis per
' | incoor arr event i
CACTIVE Al Sampling | May be validared Tor | Results can pe difficult e | Appiy same indoor air k
| Using Adsorben: Tubes | more constiuants than I mierpret based on | field sampiing protoco! as
: | canister niethods. ! notential background | apove,
1 { Can colleer VOCs and { contamination from other | Optimize sampie auration
; SVOCs , sources. and flowrate o munintize |

DY&HKU}I‘OU?Y;,
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abie B-2. Alr Sampling Methods (Continued)

Alr Sampling Method

Advantages

i

Disadvanrages

Recommendations

. Passive Sampiing —

Diftusion

Badges/Sornents

|

|
i
H
|
{
i

|
i

i
i
i
|
]
i

-

Can use for longer tmz
period.

Simpiz. casi-efiective.

Higher detection iims
than active samniing,
AfTected by numidiny .
Back diffusion off the
sampling medium,
interferences betweer
CONSLTUENTS.

High bianik values for
some constitents™.
Limnited by the break
through capacity of the
sorbert.

Most appropriaze 1or
industrial nvgiens
purposes in induseria
SETUNGS.

Not recommended or V]
patiway evaluavions.

Atr Sammiing — Sub-Siah Soil Gas

¢ DO — To characterize vapor concentrations directly under footprint of structure,

Sub-Stat Soil Gas

i
{
|

Consarvatve estumate of
Vanor CONCeNTration
mside building.

Less infiuenced by
outdoor alr tnan indaoor
air.

Reflects fate and wanspor
Processes i subsurface,
Refiects subsurfacy
conditions bencath
puilding.

in conpunction with
mdoor and outdoor ais.
can be used 1o assist i
determiming 1he source
contaminant.

o7

P
i
i

Ke-aeration under small
sians (houses) likeiy.
Indoor sampies
jogistcallv more difficukt
1o coliect than omdoor
sotl gas sampiez.

Coltecr during same
period with mdoor and

outdoor air. Groundwater

and/or soii gas may alsc
pe necassary.

Use construction and
sealing materials thar ars
VQOC-fres.

Insiali @i least three sui-
stab vapor prabes m eaci:
residence 1o establisn
spaiial variabiiity (more
for jarge building
Coliect one duplicate per
resigence.

Purge vapor probe iy
filimg ar least 2 Tediar™
pags. Momtor O, TC-.
and CHs during purging.
Place hvdrated pentonive
seal or equivaieny abovs
he sereen near around
surface © nnimize
SUTTECE AiT INrusior..

indoor air saniplas can de contaninated oIm the Use 01 evervaay ciganinz proaucis.
maintenancs materias such as painte. Sinilarly. outdoor arr sanipies ca
SOUrees oF CONTaNLNauon that are unrsiated 1o site sou

Bianks

et

VEZLN.

AUy proaucts. and nome
n pecomz contaminated rom owdoor

ars niors irequenty comaminated py the solvents used by the faboratory 10 #Un the anaivsis.



Soil Gas Sampiing Methods

Soit Gas Sampiing

Method Advantages

Disadvantages

Recommendations

|

Soil Gas Sampiing DOG

- To determine vapor concentrations In soil gas directly

associated with thhe Vi pathway.

adiacent 16 or benzath a building

»i poteritial conecerm

. — Dvacuarad canisters measurement of aly
COMCENTTations.
Frovide concenmation data

Active Soil Gas Sampiimg | Real time and divect

(e.0.pgm’)
Can show vertical
gradients.

af mrerest.
Samplers are
Not iimited by break
througt.

coliectad w aliow for

analysis bv severa!
anaiyses.

Can obtam derecuon inmirs
that meer reguiatory leveis

2ASY 10 USE.

Sufficient volume can be

assessment of precision o7

Equipment. certificatior.
and analysis can bs costiy.
Meay be jess sensitive 1n;
low permeability or high
maisture environments.
Large extraction voiumes
may pull artificialiy high
corcentratuons from
different depth or location,
LXcessive vacuums mayv
cause contaminani
parTitioning from scrbed
or gissolved phass,
Regulatory community
may be reluctant o use e
informarton quantatvel, .

Collect within same nime
period and jocation as
Indoor air, suh-siab soit
gas. and groundwatey
sampies.

Evajuate permeabihty and
moisture content. identin
low permeabtiity zonzs
and coliect from most
permeabie zones.

Use minimum voiume tha:
can achieve necessary
detection fimis.

Use minimum purge
volume necessary 16 {lush
svstem.

Seal _m'obé a1 surface.
Check for subsurface
shor-circuiting with
aboveground atmosphers.
Sampie al depths greate:
than 3 11 bgs.

Confirm lapcrator
nolding rimes.

Coitect dupiicare sampies.
Avoid sampiing after
significant precipitanon or
baromerric pressurs
fiucruatior:.

o~




Methods (Confinued)

Soil Gas Sampiine Merhod

AGVARTAGR:

Disadvantages

Recommendations

- bassive Soil Gar Sampling -

Ausorpents fmmioxsk

- (roresoroenk

More sensiinve o gerecuny
the pras
especialiv m ress permeabls
{siticiay s or nigy molsturs
UnLs.

Tine-weiglhned averags over
jonger perod nay cantlire
rans

MOk

ient condinons.

May be sampiet a shaliowsr

aeptns pecaust of the
SENBITVITY

Fivaropliooic agsorben:
MATETIals i ramizEe Qs
1S50LE.

Resuls ars mass o -
welgli per sorbeni. o
pracucal way (o7 4scel
protocol) ro neasurs flowrar
frough maerial,

May pecoins sawraled ai
mpher Jevels. resulring
queecurae cancenrauons.
Regulaory community ma
be reluctant o use thy
IMOrMALON JUalTiaTve

CONTAmIing

screging evel or
OERTININIE

More ypproonaty for
|

o wvels of
1% EXISE

Less cerain tor getermunng
21T VORI CONCEnTalions,
Callger method and rip
tlank:,

Leave sampiers in ground far
suflicient period of time

s

Colieat dupiicawe sampl

* Fiay Chamber Methods DOG

coneent

| To chargciarize the smission raes of volaiile cONStinents any use
rarions for puidmg Gooupant:.

iz information to predict exposurs poim

“uy Cuamber Metods
Sraue Chamber — o
contiiows (batcit) samnis
takan atier perod of ume.
Nuo sweep gas reqtired,
Dynamic Chamber ~ Samoic
taken aver meunmion period

Sweep gas required.

Can pe used 16 define W
SIMISSICN raes a8rass arn
enlire suriaes arey

Kegularory communiy not
famihar with approach and
may be reluciant o use s
miormation auaninativeis
Lacation of ciiamper may 101

fepressnt maxunum iy ar
RAE condinons.
Sammpiny s m a measure

of coiission rae. not of air
CONCERLTALGE.

Muluple chambers (minimuor
of 51 required o obauy,
CIMISSION FAlS MEUSUrenert,
Munmpiz sampies aver
ll'lCll‘Clé.(';(?D Derios I'SQUN’CCE
FENPESETATIVENSS:.

WIore exmensive 10 conaus”
ar active ar samping.

fer

Nat appronriate for
nasemiety,.

sige

Fiav throuch
valls must pe esumared.

Sampling. anaivnesal. ano
MGGelng MeTthoas Nust 1
chosen 10 meet regulaiors
jevels af concer

Lise BO21H and 82601
ananviics over TO-Method.
peCause require smaiie
sampie voiume,

Q5

O




Tahls

-4, Soit Geoie

chnic

al Sampiine Methads

Soit Sampiing Metbod

|

H

Advantages

i
H

H

Disadvantagss

£
H

Recommendations

Soil Geotechmes]

Sempies

bsurface geological formanon i

eion @ site~specii]

1o BRI
|

1

1

- Grain Size {ASTM D422

- (ASTM D2

CGeorechnicadl Sampling
and Anaivsis

7

- Moisture Content { ASTM

D2216)
AT anﬁ drv bulk density
9373

Towl porosity {ASTM
D&s4

o

Crinical imformavon for
appiication of EPA VI
Muodel

May be difficult to

a (i,t‘:(’;timi‘i}‘ represemn
norizontal and verucal
hererogeneny al some
sies.

Log solf 1o 1op of waer
bz o determine if there

ars varianons in sot
iithology.

Catect samp 23 from
different suil horizons,
Use 2 5-ineh ID brass o
stainless steel siegves o
minnze sampis
disturpance,

~

o3

~




Appendix E: EP4°s Occupied Dwelling Ouestionnaire

- . . o

Appendix ©contams the x,;c::up'led Dwelling Questionnaire” thar was onginaliy presenied i
the EPATs Dran Guidancs Tor Evaluaiing the f'am’ Tntrusion i
Groundwarer and Soils {Subsurivce Tapor rusion Guicanc

j;iz(.iuor Air Pathway irom
Pa 20021 "fhis formatior i
presented zwr»- 10 provigs an exampie 115 of questions to ask and 1ssues to be awars of wher

conducung ndoor a1y samples. Several state health deparuments aise pi ‘ovxdf: ndoor alr samnling

P
et
<5

‘\ &

Py

-~

checkiists. nciuding Massachusgetts (MassDEP. 7(0,,;‘md Californie (DTST Ll
ecomi nnnaad that a similar questionnairs be used when coliecting indoor arr sampies 2t DoD
SH2s.

OCCUPIED DWELLING QUESTIONNAIRE
Indoor Alr Assessment Survey

Drawz
[, Name
Address
Home Phone: Work Pnone
2. What 1s the best time 10 call 1o speak with vou” T Work or Home?

3. Arzvouthe Owner. Renter. Other (piease specifv)

o1 this Home/Structurs”

MRS

Total number of occupantg/nersons at this jocanon”

ot
ages

;L\-‘

Number of cniidren”

£

3. How long have vou lived ar this locauon”
General Home Drescription

&, Tvpe of Home/Structure (check oniv one): Single Family Home. Dupiex.

Congommium. 7ownhouse, Other,

7. Home/Swucture Description: number of floors
Basement” Ve, Na.
Crawl Space” Yes, Ne.
11" Yes. under now much of the house'sarea” %
€. Ageof Home/Structurs: vears. Not suw;x;"ténknown

G General Above-Ground Home/Structurs consirucuon (check all that appls

Wood. Bricl. Concrete. Cement blocis Other .

1C. Foundation Lonswucuon (check ali that appivy

G(:



Concrews siab.
1elasions,
Concrers blooh,

Zlevared above oTound grags.

Other

Pl What is the source of vour drimking water (check all that appivi?
Public water supnis.
Private well.
Bouled water.

Other. please spacin

3~ 11/ N

12 Do vou have g private well for purposes other than drinking”

o ~ T vl I PR s i
If ves, please describe what vou use the well

'.,

iz D¢ vou have @ septic svstem'” Yes, No. Not used. Unknowr,

o

i4. Do vou have standing warter outsiae vour home (pond. dirch. swaiel” Yes, Nc.
Basement E)%/“"mti(n"., piease check appropriaie boxes.

¥ vou do not have a basement ¢o 16 guastion 22

LIE4]

is the basemsn? Tinished or unfinshed”

4 Pl

1. [f finished. now many rooms are in the basemen:’

s o

FHow many are used for more than 2 hourséday®

=

17 is the basement floor (check all that appiy) concrete. tile. carpeted. dirw

3

Other (describes

8. Are the basement walis poured concrete. cement block. stons. wood. brick.

19, Dioes the pasement have @ moIswure probiem (¢heck one onivy?
Yes. frequentiv {5 or more umesivrl
_Yes occeasionally (12 TTes/ VT L
Yes. rarelv (Izss than | umesyrs.

1~

(1. Does the pasemem ever {1000 (cneck one onivy?

12
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~e

12
e

o
G

—_

28.

- -~ B -~

yes. freguently (3 or more umes

Yes occasionaliv (-2 nmesivr..

ves.vareiv {Jessthan | umenty,

NG .

Does the pasement have anv of the foliowing" (check all thar appivi Floor cracke.
Wall cracks. Sump. Floor drair. Other hole/opening in floor.

{describe

Are anv of the following used or stored 11 the basement (checi all that apply;

Paint. Paint swipper/remover. Pamt thinner.

Meta} degreaser/cleaner. Gasoline, Diesel fuel. Soivents. Glus

Laundrv spot removers. Drain cieaners, Pesticides.

Have vou recently (within the jast st months: done any painting or remodeiing i v

nome” Yes. Nc.

If wes, piease specitv what was done. whers in the home. ané what monti:

our

»
]
(93]
Z
I

Have vou installed new carpeung m vour home within the last vear?

~

[ ves. when and where?

Do vou reguiariy use or work 1n & drv cieaning servics (check onlv one box}”

Yes. use dryv-cleaning regulariv (at least weekly.

<
8
%)

. use dryv-cieaning infreguentiv (monthiy or ie
Yes. work at a drv clsaning services.

Ne.

Does anyone 11 vour home use solvents at work”

Yes. I ves. how many persons

NG. [ ne. go 10 auestion 2§

[ ves for auestion 26 abave. are the work clothes washed ai home”
Where 15 the washer/drver located”

Basemen:.

Upstatrs utility roon:.

~itchen.
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Led
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e
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Liss g Laundromat.

(tner. piease snecify,

vou have & drver. 15 it vemed w the outaoors? Yes. No.

i‘ H
i

What VDRSS O homs nf-’avm' do VQau nave (check all ta 3?{33_\" :

el tvpe: Gas. Oil. Eleciric. Wood, Coal. Other

-
I3

Heatl convevance svsiem. Foreed hot air.
rorced hot water.

Sieam

Radiant floor heat.

Wood stove.

B “*)ic‘f‘".

Other

Do vou have air condivtoning? Yes, Ne. I ves, pleass check the appropriate type

Centrat air condirioning.
Window air conditioning unitis;

Jther.. please specity

-~ oy

O
Do vou use anv of the foliowing”? Raom fans. Ceiling fans. Atue

Do vou ventilate using the fan-onlv mode of vour central ay condivioning or forced air

~

heating system” Yes. No.

Has vour home had termite or olher pesticiae treaument y'e:

If ves. please specify type of pest comroljed.

fan.

Unknowr.

{85

and approximate date of service

Water Heater Type: Gas., Slecric.. By furnace.. Otney.

Vvater heater location: Basemen:. Upstairs utility room, Garags.

deserine!

What rype of cooking appliance do vou have? Eieciric. Gas. Other.

i5 there a stove exnaust hood present™ Yes, No.

Does 11 vent to the outdoors?

Smoiing i Home

)



1

None., Rare (oniv guests;

Moderaie (residents Helt smokers .

Hezave (al feast one heavy smoker in houssholds

S N
Yes, NG,

38 [T wes o above, what do Yhi‘»} smoke”
Cigarettes, Cigars, Pine, Other.
3% Do vou regularty use air fresheners”

4. Does anvone

in the home have incoor bome hobbies of crafis inveiving: None

Heaung. soldering, weiding. mode! glues, pant. spray paint.

vood finshing, Other.

Please specify what type of hobou:

41, Greneral family/home use of consw

Never = never use

once/month. Regulariy = anout onc

¢. Hardiv ever =

T products {piease ¢l

role appropriate i As
iess than once/month. Gecasionaliy = abouw

e/wesk. and Often = mors than once/weel,

Product

' Frequency of Use

Sprav-on deodorant

Asrosol deodorizers

insecticides

Disinfectants

- Window cleaners

; “'T.)Tu\ -On oven cieansrs

Natl polish remover

Hair sprays

42 Piease checic weekiy household

Diusung.

Dry sweeping.
Vacuuming.

Polishing (furniturz. etc:.
Wasning/waxing floors.

Other,

cisaning practicss:

gL
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/—&Dpendi}: F: Sampling and Anaivsis Costs for Evaluating the ¥ apor
Intrusion Pathway

This appendix provides Remedial Project Managers (RPivis: with general costs for selec
sampling and analvtical methodology considered appr opriate: far evaluating the vapor intrusion
{VI) pathway. 1t should he noted that this 1s not a complers list of methods available Tor
evaluating the VI pathway, and that other mctnuas may be appropriate based on the
characteristics (size and compiexity; of the . Sampling mediz. installation piatforms.
collection methods. and analytical requirements are site-specific. Several factors to consider
whern planning a sampliing and analytical program for evaluating V1 sites include the foliowing:

«  Agency (state/federal ) specific sampiing protocols may drive {he appropriate sampiing technigue.

« Agency fqmtmc,d eral) screening criteria will drive the necessary detection limits. and subsequem
analviical choices, for each: site.

«  The sampling and data evaluation methodologies used to assess the VI pamwm can vary from
state 1o stare and Environmental Protection Agency (EPA) Region to EPA Region. It is importan:
1o ciearly understand the regujatory setung for & given sits and deveiop the sampling and anaiv
program for evaluating the Vi pathway accordingls.

Table F-1 provides cost estimarzs for various sampling methodologies (organized by media)}
L.S“d in evaluating the VI pathway. Table F-2 provides cost esumates for the most commoniv
appiied analvses for evaluating the Vi "]’dfhwaj,'. Table F-2 ajso estimates costs for characterizing
physical/geotechnical parameters used n appiication of the EPA VI Model. These estimates do
not refiect the labor costs associated with sampie coliecuon. d"*" management, and data
evaluation. In addition. mobilization costs typically are not inciuded and there may be
significant cost savings it e significant number of samples are being coliected. The costs
generaliv reflect the costs ra’ may be mcurred per sampie for locations where appmmmatei;
one to five sampies are being coliected.

s
T

Nov These costs were accurate az the ume this appendiy was prepared but are subject 1o change

G



Estimates for

el
I3
L

ypical Sample Collection Methodoelogies

Sampling Activin

Baygis

Clost Estimate’

Srrounnwarer

installanon emd Sampling Me

thods

Monioring well

instali. aevelor. Z-inch insiae alamerer (10) well w 115 1 bas ~ 1ocal mob
and demol- Assume $65 ner 11 Excludes sampiing costs Nate: ner well costs
will decrease shgitiv gt h number of wells to be instalied ncreases

$1.300 per well — samuin

Qs

Lareci-pusn metnodorogy

Per sampie cost usmg dire
locnl meh and demob

el pash tecinalagy ta aepin of 160-15 1

Ineitce

$206 - £250 per direc: pusi

steei canister

i
]

from $65 [oarch] 1o $1230indvidual’

sampiz
Air
i inaoor/Gurdoor A1 Sampimg Methods
Activy, — evacuated stainess Per sampie 6L canisier = flow controlle? = fitungs/wumng {ecrircarion vares $1at - 2250

Passive ~ aasorpent bac

Casr per constient-speciie dadgc

() per haage

Sub-sgiab sampime

instal sampier ar 3-10 1t beiow inunoauns Cu conerere and use

manual (yack namemer;

direct push ot

5300 = 50U per staliavon
{excludes sampler and
anaivsis)

oil Gas

Instaliavian Methods 1excluges

sampler and analysig:

‘Temporary or sem
perimanent brabe witn
sampl? waw

$500 = 5700 per prons

instali imert b
auger

Wit Mdnd

Instail i+2 sampie parts. wWith air rotany or hammer arilt w max eepti of 20 7
ngs
insiali 10212 wibes withi Z-1tand <-fsamphing inervals

S100G - $3.200 ner day
WITH CONTTAETar ar apatl
$100Aube Tocanin

Statie fluy enamper

insiali 3-5 fiux cnambers around buIldiNg Or TOGINTIRG WD DRNIOA I Sampling

31506 -3
cnamber

SO0 ner

Sampimg Nicthods

ACTve — Bvacudied stamless

w

el canister

(-L. Staness steel camsizr - fiow contrai
varies $65-3123;3

er - flIungsiumng

cerTimnean o

Active — bvacuate
steel camsice

¢ Stalmess

frer sampis With mini-can (350ec) canister = fow cantrolic:
{certificanon varies 21 foaeh| - $120 Tmdvidual |

- TTMES/TLDIL

$ol — 8200 per cansier

Active - agsorbeni-filied
raps

LosL per sampie yor polvmeric apsorpent 1e.g. enay™ 1 m inciude

canridges/tunes anda pump rental

Sampic

$24:— S50 per sampie $7(-
F100 per week for pumy
renvai

Aerive - Tediar

DUZ~

Fer samipie - TTediar bag + pumy

$10 =515 per peg — pumy:
ang "(ilul)l" fimng cos:

[assive — bBuriea aasorben:
(EMFLAINde ar GORE-

SORBE

er SAMDIL INCIUCRS dNGivEls | QEDENUN AN CONSTILENLS ;

204, —

Soi!

S0il DOrNSS TAF AE01RCNNICA:

T samptes tron srsteel sieeve Lo demn
per it inclodine iocal moo and demoh

Piv e

AboLlt

FEUG = §1.000 per vonng

Snil borings o

enviranmental samphing

Conunuous _\de g i z-meh 1L Apnut s

gemar

bE5 ner [ Inciuamg 16ea maob and

FEUG - 51.000 per bonmny

Labar

and analvtical costs Nar g
2 Maobiiizaoon COSLIE Vary nased an $ize o1 S

uded  See Table

2 jor analvucal co
SoIme cases. lacal moti

simaied

Qon Costa gre ¢

IS sl




Table F-2, Cost Estimates for Typical Analviical Methodoiogies

Used to Assess the VI Pathway

Sampie Type

] General Detection Limitations’ |

Estimated Cost”

- Groupdwater

VOU - §W-§46 Method §260F |

P~ 10 ny

5130~ 36l

VOO - SW-840 Metnod 8260bB-
Siv

0.02 -

§176 - 8250

- Alr {indoor. Qutdoor. Sub-Siab. Soil Gas)

| TO- !

0.07 = 100 ppbv

S50 - $200

T ugmy

3206 - 8300

- TO-t4a andior TO-15 - Standard |
- TO-1ia andior TO-15 ~ 5IM !

-
<

pem’

[ 0.2~ 25 ppbv

‘:_«
o3
1
o
<
us}

OO weim”

$10C - §150

[9a)
—
=z

hSN

16 ugm’

P BI3A - 5200

 Geotechnical Analbysis

Dascripuon

¢ Tortal Porosiry

Inciudes wet/dry densitys moistures,
specifiz gravity and calculations for
POTOSITY

540 — 56l

- ASTM D422 Grair Size

Steve or hvaromater

L ASTM
. Matter

0297+ ~ Toral Urganic

$70 ~ 580

530~ $40

1 N - 4 s .
- Byaraulic Conducuvm

Rigid wali test for ciavs

Flex wail test Tor silws and ciays

i Deection limis vary by comuminan.

COMPATISON DUTNOSES OGNV,
20 Loste vary by nimber of constinuents

and orher interiersnces.

sampls Size.

and numboer of sampies being analvzed.

3

(_:.
7L

i.irnits nresented in tins wbie are {or gen

“Tal
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Appendix G: Assessment of Background at Vapor Intrusion Sites

Introduction

This appendix highiights issues assoclated with assessing the contribution of background
sources to indoor air at vapor intrusion (V1) sites and presents a suggested approach for assessing
this background contribution. The purpose of the background assessment 1s to focus the Vi
pathway evaluation on volatile organic compounds {VQOCs; that are related 1o impacted
groundwater, soil. ar soil gas and, 1o the-extent possible. quanm}- the conuribution of chemicals
thar are present due to backeground sources (e.¢.. building materials. human activiry pauerns. and
outdoor air). Backeround assessment is important when investgating the VI pathway because
the purpose of the VI evaluation 1s 1o estimate the incremental risks attributabie to releases from
& site. without contribution from background sources.

Evaluation of the VI pathway is ac“omniished using a three-tiered approacii. The tirst two
tiers use data from groundwarer. soil gas SOIl anc mvoive comparison 1o conservative risk-
based concentrations (RBCs) and mode img ter 11 rehies primarily on direct measurements of
near-siab or sub-slab soil gas and/or indoor air 10 examine vapor migration and porentai
exposures in more detail. Because of the difficulties in assessing background air contaminatior:.
Indoor air sampiing 1s typicaliy the last step of a remedial investigation ’)Flh"“ Vi pathway. By
the ume a site proceeds t¢ Tier [IL, the decision of whet‘ne" e msmL & V1 mitigation system may
be driven by a ume-critical scheaulz, and this requires a practical approach that transparentiv and
relatively quickiy assesses the risk assoclated with VI, A iist of common housenoid sources of
packground indoor air contaminants 1s presented i Exhibir G-1.

Measured concentrations of VOCs in Indoor alr consist of three components:
1. VOCs Trom subsurtface Vi
2. VOCs from indoor air background sources

. VOUs from outdoor air background sourc

(&8

© When determining whether VI is impa tn g tne buliding at ievels of concern. it 1s important
te evaluats the contributions from sach of these sources. Therefore. for ali direct indoor a1
measurements, It 1s recommended that co-lc \,L{EEC and concurrent groundwater. near-siab oy sub-
slab soil gas. and outdoor air sampling be performed so that the potential confounding factors
(e.c.. background concentrations) can be evajuated. Co-iocated background sampies shouid
focus onlv on targer VOCs tie.. VOUs that have peen detecied in soil soil gas. and/or
<rrounc1watﬂ' atthe sitet 1 heip focus Turther assessment and pmemia‘: mitgauon on those VOUs
known 1o be associated with the groundwater. soil or soii Also, it mav be appropriate al
some sites 10 coliect outdoor air sampies when (,oll t__ 5O gas adjacent 1o {nzar-siaby and
peneatn puildings (sut-siabl. The influence of backeround sources of VOCs on soii gas mav L':
particuiariy important when sampling near lanafilis and geological sources of VOUs such
naturaliv-occurring petroleum:.

(" <

Purpose

Tire purpose of this appendly 1s 10 present an approach that can be used by Remedial Projec:
Managers (RPMs110 assess the conmribution of packground sources to inaoer air at Vi sitz

QG



This approach uses HISFature values in CONJUNCIIC! Wilr site-speciiic outdoor air mmsmﬂmwr\

10 determins whether the contaminants detectsd In maoor air are arribuiable 1o Vi from tne sit
and. if s¢. what concentrations may be auributabie 1o packaround sources

The approaches for colize 'zwg and anaiwiw samples. determining background

CONCENLratlans. am determinin noxf“[\ sess Indoor alr concenurations for conwributons irom
bacikground i oraer 1o aetermi in= wheth 1on 12 warranted should be considered auring e

data quality objective {DQQO) process and agreed 0 by the appropriae reguiatory agencies prios
w the collection of data.

Background Sources of VOCs in Indoor Alr

Background concentrations of VOCs in inaocor air are caused by use and storage of many
common consumer products and building materials {z.g.. paints. housshoid cleaners. giues
fimgernail polish remover, aerosol spravs. tobacco procx ICrs ,sc:m*'lv 0ry~c:eaned ctothes
carpeting. sheet-rock. plvwood. and sheet viny! 'f"10(>z'i11g}“. Analvucal methods. which are often
reguired 10 meet su'rwparz per billion (ppbi risk-based method detection limirs (MDLs). can detec
VOCs 1 indoor air that are emitied from these commeorn | "10usf~**hold products and bullding
materials. Background contamination in cutaocor air aiso will influence indoor ai:
concentrations. Typical urban contz-nmmm sourees to outdoor air include nearby gasoime

rations. automabiie exnaust, dry cieaners. fue! storage wanks. dizsel motors and genarators.
industrial facitities. and landfills. Gurdoor air typi ual v enters a pbuilding through infilratio
natural ventiiation. and mechanical ventilatior. Studies have shown thar VOU background
concentrations are consisientiy higher inside a building than i outdoor air {Zhu et al.. 2003:
Girman et al.. 1999

Approach for Assessing Background at VI Sites

Assessing the contribution of background sources 1o measured indoor air cones tmt‘em
often requires a multi-facered. “weighi-of-evidence” approach and should be factorec e the
overall assessment of Vi throughout the remedial investgation. |n addivion. once it is
determined that measurement of Indoor air is needec. a direct approach for evaluating the
contribution of background sources 1n ndoor air and outdoor aiv should be established. Witnin ¢
building structure. both indoor and outdoor backeround sources may imerfers with. mask. or
enhance site-related concentrations migrating rom groundawater. soil. or soii gag. The
contribution from outdoor air can be measured through site-specific sampiing.

Backeround Indoor 4@r Concentrations

indoor air background concentrations can '“: determined »mv" by use of frerature vaiues
-epresenting background or by collection of site-specific indoor air vackground samples {rom
‘“*rb\ control sites. Howsever, thers are numerous diffieulties v ’f’l the collection of ste-specific
indoor air background samples. As statec in the New Jersey Departmem of Health (INJDEP Vi
Guidance (NJDEZP. 2005z

“Building interiors do not generally provide for ;\gradisn“ or ‘non-impacted’ sampling
jocations I order 10 establisn background indoor air concentrationa. Thus. an alternarive

which 15 taken from Apnpe ndix M of the

ingredients in typical household products are shown in Exnibir G-
NIDEP VI Guicance (mn ; :
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approacn 13 nece Tor indoor air A8SLSSMENIs T0 GISIHRgUsn backeround con@aminauon from

site refared V 1.'
Thereforz. the preferred approach Tor determining inaoor aly background ¢ O]l"“ﬂ[auti()ﬂ
the usz of terawre values. A discussion of the ssues associated with Si'iS-SD“"I [c ndoor
packyround sampling alse is presemed. although it 15 not the recommended approach.

Literature Values

Literature values pres ~Pm the most feasible way 10 represent typical background
concentrations of VOCs and. therefore. are the recomme m‘ec approach. This is ons of several
imes of evidence }1‘0‘;‘)-”}8661 by several states and the EPA (EPAL 2002 for assessing the impac:
of packground contaminant sources. Specifically. it 15 recommended thar literature values be

used o represent the indoor air component ot packground contamination in addition 1o measured
concurrent site-speeific outdoor air values,

Literature vaiues for background concentrations of VOCs in indoor alr have been reported i
tocal, ,reg}onai. nattonal and internauonal studies. Appendix F of the NJDEP Vi Guidance
Presens a simmary o‘x’“ availabie literature studies through Juns 2002 ma‘ were conducted
primarity in urhan areas throughout the United States and m“us d on packground levels of VOs
in homes and other structurss (NJDEP, 2003a;. Fifvv-two VOCs were included m the summarsy.
The guidance suzgests thal comparison with literature vajues 1s most practical for commonh
occurring and frequently studied VOCs (1.e.. benzene. carbon tetrachiorids. chioroform. p-
dichiorobenzene. ethylbenzene. styrene. tewrachloroetivviens [PCE], 1.1 -wrichiorosthane.
wichloroetiiviens [TCE], toiuene, and yylene !

in addition. " abis -0 In the EPA Draft VI Guidance {EPAL 2002 provides & summary of
background concenurations a@m ed from e1ght [erawure sources. The EPA 1s continuous!y
expanding the V] database DuDIlSHEu or otherwise documented “background” indoor air dat
N order to identiny s idies with data sets of known and acceprable quality for t'nm V] darabass
(RTL. 2003 A hist of the studies most commonty referred to Tor fiterature vajues, including
several recent studiss. is presm ted 1 Exhibit G-Z

The results of these studies highlight the difficulnes of distingu ‘,g_ aciground indoor air
rom VI sources. parmu;ar}\ for those chemicals with nsp -based action ievels that are oneg or
two orders of magnitude betow the median background indoor air concentration indicaed by
these stdies. A comparison of measured background mdoor air fevels with regional risk-based
limits for TCE and PCE is shown in Figure G-1.

UQ

When selecting appropriate iiterature values. one snouid use the datw from the literars
judiciousiy because it can be highlv variabie and difficult o evaluate for (he purposss of
representing sxmaspe:mc baclkground concentrations. The sampling and analviical methods
employed may be IConsistent between studies, and e detection jimits are not diways adeguate
forn 1ea<;urmg background concentrations at the leveis required for risk anajvsis. For exampie
studies will vary berween urban and ruraj areas. and banwveern Duiidmgs willl heating. ventiauon.

and alr conainioning (HVAC) svstems and those with passive venulation. When selecting




appropriaic {iterature values for use i a b
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Figure G-1: Comparisep of Literature
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Fmally. it is very important 1o estabiishi the basis for selecting valuss from a particuiar st
during the DQO planning process and to reach mumai ATELENT v'uth the reguiatory agency on
these values and how they will be appiied to site data. Some stares have snecified background
;on“'ﬁ‘m‘“m ons Tor chemicals with avaitabie daw. For example. the ;\z‘iz.s;sa.cnusetts Deparument of

cnvironmental Protecuon (MADEP) developed indoor air background concentrations for
cnen’ncals commonly seen at disposal sites and uses these concenmrauons in developing their
Magsachusetts Contingeney Plan {MCP) standards (MassDEP, 20001, New York State
Department of Health guidance \NVQDUI—! ) recommends that the Massachusetss vaiues be used.
when avatlable (NYSDOH), 2005 e Connecticut Department of Environmental Protection
(CDEP. 2003) also has specified bduwrounc atr concentrations and these are added to risk-based
rarget alr concentrarions to obtain the target air concentraton that is used for comparison o
Indoor air concentrations.

Coliecting Site-Specific Indoor Alr Background Sampies

Background indoor air sampiing is not rﬂcommendcad for most sites due to chalienges

obtawning a representative sample. Slt“ specifie background indoor air samples cannot be
collected from a builaing that may be impacted from subsurtace Vi, Therefore. sampling musi
occur from “contral ” buildings (i.e. buiidings con cred of similar marsrials, having similer

lavouts. and in an area with simuar oumuor ar [lcl"‘KUI‘OLHd conditions. These “controi™
buildings must be located in an area where VOCs-are not detected in the subsurface (1.e.. soil,
groundwarer, or soil gasy. Howsver. even in similar buildines having similar ouidoor conditions.
the acuvities, o roducts used, and occupancy patterns with the building can lead 1o high
variability 1n background indoor air concentrations. Factors such asg cigareme smokmg, use of
palnts ar solvents. fireplace use. vehicles in 2 garages, or keeping windows open or closed ¢z
affect background indoor air concentrations. making 1t difficult w coliect 2 sufficient number of
sampies to overcome this variablility and uncertainty. For this reason. the use of literature values
based on large numbers of sampies can be expected o provids a more acceptable esumarte of
inGoor air background concentrations than sne-specific sampling.

Although not recommended for most situations. there may be specific cases wn re sampiing
background indoor air is determined 1o be appropriate. such as a large area of tract housing on &
base where many simiiar houses are present both within and outside the potenualiv affecred areas
and where g large number of homes are potentiaily affecied. However. if indoor arr back ground
samples are collected. 1t is important that the sampie size is large enough 1o account for potentia!

variability in individual buildings,

The following issues aiso should be considered before deciding w coliect background indoor
air sampies from “conwrol” builaings:

i. A sufficient number of samples must be collected 1o stavisuically address the variability associared
with differem acliviue:. product Usz and occupancy patems.

3

2. Background sampies should be 0] cted concurrently with indoor air samples and 1 may be

difficult 10 mob ]!TZC 2 slatsic s viabic t;amvmunu Samr\hn\ brogyam concurrenti v with the Vi
S’I"HDHQF CVETIL 1‘Dwa o 'ii{'JCEC(: & differsm 33\ O §2a80T IMroducs more ’»aTI" iy



30 Mobilizing & Vi investigation m any community reguires sienifican communication. oureach.
and fogistes. Expanding the sampiing program 1o inciude buildings ourside of the investigarion
area (Le.. area not impacted vy Vi adds ¢ new component of community outrgach and jogistic

4. The time necessary 1o coliect & statisticallv-viable background dare set from “conwrol™ puiidings
and reach consensus with regulatory agencies may excead ume-criticsl scheduies for deciding
whemer or nat 1o install @ mitigarion system.

For these reasons. background sambiing of indocr air from “contro!™ buildings is not considered
a feasibie approach for most sites.

Outdoor Backeround Samples

Ourdoor air sampiing is recommended because 12 provides background concentralions oursids
of the building being investigated af the time of the indoor air-zsampling event, Furthermore,
outdoor air sampling represents site-specific background concentrations. which can vary
significantly over short distances. In most casze. outdoor air sampling should be performed
concurrently with the mdoor arr Sampiiw* event {and 1f dpmoonam LQﬂvLI‘l‘ ntlv with near-siab
or sub-slab soil gas sampiing event) usmge the same sampling protocols. and the samples shoulid
pe analyzed Tor the same target VOCs identified m seil sotf gas. or groundwater.

When collecting site-specific background outdoor air samples 1o support & VI investigation.
there are three components of the investigation that are integral to the assessment of background:

« ldentification of target VOUs.

« A siwe visitand building evaluation performed i advancs of the indoor alr sampling event 1o
identifv and minimize the impact of Odu\mounc‘ mdoor alr sources and determing locations
for indoor and outdoor air sampling. Exhibit G-3 provides a sampie building evaiuation form
thar can be used In collecung ihis informarion.

o Stte-specific outdoor air sampies coliected concurrently with indoor air VI sampies.

Using only outdoor ai - concentrations 1o represent backeround underestimates the trus
background contribution because it does not inciude potential contributions from indoor air
sources and human acuvity patterns. For this reason. the use of both ourdeor aw background
concentations and mdoor air values from lierature sources shouid be considerad during the
DGO planning process for the site

Tdentifving Target VOCs

ldentification of target VOCs 1s kev o limiting the scope and complexity of the Vi
investigation and agsociated background assessment, Targst \f\)’~ (i.e.. chemicals detected In
eroundwater. soil. or 501l gas that are consequentiv candidates for V I;: should be identitied prioy
1¢ Vi sampling. In most cases. & well-developed conceprual site model (CSM) and the
investizations leading up to Tier Il {1.2.. indoar air sampiing) shouid provide sufficient
agroundwarer, soil. and/or soil gas date that can b2 used o wentify targer VOCs., Generally.
imdaoor air Vi sampies, ourdoor air sampies. and concurrentiv-coliected soil gas samples should
be analyz“c oniv for these targer VOCUs and potenual degradation products. However. some
statzs. such as New Jersev (NJDEP. 200325, may require analysis of the full list of paramerers
(bac,ef | on methodology) during the midal rounc of mdoor air sampiing. then allow a reduced iis:
Jin future sampiing 2vents, ‘



Using Sub-Siab Sampiles to Confirm the Presence of Targe: VOCs

VWhen sampled concurrentiv with indoor atr, near-siab or sub-siab soil gas sampling can be
effective in differemiating sources of mdoor air contanmation from VOCs associated witn Vi
originaring in groundwarer. soil. or soii gas. Whiie not used directiv 1 quantify backeround
contributions. the near-siab or sub-slab dam can be compared with indoor atr gata to confirm the
presence of target VOTUs. It snouio be noted that sub-slab sampling may not be well received by
the building owners. particularly in residences. and may not be practical if permission cannot be

sily obtained. Addinonal challenges mav b2 as 580 ated with sub-slab samphing of industrial
oml *gs Factors o consider when deciding ’f su vaiab sampling is appropriate for an industria;
building inciude thickness of sltabs {as industrial slabs mayv be SLan’L?tI"Tl’l[ v thicker thary

esidential buildings). Dmnnua; for utifity iines beneath the siab. and imterruption of or
mrerference from industrial operations.

Site Vigit and Building Evaluation

The site visit and building evaluation s a necessary component of the muhi-faceted approach
for assessing backeground. Prior to coliecting indoor air samples (or nzar-slab or sub-slab
sampi si. at least one site visit and bunamg evaluation should be performed 10 determine
notential sources of conmaminatior. The site visit should include a pre-sampling interview with
building occupants. Exhioit G-5 contains a sample building evaluation Iom" ”mf‘f a list of
instructions for occupants of buildings. which should be foliowed at least 24 hours prior ¢

well as during. the sampiing event. Information coliected on the Dullam: evaluation form wi I
be used (0 document surrounding condiuons at the time of sampling in order 1o provide & betr
understanding of potential vapor entry. air circulation. and background sources of conaminants,
The level of detail collected during the bullding survey should be tailored 10 the needs of the
speciiic site. Alsa. several reguiatony agencies (2.¢.. NJDEP [2005a] and DTSC ,J}Ow;: aise
provide building evaluation forms and occupant struct tons. which the Y may require 10 be used
at a particular site. ThereTore, the regulatory agency should be consulted prior 1o the site visi.

»  The sita visit and building evaluation provide information used throughout the VI
investigation. Building characteristics (e.o.. bullding and foundation ypz. number of floors.,
heating and vemilanon svstems) provide information used in evaluaring the Vi path way.
Building characteristics are important parameters when using the EPA Vapor intrusion
Spreadsheet Model to esumazte indoor air concantrations from subsurface dara (EQM. 2004
T‘xm walkthrough aiso aliows the investgaror o identify potential points of V1 into the

tructure and preferential pathways. [t is also the time o select possible indoor air samw,
mvanons,, informarion can be gathered from observatons and the imervi ev that can 1dentifs
patential background sources of contaminants unretated 10 VI in addition, It may be
appropriale 1o use Tracer SMOKE 1ests or other methods to confirm pressure relationships ana
atr fiow pamems. especiaiiy between floor ievels and between suspf‘ct% COntaMINant sources
ana other areas. For some sites, particulariy industnal facilities. it may be advisable 1¢
mvoive a mﬂcnanicai engmeaer in tne site vishi and puilding walkthrough to provide a berer
understanding of the ventilation systems and potential pathways for Vi, informaton on
vajuatng puilding air fiow paru:m% 15 contained in Appendiy L
Specific 10 background. the builaing evaluation heips to identify numan acuvitias. consumer
products. buiiding materials. and furnishings that may contribute 1o \/()u In ndoor air. At this

time. anv outside contaminant sources that may exist near the building aise should pe identified



and sites for coliecting the outdoor air samples should be seiected. During the site visit, potental
sources of VOCs i the building should be 1aentfied by visual observation and by usin <: & phote-
onization datector (PID L or similar alr-monitoring device (INJDER. 2003b;. PIDs now have the
capabiiy of providing parts per bililon by voiums fnnb\:‘ geiection and are appropriate for
performing a walkthrough and identifving potenual background sources. However, PIDs are not
appropriate for measurmg background cor centrauons of individual V t,)«ux

[ possibie. chemicals found during the bu'lding evaluation shouid be removed from the
building prior to collecting indoor air sampies. [f source marerials are | e*noved from the
buildmg. 1t s recomumended that sampiing be delayved for a minimum of 24 hours. Id=alls
building wm[ d be ventilated during this thme to “acilitate removal of the potential source

marerial(s) from mmdoor air

s, the

Voluntary participation and an waividual’s right to privacy are very important when
conductng indoor and outdoor air sampling. It should be recognized thar some occupants mav
ot be able 1 follow all of the pre-sampiing instructions and these situations and resulting
sampling conditions should be noted. Ultimately, communication and coordination with
building occupants, owners, and reguiatory a wpacv-* ‘e CTITICA] COMPONENTs 16 & SUCCessIu!
evaluation and should be considered during the DC )u planning process.

Sampiing Appreach and Methodology

Outdoor air samples should be collected that are representative of outdaoor air conriputions 1
indoor ait. Baclground outdoor air samples should be coliected during the same sampimmg eve
and timeframe (generaliv a 24-hour period Tor residential. or an &-hour period for occupational
as indoor air V] sampies. [f a building iz sampled more than once 1o measure temporal or
seasonal variability. outdoor air background samples shOLzla pe collected during each event. It
should be noted i‘haz outdoor air sampling is recomimended for essentialiv all sites where indoor
atr is being sampied: however. collection of outdoor alr sampies mayv not be necessary at all sites
where pear-slab or aub—siab soil gas are being sampied. T}}" need for outdoor air sampling 16
support near-slab or sub-slab soll gas sampling should be determined based on site- 3pc:;ihf
conditions.

Recognizing that outdoor air can be highly varia’o'ff: over tme and space. a site-specific
sampling strategy should be developed for each site. Factors to consider in determining the
jocations and numbers of outdoor air sampies Include the following:

Because air concentrations have the potential for ingh variability over time and space. several
outdoor air samples should be coliected and used to obram a representative background ourdoor
air concenwation for a particuiar building or group of buildings (2.¢.. calculating an average
(utdoor alr sampies should be ¢ ,o!lected from iocations thatare generaliv upwind from the
puilding or group of buildings being sampied (2.¢.. based on prevailing wind direction and

eather forecasts i however. It (s recognized that wind directions can vary widsly over a shon
period of tume and the wind direction cannot alwayvs be accurately predicted.

The sampiing device should be placed in a secure Jocanon ar ieast > Tt off the ground (1o

approximate breathing zone and to avoid the influence of contaminants being rejeased from

1

C



seilst. The device also should be piaced away froin wind breaks such as v bushag where

air circulation might be reamicied

Outdoor air sampling jocations spoultd be seif::;ta ¢ avoid the influence of' ndooy air being
emined from the building tiself. This 18 partcuiariy important for indusu ai cilities, To avoic
this. the outdoor air sampiing asvice should not be pia ed near or downwind from kKnown
butiding exhausts.

1f several buiidings located in close proximity o each other are being sampled concurrentiy. it
max be appropriate 1 use the same set of outdoor alr samples 10 represent outdoor air at all of

these buildings.

Again. the sampling swategy should be developed 1o best it the site and obtain the most
presentative samples @iven the inherent variability of outdoor air.

Bacicground outdoor air sampies shouid be collected vsing the same ,:r ocedures and analyzed
using the same methods as the mndoor air Vi samples. indoor and outdoor air sample anaivses
should focus on the targer VOCs that were identified in groundwater. soil. or soil gas. Samples
snould be analvzed using a method that cair achleve mirimum ¢eecton imits comparable Lo
risk-based action levels applicable vo the snie. The ZPA has developed a series of anajvucal
methods for measuring VOCs m air. known as the EPA Compendium of Methods for the
Determination of Toxic Organie Compounds m Ambient Alr (also commoniyv referred 1o as the
TO-methods). The EPA s TG-methods for analvses are specitic 1o the samniiw method and are
frequentiy recommended for air sampling associated witn the VI pathway (ses Appendix D of
this document). Background outdoor atr samphng should be conaucu,d wmw thf: same guality
assurance/guality control (QA/QC). as investigarive air sampling (i.e.. the gir sampling
performed at buitdings where VI is su%nec‘tﬂ‘dn As noted in prendi"v D. a comprenensive
review of the QA/QC requirements for Vi sampiimg can be found in Appendix | of the NJDZP
VI Guidance (2005a}.

Assessing the Contribution of Background Sources to Indoor Air

Another method for incorporating consideration of background lsvels is 1o compars the
hackground concentrauons (botn indoor air and outdoor air! to the Measured 1A concen mt’or
and present these as iines of evidence te demonstrate whar portion of the VOC concenmratio
attricutame 10 Vi

Evaiuating Backeround indoor Air Dara (BKG L4

When sejecting an appropriats sm rature study(s) o reprasent backg 'OLmd CONCENnTanons m
indoor alr. investigators should consider the criteria discussed elsewhers in this appendii. As ¢
Starung point. invesugators shouid propose 1o use the central tendency ‘{:.«v.. mecdian ) valus w
represent BKG 1A, Many studies provide the central iendeney background concentration and
soms state guideiines {¢.g.. Connecticut) use the central wendency BKG iA value 10 adjust {or

repiace) target air concentrations (CDEP. 20031

There mav be cases where the selecied BRG 1A vatue Tor a targst VOO exceeds the VO
TiSE:‘.'?»?a‘;ﬁd screening Hinyt for indoor air. These cases should be mscussaa during tne DQU
process. Ifthe BRG 1A vaius excesds the nisk-pased targer VOU vaiue. then the BKG 14 value



should replace the risk-based value as e targer VOO concenuralion: s not possibic to clear
up pelow pac *T"Qund lzvels,

If measured H CONCENITATIONS are apove t" £ risk-passd targer concenration bui nelow the
siected BKG 1A concentravion for the target constituznt. this can be used as onz iine of evigsnes
that the observed cOnCenirations are atr mimhu w Oct’\I\UTOL!nU contaminauon rather than
therefore. should not require mitigation.

{f measured 1A concentrations are above the risk-based targst concentration and aiso abovs

selected BKG LA concentration for the target constituent. then the background concentration can
pe compared to the measured concentration 1o determing what porrion is contri Dut"d by
background. and a discussion of whether the risk would exceed the targer after background is

accounted for can be ;3 sented, If the concentration with background m*]ovoa would not
excesd the rarget level. then this can be used as evidence thar mitigation should not be required

Evaluating Background Guideor Air Data (BKG QA

i

A minimum of o sm—sp%m BRG OA sample should be collected concurrently with the
indoor aif' samples at each building or group of bulldings: however, It 15 preferred that several
BKG OA samples are collected and averaged, [T multm 2 Indoor air samplimg events ars

aunf-\ | tas is usualiv the case m order to account for seasonal variation;. then outdoor
amples should be collected ar the same time and in the same area as each of the mdoor ai’r
sampxmg avents

Other 1ssues 1o consider when evaluating BKG Oa vaiues inciude the foliowing:

« in the event that muinple outdoor air samples are coliected 1o represent a group of buiidimgs
and the BK.G OA i1s the only value allowed 1o represent background. investigators should
nropose T use the maximum value because the BKG OA is likely 10 underestmarte the total
concentration o*’“"b“cligmun d sources conribuiing 1o ndoor air concentrations (Zhu et al..
2003 Girman et al.. 1999, If used in conjunction with BKG [A. then mvestigators should
proposs 1 use the median value

» I the BKG OA concentration exceeds the risk-based limit for a targe: VOC . then the BKG
OA value should supersede the nisk-based Hmit for the rargst VOL.

o [fihe BKG QA concenwalion excesds the n“asui ed 1A concemration. which may occur in
some urban environmenzs, then this VOO should not be addressed as & Vi targer VOC. In
tnese cases. the agency may request addiiional BRG OA sampiss 10 assess the validity of the
ourdoor air resuits.

Other Factors to Consider Whaen Assessing Background

y

Most agencies reiv on several iineq of *:\fid nee 16 assess the potenual background sources of
indoor air conmminafor The usz of Tierawre values 1o represent BRKO 1A and site-specifiz
measuremeants to represent BRG (} provides the pasic framework Tor guantfving the
conwibuiion of background 1o indoor air u}n“‘mram‘né However, additional informaiion mas
be requested 10 support the determination of con cen ations atributabie 10 VI and the need for

id

mitigation. A weli-documented site visit and bul g evaluation may provide addinonal iines of

Lo¢



evidence. Other approaches that have been used w differenuars backeround from VI are
mrroduced below:

< Near-Slab or Sub-Silab Data: Coliecuing soil gas Trom near or below a sn-umr"'»' slab can
be used to differentiate ”nn-mica’ls originating in groundwater. soil. or soil gas from those
associated with background sources. |1 chemicals are found in indoor air but nat in the near-
slab or sub-slab samptles. 1t is likely U nat they originate from sources unreiated o V1. NIDEF
suggests thal « concentration gradient betweer: sub-slab and indoor aiv samples (i.2.. greater
than 20 higher in the sub-siab) strongly suggests the VI pathway is complete 7or the
constituent (NJDEP. 2003a). Tne EPA also is considering revisions to the Vi Guidance
{2002 thar would include a comparison of sub-siab and indoor air data 1o determine whether
or not the VI pathway for a seiected VOC is compiete (Dawsor. 2005). An importam:
consideration for sub-slab sampling is the wiliingness of the buiiding owner to aliow this type
of samphing.

«  Marker Chemicals or Tracers: Atsome sites with sufficientiy large datasste, it may be
possibie to use marker chemicals oy tracers (e.g.. |, 1-dichiroethvlene {1.i-DCE}. radon) ¢
help filter oui data thal are not likely associated with V1. Tracers are VOCs that ars
detectable in VI samples. but rare in “background” indoor air. 1.1-DCE is one such
constituent and was used to distunguisi background sources from V| sources at the Colorado
Redfield ste {uriz and Folices. 2002, Tracers also can be used to estimate & site-specific
sub-siab 10 indoor air attenuation factar (L.e.. Chgood Cenioslab)- Wich can be used 1o compare
with amenuation Tactors of targer VOCz, In this case. one should woril with measurad trace:
mdoor aiv concentrations that are greater than 10 the reasonabiv expected bacikground
concentrations or analvtical detection nimits (APL 2005).

«  Chemical Ratios: Results from multpie indoor aiv samples can be compared 1o the relative
concentrations of related chemicals. For exampte. benzene. ethyibenzene. woiuene, and
xylenes (BTEX) are common chemicals associated with gasoline. When compared with each
other, indoor air samples should show & similar concentration 1efationship berween the
chemicals. 17 benzene and roluens show & 1:1 concenwation ratie in the basement but Znd
floor samples have 3~ az much toluene as benzene. the toluene is iikeiy relared 1 an indoor
air background source (2.¢.. nail polish;.

Summary

In summary. direct measurements of indoor air are complicared by the presence of
background sources of V )C from both mdoor alr and outdoor air. For this reason. direct
measurements of indoor air are Q’SHC“QI!\’ not recommended until a site reaches Tier [1f of 2 Vi
investigation. In the event indoor atr sampling is required, two iings of evidence tat are
CO'ﬁiSL““ﬂﬂ\" recognized by state and EPA guidelines to account for background are 1} the use of

irerature values for BKG 1A, and 21 site-specific outdoor air sampies (BKG OA L Thzs‘
docurment discusses the use of both literature values and site-specific outdoor alr measuremants
to represent contribunion from packground sources for comparison to the measured mndoor air
concentratior.

in presenting this approach. the document aisc addresses some of the issues associated with
assessing background. recognizing that these wili va '} petween sites based on sits conditions.
agency requirements and guideines. jogisucs (e.¢., access 1ssuesi. and ume and budge!
CONSIAIns. ' '
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Txhibit G-1

Common Housenold Sources of Background indoor Air Contamination

Acetone

| rubber cement. 3211'1117(T fluias. nati noiish remover

Benzene

automobile exhausts. g'AS‘()lIH‘;_" CI(__T'EH'SILL“ smoke. scarer Tugs. Carmel

ajue

Bromomethane

soll or space fumigant

2 Butanone (MEK ;

printing inks. fragrance/flavoring agent i candy and perfume,
cigaretts smoke

Chlorobenze

plastic Toam msulation, paint-related products

Chloroethane

Refrigerant

Chloroform

generatzed Trom ciliorinated water (showers

Cvclohaxane

paint thinner. paint and varnish remover

t 2-Dichiorobenzens

moth balls. general msecticide in Tarming. air deodorant. toiler
disinfectant

Dichlorodifivoromethans

refrigerant (CFCs). cleaning sojvem

1.1-Dichiorosthans

plastic products (food and other packaging matenal). flame

i retardant fabrics

1.3-Dichloropropens

Fungicicins

Bthvlbenzens

paint thinners. insecticides. wood offics tumiture. gasoimns

Formaldehvaz

" omlduwm aterials (particle board), Turniture. insuiatior. cigarets

SIMoke

n-Heptane

natl nonsn 5. Wo0d office Turniture, _petroleum nrog auers.

r-Hexane

gasoline. rubver cement. Tvping correction fiuid. aeresols i
perfumes

Methvlene chloriaz

hairsprav. pamnt Swipper. rug cieaners. insecticides. furniwre polish

Methy! isoburyl ketone

painis. varnishes. dry cleaning preparatons. nature
oranges. grapes and vinegar

| Methvi-rerr-purvi ether

gasoine (oxygenatng agent!

Naphthalene

wood burning. mothballs. ciearette smoke

Styreng

cigaretre smoke. automobile exhausi. fiberglass. rubber and epoxy
adhesives, occurs naturaliy I various fruits. vegetables. nuis. and
mears

1.1.2 2 -Terachioroethan

i solvent, pamt and IUst removers. varnishes. lacquers

Tetrachioroethens (P ;E)

drv cleaning. metaj degreasing. adnesives and glues. secucide.
rug cleaner

Toiuens

gasoiing. automonlis exnausi, paiisnes. hail bolish. paint thinne:
clgarette smoke

| -Trichloroethane

: spot cleaners. giues. inseclicides. draln cleaners. shoe polish

Trichiorosthene (TCE)

scented candies. automortive ciﬂanmu and deoreasine products

Jylenes. total

; water sealer. gasoline. automobile exhaust. markers. floor polisi.
L clgareme smoke

Saurces: NJDEP (20034, excent A7

SDR (2003 for naphthalens




Exhibit G-2 List of Studies of Backeround Indoor Alr
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F.xhpibit G-3
Buildinge Evaluation Form

I
Adaress: . Dare:

Oeeupant Name: Phone:

Owner’'s Name: Phone:

Owner’s Address:

Point of Contact: Phone:

Contact information:

Conducted By Company:

A. GENERAL BUILDING INFORMATION

Provides nformarion on building construction that will be used 1o identify possibie points of Vi
(including preferenual pathwavs) and documenss the rationale for selecung samplie focations,
# Drenores intormation used m the EPA Spreadsneet Model, )

- i

Building Type/Usc: Government
School
Warehouse

Otner:

Comimercial

Cr ooy

ol

industria!

Number of Occupants: Adults_ intante Chilaren 1-¢ Chnildren ¢-13
*Area of Buillding Footprint: Number of Floors:
*Celling Height: Building Age:

General Description of Building Consuruction Materials:

- L — T . T ] Coame r o
*Loundation Type: L) Basement 0} Craw} Space L1 Star
- L. . . e T 3 — - . — o~ .
Foundauon Materals: Poured Concrets Cinder Biocks L parthen

Other. specin

Cl

[ wood Pilings

Founcaton Watl Material:

= 1

Poured Concree

Cinder Blocks i Barthen

1

L
™ .
U >lONe

Wood



Prraw in the Fioor Plan:

v

I there is « basemen:, please answer quesStions i Secrion E.

If there is not ¢ basemen:. skin 1o Section C

B. BASEMENT INFORMATION

Erovides information regarding Vi and the potential for groundveater ntrusion o basement

woas

well as documents human actvity patterns {2.¢.. sieeping i the basement) that should be us

1y

determing where sampiss should be colizcred.

% Denotes informaton used 1 the EPA Spreadsheet Model

*Depth of basement or craw! space:

15 the basement finished? O ves ONe

Doss anyone Jive in the basement as a primary residence or uss the basement daiiv”

1 No

—

Che basement is generally: O wer UDn O Damp

PERSN

1
i

il

Lo



YVeo O Ne

.

is there a sump i1 the baseme

~

I¥ ves. please describe the size. the construction. where i 1s located and whether or not thers

1S & sump pump and nove 11 1s activated,

— - . s oA o —
Joes lhe basement have cracks = Yes 1 Ne
fves. what is the PID/FID/CGI reading”
. s . -1 < r
Does the basement have & drainage point ir fioor” L Yes LI e

¥ vee, what is the PID/FIDACG] reading”?

[

Doss the basement have pipes or utility conduirs through floor or oursige walls?

93]

[
Z

i ves. what is the PID/FID/CGH reading?

is the basement sealed with waterproot paim or epoxy coating” i Yes NG

Does the basement have {Jooring over the foundauon? I yes I No

(

I P ) T T I - o :
If ves. what tyne” I Tile L Carpet I Wood
L Pereo L1 Otner. specii

1

Are there odors in the basement” L N

-t
87
i

If ves. dsscribe:

. FIRST FLOOR INFORMATION

@)

“U

rovides informaton orn oulu o consuruclion and numan acuviry patterns 1o be used 1

determine where sampies 1ould be collectad.

What are the walls consrructed ot Cinder Biock 1 Sheer Roci: L] Pansling

1

Other, specity

[

Is there flooring n the first floor” Yes I No

]

I Carper 1 Wooc

Iy

11
1

12 ., - 1 . - 5
[T VEs wnat Ivpe.,
~

Other. specify

Are there pipes or utility conduits through the outside walis or floor” 1 YVes T Ne



1L L ™ a1 MU S
1ves, whart iz the PID/FID/CG] readine’

Yes L Ne T yes. deserips

]

Ars hers odors on the first foar”

B. SECOND FLOOR INFORMATION {i{ apnlicable)

Provides information on DJI{(HIW‘: CONSITUCUCN and RUMEAN activity pamems to b2 uged 1o determine
samples should be collected

]

\'\»’P"' e

What are the walls construcied of? LI Cinder Block [ Shest Raock: L Paneling
B S e
1 Other, specify
I3 there fiooring in the second floor” Ll Yeg L No
If yes. what type? 1 Tiie L Carper O Wood
L Pergo 0 Otn specify

Are there pipes or wtitity condutts through the owsside walis or fioor”

<

ves. what is the PID/FID/CGI reading”
Are there odors on the second floor” T Yeo 1 No

r e
[f ves. describe

F. HEATING AND VENTILATION SYSTEN

Provides information on the type of heaung and ventilation s ‘_\S em used in the structure to heip
identify potenual indoor and outdoor contaminan: sources. as weli as provides information 1

assist with data mLL‘rD) erarion.

What type of heating svstem(s} ars used n the puilding? (Check all that applys

] Heat Pump/Furnace U Hou Air Radiation
] Sream Radiation U] Unvented Kerosens Heater
1 Wood Stove U Eleciric Basebos

L1 Other. specify:

What type of fuel(s) are used mn the building? (Check all that appiy |

1 Naturai Gas Electric

1]
-
1
f

L]

> O
2
U1 L
;
=




What tvpe of mechanical ventilauon svsiems are prese
buitding? (Check all that appiv

C o r X
Mechanical Fans

indivigual #

Other. specify

i Condinioning Units

Bathroom Ventllauon Fan

nt

and/or currentiv

L1 Oper Windows

O Kitchen R

_l I

[ /‘\l ~1G- [\h' l_l

Lange Hood

operatng i the

T Exchanger

POTENTIAL SOURCES
Iy lDD 1dunm\’ rvmca' source

i~ 'T‘]‘

(including attached garages).
TIOY T the sampiing event.

Which of these items ars prese

OF INDOOR

CHEMICALS:

s.0f madoorair contamination-that mayv be found inthe-building

and documents

what

nt in the building? (

e

Che

el

her the 1tem was removed from the

all that apnly)

- buiiding

pPotential VOC Souree

Location of Source

Removed 2t teast 24 hours
prior £o sampling
{Yes/No/NA)

Lamrs

Gas-powered equipmert

Gasoline storage cans

' Cleaning soivents (thinner:

: Alr frasheners

Owven cieaners

Carpet / Upholstery cteaners

| Hatrspray

* Nail polisit / Polisn remover

Bathroom cieaner

Appliance cleaner

Furnmure 7 Fioor poiisn

Motnbalis

| Fuel tank

Woodstove

' Firepiace

| Ferfume /

Colognzsg

' Hobby supplies

{2.g.. s0IvVent
lacquers, giues. pnotograp’ni:
garkroom chemicais;

5. paints.

Scented trees

. Wreatiis. potbourrt, €

-,

12



< Removed at least 24 hours
Porential VOO Souree Location of Source Drior to sampling
i {Yes/No/NA)

- Doiisn - Wan !

i insecticide [ Pasuciae \

i
g merosens

- Otner :i

G, BuiLpInG Use:
‘Provides miscellaneous information about human activities and building construction that mav
assist in the data interpretation and identification of indoor and outdoor conaminant sources

Is there standing water in the building (historic or current)? L Yes O No
is there water damage 0 {ne building (historic or current)? I Ves L Ne
is there fire damage to the buiiding? D Yes O No Hves date

[s there o sepuic svstemy” L Yes [ Ne If ves. date of svstem

1
.<<‘(
(€%
o

O Ne

Do one or more smokers occupy this building on a regular basis?

Has anvbody smoked in the puilding in the last 48 hours” S Yes L No
Does the building have an auached garage” D Ves [OINe
If 0. 1s 2 car usualiv parked in the garage? Yes O No
Do the occupants of the building frequently have thelr ciothes drv-cieaned? D yes T No

£
Z

Véas recent remodeiing or painung done 1n the building” Ll Yes

Date: Location: ACUVITY:

Are there any pressed wood products in the building (e.g.. hardwood, pivwood. wal! paneiing.

= I ¥

particleboard. fiberboardi” L Yes L No

Are there new furniture. uphoistery. drapes. or other textiies in the building? LI Yes LI No

Date: Locaton: ltemisy:

s Ne

]

Has the buiiding been weated with anyv insecticides/pesticides”

Chemicals used and how often thev are appiied”




-

Do any of the occupants appiy pesticiaes/terbicides in the vard or garden':" Coves Dine
[ ves, what chemicals are used and how often are theyv appiie

Type of ground cover (e.g., grass, pavement. e1c.j outside the buiiding:

Is there 2 well on the property” T Yes L Ne

[f ves, what s 11 used for and where i3 it screensd?

iz there anv other information about the structural features of this bu iidinﬁ. the habis of it s
occupants or patential sources of constituent contaminants to the indoor air that may be of
imporance i1 facilitating the 2valuanon 01 the mdoor air quality of the buiiding?

E, OTHER POTENTIAL SOURCES OF INDOOR OR QUTDOOR AIR CONTAMINATION

Helps identify tvpical sources of background indoor air contamination that may pe found i
the building oy outsids the building. and meludes a table o document the results of portabie Tield
screening mEasurements. A portable phote-ionization detector (PID) can bz used 1o igentif
individoal cans of solvents that shouid vz removed prior o the sampling event or 1o 1aemiiy Vi
points and help with on-site decisions regarding sample placement.

Outdoor Sources of Comamination (check all that apply

L} Garbage Dumpsters L1 Heavy Motor Traffic
L7 Loading Dock In Uss T Consrruction Activities
I Ajrport Flight Path 1 Raiivarg / Railcar Traffic

O Nea rov Industries. specify
T UST/AST (easoline © heating fusl 7 other. specify

Rt

is thers a known spill or releass ourside or mside the building? L Yes RO
1T ves. was iU

L

U
f‘m%ﬂnﬂ

ised Vemele O
Pesricids fInsecucids

Naturai Gas
Heating O
Sotvenis
Other. describe

O

co7
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Describe any additional mformation about the releass tamount. wWhan it aoourred. action 1mken

clean up, etey

1. BUILDING SCREENING REsuLTS (PID/FID/CGH

Location | FID (ppmy) PID (ppm) 5 CGI (%Y%)
- Basernent | |
- Frrst Floor | E
- Second Floor i
ther |

PID — photo-iontzation detector FID - fiame wnizaton getector: CGl — combustiple gas indicator,

INSTRUCTIONS FOR OQCCUPANT E-» OF BUILDING PRIOR TO ' SAMPLING EVENT
(t¢ be foliowed starting at least 24 hours prior to and during the sampling event)

«  Operate furnace and whole house arr-conditioner a5 appropriate for curreint

weather conditions.
«  [Jo not keep doors opel
o 3o notuse air fresheners or ador elimnators.
« Do not smoke in the houssz.

« Do not use wood stoves. firepiace or auxiiiary heating equipment{e.g..
kerosene heatsr).

= Do not use paints o7 varnishes.

= Do not use cieaning producrs (s __ bathroom cieaners. furniture polish.
appliance cleaners. d[wmzmm aners. floor cieaners ),

« Do notuss cosmetics. including hair spray. nail polist. nail polish remover.
perfume. e

«  [Jo not partake 10 tndoor hobbies that use solvents.

« Do notapply pestcides.

« Do not store containers of gasolinz. oil. petroieun-based or ofher soivents.
within the house or auached gar a.ge {excep: for fuel oil tanks).

{

« D0 notoperate o7 SLOTE automaoblies n an attached garage.

3 o~
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valuating the Bullding Envelope in Vv apor Intresion

et

Summary

The approach for mvesticaung the vapor intrusion (V1) pathway has historicaliv focused on
subsurface conditions and not on the puildine enveiope’. However, condiions within the
butlding envelope can significantiv infiuence whether or not undsriving sotl or groundwater
contamination could result in V19
Vi invegtigations generally rely on a combination of groundwater sampiing. near siab soil gas
sampling. mdoor air sampiing. and sub-siab sampling. in addition, measurement rechnigques from
the building sciences can enhance the characierization of conditions within the buiiding envelope
that affect VI, These measurement techniguas can provide a bewrer understanding of the VI
conceptual site model (CSM) than can be achieved with just indoor air and subsurface sampling.
In addition. these measurement techniques can provide data that are useful for evaluaring
building mitigation measures. Case studies applying these technigues to buiidings overlving
groundwater contaminant plumes show thev can provide a betler understanding of potenual Vi
pathways. A standard operating procedure 18 emerging for conducting building envelope
evaluations in support of VI investigations. The results from the case studies discussed in this
paper can be used o refine that standard operating procedurs

Introduction

Indoor VI became recognized as a significant environmental problem nearly a decade age.
Prior 1o that time. volatilization of chemicals in soif and groundwater had been f“"omﬂ_/,ca as g
potential exposure pathway. but it generaliy was accorded lesser importancs compar ed 1w
ingestion or dermal contact pathrwayz. However. the nawre and imporance of volatilization
pathways change when contaminated soils or groundwater are near builaings.

Technigues for investigating the potental VI pathway lar gei_ﬁ.-f have im-o'\f d exrerior
groundwater and sotl gas sampiing to cnaracterize the poteniial soure = of volatile contaminants
in close proximity 1o occupied buildings. Thess data are then used as input 1o Tate and wansport
models that evaluate the porential migration and atenuation of these compounds as they move
into the breathing zone within the buildine. 1f modeling predicts a potential vapor intruston risi.
then sub-slab and indoor atr sampiing mayv be used 1o further characierize potential exposurs
patnways, Decisions about whether or not 2 Vi pathvezy ts compiete in a building are made
largely using thess qatz.

Indoor air sampiing inas significant itmitations in identifving potential Vi pathways. Indoor
alr sampling nas the powential for producing a determination thata Vi pathway exisis where none
is present because many subsurface volatile conaminants aisc are preseni in the air due 1o
packground sources. To address the potential problem of making a false pom%w Vi
derernnation. reuuiamr}x guidance documents inciuds recommendations for collecuon of
reference area (or background) air samples ang provide checkiists for obraining chemical
inventory information and rudimentary data on the buliding envelope. in addinion. sub-siab
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sampiing is used 10 identify potenual sources for V1. 1o aid in merprating indoor air sampiing
resulta.

Measurement techniques exist that are specitically intended ¢ characterize conditions within
tihe building envelope as related to potential soil v uvcr pathwaye, These techniques are drawn
from tie building sciences and are w damonall.\/ used I radon mitigation. “nmgy CONsErvaton
audits. and indoor air qualiy mvesugations. This appendix provides an imtroduction 1o thess
measurement techniques and discusses the applicanon of building science principies 1 Vi
investigations. The focus here is on techniques for evaluating larger commercial or industrial
buildings. but these echniques are aiso applicable to smaller residential buildings.

riz
ect

This appendix consigts of the following sections:

«  The Building Envelope o Yapor Intrusion investigations ~ The Regularory Standard of
Practice: This section discusses how the bullding envelope 13 addressed n currem remnam*‘
guidance. In general. the current regulatory approach 1o investigating V1 gives limited
consideration 1o the building envelope. :

« A Revised View of the Building Envelope in Vapor Inrusion: This section presents 3
detailed view of the physical processes in 2 building that afiect va 1por mtrusion. based on the
building sciences literaturs. The measurement 12c qutes discussed in this appendix are
intended 1o better characterize these phvsical process

= Meagsurement Technloues; This section describes the specific techniques used i a building
envelope investigalion. These include measuring indoor and outdoor Temperaturas. pressure
Measurements Using a micromanometer. observation of air flows and ieakage using air
current tubes gmole tubes™ ). along with more extensive mndoor air quality measuremeitt
echnigues such as biower door and tracer gas technigues.

e (ase Studies. Examples of the appiication of building enveiope investigation technigues to
Vi sites are discussed in this section.

The Building Envejope in Vapor inorusion Investigations — The Regolatory Standard of
Bractice ‘

The following section briefly summarizes how the approach to V! investication as described
i regul ator\‘ agency guidance documents addresses W build ding envelope. in general. there i
the recognition that building characteristics could affect the powential VI pathway: for example, f
a bu:iamw 15 snc_fm?;v overpressurized. this could prevent the entry of soil gas. or higher ourside

exchange rates could dilure volatiles thay enter a bullding. Howsver. the available reguiaton
gumance provides only fimited gmd,ance for how to f:vasu e the buildi g envelope as part of ¢
V1 investigation.

Default Vapor Intrusion Conceptual Model

The defauit CSM for the vapor intrusion pathway dictates the techniques used in a Vi
investigation (see EP AL 2002 as an examples. In this conceptual model, the source of
conramination consists of volatite chemicals in soil or grounawater at some distance beiow the
fioor of a building. Molecular diffusion moves the volatilized contaminant toward the soil
surface umti! 1t reaches the zone of influence of the puilding. Within this zone of infiuence.
convective air movement within the soil column wansporis the vapors tiirough cracks or other
penstrations through the founaation o the inhabited space. This convectve sweep =ffect |
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induced by a depressurization within the structure caused by a combination of wind effects. stach:
effects due w building heating. ana pressure differences dus w mechanical ventiiaton.

Examples of the causes of depressurization include the following (New Jersev Deparument of
mrvironmental Protection [NJDEPL 20061

«  Operation of the heating. ventilating. and air conditioning (HY AC 1 system with Inadequare
makeup air and unbalanced air supply and exhaust sysiems

< The use of fireplaces and other combustion sources, which results in venting of exhaust gases
10 the exterior
<  Exhaust fans in bathrooms and kitchens that may not be adequartely balanced

«  Higher temperatures indoaors relarive to outdoors during the heating season or as a rasuit of
solar radiation on rooftops (knowr as the “stack effect™)

o Pressure exerted on the wall of a buitding caused by wind movement over the building
{Bernoulli’s principle)

The combinarion of these actions and conditions result in a net convective or pressure-driven
flow of soil gas from the subsurface through the building foundation to the building interior.

According to the user' s guide for the Johnson and Ettinger mf)dpi (U.S. Environmental
Protection Agency [EPA]L 2004). the effective range of vaiues of the soii-building pressure
difference in residences is (0 te 20 Pascals (Pa). The user's guide cutes Loureiro et al. (1990) anc
Faton and Scott {1984 ) as sources for this pressure range. Individual average values for wind
effects and stack effects are reported to be approximatety 2 Pa (Nazaroff et al.. 19851, Typical
values for the combined effects of wind pressures and heating are considered 10 be 4 10 3 Pa
{Loureiro e1al.. 19901, In the absence of specific data. these statistics also ars generaliy
assumed to be applicable to commercial or industrial buildings.

Although pressure-driven transport through penstrations” in walls and floors 1s well
recognized as an important Vi mechanism. there currently are onjv limited tools and guidance
for investigating building conditions contributing t these wansport processes. The default
regulatory assumption In V1 assessments is that building envelopes are under negative pressure
relative to the subsurface. However. this 1s not uniformiv the case. and represents a condition
that should be evaluated on a site-specific basis.

xisting Regulatory Guidance for Building Enveiope Evaluation’

The recently published Interstate Technology and Regulatory € ounf'il (ITRC) guidance
document summarizes the available guidance for evaluating the building envelops and ali-
bandiing svstem in a building (ITRC. 2007). This guidance includes a checklist muntm‘mg
broad categories of building-related informaticn {see Appendix B i the TTRC guidance). and 4
wolbox of Dulldmw diagnostic tools (see Appendix D in the [TRC guidance). The DLIIICHD(‘
diagnostic tools described in the ITRC guidance inciude pre-sampling survevs and use of tracer
ases to evaluate air exchange rates and differenual pressure measurements. New York State’s
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soll vapor inuwusion guidance (New Yorl: State Deparumeni of Health [NYSDOH! 2000,
encourages the use of air current wbes for evaluatung the direcuon of air flows within 2 building.

These guidance documents identity some of the tools for building diagnostics. but provids
ry little guidance for collecting and interpreting building diagnostic data. in addition. buiiding
diagnostic information is not viewed as a critcal part of VI decision making. which 1s driven
jargely by the results from sub-siab and indoor alr sampiing.

Uise of these building diagnostic tools has been & critical part of wraditional indoor air quality
practice. Greater incorporation of these 10ols could provide significant vailue 10 VI investigation
and decision making.

A Revised View of the Building Envelope in Vapor intrusion

The following subsections describe the physical nmu'qs s related to the bullding envelops
that affect VI. The measurement techniques discussed in the following section are intended o
create a better understanding these physical processes. and 10 help make more informed
decisions regarding the identification and mitigaton of VI pathways.

Pregsure Differences

The small indoor-outdoor pressure differences that cause the driving force arise Trom the
stack effect. wind pressure. and operation of the HVAC svstem. These thres causes are
discussed 1n the Tollowing subsections,

Stack Effect

One causz of pressure differences across the building envelope is indoor-outdoor temperaturs
differences (or the stack effect). Under heating conditions. air will flow into the building at
lower floors and out of the building at higher floors. During the cooling season. the direction of
the pressure differences and airflows may reverse. The stack effect from indoor-outdoor cooiing -
may be offset by heat generated by buiiding occupants and from operation of equipment. such as
compurers. 1n & building. Tn-e magnitude of the pressure differences depends on the building
height. the indoor-outdoor temperature difference. and resistance o vertical airflow within the
building caused by interior walls and floors. in addition. the stack effect may differ in various

parts of the building. depending on the heat load on the building exterior (Perstly. 1994,

Wind Pressure

Higher pressurs differences occur on the windward size of buildings. Wind pressurs tends to
pressurize a puilding positively on the facade it Is hitting. and as the wind goes around the corner
of the building 1t speeds up considerably . creating negative pressure on the downwind portton of
the building walls and roof. These outdoor pressure difizrences can promore leakage of air inwo
or out of the building envejope™. The magnitude of the windé-induced pressure difference varies
with wind sm-ﬁed direction. and surface roughn=ss (1.e.. height of obstructions surrounding the
building) (Persily. 1994+
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HVAC Svstem Operation

HVAC gystems supply. returm. and exhaust alv from spaces in @ puiiding. For spaces m the
building. relative pressurization will bz determined by the amount of supp], air (which includes
outside airy, return air. and exhaust alr. as well as the conswruction of interior walls. Fire and
smoke rated walls are designed to provide a seal between spaces to prevent the movement of fire
and smoke Intne event of a fire. These walls also restrict the movement of air from the HVAC
SYSIEM HEIWEEN SPaces. it '15 possible 10 create a negative pressure 1 one area while positveiy
yressurizing adjacent areas. ln some instances, for example. biohazard laboratories or isolation
rooms, thers is a mqmremeni that the rooms be under negative pressure relative 10 other spaces
¢ prevent the movement of contaminants

f—

Relative pressurization may also change in spaces as the opsration of the FIVAC gvstem
changes. Varable air voume terminals used to control tlemperature m many commercial
buildings vary the amount of supply air, which may cause changes in the relative pressurization
of the spaces. Constcm? volume air ndndlmg systems. which control emperature by varying me
temperature of the supply air, provide a more consistent relatuve pressurization i the building
and spaces. In addition. outside air 1s provided through the HVAC svstem 16 makeup for exhaust
air and. 1aeally, 1o positively pressurize the building relative to the outside (i.e., more outside air
is provided o the building than i1s exhausted from the building;. Note this design approach
differs from the regulatory conceptual model. which assumes that buildings generaliv are unaer
negative pressure and therefore susceptible to VI, Tne amount of outside air mayv change over
ume as well. depending on the operavion and maimwenance of the HVAC gvstem.

The relative pressure of the building and spaces within 1t and the amount of airflow through

-acks, alse depends on the tightness of the building enveiope. Envelops leakage occurs at mam
locations over the building envelope. with most of the leaks at interfaces between envelope
components such as window-wall and fioor-walil intersections. The diswibution of thess leaks
over the enveiope depends on the ﬁnvpkone design. construction quality and dererioratior in
building materials over ume (Persily. 19945

Howsever. building HVAC and envejope svsiems are dyvnamic and relanve pressures
throughour the buildings are expecied 1o change. Any Invesugauon protoco! must rake inte
account the dynamic pature of these svsiems and measure pressures under a varietv of expecied
operating conditons.

Atrfiow Within a Building

-‘7

Alrflow within buildings 18 an important means of pollutant movement and can transport
conaminants 1o spaces within buildings that are far from the pollutant sources. Airflow rates
within buildings aepend on the number and location of internal jeaks. the pressurs differences
across these leaks. and the relationships between airfiow rate and pressure difference for these
lzaks. The pressure dme ences created by the stack effect and ventitation svstem {described
nreviousiv! will affect the airfiow within buildings. In particular. imbaiances in the ventilation
svstem can resuit in air fiow and poliutant wansport througnout different zones of a bujlding
producing indoor poliutant coneentrations 1 locations awayv from sources (Persily, 1994} Al
flows within farge bulidings can be compiex and difficult to characterize. However. one author
argues that air flows can be understood better through cnaracterizing the pressure Neld within



building (Lstiburek et al. 2002a: 20020, A é’-'ci pressure differences can be expected ¢ change
over time as the operation of the HVAC system changes o maintain temperawures throvghour the
butlding.

Vertical Airflow Paths

Vertcal arrflove within & building oceurs through air paths such as eievaror shafis. stairs,

plumbing. and eiecirical chases (D‘*Isif\, 1994 and joints between floors and walls {mu burek e1
et; 2002y Verucal airflow through these paths can be caused by pressure from the stack effect as

well as imbalances created by operation of the HVAT sysiem.
Measurement Technigques

This section describes-some Inspumentation and measurement whmqu : for betrer
understanding conditions within a building thar could create indoor vanpor INTrusion.

Air Temperature

Alr temperatures are measured o better understand door-outdoor differences. and relative
differences at various tocations within a Duucmv Temperature measurements should :w» made
numerous locations {outdoors — at ground jevel and on the roof: indoars: on all fioors of &
building and at multipie locations on each floor). and at different times of the day at those
locations. Darta 10 be recorded along with the measured temperature inciude the iocarion and
time of measurements. Digital temperature data [oggers can provide 8 more refined
understanding of temperature ends over tume withm different areas of a building.
Understanding outdoor/indoor temperature differences and the temperatures on different floors
of a Dunavnu can provide an inaication of the presence of a stack effect. which is a potentia!l
ariver for

Alr temperatures can be measuwrad using digital electronic thermomerers. These hand-heid.
batterv-powered devices enp ioy a thermocouple. thermistor. or resistance temperature detector
(RTD;. A variety of probes are available that differ in response time and measurement rangs

When measuring outdoor air temperatures. a probe with an appropriate rangs (L.e. Wwithin the
~range of typical indoor and outdoor ament temperatures) s:houicl pe used. Alse. outdoor al
emperature measurements should not be made in direct suniigitt, where the probe can be
affected by solar radiation. Indoor measurements can be mf] tc:nccd oy nearby windows {Pers
19041, g0 temperaturs measurements should be maae near the center of rooms whenever
possible.

*ragsure Vieasurements

Tv‘“aﬁurmﬁ pressure differences across walts and floors can significantiy improve

derstanding of the Vi conf‘ﬂmua% model. This invoives creating ;Dwssure map using a digia!
micromanometer. The purpose of this map is to 1denuty pressure differences between indoor air
and outdoor spaces. pressure differences between different indoor spaces. and prassure
diffsrences across floorrwall intrusions. 1 sub-siab probes are present. pressure differences
should be measured from the probes as well. The resulis from such mapnping wouid by used 1¢
identify indoor spaces with significant depressurization relative 1 outdoors. the subsurfacs. or
other indoor spaces
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To measurs the pressure differences across interior *“) erior walls, the two sides of &

IH‘BCE'OI’H&I]OI'RETDE' are connecied 1o pressure taps on eithe de of the wall, Thess pressure w@ps
can be the ends of wbes run undern ‘VEIT. d’)()"\'\'&\" throu gi Wil 3(;0\3\’5. or th ()L’.:ﬂ other ope nings.
The tubes must not be 'I’lJ'“““S\@C. “regsure differences across walls. doors. or windows can be

small (ag ittle ag 1 o 5 P'1, and can be a‘hect ed by gusts of wind, Measurements should be
ecorded under conditons of littie wind. uniess the objective is to observe wind effects on
pressurs differences.

Data 1o be recorded along with the pressure measurements include the locations where the
pressure taps bave been placed. whether or not the air mncthng system 1s operating and whether
or not the measurament 1s relative 1o outaom_ another mndoor space. a differera floor. or the
subsurface. Qbserving pressure measurements over time can provide an indication of the
dynamic nature of prassuret; within the building: for example. pressure measurements shouid be
made at a jocation of a period of several minuies. Alse. in some cases. there may be seasonal
differences in bullding pressures depending on climatic conditions and HVAC operanion. A
building envelope survey may require more than one site visii, conducred at different times o! the
vear. 10 address possibie seasonal variability.

Adr Infiliration

Differentiai pressurs measur ments {described nrevzoush ) can provide indirect information
about the D&fhWﬁ\’s of aly infiltration mw & building. More direcr indications can be obmmec
through the uss of air current wbes (07 sMo <P tubes) and tracer gases. Tracer gases arg a more
specialized nvestigation technique. and are discussed under “Olh”“ Techniques.”

Air Current Tubes

Alr current tubes are used to study arrflow paterns within buildings and in rooms. They are aise
used for finding leaks i ducts and interior shaces. Alr current tbes c‘onmin fuming sulfuric
acid. which reacts with water vapor 1o produce an easily visible smoke. Air current tube kits
come with a rubber bulb for use in emitted small lets of smoke o a penewation or conduit. The
direction of airfiovr thraugh the peneration can then be casily observed (Persily. 1964,

Outdoor Air Exchange Rate

Qutdoor air exchange rate describes how much fresh air is bemng delivered ta an indoor
space. The American Society o .”H eating. Refnigerating. and A Conditioning Engineers
{ASHRAE) 62-2004 standard specifies nunimum ventilation rates acceptaniz to buiiding
occupants and 1s INenGea o maintain indoor comfort and minimize the potential Tor adverss
ealth effects (ASHRAEL. 2004}, Understanding how much outside air is being delivered may be
useful in modeliing indoor air concentrations potentially from VI'. This information also couid
be useful In designing MIULANON measure particuiart}f those mvolving overpressurization.
dijution (delivering additional outside aiv w an indoor space ). or better batancing the building
HVAC system.

Techmaues for estu maung the sutside air exchange rate inctude thermal balancing
(Measuring TeMpSTalures i supply and veturn aucts. am’ 11 oulside atr intakes) and measuring the

N

decayv vate of wacer gases fvPers v. 19645 Digital dara loggers that measure temperatures are
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used to calculate the pereent of total air exchange rate that is outdoor (freshy air. Data joggers
should be placed at the ourside alr Intake (outdoor alr tTemperature ), ar the miet 1o the supply due
of the room being evaluated {(mixed ourdoor and recirculated air temperaturs | and in the return
duet (return alr temperature) (MeDermott. 2007, The total air flow being delivered 1o an indoor
space can be obrained from reviewing drawings of the buiiding air-handiing system, or from
direct measurement of the face veiocity acrass th 1~- suppiy duct or ducts. The outdoor alr
exchange rate can be caiculated from the percent of total arr exchange rate thar 1s outdoor air and
the 1otal air exchange rate.

Other Technigues

epending on the characteristics of the building and VI problem being addressed. there ars
some more advanced techniques that can be used in evaluating the building envel opf* Although
there are likely to be fewer opportunities for using these techniques. they might provide vaiuabiz
data under specific circumsiances.

Blower Door

On ch wechnique is an air ughtness measurement using @ “biower door.” This device is
capable of pressuriziing or depressurizing a building and measuring the resultant air flow and
pregsure. The name comes from the Tact that. in the common use of the technology. thers 15 ¢ fan

(1e.. blower) mounted in a door (Sherman. 19985, Blower doors are used to estimare infilwation
for both indoor air quality and energy consumpti on estimates. Measurement of tie sffective
ieakage area of a butiding cmelooc can be weather dependent: use of a blower door 10 DI‘@CSU"IA.
an indoor space to a known and congistent pressure allows jor making determinations of ieakage
areas that are reproducible and comparable between buildmags.

Tracer Gases

Sulfur hexafluoride is commonly L‘S"‘d as a tracer gas for measuring air infiiwaron.
contaminant migration. and ourside aly intaie rate (Persily. 1994: Sherman, 1998: Reardon e ¢
20020, Sulfur hexafiuoride has desirabie properties for a racer gas by being inert, not ar;fsomeci
on building materials and fumishings. easiiv and inexpensively measured at part-per-biliton
col Mm rations air, nontoxic. and nonflammable. However, 2 potential drawback te the use of
suifur hexafiuoride 1s that it 1s an ozone depieung ”‘n“mz”‘h Other compounds that have been
used successfully as wracer gases include carbon dioxide and Freon-134a (1.1.1.2-
tetrafluoroethane:. Freon-i34a has the advantage over suifur hexafiuoride of a reduced ozons
depletion porential.

|

For monitoring ar' miiltration and contai nma nLMigration i a space. @ known guantity of z
tracer g ;is released from a source location {such as a basement in somacl Wwith subsurface soil
Gas sampies are then collectec aver time at different locations in the building using gas-tight
svringss. Using tracer gases 10“ evalualing contaminant migration patnwavs is a subseguent step
afier using techniques such as air current wbe esung and pressure mapping. dare from these
initial technigues are needed 1o assist n interpretation of racer gas westing resulrs. in those casss
where they mayv be needed. a standard operating procedure for tracer studies is avaiiabie from the
American SO"T“I\ TO Tesung and Materials {ASTM. 19931 Methods for date mierpretation of

wacer gas testing data for simple and complex bulidings are covered in Sherman (1998,




Evaluation of Buiiding Envelope Surveyv Data

The approach Tor using building envelope survey data 1o Dvaluazf: potential VI pathways is
arawn from pracuices used u agnose mdoor air quality probiems (EPA/NIOSH. 19971
Observations made during an initial walkthrough of a building can be used 1o develon
nypothesss regarding prsssur» onamor s that may promote or wmrc potental Vi pathwavs. For
example. hard-te-open doors. or the gensation of air movement indoors may provide an
indication of pressure differences: these can be investigated further o 1dentify the magnitude and

possibie causes. Observations of floors may show penstrations. such as cracks, seams or drains,
which can be tested mrfh&.‘ for air flows. Some examples of how building envelope
measurement data can be evaiuated are deseribed bajow:

+ Indoor-outdoor remperarure differences (stack effect): The indoor-ourdoor pressure
difference resuling from a remperature difference can be evaluated using the Shaw-Tamura
infiltrazion model. In this model, pressure difference i3 a function of the indoor-outdoor
pressure difference and the buiiding height. Further description of this model i3 presemied in
CEC. 2005,

e Pressure measurements: There are no reguiatory criteria for indoor pressurs measurements.
However, for a building envelops survey. pressure measurements can be interpreted using
EPA guidance for radon mitgation (EPA. 1093} Sub-siab depressurization svsiems for
radon mitigation are designed Yo achieve a 6 10 9 Pa pressure difference perween the
subsurface and indoors. This represents the pressuw difference needsd to prevent soii gas
IRrrUSion into 4 structure whers Indoaor pressures are governed by heaung and e operation of
appliances or fans. A marrix outiining the levels used 1o MIErDret PTL3sSUrs MESASUTEMENTS 1t
prasented in Table H-1. The need for further investigation of tihe potential Vi pathway can be
assessed based on the magnitude and direction of the pressure measurements (1.€. positive
relative 10 outdoors. or negative rejative 1o oUtdoors:,

«  Aircurrent tube measurements: The results from air current tubes will provide an
indication of the direction of air flow through & penerration In the u oor or wall. To make fuli
use of alr current tube data i1 is IMPOTTAnt 10 doclment the [ocaten of e 12st as well as e
1est result

«  Measurements of outdoor air exchhange: The outsides air ﬂvnam“ rale can be calowiaed
from the percent of total air exchange rate that 1s outdoor air and the totai air exchange rate.
The percent of total air exchangs rate that s outdoor air 'sc aiculaied from the emperature
differsnces i the supply and rewm ducts. and in the oulsiae alr imakes; an examples of this
caleulation 18 shown in Mclermot. 2001, The outdoor air exchangs rate can then be
compared with the recomumendarions presemted in ASHRAE, 2004,

Case Studies

Eva‘ua‘t'on of the building ﬂnvaiape has been conducted at two buildings at the Naval
Amphibious Base, Little Creesit in Virginie. These two case studies describe survevs conducted
bva mummscmunary eam mcluding o VI s,pecia'isz {an industrial hygienist) and a mechanical
engineer with experience with HVAC systems. These case studies show how some 0"""rhe
measurement z‘*"nmquux discussed praviousiy can be used 1o gain a beuer undersanding of the

onceptual model and to make decigions regarding management of the VI pathway.



Buiiding 3602, School of Music

~

Building 3602 1s a rectanguiar 24, ()()&'}-:aum a-foor (sq fU building tapproximareiy 463 feet oy
510 60 feety with threz stories. constructed in the e 1, 19505, The b ouilding nas a smali
basement {approximatelv 60 by 60 feet). formeriv used as & mechanical room and currentiv used

for storagz. focated in the central part of the building,

Groundwater sampling aetectad conc’*nfrationﬁ of trichloroethviens {TCE ;. possibly released
fron & nearby plating shop. (n groundwater near the building. Elevated CQ]']CEHTTZ:IUOI‘]& of TC
including dense nonagueous phase liquid (DNA, L1 were detected in deep ¢ wmund\.vatm:
approximateiy 210 fe“t below grade. Concenwauans of TCE and 1ts degradation products (cis-! 2-
aichloroethviene and viny! chlonde) were low or not dﬂtecm? i shatlow groundwarter. The
water table under the building was esumated to be from 3 to 7 fest below grade.

Faliad
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Concerns had been raized about the potential for VI inte Buiiding 3602, because
concentrations of chiorinated VOUs in groundwater were higher than s¢ ﬂ@nmﬂ levels developed
using agency methods (l.e. asgsumptions i the EPA s drafl 2002 VI guidance;. In 2003

£3ponse 10 these concems, groundwarer grab sampses were coliected fm the surface of the
warer table ar locations around the building. Also. & survey of the building was conducted o

dentify connections between the soil and building envelope and evaiuate poteniia!
aqnessunzamon from operation of the HVAT system.

The survey involved a limited review of the available plans for the building. & walk-through
of the building to visually inspect the basement and Tirst floor for potential intrusion points and
to evaluate ventilation characteristics in the nhabited areas. and a mied review of the MSDSs
mainained for the building.

QObservations from the survey were that the building was built approximately 3 feet abowve
orade, on Till, with only a smali number of openings peneuaung through the slab. Thess
principally wers rain ieaders from the root to subsurface storn drains located inside interior
partition walls. haipinﬂ io isolate them from tne occupied spaces. The primary potential route for
VI was a sump located in a subgrade nﬁ‘"mm“a1 room that may have imercepted groundwater,
A grab sample of water ponded n the sump did not detect any VOCs. Testing with air current
tbes mtcat@d that the bullaing appeared 1o be positively pressurized relative 1o the basemen:
mechanical room.

The results from the building survev showed there were only limited potentiat for Vi from
VOCs in groundwarer underlying Building 3602, The groundwater grab samples showed oniy
very low concentrations of VOUs in shallow r*ounci\,\‘atof near the building”. These were lower
than site-specific risik-based concentrations calculated using the Jonnson and Etringer model.
using the dimensions for Building 3602, The occupied portion of the building largeiyv appeared
te be positively pressurized relative 1o the mechanical roon: or subsurface. reducing the potential
for & driving force for V1. in addition. a D1'°viousi‘r—cc‘)nducv-‘d piiot treatabiiity study in

groundwater nad resuited in the dechlorination of TCZ (the principal constituent of interest) to
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the iess toxic cis-1 Z-dichloroethviene. reducing potenual inhalation risks should & VI pathwa:
be present.

The groundwarter sampling and buiiding evaluation provided multipie tines of evidence tha:
groundwater contaminants underiving this building were not associated with & potential Vi
pathway. The building survey provided qualitative information that 2 VI pathway was not
present in Building 3602, In this case. the modeling was performed using the conservative
default agsumprtion that the buildimg was under negative pressurize. Based on the resulits from
these activities, further evaluation of a potential Vi pathway (1.¢.. indoor air or sub-slab
sampling) was deemed not to be necessary.

Building 3165 (Public Works Building)

Building 3165 is a one-story building approximately 40,000 sg ft in floor area. consisung of
five wings used for offices and shops. The building has undergone several 1'enovations..

nciuding updating Hoo* D]am office finishes, and HVAC system. A survey of this building was
conducted in 2006. According 10 as-buik construction drawings, the foundation stab i1 Buiiding
3165 1s approximately 5 inches thick and constructed of coneretz, In general. there were few
penetrations through the floor siab: however, carpet and vinyl composite tiie covering the
concrete floor in office spaces did not allow observation of cracks and penetrations in those
areas.

In the office areas, thers were packaged roofiop air handling units with outside air intakes
and a split-system air handiing unit that recircuiates mside air in a manner simiiar to residenual
central-air conditioning systems (i.e.. with no outside air mtakes). The spiit-system air handiing
unit appeared 1o have peen nstalled 1o improve distribution of airfiow throughout the building.
The split-svstem and roofton alr handling units were controlled by wall-mounted thermostats
located throughout the building and appeared to operate simultaneousiy. The units typicaliv
operated in & manner such that the fans ran when cooling or heating was necessary, but there was
no air flow ifthere Was o cooling or heating demand. The main lavatory exhaust fans were
controlied by occupancy sensors and were activated onlyv when a person entered the room.

Testing of butlding pressurization was performed uqinv' air current tubes and a digital
micromanometer. During regular operarion. the office arsa pressurization varied depending on
whether exhaust fans and rooftop units are operaung. Wnen the rooftop units are not running.
and the lavatory exhaust fans are on. the office area was negatively pressurized. However, if the
exhaust fans were off. the building was neutrally or positively pressurized relative 10 the outsids.
Testing of penetrations nto the floor (principaliy fioor drains) showed that the interior space
generaliy was positively pressurized Mauw to those penetrations. 7 esting results indicated that
fthe buildimg was either neutraliv pressurized or slightiv positively pressurized relative 1o
outdoor; The one difference was a iocker room that contained a roof-mounied sxnaus
which operated continuousty. There was oniy limited qupp!\ air provided 10 this area. and
pressure measurements showed thar the locker room was significantly depressurized (perween
13 and -20 Pa) refative 10 the outdocrs.

VOCs were detected In shallow trroundwafpr samples coliectad near t‘n“ building. A’lOLg

with the groundwater sampies. so0il sampies were coliected 1o estimate soll texuiure properties,.
The croundwater analvrical date. soil properties. and data coliected during the buitding surve:

o
g



\

were used o evaiuae Dot ntial VI pathways using the Johnson and Ewinger mode
scenarios were ussd to cajculate these risk ssumaies:

WE

¢ Typical conditions: Building dimensions and conditions for a typical building wing were used
16 caleuiate estimated risk from VI for most of the building. Typical conditions are based on the
assumbption: that the building is oniv siightly negatively pressurized (- 1 Paj relative 10 the
underlving soii. The exposurs facrors wers based on standard aefault worker exposurs
assumprions (250 davs/vear exposure frequency . 23 vears exposurs duration .

« Negative pressure conditions: Building dimensions and conditions for the focker room were
used 1o calcuiale estimared risk from VI for areas under negative prassure, This scenario
refiected the significant depressurization observed in the locier room (-20 Pal. For purposss of
calcuiatng risk. Ti & exposure factors were based oni the assumption that a worker is present in the
locier room for 2 hours/day (ow of § hours/day). Therefore. the exposurs frequency was
assumed to be 25 percent of the standard u.Ja.uL. or 62.3 qavs/vear,

The results from the building evaiuaton, groundwater samniirw and modeiing suggest that.
even in the event of conditions promoung V1. concentrations of VOCs in groundwater are
unlikeiy to present human health risks from VI inside Buiiding 3165,

The recommendation from these activities was that furtber evaluation of potential V!
patnways Is not reguired.

Conclusions

Historically. the conceptual model for the VI pathwav has focused on subsurface condil‘io_ns.
and not on the building envelope. Conditions within the building envelope can significantiv

v

influence whether or not underlving solt or groundwater contammation could resuit i Vi

Measurement techniques drawn from waditiona! indoor air quality. radon mitigation and
energy conservation audits exist that can bet‘ter‘ chﬂracterize conditions within the bujlding
envelope. for purposes of id ntify'no rential Vi pathwavs. Exampies of the application of
these technigues 1o buildings ov me ¢ grounawarer contaminant plumes show they can provide
a better understanding of potential VI patn wavs without having 1o resort 1o mdoor air or sub-slab
sampling. A kev limitation with anyv VI investigation technigues is that thev provide a snapshoz
of conditions over time. This 1s true with environmental sampling {such as indoor ar. sub-siab
or soil gas sampling). as well as airflow and pressurization measurement techniques. All of these
echnigues provide an evaluation of conditions at the time of surveving or sampling. whereas
buillding conditions may be dynamic. As with sampling. overcoming this Iimitzuiow mig‘m
involve collecting building measurements during multpie survevs at different umes of the vear.
o capture seasonal variabitity in building conditions. '

The experience with these case studies 1s being used 1o expand and refine the standard
operaung procedure for conducting building enveiope evaluations in SUpport of Vi
investigations. As discussed previousiy. the current regulatory standard of practice for Vi
mmvestgation relies heavilyv on sampling and characterization of subsurface conditions. [t is
possibie that better gecisions can be obtained regaluuw Vi pathways by incorporating building
envelope evaluations into investgaton approaches. In addition 1o geologists. chemists and risi
assessors. the V[ investigation team would greatly benefit from the mvolvement of buiiding
science practitioners such as mechanical engineers and indusirial hygienists.
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Tabie H-1.

Sugoested Interpretation of Pressure Level Measurements

Commenis

Possiblie Gutcome

Based on ine pressure

difference needed 10 prevent soil

gas intrusion In a struciure with

combined heating and appliance
or fan operation effects (0.025 o

0.035 in water, based on EPA.
1083).

INo apparent driver jor VI
patnway. rurther investgaiion
may not be needec

Minimum accepiable pressure
difference needed to prevent i
a structure with either heating

- effects OR appliance/ian effecis

(0.07 to 0.GZ in water, basad on
EPL, 1093,

Potentiai driver for VI painway
uniikely be present. Exterior
Investigation may be

warranted 10 confirm presence

or absence Of a strong
subsurface vapor source, &
Vi patnway is not likely 1o be
present, taking into
consiaeration of other lines of
gvidence (1.&. the results from
exterlor investigations of
potenilal subsuriace sourcest

Condition Description
Positively i Consistent dressure
Pressurized | measurements o > G1¢ &

‘ P& relatve 10 outdoors.
|
|
E
Neutral to I Consisient pressure
Fositively i measurements of <2 ¢ &
Pressurized | Pa reiative to outaoors.
| OR
{ Highiy variabie pressure
! measurements tynically
| greater thar, zerc.
\
\
!
|
hNeutrat to  Conslstent pressurs
Negativaiy ! maasuremenis of -5 t0 <2
Pressurized . Pa rsianve 10 outdoors.
| OR
I Highiy vanable pressure
| measuremsnts <5 Pz

Range o aeprassurization tnat

coula occur either from heating

effects OR appilance/ian effects
(0.01 10 0.02 in water, based on
EbL. 1983,

Potential ransient
(intermittent) driver for Vi
pathway may pe present.
Further investigation may be
warranted 10 identify &
potential source and transpon
patnways for VI (1.&.
groundwater and near siab
sampiing .

Negatively ¢ Consistent pressure

Ranpe of aepressurization mai
could occur from neaung efiects
and appilance/fan effects (0.022
10 0.035 In water, pased or
1QQ073

L 18830

=pL

Porenual driver for Vi patnway.
Furtner Investigation may be
warranted. Consideration may
need 10 pe given to either
exterior or interior sampiing.

Pressurized i measurements oi > -8 16 -
| 9 Pareiauve o outaoors.
Note-

1 Pa = 0.004 mcenes of water
Vi — Yapor intrusion
Adapted from EPA, 1088

-
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Appendix I Alr-Flow Miodification Mittigcation Measures for Verified
Pathwavs That Pose Calculated Risk
Introduction

This appendix presents an overview of different mitigation techniques availabie for reducing
the indoor air concentration of vapors migratine mdoors from subsurface areas. Mitigation
Measures are METIM COTrective actions taken o reduce the health risk to building occupants
while source control measures are being studied and implemented. Mingation measures often
are discussed 1n the context of exisung buildings: however. there mav be instances with former
Navy DI'OD’-‘T’[it"\' (e.¢., Base Realignment and Closure [BRAC]T sites) or active sites for whicn
new construction plans must congider an existng vapor intrusion (VI) pathway. Mitigation
measures are generally the same for new and old consuruction. However. it 1s typically easier
and less expensive 1o have the measure included in the design phase of a new building,

It is generaliy believed that most vapor-phase intrusion occurs via cracks in masonry
foundations (as opposed to diffusion through concrete) and through cracks in floorboards and
walls where the building has a craw! space. Of particular concern are the small perimeter cracks
that generally develop at the intersection of the footing/wall/slab. Other probiematic entry points
inciude the space around incoming utility pipes as well as settling or shrinkine cracks thar can
develon over time within the walls or the slab (MADEP, 19955, Therefors. mitigation measures
either deal with the prevention of gas enuy from cracks and other entrance points. or
alternatively remove the contaminants from indoor air once thev have entered. Of these two
options, prevention of soil gas entry 15 the most widely used. The most commonly used
mitigation techniques are discussed below. Table I-1 presents the advantages and disadvantages
of each mnigation technigue.

More dertaiied information regarding the installation of vapor mitigation measures can be

found in the EPA “s Opiions for Developing and Evaiuaring Mirigarion Srrategies jor indoor Air
impacts ai CDRL.,L { Sites (EPA. 1993, and the Massachusetts Deparument of Environmentai
Protection Guidelines jor the Design, ]77,?[(1]1(1[7,011‘ and Operation of Sub-Siabh Depressurizarion
Svstems (MADEP, 1993

Mitication Measures that Prevent Vapor Entry

Mitigation measures that prevent vapor entry are the most frequentiy used and have been
extensively field verified as to their effecriveness. The three main methods of prevenung vapor
entry are instaliation of a subsurface depressurization (SSD) svsterm. buiiding
pressurization/HVAC optimization. and the seaiing of soil gas entry routes.

Subsurface Depressurization Systems

The purpose of an SSD system is to create a negative pressure {ield directly underneath a
building in relation 1o the building ambient pressure. This negauve pressure field becomes &
“sink”™ for any gases present beneath the building foundarion. Volatile organic compounas
(VOCs) caught in this negative pressure f1eld are collected in a pipe and vented 1¢ a discharge
point above the roof of the building. SSD systems can be constructad for buildings with both
slab-on-grade construction and crawl space construction. A descripuon of each of these systems
is presented belov.

Sub-Slab Depressurization Svstems
A sub-slab depressurization svsieni typicaliy consists of tne foliowmng comnonents:

e A cored hole tirough the siab. with 2 sump pit excavared peiow (typicaliy one hole/sump biz it
sufficient for single famiiv residencas: more mav be required for jarger buildings: The amoun:
of subsurface marerial extracied {or the sump 13 wpically from o w16 galions
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o Poivvinyt chloride (PVC pipe (rypically « 4-incl-diameter pipes extended from the sumn piv w
the exhaust point above the roof

« A fan mounted in the pipe run, either in an amic or outside of the building. used 1o create the
negative pressure fleld beneath the siab

¢ A manometer. mounted on the vertical PVC pipe run. which gives a continuous indication of fan
performance.

A cross-sectional view of a typical sub-siab depressurization svstem is shown in Figurs 1-1.

The first sump of a sub-siab system is preferentally placed as close to the center of the siab as
nossible w extend the pressure field as far as possible using minimal holes/sumps. After the
mitial sump 1s created. diagnostic wesung is performed by placing an exhaust fan over the sump
hoie and measuring the pressure diffevential at perimeter locations. If the negative pressure field
extension 1s measured at the most distant locatons, then ons sump Is adequate and the rest of the
system can be instalied (1.e.. the PVC pipe run and exhaust tan can be placed in the system). I
the first sump was not sufficientto achieve the negative pressure di'f""e.remi’d across the enure
slab, then additional holes/sumps will need 1o be created unul the pressure extension 1s measured
at all sub-siab locations.

An alternative design to a sump is 1o create sub-slab “wenches” that may run the length of the
building to channel vapors 1o ong pont where they are exhausted by tnb PVC pipe. If wenching
15 chosen. care must be taken to avoid hitting underground utiiity pipes. in this type of system.
coring of the slab is not necessary. and ali components of the system can bz kept exterior to the

buiiding.

Crawl Space Depressurization Systems

A craw| space depressurization system is very simiiar 1o & sub-siab system. The difference i
that perforated pipe and a vapor barrier material are used instead of PVC pipe and a sump. A
crawl space system typically consists of the following components:

«  Perforated pipe. typically 4-inch-diamerer, laid 0 contact with the soil in the crawi space

& A vapor barrier material. tvpicaliv made of poivethviens or rubber material. placed over the
perforated pipe and seated o the perimeter foundation walls and interior support beams

r~

= PV pipe. typicaliy 4-inch-aiameter. connected to the perforated pipe underneath the vapoes
barrier and extendead to the exhaust point above the ro0f

® , far. mounted in tie PVC pipe run. either m the attic or ouside of the building. used 1o create
the negative pressure field beneath the vaper barrier: and

e A manometsr. mounted on the vertical PV pipe run. which gives a continuous indication of fan
performance

Driagnostic testing cannot be performed In crawl space systems due 1 the inability 1o achieve
« sufficiently tight seal with the vapor barrier material. However. post-instaliation air monitering
has shown these svstems 10 operate very effectively (EPA. 1993 A f‘rawi space depressurization
syvstem would look similar to the sub-slab systermn shown in Figure i-1 with the exception that

there would not be a sump. and a vapor barrier material would be present in piace of the slab.
Considerations for Instaliing SSD Sysiems
Importan: considerations imvolving the instaliaion of SSD systems are the foliowing:

e  Before ¢ SSD svsiem 1g instaliec. the depth 1o groundwater should be determined. in general. the
groundwarer whie f;homd pe at 12ast © nehes beiow the building siab or crawi space suifacs for
an 88D system 1o be effective (MADEY. 1005,

A



e The mstallavon of an SSD svstem snould be umdu led under e direct supervision of &
competent professional with specific experience in building vapor mitgation. Many firms
speciatize in installing SSI¥ svstems for reside mla’. and commercial radon mingator. The &P,
maimaing « 18t of competent firms in thew EPA Radon Contractor Efficiency Program. which is «
gODG STArting piacs mr focauing an installation contractor. Alternatively. the National
Environmenta! Health Association {NEHA Y. & privale orgarizarion. maimains te Nationa! Radon
Proficiency Ce]‘iii]cation Organizarior. wixich cernifies vadon mitgation convactors, The NBEHA
jist of cemified contractors can be Tound on their wepsiie at: |

= Exhaust tans used in S50 svsre ems reguire maintenance. Fans rypically ussd for resicential
SYSEEmS are very stable. 1 qu g mamnienance approximately every 10 vears. Conversely. tiig
larger fans used for commercial facilities requirs Mmainienance one of more Times 2 YEar
depending on the specific manufaciurer’s recommsndations,

«  Apadvanage of an S8 sysrem i3 that confirmatory indooy air Sampm,g is ofien not requited 1

detenmine system effectivensss becauss negative pressure extension can be verified during
svstem instaliation.

Note: Radon svstems are the same npe of sysiem thar is required jor VOO vapor mifigarion. The
standards jor insialling radon mirigaiion syswems are presented fn ASTM siendard E2121-03
“Standard Fracrics of Instaliing Radon Mitigation Svsiemy v Exisung Low-Rise Rmzf}emw‘
Budldings " (ASTHM. 2003, Addidonal information and updaies on EPA4 recommendations yor

radon standards can be round at the EPA website rywiny.ena.govradon).

Building Pressurization/HV AC Opiimization

This mitigation approach m\fohw positvely Dr“qsuriving the building mmterior refative w the
sub-slab. which removes the driving force for enury of soil gas o the building. An e\camn!e of
pressurization is a clean room:. Pressurization is accomplished through balancing the buildin
heating. ventilating and arr-conditioning (HVAC) system: balancing involves careful adjus sments
of the svstem that increase the quantity of outside air provided to the building whiiz adjusting fan
speeds to increase overall air flow o mierior spaces. Typically. only small increases in
buillding pressure {e.g. <0.001 inches of water. or (.25 Paj are needed 1o prevent vapor intrusion
(ITRC. 2007: EPA, 1994). Building pressurization is most feasible n new construction or newer
buildings. wz ich are more tightiv conswucted. Builaing pressurization requires regular
monitoring. inspection and maintenance of the HVAC svstem to remain effective. Design of ¢
building pressurization mitigation measurs needs to take into account ’“‘ax\clﬂi caused by opening
of doors and wingows. which mignt distupt the over-pressurizati lon created d in the nterior space
Noz”'xali‘f. HVAC systems operate on & cvele. and airflows are reduced or shut down on nights of

reelkends when a butlding is unoccupied. The effects of such cveling need w be addressed when
using the HVAC system as a mingation measure. Other factors w be considered inc uue Energy
costs associated with the heating and cooling of additional cutside air, and the controls needed
for the HYAC svstiem 1o mainiain the needed pressure differences.

Note: Modifving the HUAC system 1o over-pressurize imerior spaces may e mosi efieciive az
part of an overall building energy conservadion program. inciuding 1aking sieps 10 reduce air
leakage and nfilrarion. ard Py using compuier-comroiled building manggenieni Sysiems io
optimize operaiion of the HVAC svsiem.

Seaiine Soil Gas Enuv Routes

To prevent the entrance of soil gas through sealing. a gas-tight phvsical barrier must be
placed in the pathway berween the vapor source and the nterior space. NUMErOUs sealants.
caulks. and menibranes are commerciallv avalilable ta seal entry routes. The compiexity of the
sealing effort is site-specific and depends on the ievel of miugauon r{:qu ired. Major and minor
entrv routss for vapors must ali be idenuned and sealec w effectively mitigate VI througn
sealing alonc.

'S
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ke major vapor entry routes include the foliowing:
«  Exposed sol
e SUMpS
¢ Floov draims
+  French drains
«  Uneapped hollow block walls
The minor vapor entry reutes include the following:
= Slabrwall cracks
<« Biock wall pore openings
important considerations invoiving the use of sealants for vapor mitigation are the following:

e inmost cases, in order 1o significantly reduce the infilwation of soil gas. sealing must be
supplementad with another mivigarion technigue.

« Foundaricn and/or soil settiing can cause a butlding s sub-structure 10 move or shift. Thess
dynamics often cause sealed entrv rounes 1o rsopen over ume and inmoducs new amry routes,
Therefore, periodic inspeciions of the sealed openings are crivical 10 ensuring the long-term
effecriveness of this mitigation tecnnique.

-

e TS di culi 1o determine the effecrivenass of this mitigation measure because thers 13 ne wav
test 1 prnqsurm differential berween the building and the sub-slab area. Therefore. indoor air
samp mg is typicaliv reauired

Mitigation Measures that Remove Contaminants from Indoor Air

Mitigation measures that dilute or remove contaminants from indoor air also may be used.
These methods are not typically chosen due 1o the iarge merease in energy required 10 move and
condition more air into & building. The two main removal options, di lution ventilation and
mdoor air cleaning. are discussed below.

Dilufion Ventilation Measures that Remove Contaminants

Exposure 1o ¢ onmmman s that na\/ entered through the basement/crawl chlL,{‘: can be
controlied by diluting the indoer air with uncontaminated outside air. This technique works
through increasing the building’s arr exchange rare. which can be controlled through mechanica)
ventilation sysiems axd mfi ’u-atienfe\{ﬁhratio rates. infilraden/exfiliration is the nawural flow
of air inte and out of & building due to the pressure difference between inside and outside. This
flow is mfluenced by weather conditions and by the tighmss:@ of a building. D lution ventiiation
echniques are typically only reasonabie to consider Tor single famiiv residences.

Ventlation can be used as a mitigation rechnigue by following ons or more of the following
approaches:

= ncrease venti .fmon using natural ventiiation (L.o.. open doors and windows!

<«  Mechanically induce ar movement ang air exchange with or withoui energy recovery

e i
i

Use of Ditution Ventilation 1o Lower Contaminant Levels

o

:M
¢
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e
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increasing patural venulation by openmg doors and windows has proven &
reducing radon coONCENtrations in some resi aem s (u) 190 . Howsver. it is not

$

recommended due 1o the obvious probiems of security. wg costs. and cooling costs. Alse. It

will not worlk 11 a resident decides 1o shut windaows or doors.

Mechanteal Introduction of Alr With or Without Energy Recovery



The mechanical muroduction of cutdoor aly can act o GHute Mdoor constituent Cancantratian:
and pressurize the building w recx,u.ca the infiux of contaminants, Another option for increasing
the introduction of ourside air 15 o introauce ar through o separaie svstem. such as a window-
mounted fan or a ‘u 1ed o d yor air fan. Use of an energy recovery device to pre-condition the
outdoor alr will reduce the energy penalty for introduction of additional cutdoor air.

Considerations for Using Dilution Ventilation to Ramove Alr Contaminants

mpo tam comiuwatwm 10 e made before selecting dilution venulation as 2 mitigation
reennique includs the following:

:
Fc
ff
/“\

e Anenergy analysis shouid be made 1o derermine the addivonal cost associatad with

mrroduction of ourside air

s [ncreased hlwation may be required to ensure dust pollen. and other environmental contaminants
are removed from the outside air before being introduced into the bullding

e [f dilution ventilation is used in a large commercial facility. a qualified MV AT conwactor will be
required 1o ensure that the sysrem is appropriately baianced with additional air fiow

= Periodic indoor air sampling may be reguired 1o show thar the dilution measures are working

s

«  Qurdoor air may alse be comaminated. which will make difudon ventilation an ineffective
approach for diluting indoor air contamination

Indeor Air Cleaning 1o Remove Contaminants

""‘ne remaovai of gaseous air poliutants requires the use <:ﬁ“ a sorhent material. This approach
has been applied m industrial manefacuring processes. but the effective removal or organic
constituents in residential or commercial setungs has not been well documemed (EP A, 1963+

The most frequentiv used process Tor removing gaseous poliutants from indoer air 1s sorption
ov solid sorbents such as activated carbon. The effectiveness of this tvpe of svstem is dependan:
on the following:

= Alr flowrate through the sorbemnt

«  Concemration of the poilutant in the air stream

s Pregence of warter vapor (humidiry }
o Phvsical and constituent characieristics of both the poliutants and the sorbant

Activated carbon has bzen used 1o reduce indoar concenrations of fow molecular weighn
cases and odors (o low levels meeting occupational health standards. However. the abifity of this
tvpe of sorbent to remove high concentrations of poliutans. the useful life of this sorbent. and
the ability of this sorbent 1o adapt to the variauons in tybe and concentration of indoor polivtants
13 stijl being studied.

Verification of the Performance of the Chosen Mitigation Measure

The plan for mstaliation of @ mitigation measure must include @ means for verification of
svstem performance. The performance eriterie should be discussed and agrsed upon with the
appropriate ‘eguia{orr agencies during the design phase for the mitigation measurs. Steps should
be taker to have 2 visual means of veritving svstem performance that will minimize the amoumn
of air sampling necessary. However. some air sampiing is tvpically required in at feast 2 subse

of e areas receiving migation measures. Visualways of verifying system performance that

may be used include the foliowmng:

¢ inswaliation of 2 manometer: A manometer is z\:nicali};‘ instalied on the exbaust pips jzgading 1 the
tan on an SSD svstern. This manometer provides a reai-time indication that the fan 15 operanng.
and may pe sufficient 1o prove that tne sysiem i working.

g e
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< Periodic pressure tesnng: In some cases. @ peruneter samniing nole mav 'D= “='J"3 111 place to enabiz
periodic verification of prassure field extension beneath the siab where an SSD system has been
instalied.

= Visual system inspection: An annual visual inspection of the mitigation svsiem integrity may aisc
vrovide sufficient verification of system performance. Thnis would includs inspection of seaiad
joimts. mspection of pipas for cracks. a fan mspectiorn. ete. A checklist showld ba devised for the
specific svstem 1o document thay ali components subiect 1o faiiure ware inspected and approvec.
or replaced 1f necessary,

Cost of Mitigation

Cost of mitigation will varv with the type of mitigation and the size and construction of the
building. Sub-slab depressurization svstems similar to those used for radon mitigation currentiv
are approximately $2.500 for residential buildimgs: instaliation of resistant barriers in new homes
1s approximately $350 to §500 (Nationai Safety Council, 2002}, The cost for mitigation sysiems
-11 larger comme-rc'ieﬂ-—blﬁ’l&mvs'-iis approximartely $2-per-square foot-of arearequiring mingation
(Folkes and Arell. 2003). These costs are only for instaliation and can varv depending on the
buiiding being Titted w1tn a mitigation systen.
in assessing overall costs of mitigation. indirect costs also should be considered. because these
casts can pe significant (Folkes and Arell, 2003}, These costs may include:

x erformance monitoring. Performance monitoring 1s usualiv required 1o determine it the system
is meeting the cleanup criteria. Monttoring costs inciude iabor and suppiies for sample collection.
constitient anaiysis. data evaiuvation, and repoiting. Costs for performance monitoring will vary
with each site. depending on the agreements made with the regulators for number and types of
samples Tollowing 1nstaliation of the mitigation system and the ﬁ‘equpm\' and time period over
wilich monitoring must continug. General mmrmduor on costs of sampling devices and
consttuen! anaiysis 1s provided In Appendix F; however. these estimares do nov include iabor tor
sampla coliection, data evaluarion and reporting.

¢ Dlectricity for aperavion of the mitigatucen svsiem
<« Maintenance costs

«  Community reiations costs site visits. public meerings, educational materialz. e,

[
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I'abie i-1. Vapor Intrusion Mitigation hMethods
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Advantage I

Disadvanmrges

NMitieation Measures That Prevent Vapor Entry
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;
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are
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REPLY TO THE ATTENTION OF:

L-8]

Mr. Scott Phillips

Chief, Bureau of Land

Illinois Environmental Protection Agency
1021 North Grand Avenue East

P.O. Box 19276

Springfield, Illinois 62794-9276

RE: U.S. Environmental Protection Agency comments on
the proposed Ilinois Environmental Protection Agency
(IEPA) Rulemaking on Vapor Intrusion

(Proposed TACO Amendment for Indoor Air)

Dear Mr. Scott:

The U.S. Environmental Protection Agency has reviewed the briefing material supplied
by the IEPA on the proposed Amendment to the Tiered Approach to Corrective Action
Objectives (TACO) for Indoor Air (Vapor Intrusion). A briefing paper and an advanced copy of
the draft revised TACO Amendment were supplied to EPA at the meeting held in Chicago on
May 25, 2010. I want to express my appreciation for the diligent efforts your staff has made to
address EPA’s previous concerns on the technical approaches employed in the proposed
Amendment, as well the visit by your staff to Chicago to provide a briefing on the modifications
to the original proposed TACO Amendment.

Please find enclosed our comments and further recommendations on the technical
approach that IEPA is proposing for the TACO Amendment. EPA recognizes and supports
IEPA’s decision to make certain modifications in the technical approach. For example, the
decision to include the “advection parameter” to the vapor transport model for shallow
contaminant sources adds necessary conservatism to the vapor transport model for determining
numerical Remediation Objectives. The requirement to include institutional controls as part of
the management requirements for addressing deeper contaminant sources is also a positive step.

However, EPA remains concerned about the uncertainty inherent in relying heavily-on a
mathematical transport model (Johnson and Ettinger Model) for predicting risk protective media
concentration levels (soil gas, groundwater), as well as the assumption that the advection
mechanism can be omitted for predicting intrusion of contaminants that diffuse upward from
depths greater than 5 feet below a building foundation/slab.

Recychd/Recyciable . Printed with Vegetable Ol Based Inks on 100% Recycled Paper [50% Postconsumar)



As detailed in the enclosed comments, EPA is making some additional
recommendations that we believe would appropriately address the uncertainty involved in
the modeling approach. Specifically, we recommend that the Amendment should be
modified to require the determination of compliance by meeting both soil gas and
groundwater Remediation Objectives whenever Appendix B-Table I (diffusion only case) is
employed and whenever water-filled soil porosity is below the selected limit of 0.3 (30 %).
These modifications would increase EPA’s confidence that appropriately conservative and
protective-decisions could be made using an approach that relies on the J&E Model for
calculating Remediation Objectives. Adoption of these modifications would make the
proposed TACO Amendment acceptable to the EPA Region 5 Resource Conservation and
Recovery Act (RCRA) program for application at RCRA corrective action sites. In
addition, these modifications would be consistent with a recent Report issued by the EPA
Office of Inspector General (December 2009). That Report cited the importance of having
more than one line of evidence and recommended that multiple lines of evidence (i.e.,

~multiple media measurements) can improve the level of confidence and reduce uncertainty
when evaluating the vapor intrusion pathway.

EPA trusts that consideration of the comments and recommendations presented in
the enclosure will be beneficial for IEPA as it moves forward with submission and review
of the proposed TACO Amendment, We remain available for further discussion with
IEPA regarding the proposed TACO Amendment and our shared objectives in
accomplishing environmental investigation and remediation.

If you would like to discuss the enclosed comments further, please feel free to
contact Jose Cisneros, of my staff, at (312) 886-6945 or e-mail at cisneros.jose@epa.gov.

Sincerely,

.0 24,
6’/\ Bruce F. Sypniewski
Acting Director

Land and Chemicals Division

cc: Heather Nifong (IEPA)
Gary King (IEPA)

Enclosure



ENCLOSURE:

U.S. EPA-Region 5§ Comments and Questions on the Briefing Material for the Illinois EPA
Rulemaking on Vapor Intrusion (Proposed TACO Amendment for Indoer Air)

The U.S. EPA Region 5 RCRA Program appreciates the opportunity to review the bneﬁng
material supplied by IL EPA for the proposed Amendments to TACO for Indoor apor
Intrusion). A briefing paper and an‘advanced copy of the draft revised TACO Amendment were
supplied to U.S. EPA at the meeting held in Chicago on May 25, 2010.

U.S. EPA hopes that consideration of the comments and questions presented below will be
beneficial for IL EPA as it moves forward with submission and public review of the proposed
TACO Amendment. (The comments and questions have been orgamzed to correspond with the
topic headlines shown in the briefing paper.)

U.S. EPA is very concerned with the issue of soil vapor intrusion throughout Region 5 and wants
to assure consistency in approach for all 6 states. If you would like to discuss the following
comments further, please feel free to contact Mario Mangino (312-886-2589)

(mangino.mario@epa.gov) or Bhooma Sundar (312-886-1660) (sundar.bhooma@epa.gov).

Topic and Purpose:

U.S EPA recognizes IL EPA’s position that a property owner cannot be forced to address the
vapor intrusion pathway at sites under any of the State’s cleanup programs uniess the pathway is
promulgated under TACO, and that TACO must provide Tier 1 numerical “Remediation
Objectives” (ROs) which essentially are No Further Action exit levels.

It is our understanding that II. EPA believes that it needs to rely on a chemical transport model
for vapor migration because it can’t wait for EPA to revise its 2002 VI guidance and because the
Johnson and Ettinger (J&E) Model is a widely accepted Model for developing ROs. If IL EPA
were to reject use of the J&E Model, it would need to develop statewide empirical data for VI
attenuation factors. That procedure would require extensive time and resources. Also, EPA’s
empirical data studies are still draft (i.e., 2008 Report), not peer reviewed, and would not be
accepted by Responsible Parties in Illinois as technically valid.

In light of the above situation, U.S. EPA believes that the proposed TACO Amendment should
employ a conservative application of the J&E Model because Tier 1 and Tier 2 RO values will
be used to “screen out” sites from further evaluation and because a limited amount of site-
specific parameter data will be collected to calibrate the J&E Model at a given location. The
conservative approach would include application of reasonable conservative default input
parameters for the J&E Model and conservative assumptions for how the vapor transport model
predicts migration of contaminants from the subsurface to indoor air. In other words, the J&E
Model should be applied in a way that favors calculation of conservative RO values so that sites
which have media concentration levels below RO values can be confidently screened out from



further study. This concept is the basis for some of the U.S. EPA questions and comments
provided below.

Background:

U.S. EPA appreciates that the TACO language alone will not be used to grant NFR Letters, and
that the individual State regulatory programs will be in control of data collection at sites and
approving decisions on whether sites have received an adequate level of characterization and
sampling. .
Question: Could you clarify some of the items found within this first section? Specifically, U.S.
EPA is not sure how to interpret the meaning of the term “boundary conditions typical of Illinois
sites.” Our first impression is that boundary conditions mean that all detected chemical
constituents have concentrations below the Tier 1 Remediation Objectives for both groundwater
and soil gas. However, we were not sure if boundary conditions refer to the demonstration that a
site has J&E Model soil and building parameter conditions which fall within a set of limits or
ranges typical of Illinois conditions. Our observation is that IL. EPA would need to require much
more site-specific data to verify that typical Illinois conditions were encountered. How would
the typical Illinois conditions be determined and publicized?

U.S. EPA agrees that ROs based on chemical constituent cancer risk levels of 1E-06 and Hazard
Quotient of 1.0 are conservative.

U.S. EPA agrees that instituting appropriate and validated building vapor control technology
combined with suitable institutional controls (e.g., preventing new building construction above
vapor sources) are methods that can be used to obviate the need for extensive subsurface
sampling studies or reliance on transport models that always have some uncertainty.

U.S. EPA agrees with the concept that TACO ROs based on the J&E Model should not be
applied above free product layers in the unsaturated zone or above LNAPL in the groundwater
zone.

Question: In those cases where TACO cannot be applied due to the free product, won’t IL EPA
need to develop some guidance for data collection (i.e., soil gas, sub-slab soil gas, indoor air) to
evaluate the potential vapor intrusion problem above free product if dwellings and buildings are
already present?

Question: Also, if the TACO procedure (and the J&E Model) cannot be applied in the free
product situation, how would RO values be established? U.S. EPA acknowledges that
institutional controls could be required to prevent future building construction above free product
zones, but won'’t existing structures need to be evaluated for vapor intrusion potential or
subjected directly to Building Control Technologies (BCTs)?

Question: If TACO is required to be applied site-wide across an entire site, does that mean a
Responsible Party needs to demonstrate that soil gas sampling and groundwater sampling have
been conducted at random or stratified-random subsurface locations across an entire site?



U.S. EPA Region 5 RCRA Concerns
Solution 1:

U.S EPA appreciates IL EPA’s recognition of the EPA recommendation to include the
Advection Parameter in the J&E Model by employing the default Qsoil value presented in the
2002 OSWER Guidance. At the briefing meeting on May 25, U.S. EPA got the initial
impression that the Advection Parameter was being added to the J&E Model calculations for
vapor sources more than 5 feet away from a building foundation. However, the written
explanation and the Rule language state that the Advection Parameter is being added only for
vapor sources less than 5 feet (i.e., within 5 feet) from a building foundation (or less than 5 feet
below ground surface if no building is present?).

U.S. EPA recognizes that the current plan seems more conservative than the original draft Rule
approach that did not apply the Advection Parameter at all. However, after looking further into
EPA’s interpretation of the sensitive parameters for the J&E Model, we could not find a situation
where the Advection Parameter (expressed through assigning a positive value for Qsoil) should
be turned off (i.e., Qsoil set at zero) when the J&E Model is being employed as a screening level
approach for predicting indoor air concentrations. EPA is still concerned that Appendix B-Table
H and Table I are based on a somewhat faulty conceptual site model. The soil gas and
groundwater remediation objectives are derived based on the assumption that the advection
pathway is insignificant when soil and groundwater contamination are more than 5 feet from a
building slab or foundation. It is important to note that the advection pathway with respect to
vapor inrusion refers only to soil gas transport. The J&E concepmual model is based on the
principle that air pressure within a building can be lower or higher than the pressure in the soil
gas, and even small pressure differences may cause advective flow of gas into a building through
pores, cracks or openings in the building floor or basement walls. According to this principle,
Table H is conservative in determining compliance, but Table I is not. Volatile contamination of
soil or groundwater deeper than 5 feet could still contribute to contaminated soil gas vapors
rising (by diffusion) close to the building slab/foundation and entering the advection zone that
determines the rate of transport to indoor air.

Although it is recognized that the pressure difference between a house-sized building and the
surrounding soil is usually most significant with in 1 to 2 meters of the structure, measurable
effects have been reported up to 5 m (~ 15 ft) of the structure. These pressure differences may be
caused by a combination of temperature differences (stack effect due to hot air rising), wind load
on the building walls, operation of mechanical devices (e.g., exhaust fans, air conditioners,
heating units), barometric pressure changes, and operation of combustion devices that vent
exhaust gases to the outside (e.g., fire places, furnaces). The EPA Office of Inspector General
recently issued a review of the 2002 OSWER draft subsurface VI guidance. This review
suggests that having more than one line of evidence is beneficial and that multiple lines of
evidence can improve the level of confidence and reduce uncertainty when evaluating the VI
pathway (U.S. EPA 2009 “Evaluation Report: Lack of Final Guidance on Vapor Intrusion
Impedes Efforts to Address Indoor Air Risks”; Report No. 10-P-0042; Office of the Inspector
General; Washington, DC). OSWER has subsequently indicated that the portions of the Draft



2002 VI %qidance where decisions are made based on a single line of evidence will be updated
by EPA. ‘

Consequently, in order to address the uncértainty introduced by assuming that the Advection
parameter is inoperative (i.e., diffusion only case), U.S. EPA suggest that Section 742.515(c)
should be modified to require the determination of compliance by meeting both soil gas and
groundwater ROs if Appendix B-Table I is used for determination of compliance.

However, U.S. EPA understands that for the Diffusion only approach, IL EPA will require some
additional controls which would appear to alleviate some uncertainty about the relationship
between depth to contamination and the vapor migration potential.

¥ the source of soil or groundwater vapors is more than 5 feet from a building foundation, the
diffusion only model would still apply (Qsoil = 0). If a Responsible Party applies the diffusion
only model, then TACO will require an institutional control to maintain a 5 foot distance
between the soil and groundwater vapor sources at any existing or new building foundation.
U.S. EPA would interpret this to mean that an existing or new building subsurface foundation or
surface slab would need to have at least a 5 foot distance from a source of soil vapor or at least a
5 foot distance from groundwater. But if the distance criterion of 5 fest cannot be confidently
applied and maintained, then the responsible Party should be required to install an active
engineering control or BCT. ‘

Question: Could you clarify how a Responsible Party will be able to establish an institutional
contro] to maintain a 5 foot distance to vapor sources especially for an existing building? For
exampie, would fluctuation of the depth-to-groundwater be taken into account in requiring the
need for an institutional control? However, this might be a useful approach for deciding where
new building construction should not be allowed.

Question: Section 742.1000 appears to address institutional controls primarily for property that
is already under the conirol of an owner/operator where the owner would be capable of
subjecting the property to land use restrictions, distance to contamination control, or BCTs.
Such property would typically already have an industrial/commercial property use. For a
situation where contaminated vapors need to be addressed for off-site residential dwellings, how
will an owner be capable of imposing a distance exclusion criterion of 5 feet for soil and
groundwater or the requirement for BCT on a residential land owner?

Also, the revised TACO Rule would set a value for two soil type parameters that would be
common for Illinois soil geology rather than assuming that the soil can only be “sandy.” (There
is apparently a soil geology report for Illinois which provides support for concluding that pure
sandy soil should not be regarded as the default soil type for Ilinois. A non-sandy soil type
would still be a conservative and practical choice.) IL EPA selected soil parameters with values
that would characterize this common soil type: water-filled soil porosity and capillary fringe

! OSWER is committed to issuing the final VI guidance by November 30, 2012. When this
guidance becomes available, it is suggested that IL. EPA could screen sites based on default
empirical attenuation factors rather than relying solely on the J&E Model.
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thickness. In order to use either of the Tier 1 Tables for ROs, the site must have a water-filled
soil porosity of at least 0.3 cm*/em’ (i.e., 0.3 or higher), and a site-specific measurement for this
parameter must be submitted to the IL EPA.

EPA accepts that this requirement would add some conservatism to the application of Tier 1
because water-filled soil porosity is one of the sensitive input parameter for the J&E Model and
because soil containing 30% water in soil pores could retard vapor diffusion bettet than drier
soils. -

Question: EPA could not locate any directions or prescriptions for where and how the data to
determine the water-filled soil porosity should be collected—can you direct us to that
information in your proposed amendment? For example, it seems that the supporting data would
need to be collected at some minimal distance below existing or planned foundations and
relatively close to the footprint of an existing or planned building so that the data would be
representative of the soil properties likely to influence diffusion and advection.

U.S. EPA also reviewed some information on the water-filled soil porosity parameter as
described in two of the EPA Guidance papers on the J&E Model (“User’s Guide for Evaluating
Subsurface Vapor Intrusion into Buildings”, February 2004; and OSWER 2002 Guidance,
Appendix G). It'appears that both of these papers concluded that water-filled soil porosity would
be a sensitive input parameter for the J&E Model. However, both papers reported that the
practical range of values for this parameter would be 0.04 — 0.33 across the range of soil types
expected at almost all contaminant investigation sites. The highest typical value was reported to
be 0.216 for Silty Clay soil. In other words, these papers seem to be suggesting that-soils with
water porosity above 0.3 wouid be the exception rather than the expectation. Consequentiy, U.S.
EPA’s tentative conclusion is that many (perhaps the majority) of sites will not be able to utilize
the Tierl RO compliance option, and would be required to employ Tier 2 to determine the
applicable RO values. For the Tier 2 case, a water-filled soil porosity value less than 0.3 will be
used in the J&E Model to predict which soil gas concentrations and groundwater concentrations
would be acceptable and protective. For that situation, U.S. EPA recommends that uncertainty
resulting from use of the J&E Model should be addressed in the following manner:

(1) For vapor sources less than 5 feet (i.e., within 5 feet) from a building foundation: Require
both groundwater concentration data and soil gas concentration data to be submitted for
comparison to calculated Tier 2 RO compliance values.

(2) For vapor sources more than 5 feet from a building foundation: a) Require both groundwater
concentration data and soil gas concentration data to be submitted for comparison to calculated
Tier 2 RO compliance values; b) For sites with existing buildings or dwelling above vapor
sources, obtain data to provide further calibration of the J&E Model assumption (i.e., Diffusion
only): Require a soil gas measurement(s) in the sub-slab or near slab within 5 feet of the existing
foundation. Compare the measured result to the soil gas RO calculated for Diffusion plus
Advection (i.e., Qsoil = 83.3 cm3/sec); ¢) After data review, provide site managers and program
managers with guidance on when indoor air measurements should be performed for verifying
that the building-specific attenuation factor is acceptable; and provide guidance for requiring
placement of institutional controls similar to the Tier 1 requirements.



EPA suggests that the above approach for Tier 2 will provide additional lines of evidence to
support decision-making using the J&E Model.

Solution 2:

U.S. EPA recognizes IL. EPA’s position that suggested EPA attenuation factors based on
empirical data are still draft and may not constitute a widely accepted analysis among regulatory
and public stakeholders. Also, IL EPA stated its opinion that EPA empirical data are for
locations and soil types that would not mimic Illinois conditions. U.S. EPA understands that I,
EPA believes that unless it allows a contingency for a Responsible Party to use site-specific soil
parameters, the proposed TACO Amendments for vapor intrusion will not be acceptable to
Stakeholders or the Pollution Control Board.

Solution 3:

U.S. EPA agrees that site characterization and sample collection requirements relevant to vapor
intrusion evaluation are important. For example, the new requirements will now include the site
specific measurement and report of at least one soil parameter (i.e., water-filled porosity) so that
IL EPA can decide which Tier Level of ROs that a responsible Party can employ. If would be
useful if IL EPA could provide an outline of what the complete Regulation will contain.

Question: Does the IL. Pollution Control Board approve only the TACO Amendments or does
the Board also approve what IL. EPA is describing as the complete regulation?
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[LLINOIS ENVIRONMENTAL PROTECTION AGENE

. 1021 North Grand Avenue East, PO. Box 19276, Springfield, linois 627949276 ¢ (217) 782- »
James R. Thompson Center, 100 West Randolph, Suite 11-300, Chicago, IL 60601 » (312) 8146026

PAT QUINN, GOVERNOR DouGLas P. Scort, DIRECTOR
October 15,2010

Mr. Bruce F. Sypniewski

Acting Director, Land and Chemicals Division
U.S. EPA, Region 5 [mail code L.-87]

77 West Jackson Blvd.

Chicago, IL 60604-3590

RE: Proposed TACO Amendment for the Indoor Inhalation Exposure Route

Dear Mr. Sypniewski:

Thank you for your letter of August 12, 2010 commenting on and recommending changes to
Illinois EPA’s proposed amendment to the Tiered Approach to Corrective Action Objectives
(TACO) for Indoor Inhalation (Vapor Intrusion). In reviewing your letter, we could see that
USEPA had carefully listened to our presentation at the meeting on May 25, 2010, and spent
considerable time and effort in evaluating the briefing materials we had supplied.

Your comments and recommendations were very helpful to us. Two comments from USEPA
. were of particular significance and resulted in Illinois EPA making some substantial changes to
our proposal (attached).

1. USEPA recommended that when the Diffusion Only Table (Appendix B, Table ) is used
to demonstrate compliance that compliance with both soil gas remediation objectives and
groundwater remediation objectives be required. We agree that multiple lines of evidence
from soil gas and groundwater should be obtained prior to using Table I, and have
modified Table I, Footnote a and Section 742.515(d) accordingly.

2. USEPA raised concerns about the use of a water filled soil porosity value of 30 percent as
being non-representative of Illinois soil conditions. The 30 percent value is the
subsurface default parameter value recommended by USEPA’s Soil Screening Guidance
Document (1996); however, Illinois stakeholders raised the same concern. As a result, we
adjusted the water filled soil porosity value to 15 percent, a value more consistent with
typical Illinois soils. Changing this input parameter, however, meant recalculating the
remediation objectives in Appendix B, Tables H and I, lowering them (making more
conservative) by as much as 25 percent in Table H (Diffusion and Advection) and by as
much as 90 percent in Table I (Diffusion Only). By using the more conservative water
filled soil porosity value of 15 percent typical of IHinois soils, we have developed a more
conservative set of screening values and no longer need to condition use of the Tier |
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Tables based on determining site specific water filled soil porosity. We have also
modified Sections 742.505, 742.600 and 742.812 and Appendix C, Table M accordingly.

In formulating any changes to TACO, Illinois EPA consults with an advisory group of regulated
industry representatives to forecast the impact of proposed TACO amendments. This group is
formally known as the Site Remediation Advisory Committee (SRAC). The Iliinois EPA met
with SRAC on September 8, 2010 to discuss the changes outlined above. SRAC considered these
changes workable.

We believe these changes address your major concerns. Illinois EPA intends to re-file the revised
vapor intrusion proposal with the Illinois Pollution Control Board later this fall and welcomes
your continued participation in the rulemaking process.

Sincerely, %
fé;. Phillips, Chief
Bureau of Land

cc: Jose Cisneros
Mario Mangino

Enclosure
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The purpose of this supplemental testimony is to provide additional information on 1) the
indoor air sampling provisions of other States, 2) cost information related to soil gas
investigations and building control technologies, and 3) the maintenance requirements of
building control technologies as requested by the Board at the March 29, 2011 hearing. 1 will
also present a partial summary of Errata 2. The remainder of the Errata 2 testimony will be

presented by Tracey Hurl ey..

1. Indoor air provisions of other States

The Agency reviewed the indoor air provisions of four States: California, Minnesota,
New Jersey and New York. All four States have prepared vapor intrusion guidance, but none
have regulations in place. In their guidance documents, these States take a step-wise approach to
evaluating the indoor inhalation exposure route with indoor air sampling typically the last step
during an investigation of the vapor intrusion pathway. For example, in New Jersey if soil gas

screening levels are exceeded, then indoor air samples are collected.

As part of its Vapor Inirusion Technical Support document dated August 2010, the
Minnesota Pollution Control Agency provides an Indoor Air Quality Survev (Appendix H) and

Instructions for Occupants (Appendix ). These appendices are attached as Exhibit 1 to show the



complexities of indoor air sampling and the disruption it causes to people whose homes and

businesses are being sampled.

In all four States. once indoor air samples are warranted, the no further remediation

determination (or its equivalent) is based on compliance with the indoor air provisions. -

The consulting firm EnviroGroup Limited. headquartered in Colorado. maintains a
webpage linking to all of the vapor intrusion guidance documents by State

[htip://www.enviroeroup.com/links.php]. It is an excellent resource for anyone interested in

comparing State programs.

H

2. Cost information related to soii gas investigations and building control technologies

In the previous vapor intrusion rulemaking. ROQ—OOQ, subsequently withdrawn, the
Agency provided detailed cost information related to soil gas investigations as part of our Pre-
First Notice Comments dated May 27, 2009. The cost data are referenced on page 4 of the Pre-
First Notice Comments and contained in Exhibit 1 {rom that filing. As part of this supplemental
testimony, I am reintroducing the former Exhibit Tinto the current TACO rulemaking as that
information, which outlines costs incurred at four different sites, is still relevant and useful. It is
identified as Exhibit 2 to my testimony in this filing.

Attached as Exhibit 3 to my supplemental testimony are new cost estimates prepared by
Dr. Blayne Hartman at the request of Mohammed Rahman of Illinois EPA. The costs detailed by
Dr. Hartman, a vapor intrusion consultant, are for soil gas'sample collection and soil gas sample
analysis. His correspondence to Mr. Rahman also addresses the unigue costs associated with

indoor air sampling collection and analysis.

~J



For cost information on building control technologies. Exhibit 4 contains an excerpt from
Fapor Intrusion Pathway: A Practical Guide, prepared by the Interstate Technology and
Regulatory Council (ITRC) and incorporated by reference as part of this rulemaking. ITRC is
coalition of state environmental regulators working with federal partners and industry
stakeholders:j the excerpted pages of the practical guide present the range of installed costs per
square foot for the most common building control technologies.

The Agency has developed maintenance requirements for each of the four building
control technologies allowed under Subpart L. These requirements are presente_d in Exhibit 5 and

would be used. as appropriate, in future No Further Remediation letters issued by Illinois EPA.

3. Errata Sheet 2

The Agency is submitting a revised List of Studies and Reports; the oné we provided as
part of our November, 5, 2010 initial filing did not include some critical documents that were

contained in our 2008 TACO filing. The revised list corrects these omissions.

During the March 29, 2011 hearing, the Agency was asked by the Board to modify
Section 742.105(1) so that it expressed more clearly the scope of the indoor inhalation exposure
route evaluation. Neither the building structure nor products within the building will be evaluated

under the vapor intrusion pathway.

The Agency has also clarified Section 742.227 at the request of the Board by expanding
the opening paragraph to say that this Section appliés to exterior soil gas samples or near-slab

samples collected outside a building.

Sections 742.310(a)(2) and 742.312(b)(1)(c) have been corrected so that the

demonstration of active biodegradation to exclude the outdoor inhalation exposure route and the



indoor inhalation exposure route. respectively. applies only when the contaminants of concern

are benzene. toluene, ethylbenzene and total xvlenes.

At the March 29, 2011 hearing, the Board requested that the Agency reconcile language
in Sections 742.505(b)(2)(C) and (D) to be consistent with Sections 742.515(a) and (b). As

revised. these sections all reference “existing or potential building or man-made pathway.”

Also at the March 29, 2011 hearing. the Board requested that the Agency replace “lower
remediation objective” in Section 742.600 with “more stringent remediation objective” to be

consistent with usage elsewhere in TACO.

Section 742.900(c)(3) has been modified to specifically reference in,docn‘~ air samphng

‘results as site data accepted for eval uétidn under Tier 3. This addition results from a
recommendation by the Board at the March 29, 2011 hearing that the Agency include an indoor
air sampling provision in the rules. Also at the Board’s request, the Agency has added Section
742.935(e) to provide a Tier 3 option for establishing groundwater remediation objectives for the
indoor inhalation exposure route. In preparing Section 742.935(e), Illinois EPA determined that
the information to be submitted as part of a Tier 3 evaluation in Section 742.935(b)(3), (¢)(3),
and (d)(3) should specify “soil parameters” instead of “soil types.” This clarification assures that
the Agency will receive the most useful soil data, for example, the fraction organic carbon
content and water-filled soil porosity values. At the March 29, 2011 hearing, the Board requested
that Section 742.1200(f) be corrected 50 that grounds for voidance of a No F urther Remediation

determination include failure to install or failure to maintain a building control technology.

This concludes my supplemental testimony.
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Appendix H
Minnesota Poilution

Control Agency . . .Vapor Intrusion
520 Lafayette Road North Inter]or Bu‘llchng Survey Form

St, Paul, MN 55155-4194

Remediation Program

Doc Type: Site Inspection Information

Part 1: Physical Building Inspection

Preparer's name: Date/Time prepared:

Affiliation: Phone number:;

1. Occupant information

Occupant name(s): Interviewed: ] Yes []No
Mailing address: '
City: State: Zip code:

Phone: Fax; E-mail:

Number of occupants at this location: Age range of occupants:

2. Owner/Landlord information (Check if same as occupant: [])

Occupant name(s): interviewed: [] Yes [] No

Mailing address:
City: State: ) Zip code:
Home phone: Office phone:

3. Building type (Check appropriate response)

- ] Residential ] Industrial (] School ] Church ] Commercial/Multi-use
(] Other (specify):

If the property is residential, what type? (Check appropriate response)

[J Ranch rambler ~ [] Raised rambler  [] Townhouses/Condos ] Duplex ] Moduiar ] 2-Family
] spiit level ] Contemporary [] Apartment house [JCapecod [JLoghome []3-Family
(] Colonial ] Mobile home [] Other (specify):

4. Building description

If the property is commercial or industrial, describe the business use(s):

Indicate the number of floors and general use of each floor of the buiiding beginning with lowest level:

if there are multiple residential units, indicate how many units: When was building constructed:
Type of insulation used in building: Elevators or lifts:  [] Yes [] No
Basement/Lowest level depth below grade: (feet)

www.pca.state.mn.us  »  651-296-6300 -  800-657-3864 = TTY 651-282-5332 or 800-657-3864 + Available in alternative formats
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Observed basement characteristics (Check all that apply)

Is basement/lowest

level occupied: ] Full time ] Occasionall ["] Almost never

Basement type: ] Full [] Crawlspace [] Slab ] Other:
Floor materials: [] Concrete ] Dirt [] Stone [] Other:
Floor covering; [[] Uncovered | [] Covered [[] Covered with:

Concrete floor: [] Unsealed [] Sealed (] Sealed with:

Foundation walls: ] Poured ] Block . [T] Stone ‘ ] Other: }
Basement finished: [7] Unfinished ] Finished [] Partially finished

Basement wetness: ] Wet ] Damp (] Seidom ‘ 1 Moldy

Sump pump present. | [] Yes []No | If yes, was water present: [[JYes []No

indicate sources of water supply sources (i.e., drinking, irrigation, etc.) and type of sewage disposal
{Check all that apply) -

Water supply: [] Public water [ ] Drilled well [] Driven well [ ] Dug well
Sewage disposal: [ ] Public sewer [] Septic tank [] Leach field ] Dry well:

5. Heating, venting, air conditioning, or other building controls (Check all that apply)
Type of heating system(s) used in this building (Check all that apply)

] Hot air circulation ] Space heaters ] Electric baseboard ] In-floor heating ] Heat pump
] Steam radiation ] Wood stove (] Hot water baseboard ] Radiant floor (] Outdoor wood boiler
(] Other (specify): Primary type:

Primary type of fuel used (Check appropriate response)
(] Natural gas ] Fuel oil (] Kerosene ] Electric (] Propane
] Solar 1 Wood [ Coal

If hot water tank present, indicate fuel source:

_ Boiler/furnace is located in: | [] Basement [ ] Outdoors J ] Main floor [] Other: {
Type of air conditioning: [ Central air | [[] Window units T [] Open windows | [[] No mechanical system

Are there air distribution ducts present: C]Yes [INo

Describe the supply and cold air return ductwork and its condition where visibie, including whether there is a cold air return and
the tightness of duct joints. Indicate the locations on the floor plan diagram.

Describe the type of mechanical ventilation systems used within or for the building (e.g., airto-air exchangers, HVAC, etc.).
indicate whether the interior spaces of the building use separate ventilation systems and/or controls. Provide information on
any existing building mitigation system (e.g., radon mitigation, passive venting systems, etc.). If available, provide information
on air exchange rates for any existing mechanical ventilation systems currently in use.
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6. Grid plans

Use grid plans to describe floor plans, locate potential soil vapor entry points (e.g., cracks, utility ports, drains); and if
applicable, identify sample locations (sub-siab, indoor air, outdoor air sampling).

Floor plan for basement or lowest level:
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Outdoor grid plot {include if outdoor ambient air sampiés collected):

Insert sketch (or attach separate document) of the area ouiside the building and locate outdoor air sample locations.
If applicable, provide information on spill locations, potential alr contamination sources, locations of wells, septic system, etc.,
and PID meter readings. Indicate wind direction and speed during sampling.

3
H . i I
i
!
§
i i
H
+
] [
i [
H { [
i E ';3 £
§£ i : P
H H 3
Pod H | i ;
HEE
i
Y
i
3
i
H .
i ]
i
i i 1
i [ I [ I i [ i1
T i ]
H 3
i
I
Poor g {
! [ B ]
| R
’ Nl E %
N ; z.; : i

www.pca.state.mn.us « 651-296-6300 . B00-657-3864 - TTY 651-282-5337 or 800-657-3864 « Available in alternative formats
c-rem3-01a » 7/30/10 . Page 53 of 59



Part 2: Indoor Air Quality Survey

Complete if indoor air sampling is conducted (use grids in Part 1 for labeling sampling locations).

Factors that may influence indoor air quality:

Is there an attached garage: CJYes []No

Are petroleum-powered machines or vehicles stored in

the garage (e.g., lawn mower, ATV, car): [JYes []No Please specify:
Has the building ever had a fire: Ol Yes []No When:
Is a kerosene or unvented gas space heater present: JYes [ No Where & type:
Is there smoking in the building: CJYes [JNo How frequently:
Have cleaning products been used recently: JYes [JNo When & type:
Have cosmetic products been used recently: CJYes []No When & type:

Has painting/staining been done in the last 6 months: [(JYes [JNo  Where & when:

Has any remodeling or construction occurred in the

last 8 months: CJYes [JNo  Where & when:
ls there new carpet, drapes, or other textiles: [(JYes [JNo  Where & when:
Have air fresheners been used recently. [JYes [JNo  When & type:
Is there a clothes dryer: [JYes [JNo Ifyes,is it vented outside:
Are there odors in the building:  [] Yes [] No If yes, please describe:

Do any of the building occupants use solvents atwork: ] Yes [] No |

if yes, what types of solvents are used:

Do any of the building occupants regularly use or work
at a dry-cleaning service: CJYes [1No

If yes, indicate approximately how frequent:

Product inventory form (Add additional rows if needed)

Make and model of field instrument used:

List specific products identified in the building that have the potentiai to affect indoor air quality:

Location Product description* | Comments

Instrument
readings if
taken and units

* Describe the condition of the product containers as Unopened (UQ), Used (U), or Deteriorated (D).

include photographs of product containers as appropriate to document products and ingredients.
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Appendix [: Instructions for occupants

The instructions provided below are intended to help minimize the potential for background indoor air compounds
to be detected during indoor air sampling event. If possible, please follow these instructions beginning at least 48
hours prior to the beginning of and during the time that indoor air sampling will be conducted. Ventilation of the
building should be conducted as is typical for this time of year with the exception that open windows be closed.
Following these instructions may not completely eliminate the potential for background air contamination but may
help minimize their effects. Please indicate to the field sampling personnel when they arrive for sampling whether
these instructions could be completed.

¢ Do not open windows, fireplace dampers, openings, or vents.

e Do not use air fresheners, scented candles, or odor eliminators.

e Do not smoke in building.

e Do not use wood stoves, fireplaces, or auxiliary heating equipment (e.g., kerosene heater).

e Do not use paint or varnishes.

e Do not use cleaning products such as bathroom cleaners, furniture polish, appliance cleaners, all-purpose
cleaners, floor cleaners. )

Do not use cosmetics such as hair spray, nail polish, nail polish remover, perfume, cologne, etc.
Do not partake in hobbies that uise solvents or other volatile chemicals.

Do not store containers of gasoline, oil, or petroleum-based or other solvents within the house.
Do not conduct lawn mowing, snow blowing, or paving with asphalt.

e Do not use caulk or roofing tar.

e Do not operate or store automobiles in an attached garage.

Vapor intrusion Technical Support Document e August 2010 Minnesota Pollution Control Agency
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EXHIBIT

2

Costs Associated with Soil Vapor Investigations
Iinois Environmental Protection Agency

The costs of performing soil vapor investigations at a site can vary considerably
depending on the situation. Several cases are possible:

1. Soil and groundwater investigations have already been performed. Soil vapor
investigations are subsequently performed to evaluate the indoor inhalation
pathway because soil and groundwater concentrations exceeded ROs or in
response to other issues, e.g. third party litigation.

2. Soil, groundwater, geotechnical, and soil vapor investigations are being
performed concurrently.

3. Permanent soil vapor wells vs. one-time sampling event without installing soil
vapor wells. '

4. Resampling of existing soil vapor monitoring wells.

5. The specific regulatory program, drivers (litigation, property development, real

. estate transaction, citizen odor complaint), etc may also affect costs.

Specifically, for soil vapor sampling, the following can vary significantly from site to site
and based on client requirements:

Planning, develop site specific health and safety plan, utilities clearance, etc.,
Daily onsite safety meetings during field activities,

Hand auguring or air knifing to identify buried utilities,

Drilling,

Soil vapor well installations,

Soil vapor sampling,

Building surveys, and

Data compilation, evaluation, and reporting results (the number of reports can be
numerous in some cases).

0NN R W

The following are some exarnpl'e case studies:
Site 1

This investigation involved a one-time soil vapor sampling event to evaluate the
vapor intrusion risks at three residential properties due to migration of impacted
groundwater with volatile chemicals from an adjacent source. The driver for this site
was potential litigation and high-profile publicity.

The field work required one day to complete. The scope of work included the use of
a Geoprobe 550B track-mounted rig using post-run tubing (PRT) to obtain soil vapor
samples and one duplicate from depths up to 6 ft below ground surface (bgs). The
borings were located in the lawn along the perimeter of each home. Additionally, one
ambient air sample outside one of the three homes was collected. Difluoroethane was
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used as the leak detection compound for the soil vapor sampling. A basement survey
was performed in two of the three homes.

The soil vapor and ambient air samples were analyzed in the laboratory for volatile
chemicals. No soil vapor monitoring wells were installed and no soil, groundwater,
or geotechnical samples were obtained. The evaluation consisted of compilation of
all data, comparison to IEPA TACO Tier 1 soil gas ROs, estimation of vapor
intrusion risks to residents and day-care employees and children (at one residence),
and review by an Illinois PE.

The report distribution requirements included 10 bound copies and one electronic
copy on disk consisting of 181 pages per report (text, tables, figures, and
appendicies). Also, individual summary letter reports for each home were prepared
and distributed to the home owners, regulatory agencies, and other parties. The costs
associated with this investigation are summarized on Table 1.

Site 2

This investigation involved the long-term (seasonal) evaluation of vapor intrusion
risks at three homes due to migration of impacted groundwater with volatile
chemicals from an upgradient adjacent source. The driver for this site was alleged
orders. '

Five sampling events were performed over a l-year period. The investigation
included two soil vapor monitoring well locations per home (total of 6 locations) up
to depths of 10 ft bgs; two of the well locations were completed at two depths of 5 ft
and 10 ft bgs (total of 8 well sampling points); and each well was sampled quarterly
over a one year period. During a few quarters, soil gas samples could not be collected
due to well screens occluded with water. Helium was used as the leak detector for the
soil gas sampling.

The following differences in scope by quarter affected the costs:

a) 1% Qtr — installation of wells and sampling
b) 2™ Qtr - sampling

¢) 3™ Qtr — sampling

d) 4™ Qtr - sampling

e) 5" Qtr — sampling and abandonment of wells

The soil vapor evaluation consisted of compilation of all data, estimation of indoor air
concentrations from soil vapor concentrations using conservative attenuation factors.
Comparison of estimated indoor air concentrations to (i) Tier 1 risk based target
levels, (ii) indoor air background concentrations, and (iii) ambient air concentrations.

The final summary report consisted of 94 pages including text, 15 tables, 4 figures,
and 3 appendices. Also, individual summary letter reports were prepared for each of
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the 3 residences for distribution to the homeowner, regulatory agencies, and client
after each of the five quarterly sampling events. The costs associated with this
investigation are presented in Table 2.

Site 3

This investigation involved the installation of permanent soil vapor monitoring wells
up to 6 ft bgs primarily in concrete, asphalt, and gravel pavement (one in grass) along
the perimeter of a commercial building in a mixed commercial and residential area.
The objective was to evaluate the vapor intrusion risks to employees and
visitors/customers due to migration of impacted groundwater with volatile chemicals
from a former onsite and adjacent source. The driver for this site was proactive
voluntary action by the responsible party.

The field work required four days to complete. A Geoprobe 5400 rig mounted on a
Ford F450 4-wheel drive truck was used for boring advancement and soil sampling.
The soil vapor monitoring wells consisted of 6-inch stainless steel mesh implants,
Teflon tubing, glass beads pack, and flush-mounted manways. The scope of work
included the sampling for laboratory analysis of soil for geotechnical parameters and
soil vapor including one duplicate and ambient air for wvolatile chemicals.
Difluoroethane was used as the leak detection compound for soil vapor sampling. A
building survey was performed.

Soil analytical data obtained by others was also included in the evaluation and
documentation. The evaluation consisted of compilation of all data; comparison to
IEPA TACO Tier 1 soil gas ROs; and estimation of vapor intrusion risks to
employees and v151tors/customers

~ The report distribution included 8 bound copies and one electronic copy on disk

consisting of 190 pages per report including text, 6 tables, 3 figures, and 10
appendices. The costs associated with this investigation are summarized on Table 3.

Site 4

This investigation involved the installation of permanent soil vapor monitoring wells
up to 7 ft bgs in concrete and asphalt pavement along the perimeter of a commercial
building in a commercial area. The objective was to evaluate the vapor intrusion
risks to employees and visitors/customers due to migration of vapors from impacted .
soil and groundwater with volatile chemicals from a former onsite source. The driver
for this site was proactive voluntary action.

The field work required three days to complete. A Geoprobe 550B track-mounted rig
was used for boring advancement and soil sampling. The soil vapor monitoring wells
consisted of 6-inch stainless steel mesh implants, Teflon tubing, glass beads pack, and
flush-mounted manways. The scope of work included the sampling for laboratory
analysis of soil for geotechnical parameters and soil and soil vapors for volatile
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chemicals including two duplicate samples. Difluoroethane was used as the leak
detection compound for the soil vapor sampling. A building survey was performed.

Groundwater sample data collected by others (cost not included) was also used in the
evaluation. The evaluation consisted of compilation of all data; comparison to TEPA
TACO Tier 1 soil gas ROs; estimation of soil vapor concentrations from soil and
groundwater data; comparison of calculated and measured soil vapor samples; and
estimation of vapor intrusion risks to employees and visitors/customers.

The report distribution included 10 bound copies and one electronic copy on disk
consisting of 274 pages per report including text, 13 tables, 4 figures, and 14
appendices. The costs associated with this investigation are summarized on Table 4.

Attachments; Tables
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Table for Site 1
Task Cost Comments

Planning, project

management, and

report preparation $15,584 labor, copying, L. PE review, drafting, FedEx, submiital of draft and final reports
Fleld labor $2,977 1 professional for 1 day

Field suppliesfequip $303 equipment rental, supplies

Drilling, sampling,

and well installation $2,111 1 driller, sampled soil vapor from 8 borings using Geoprobe PRT methods
Laboratory analysis A

of samples $2,086 9 soil vapor and 1 ambient air for modified TO-15 plus naphthalene and difluoroethane
L.ocal travel exp $569 meals, car rental & gasoline, lodging
{Total $23,608

Notes:

does not include transportation & disposal of investigation derived wastes (IDW)
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Table for Site 2

Soll Probe Installation

Task Cost Comments
Planning, project
management, and
report preparation $2,500 ‘
Field labor . $4,500
Drilling, sampling,
and well installation $5,100 8 soil vapor wells
Laboratory analysis
of samples $1,125 Geotech and environmental laboratory analysis
Local travel exp $500
Total $13,725

Soil Vapor Sampling Quarterly

Task Cost Comments
Planning, project
management, and

report preparation $2,500
Field fabor $2,400
Field supplies &

sample shipment $1,000
Laboratory analysis

of samples $4,200
Local travel exp $500
Total per Quarter $10,600
Total for 5 Quarters $53,000

Soil Vapor Probe Abandonment

Task Cost Comments
Field labor $1,500
Field supplies $250
Local travel exp $500
Total $2,250

Soll Vapor Data Analysis and Risk Evaluation

Task Cost Comments
Planning, project
management, apd

report preparation $20,691 15 individual residence reports (1 per residence per 5 sampling events per 3 residences), 1 summary report, drafts & final
[Total $20,691
Project Total $89,666
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Table for Site 3

Task Cost Comments
Planning, project
management, and
report preparation $10,395 labor, copying, IL PE review, drafting, submittal of draft and final reports
Field labor $5,377 1 professional for 4 days
Field supplies/equip . $904 equipment rental, supplies, FedEx lab samples
Drilling, sampling,
and well installation $3,598 1 driller, 10 borings, 10 soil vapor wells, 1 soil samples for geotechnical
Laboratory analysis 11 soil vapor and one ambient air for modified TO-15 including BTEX, styrene, naphthalene, and difluoroethane, 1
of samples $3,101 geotechnical for grain size, foc, spec. gravity, moisture, bulk density, and total porosity
Local travel exp $701 meals, car rental & gasoline, lodging
Total $24,076

Notes:

does not include transportation & disposal of investigation derived wastes (IDW)
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Table for Site 4

Task Cost Comments
Planning, project
management, and
report preparation $20,895 labor, copying, IL PE review, drafting, FedEx, submittal of draft and final reports
Field labor $3,239 1 professional
Field supplies/equip $1,534 equipment rental, supplies, FedEx lab samples
Drilling, sampling, -
and well installation $3,526 1 driller, 8 borings, 8 soil vapor wells, 6 soil samples for analytical, 4 soil samples for geotechnical
Laboratory analysis 8 soil vapor for modified TO-15 plus naphthalene and difluoroethane, 8 soil for VOCs 8260, 4 geotechnical for grain size, foc,
of samples $3,216 spec. gravity, moisture, bulk density, and total porosity
Local travel exp $735 meals, car rental & gasoline, lodging
Total $33,144

Notes:

does not include transportation & disposal of investigation derived wastes (IDW)
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Nifong, Heather

EXHIBIT

5,

From:
Sent:
To:
Cc:

Subject:
Attachments:

Heather,

Rahman, Mohammed

Thursday, March 31, 2011 1:43 PM
Nifong, Heather

King, Gary; Geving, Kim; Homshaw, Thomas; Hurley, Tracey, Albarracin, Hernando; Lowder,
Mike; Munie, Joyce .

Vapor Intrusion Costs

VAPOR INTRUSION TRAINING 8-2010.doc

Here are some costs information on scil vapor collection and analysis from Hartman Environmental Geoscience in CA.
Since we had a few guestions during the hearing on costs associated with vapor intrusion, Hernando asked me to call
around to see what's available out there. | contacted Dr. Ririe at BP and Hartman Environmental. Hope this helps.

Thanks.

Mohammed

Mohammed Zillur Rahman, MS, MPH
Environmental Engineer/Project Manager

Leaking Underground Storage Tank (LUST) Section
filinois Environmental Protection Agency (EPA)
1021 North Grand Avenue East

Springfield, Winois 62794

Tel{217)782-9848, Fax: (217) 524-4183

From: Blayne Hartman [mailto:blayne@hartmaneg.com]
Sent; Thursday, March 31, 2011 12:08 PM

To: Rahman, Mohammed

Subject: Vapor Intrusion Costs

Mohammed,

Here are some approximate costs:

Soil Gas Sample collection

Safnple location utility clearance: $500 to $750

Collection of soil gas samples with hand equipment (shallow exterior samples or sub-slab points}: $1,500/day for 10to 15

samples

Collection of soil gas samples with direct push rigs: $1,750 to $2,000/day for 15 to 20 samples.

Soil Gas Sample analysis (includes sample containers):

Analysis for VOCs by method 8260: $125/sample

Analysis for VOCs by method TO-15 or TO-17: $250/sample

Analysis for oxygen, carbon dioxide: $50/sample

Analysis for methane: $50/sample



Analysis of soil samples for soil physical properties: $250/sample

Note: The above costs are the prices the soil gas sampling firms & laboratories charge the consultants. The consultants
sometimes mark these costs up by 10% to 20%.

In addition to these costs, there typically is a consultant who prepares a workplan, coordinates the field operations,
oversees the field operations, receives the data, reviews the data and submits a report to the oversight agency. Do you
want estimates for these costs or do you know them?

Indoor Air Sample Collection:

Indoor air requires 3 trips to a house: one to meet eith the residents and perform a products survey, one to deploy the
canisters, & one to collect the canisters. So the primary expense is consultant time. The first meeting typically requires 1
hour per house. The second & third meeting 15 minutes each.

Indoor Air Sample Analysis:

Analysis for VOCs by method TO-15 or TO-17: $250 to $300/sample (depends upon detection level & includes-cost of
hardware) v

As with the soil gas costs, the above costs are the prices the laboratories charge the consultants. The consultants
sometimes mark these costs up by 10% to 20%.

In addition to these costs, there are consultant costs for communication/scheduling with the residents (sometimes access
agreements & notification letters are required), transferring the canisters from/to the lab, receipt of the data, review of the
data, report to the oversight agency, and communication with the resident. These costs can add up. Do you want
estimates for these costs or do you know them?

If you are interested in receiving training on these issues and other vapor intrusion issues, | have been giving such
training around the country to many agencies. | have attached a course outline (I am giving it in April to PA-DOT& PA-
DEP).

Also, if you are interested in some of my comments/recommendations on your current guidance, perhaps it can be
arranged for me to provide some.

Anything else for now Mohammed?

Blayne Hartman, PhD

Hartman Environmental Geoscience

Vapor Intrusion, Soil Gas, Analytical Support
717 Seabright Lane

Solana Beach, CA 92075

858-925-7206

blayne(@hartmaneg.com




EAFIBIT

—_——

ITRC — Vapor Intrusion Pathway: A Practical Guideline Jaruary 2007

new buildings This step would avoid some of the difficulties associated with attempting to
predict the potential for vapor intrusion prior to building construction (because soil gas
concentrations and distributions might change due to construction of the building). Installation
and operation of fans, however. might not be required unless post-construction testing or other
evaluations indicated this measure to be necessary.

A significant drawback to institutional controls is that they can be difficult to implement and
enforce over time in many states that do not have adequate statutory authority to implement
them. Institutional controls that incorporate periodic inspections and monitoring may be required
to ensure that engineering controls are operated and maintained over time to retain their
effectiveness.

[nstitutional controls, like sitewide media remedies, are not the focus of this document; however,
they are often integral to vapor intrusion remedies. The investigator should refer to other
guidance documents that have been developed to address the use of institutional controls as part
of environmental remediation.

4.3 Building Control Remedies

Building control remedies-are typically required at vapor intrusion sites (in both existing and
new buildings) until long-term, sitewide remedies reduce soil and/or groundwater concentrations
to acceptable levels. The following sections discuss various vapor intrusion building control

technologies, factors affecting technology selection, and design and installation issues.

4.3.1 Building Control Technologies

Several building control technologies are identified below that can reduce or eliminate the
potential for vapor intrusion impacts in new and existing buildings. A brief summary of each
technology is provided. along with some of the advantages and disadvantages of each systen. In
addition. a typical range of installed costs for each technology is provided. Because vapor
intrusion controls are often added to older buildings, the potential need for and additional costs
of lead paint and asbestos abatement should be considered on a case-by-case basis. In some
cases. excessive costs associated with these issues could affect technology selection, For a quick
summary of the typical attributes of each technology. refer to Table 4-1.

Table 4-1. Comparison of mitigation methods

Technology Typical applications Challenges Range of installed costs*
Passive barrier | e New construction e Preventing tears. holes e $0.50-$5/
e Crawl spaces e May not suffice as a stand-alone e Thinner, less-expensive
o Often combined with technology . barriers likely (o be
passive or active venting. | ¢ Some states do not accept inadequate
sealing openings in the o Ensuring caulking seals cracks in - |
slab, drains, etc. floors. etc.
Passive venting | s New construction o Relies on advective flow of air due | o $0.75-33/41
s low soil gas flux sites to wind and heat stack effects
e Should be convertibleto | e Air flows and suction typically far
active system if necessary less than achieved by fans
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Technology Tvpical applications Challenges Range of installed costs™
Subslab New and existing e Low permeability and wet soils o S1-$5/4t

depressurization
(SSD)

structures

Sumps, drain tiles, and
block wall foundations
may also be depressurized
if present

may himit performance

¢ Otherwise, highly effective

systems

» Residential systems
typically in the $1-2/ft
range

Submembrane Existing structures e Sealing to foundation wall. pipe o §1-$6/f
depressurization Crawl spaces penetrations e Residential systems
= Membranes may be damaged by typically in the $1.30—

occupants or trades people 2/t range

accessing crawl space
Subslab Same as 58D e Higher energy costs and less o $1-$5/ft
pressurization Most applicable to highly effective than SSD

permeable soils e Potential for short-circuiting

through cracks
Building Large commercial e Requires regular air balancing and | e $1-§154t
pressurization structures, new or maintenance e Heavily dependent on

existing
Sensitive receptors

s May not maintain positive pressure

when building is unoccupied

size and complexity of
structure

Indoor air
freatment

Specialized cases only

e Typically generates a waste

disposal stream

e Effective capture of air

contaminants may be difficuit

s Energy-intensive, with significant

operation, maintenance, and
monitoring burden

s $ISK~$25K per
application not atypical

e Actual costs heavily
dependent upon type of
technology employed

Seaiing the
building
envelope

Cracks and holes in
existing buildings

e Access to perforations
e Permanence

e Highly dependent on
the extent of sealing
required

*Square footage costs based on building footprint.

4.3.1.1

Passive Barriers

Passive barriers are materials or structures installed below a building to physically block the
entry of vapors. Passive barriers ideally cause soil gas that would otherwise enter the building
under diffusion or pressure gradients to migrate laterally bevond the building footprint. In
reality, it may be very difficult to completely prevent (or even substantially prevent) the entry of

vapors into a building by passive barriers alone (see Table 4-2). Therefore, passive barriers are
“generally not recommended by themselves for vapor intrusion control, although they may
enhance or increase the efficiency of other technologies, such as subslab depressurization (SSD)
systems.

Table 4-2. Passive barrier pros and cons
Advantages Disadvantages
e Low to moderate capital cost |¢ Even small holes can render ineffective
e No mechanical parts e Likely not effective without venting
e |imited applications for existing structures
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The following maintenance requirements would be specified in a No Further Remediation (NFR
determination for different Building Control Technologies (BCT) as outlined in Section 742.1210. In
section Conditions and Terms of Approval of the NFR, under subsection of Preventive, Engineering,
And Institutional Controls, under title Institutional:

Sub-slab depressurization (S8D) systems:

A Sub-slab depressurization system capable of achieving measurable vacuum below the
slab placed in accordance with Section 742.1210(c)(1) shall be functional and effectively
maintained according to the specification of the manufacturer. If at any time SSD is
rendered inoperable, the responsible party shall notify building occupants and workers in
advance of intrusive activities, enumerating the contaminants of concern known 1o be
present, and shall require building occupants and workers to implement protective
measures consistent with good industrial hygiene practice.

Sub-membrane depressurization (SVMID) systems:

A Sub-membrane depressurization system capable of achieving measurable vacuum at
the furthest edges of the polyethylene membrane liner placed in accordance with Section
742.1210(c}2) shall be functional and effectively maintained according to the
specification of the manufacturer. If at any time SMD is rendered inoperable, the
responsible party shall notify building occupants and workers in advance of intrusive
activities, enumerating the contaminants of concern known to be present, and shall
require building occupants and workers to implement protective measures consistent with
good industrial hygiene practice.

Membrane barrier systems:

A membrane barrier with a thickness of not less than 1.5 mm (or 60 mil) placed below
concrete slabs 11 accordance with Section 742.1210(c)(3) must remain sealed to walls
and any penetrating pipes according to membrane manufacturer/installer
recommendation. Construction activities following membrane installation shall not
damage, puncture, or tear the membrane or otherwise compromise its ability to prevent
the migration of volatile chemicals. If at any time the membrane barrier system is
rendered inoperable, the responsible party shall notify building occupants and workers in
advance of intrusive activities, enumerating the contaminants of concern known to be
present, and shall require building occupants and workers to implement protective
measures consistent with good industrial hygiene practice.

Vented raised floors:

An interconnected void system below the slab and at least one three-inch diameter riser
pipe for each 5,000 square feet area venting to the atmosphere above the roof line placed
in accordance with Section 742.1210(c)(4) shall be properly maintained according to
manufacturer/installer recommendation. If at any time the vented raised floor system is
rendered inoperable, the responsible party shall notify building occupants and workers in
advance of intrusive activities, enumerating the contaminants of concern known to be
present, and shall require building occupants and workers to implement protective
measures consistent with good industrial hygiene practice.
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PRE-FILED SUPPLEMENTAL TESTIMONY OF TRACEY HURLEY

At the first hearing in this matter, held on March 29, 2011, the Board asked a number of
questions that the Agency committed to providing additional information on at the second

“hearing. The purpose of this supplemental testimony is to provide that additional information.

1. Water-filled soil porosity

This part of my testimony responds to questions from Ms. Alisa Liu, [llinois Pollution
Control Board staff member, and Mr. Raymond Reott during the March 29, 2011 hearing. This
line of questioning concerned the basis of the water-filled soil porosity and corresponding soil
type.

During the R 09-9 hearings and subsequent meetings with the Site Remediation Advisory
Committee, we recelved comments that the sandy soil type and associated parameters we were
using was not representative of [llinois soils. To determine more representative parameters for
Illinois was a two step process. First, we researched which soil type is predominately found in
Illinois. The U.S. Department of Agriculture, Natural Resources Conservation Service. 1992,
Proposed Illinois Stare Soil (included on the List of Studies and Reports Used in Regulatory
Development) reports that Drummer silty clay loam is the proposed State soil type. The second

step was to identify an appropriate 6,, for this soil type. There is a 6, value of 0.15 cm’/em’

Ry



listed on theyta},ble of SSL Parameters (742.Appendix C, Table B). The source of this value is
gwen as‘SSL’ which refers to U.S. EPA™s 1996 “Soil Screening Guidance: Technical
BackgrouqfiDocumen‘i" incorporated by reference in Section 742.210. The SSL states that the
) def;uhii}“ i.?éhle, ‘o}f{().li em’/em® is consistent with a loam soil type.

2. Errata Sheet 2

During the March 29. 2011 hearing, the Agency was asked by one of the Board members
to check for an updated version of one of the incorporations by reference, ASTM E 2127-03.
There is a 2009 version available and 1t is replacing the older version. In Section 742.210 (a).
the following is being incorporated by reference: ASTM E 2121-09, Standard Practice for
Installing Radon Mitigation Systems in Existing Low-Rise Residential Buildings, approved
November 1. 2009. '

At the request of the Board, the Agency is correcti.ng the dates of two documents
incorporated by reference. The incorrect dates were inadvertently listed in Section 742.21 O(a).
The ATSDR “Minimal Risk Levels™ document should reflect a date of December 2007 rather
than December 2006. The ASTM E 2600-08 standard should have an approved date of Mérch 1,
2008 rather than March 7, 2008.

Also during the March 29, 2011 hearing the Agency was asked by the Board to provide
copies of the document “Technical Baékground Document for Draft Soil Screening Level
Framework. Review Draft” that is proposed for incorporation by reference in Section 742.210(a). .
During the process of fulfilling this request, the Agency realized that the final version of this
document 1s already in TACO. The document is listed in Section 742.210(a) as “Soil Screening
Guidance: User’s Guide”, EPA Pubilication No. EPA/540/R-96/018, PB 96-963505 (April 1996).

Therefore, the Agency is deleting the draft version of the document from its proposal.



For the chemical bis(2-chloroethyljether. an incorrect value for the Diffusivity in Air (D;)
‘parameter was used in calculation of the Tier 1 Remediation Objectives. The correct value is
listed in Appendix C, Table E. In Appendix B. Table H the séil gas remediation objective for
residential receptors should be 0.014° and for industrial/commercial receptors the value should
be 0.087°. The groundwater remediation objective for residential receptors should be 0.083and
for industrial/commercial receptors the value should be 0.43°. In Appendix B, Table I. the soil
cas remediation objective for residential receptors should be 1.9 and for industrial/commercial
receptors the value should be 14", The groundwater remediation ijective for residential
receptors should be 6.6 and for industrial/commercial receptors the value should be 48°.

For the chemical 1,2-dibromoethane, incorrect values for the parameters D; and Dy,
(Diffusivity in Water) were used in calculation of the Tier 1 Rem'_ediation Objectives. The
correct values are listed in Appendix C, Table E. 4In Appendix B, Table H the soil gas
remediation objective for residential receptors should be 0.0078% and for industrial/commercial
receptors the value should be 0.048°. The groundwater remediation objective for residential
receptors should be 0.0035° and for industrial/commercial receptors the value should be 0.014°.
In Appendix B, Table 1. the soil gas remediation objective for residential receptors should be 1.1°
and for industrial/commercial receptors the value should be 7.9%. The groundwater remediation
objective for residential receptors should be 0.073% and for industrial/commercial receptors the
value should be 0.52¢.

For the chemical 1.2-dichloroethane, an incorrect value for Dj 1s listed in Appendix C.
Table E. The correct value should be 1.04E-1. The correct Vélue was used in calculation of the

Tier 1 Remediation Objectives and no changes are required in Appendix B, Tables H and I.



For the chemical 1.2-dichloropropane, an incorrect value for the Unit Risk Factor (URF)
was used in calculation of the Tier 1 Remediation Objectives. The correct URF is shown on the
Agency’s website given in the Source column for this parameter in Appendix C, Table M. In
Appendix B, Table H the soil gas remediation objective for residential receptors should be 0.31°
and for indust1*i~31/001nmercial receptors the value should be 2.3°. The groundwater re;'nediaticm
objective for residential receptors should be 0.12° and for industrial/commercial receptors the
value should be 0.48°. In Appendix B, Table 1. the soil gas remediation objective for residential
receptors should be 36® and for industrial/commercial receptors the value should be 260°. The
groundwater remediation objective for residential receptors should be 0.67" and for
industrial/commercial receptors the value should be 4.5,

For the chemical rr.lethyl tertiary-butyl ether, an incorrect value for the parameter Dj is
listed on the table of Default Physical and Chemical Parameters. In Appendix C. Table E the
correct value for D; should be 8.59E-02, In Appendix B, Table H the soil gas remediation
objective for residential receptors should be 3,700" and for industrial/commercial receptors the
value should be 24,000". The groundwater remediation objective for residential receptors is
unchanged at 1.900" and for industrial/commercial receptors the value should be 6,800°. In
Appendix B, Table 1, the soil gas remediation objective for residential receptors should be
420.000° and for industrial/commercial receptors the value remains unchanged at 1.200,000%
(capped at C.**). The groundwater remediation objective for residential receptors should be
30,000° and for industrial/commercial receptors the value remains unchanged at 51,000h (capped
at solubility).

For the chemical 1,2.4-trichlorobenzene, USEPA issued a revised Provisional Peer-

Reviewed Toxicity Value with an updated inhalation toxicity value. The correct Reference



Concentration (RfC) is shown on the Agency s website given in the Source column for this
parameter in Appendix C, Table M. As a result of this update, the Tier 1 remediation objectives
have been recalculated. In Appendix B. Table H the soil gas remediation objective for
residential receptors should be 5.4" and for industrial/commercial receptors the value should be
25" The groundwater remediation objective for residential receptors should be 1 8" and for
industrial/commercial receptors the value should be 5.9". In Appendix B. Table L, the soil gas
remediation objective for residential receptors should be 800° and for industrial/commercial
receptors the value remains unchanged at 4,300% (capped at C,**). The groundwater i*emediation
objectives for both residential and industrial/commercial receptors remain unchanged at 35"
(capped at solubility).

For the chemical trichlorofiuoromethane. incorrect values for the Henry's Law Constants
are listed on the table of Default Physical and Chemical Parameters. In Appendix C, Table E the
correct value for Dimensionless Henry’s Law Constant (H*) (25°C) should be 3.98 and the
correct value for Dimensionless Henry’s Law Constant (H”) (13°C) should be 2.69. The correct |
values were used in calculation of the Tier 1 Remediation Objectives and no changes are
required in Appendix B, Tables H and 1.

Also in Appendix C, Table M, for the symbol RO, the last column should have the
phrase “or Calculated Value™ added. This phrase was inadvertently omitted and was brought to
the Agency’s attention in the Hearing Officer’s Order, Questions on Appendices. item 3. The
Tier 1 or Calculated Value column will now read “Chemical-specific or Calcuiated Value™.

This concludes my supplemental testimony.



