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E.00 EXECUTIVE SUMMARY

Project ER-0707 has validated two improved methods for evaluation of vapor intrusion at
corrective action sites: 1) a Tier 2 screening procedure for evaluation of vapor intrusion from
VOCs in groundwater at sites with fine-grained soils at the top of the water table and ii) a
streamlined Tier 3 investigation program using building pressure control for application at sites
that require building-specific investigations.

E.1 PROJECT OBJECTIVES

For many corrective action sites with VOCs in groundwater, the current regulatory framework
requires a building-specific investigation of vapor intrusion if the concentrations of specific
VOC:s such as PCE, TCE or benzene in groundwater are above federal drinking water standards
and buildings are present within 100 ft (e.g., USEPA, 2002). In many cases, the scope of the
required building-specific investigation is not clearly defined in applicable regulatory guidance.
However, multiple sampling events are increasing being required to characterize potential
temporal variability in vapor intrusion.

The overall objective of this project has been to develop and validate simple procedures for 1)
Tier 2-level site-specific evaluation and screening, and ii) limited Tier 3 field investigation of the
vapor intrusion pathway. These procedures utilize easily obtained site-specific information to
support a realistic site-specific pathway assessment that, in many cases, requires significantly
less effort than is currently required. The Tier 2 screening procedure is applicable to sites with
fine-grained soils at the water table that serve to reduce the migration of VOCs from
groundwater to deep soil gas. At these sites, the reduced migration of VOCs into the vadose
zone justifies application of higher groundwater screening concentrations for the vapor intrusion
pathway (i.e., screening concentrations 100x higher than the default, Tier 1, screening
concentrations developed to be protective for all sites). The Tier 3 investigation procedure is
applicable to sites that require testing of indoor air for the evaluation of vapor intrusion. The
Tier 3 procedure involves the collection in indoor air samples under controlled negative pressure
building conditions (i.e., with vapor intrusion “on”) and controlled positive pressure building
conditions (i.e., with vapor intrusion “off”). This investigation procedure reduces the need for
multiple sampling events by ensuring that conditions are favorable for vapor intrusion during the
scheduled sampling event. In addition, the procedure identifies the contribution of indoor
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sources by characterizing indoor air quality when vapor intrusion is “off”. Finally, the procedure
can be implemented without the collection of sub-slab samples, reducing the scope and
intrusiveness of the building sampling program.

E.2 TECHNOLOGY DEMONSTRATION

The Tier 2 screening procedure was validated though a field demonstration conducted at seven
sites while the Tier 3 investigation procedure was validated through a field demonstration
conducted at six sites (see Table E.1).

Table E.1: Demonstration Sites

Site Name Site Location Type of Demonstration

Former Pioneer Dry Cleaner Houston, Texas Tier 2

Travis AFB Fairfield, California Tier 2 and Tier 3
Naval Air Station, Jacksonville Jacksonville, Florida Tier 3

Parris Island Marine Base Parris Island, South Carolina Tier 2* and Tier 3
Tinker AFB Oklahoma City, Oklahoma Tier 2 and Tier 3
Hill AFB Layton, Utah Tier 2 and Tier 3
Moffett Field NAS Moffett Field, California Tier 3

SPAWAR OTC Facility San Diego, California Tier 2

NIKE Battery Site PR-58 N. Kingstown, Rhode Island Tier 2

Industrial Site Southeast Texas Tier 2

Note: * = Tier 2 demonstration not completed due to the presence of groundwater at a depth of less than 5 ft bgs.

E.2.1 Tier 2 Demonstration

At each Tier 2 demonstration site, the field program involved: i) measurement of soil
characteristics though field and laboratory measurements in order to determine the best method
for identification of sites with fine-grained soils at the water table and ii) measurement of VOC
concentrations in groundwater and soil gas in order to determine the VOC attenuation from
groundwater to deep soil gas (see Figure E.1). At each demonstration site, the measurements
were conducted three locations in order to determine the consistency in results across the site.
This demonstration program yielded groundwater to deep soil gas attenuation factors for seven
sites covering a range of soil characteristics allowing validation of the hypothesis that VOC
attenuation is higher at sites with fine-grained soils at the water table.

Final Report: Proposed Tier 2 Screening Version 3 — July 2012
Criteria and Tier 3 Field Procedures for ER-200707
Evaluation of Vapor Intrusion

X




A) Unconfined Aquifer

B) Confined Aquifer

GW Soil gas GW Soil gas
cluster cluster cluster cluster
| | | |

b} I I l ) VI VS r Y O § ] l I £ 4
s 2 Ty g y " ll' R b T T R o O O N o T . ll' L L

; = =4 ? h 4 = - .
= N = 7 Z =

= = - / Saturated

iz & confining la er
g = g //// Z %

Figure E.1: Conceptual plan for field validation of Tier 2 vapor intrusion screening

criteria.

E.2.2 Tier 3 Demonstration

At each Tier 3 demonstration site, the field involved: i) control of building pressure to create
negative and then positive building pressure conditions, ii) measurement of pressure gradients
across the building envelope and building foundation, and iii) measurement of radon, indoor
tracer gas, and VOC concentrations in in indoor air and sub-slab soil gas under each pressure
condition (see Figure E.2). At two of the demonstration sites (Hill AFB and Moffett Field),
measurements were made under baseline (uncontrolled) building pressure conditions and at these
two locations, the procedure was conducted twice in order to evaluate the reproducibility of the
results. The results of the demonstration program supported an evaluation of i) the ability to
evaluate building foundation permeability based on measurement of cross-foundation pressure
gradients, ii) the effect of building pressure control on the movement of soil gas into buildings,
and iii) the utility of sampling under controlled building pressure conditions for the evaluation of
vapor intrusion.
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Figure E.2: Conceptual basis for validation of Tier 3 evaluation of vapor intrusion.

E.3 DEMONSTRATION RESULTS

The results from the field demonstrations served to validate both the Tier 2 screening procedure
and the Tier 3 investigation procedure.

E.3.1 Results from Tier 2 Demonstration

The field investigation program demonstrated higher attenuation of VOCs from groundwater to
deep soil gas at sites with fine-grained soils at the water table (see Table E.2). The geometric
mean attenuation factor for the fine-grained soil sites was 3.5 x 10” while the geometric mean
attenuation factor for coarse-grained soil sites was 1.9 x 107, a 500-fold difference in attenuation
between the two types of sites. Based on this observed difference in VOC attenuation, we
recommend that groundwater screening concentrations at fine-grained soil sites can be increased
by 100x over the default (i.e., Tier 1) screening values determined to be protective for all types
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of sites. The 100x increase is a conservative accounting of the increased VOC attenuation
observed at fine-grained soil sites.

Table E.2: Groundwater to deep soil gas attenuation factors measured at the
demonstration sites

Site [ Attenuation Factor (GW to Deep SG)"
Sites Classified as Fine-Grained Soils at the Water Table
Fmr. Pioneer Cleaners <8.5x 10°
Tinker AFB 33x 107 (<2.5x10°-2.2x 107
SPAWAR OTC 1.5x10° (1.4x 107 - 1.5x 10”)
Sites Classified as Medium or Coarse-Grained Soils at the Water Table
Travis AFB’ 1.0x 107 (1.0x 10°-2.9x 107
NIKE Battery PR-58 33x10° (2.8x10%-2.1x107)
Hill AFB 2.8x107(1.7x10°—52x 107)
SE Texas Industrial Site 0.15 (0.026 - 0.61)

(1) Geometric mean (range) of 5 to 6 individual groundwater to deep soil gas attenuation factors except for Former Pioneer Cleaners site. At
Former Pioneer Cleaners site, attenuation factor calculated based on maximum VOC concentration in groundwater and VOC detection limit
in soil gas because no VOCs were detected in any soil gas samples.

(2) Travis AFB was classified as a Medium or Coarse-Grained soil site based on the field measured soil permeability. For Travis AFB, visual
inspection of the soil cores yielded a Fine-Grained Soils classification. Travis AFB was the only site where these two methods yielded
different classification results.

The demonstration program evaluated a number of methods for accurate identification of fine-

grained soil sites. Field-measured soil permeability was found to be the most accurate

. . . . o -9 2. 4. .
classification method with a field-measured soil permeability of less than 1 x 10~ cm” indicative
of a fine-grained soil site with high VOC attenuation from groundwater to deep soil gas. The
determination of soil type based on visual inspection of soil cores as reflected in the soil boring
logs provided an accurate classification for six of the seven demonstration sites. Travis AFB was
classified as Medium or Coarse-Grained based on the field-measured soil permeability but Fine-

Grained based on visual inspection of the soil cores. Laboratory measured native hydraulic

conductivity and soil moisture content were not determined to be useful for site classification.

E.3.2 Results from Tier 3 Demonstration

The field investigation program demonstrated that a building-specific investigation program
utilizing sampling under controlled building pressure conditions provides an improved
understanding of the potential for vapor intrusion in the building. The control of building
pressure successfully controlled the flow of soil gas through the building foundation. Controlled
negative building pressure supported the flow of soil gas into the building, as documented by
radon concentrations in indoor air greater than the concentration in ambient air. Controlled
positive building pressure suppressed the flow of soil gas into the building, as documented by
radon concentrations in indoor air equal to the concentration in ambient air (see Figure 6.3.2).
The response of VOCs originating from the subsurface was similar to radon. In contrast, the
indoor air concentration of VOCs originating from above ground sources showed little difference
between the negative and positive pressure conditions.

An expanded version of the Tier 3 demonstration program was implemented in two buildings
(ASU Research House at Hill AFB, and Building 107 at Moffett Field). This expanded program
included sampling under baseline (uncontrolled) conditions and two rounds of sampling to
evaluate reproducibility. For both of these buildings, the results from the two rounds were
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comparable, demonstrating that the procedure provides reproducible results. At the ASU
Research House, no vapor intrusion was observed under baseline conditions. However, vapor
intrusion was induced under negative pressure conditions. Other data collected from the house
indicates episodic vapor intrusion occurs under uncontrolled conditions (i.e., vapor intrusion
occurs during some time periods but not others). The results from this building demonstrate that
the Tier 3 investigation procedure reduces the uncertainty associated with temporal variability in
vapor intrusion.

E4 COST ASSESSMENT

Both of the validated procedures have the potential to reduce vapor intrusion investigation costs.

E.4.1 Cost for Implementation of the Tier 2 Screening Procedure

The Tier 2 screening procedure involves 1) identification of sites with fine-grained soils at the
water table and ii) application of a 100x adjustment factor to Tier 1 screening criteria to account
for higher VOC attenuation observed at such sites (see Section 6.4). The estimated time required
to implement and document this procedure ranges from three hours (using visual inspection of
soil cores or boring logs) to 10 hours (using field measurement of soil permeability). Assuming
a labor rate of $100/hr, the estimated cost for implementation of this screening procedure at
a site is $300 to $1000. For sites where application of the higher groundwater screening
concentration eliminates the need to conduct an additional evaluation of the vapor intrusion
pathway, application of the screening procedure is likely to save at least $10,000. The actual
cost saving will depend on the scope of the avoided field investigation (e.g., the number of
buildings where additional investigation is not required).

E.4.2 Cost for Implementation of the Tier 3 Investigation Procedure

The Tier 3 investigation procedure described in Section 6.5 involves manipulating building
pressure and collecting air samples during 3 different pressure conditions: baseline, negative
pressure, and positive pressure. Estimated costs to implement the Tier 3 procedure are shown in
Table 7.2.2. The sampling itself takes place over the course of 3 days, with 4 to 6 hours per day
for each of two persons assumed for equipment checks, setup and pickup. Assuming labor rates
of $100/hr for a project scientist/engineer and $150/hr for a senior scientist/engineer, the
estimated cost for implementation of Tier 3 investigation procedure is $8,600 per building
including project planning and reporting costs. This cost estimate assumes that the program
is implemented by an experienced field team and that the program is conducted at four or more
buildings at a single site. The cost for initial implementation by an inexperienced team or for
implementation at one to three buildings at a single site would be higher. Using similar
assumptions, the estimated cost for implementation of typical building sampling program (i.e.,
collection of indoor and sub-slab samples under uncontrolled conditions) is $7,800. Thus the
Tier 3 procedure is more expensive than a single round of traditional sampling. However, the
procedure is less expensive than two or more rounds of traditional sampling.
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1.0 INTRODUCTION

This report presents the results from ER-0707, Protocol for Tier 2 and Tier 3 Evaluation of
Vapor Intrusion at Corrective Action Sites.

1.1 BACKGROUND

Since 2000, regulators and the regulated community have become increasingly concerned about
the potential for exposure to volatile organic compounds (VOCs) through vapor intrusion to
indoor air at sites with contaminated soil or groundwater. Relatively few vapor intrusion case
studies are available in the published literature (e.g., Folkes et al., 2009; Eklund and Simon,
2007; DiGiulio and Paul, 2006; Sanders and Hers, 2006). However, detailed investigations at a
limited number of corrective action sites have documented elevated levels of chlorinated VOCs
in houses located above contaminated groundwater (Tillman and Weaver, 2005; DiGiulio, Paul
et al., 2006). In response, the United States Environmental Protection Agency (USEPA) and
many state regulatory agencies have issued guidance specifying screening and field investigation
procedures for the identification of vapor intrusion impacts at corrective action sites. Although
the specific recommended investigation procedures vary significantly between guidance
documents, the majority of these documents utilize a step-wise evaluation process that includes
preliminary screening followed by field investigation, if needed. Of the available regulatory
guidance on vapor intrusion, the USEPA guidance (USEPA, 2002) is currently most widely
applied. This guidance document has been formally adopted by some states (e.g., Ohio) and is
also widely used in states that have not issued their own guidance documents. The USEPA
Vapor Intrusion Guidance recommends the following step-wise evaluation approach:

Presence of Volatile Chemicals: Vapor intrusion is a potential concern at sites with soil or
groundwater impacted by volatile chemicals. Corrective action sites without volatile
chemicals (typically defined by vapor pressure and/or Henry’s Law constant) require no
further evaluation for vapor intrusion. Example volatility criteria are as follows:

» USEPA (2002): Volatile chemicals are defined based on Henry’s Law Constant of
greater than 1 x 10~ atm-m’/mol.

» NIJDEP (2006): Volatile chemicals are defined based on Henry’s Law Constant of
greater than 1 x 10~ atm-m’/mol and a vapor pressure of greater than 1 mm Hg.

Pathway Screening Criteria: For sites with volatile chemicals in soil or groundwater, most
regulatory guidance provides conservative screening criteria for preliminary evaluation of the
vapor intrusion pathway. Screening criteria are typically provided for groundwater and soil
gas and less commonly for soil. These criteria are typically used to evaluate the likelihood of
whether VOCs are migrating away from a source area at concentrations that could cause a
vapor intrusion impact. Although exceedances of these criteria do not indicate that a vapor
intrusion impact has occurred or will occur, additional investigation of vapor intrusion is
required if the maximum VOC concentration is greater than the screening value within a
defined distance (typically 100 feet [ft]) of a vapor intrusion receptor (i.e., a current or future
building). For some common chemicals of concern (COCs), the USEPA screening criteria
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for groundwater are equal to drinking water standards. In addition, some soil gas screening
criteria are less than or equal to analytical detection limits. As a result, few corrective action
sites are screened out of further evaluation using these criteria.

Building-Specific Evaluation: For sites with volatile chemicals present at concentrations
above the screening criteria, most guidance documents require a field investigation to
determine the presence or absence of vapor intrusion impacts to near-by buildings
(commonly defined as within 100 ft of VOC impacts). When conducting a site-specific field
investigation, the USEPA guidance recommends collection of below-foundation (i.e., sub-
slab) gas samples followed by simultaneous below-foundation and indoor air samples, if
needed. The USEPA guidance raises a number of data quality issues to be addressed as part
of the field investigation including: indoor sources of VOCs (background), spatial variability,
temporal variability, and sample collection and analytical variability. However, the guidance
document does not provide a clear recommendation on the amount of data needed to account
for these sources of variability and to make a definitive determination of the presence or
absence of a vapor intrusion impact. In the absence of clear guidance on the scope of the
field investigation, the investigation approaches adopted by individual investigators have
varied widely. As a result, disagreements may arise between parties involved at a site
regarding the adequacy of a field investigation at a specific building.

Although most state vapor intrusion guidance documents utilize a step-wise investigation
approach similar to the USEPA guidance, most guidance documents utilize very low screening
criteria for the preliminary evaluation and some states (e.g., New York) do not allow screening
based on subsurface VOC concentrations, but instead require indoor air testing at all field
investigation sites (NYDOH, 2006). In addition, the USEPA has indicated that revised vapor
intrusion guidance due in 2012 is unlikely to allow screening of the vapor intrusion pathway
based solely on soil gas concentration results (USEPA, 2010). As a result, field investigations of
the vapor intrusion pathway are required at a majority of sites with subsurface volatile chemical
impacts.

1.2 OBJECTIVE OF THE DEMONSTRATION

The overall objective of this project has been to develop simple procedures for i) Tier 2-level
site-specific evaluation and screening, and ii) limited Tier 3 field investigation of the vapor
intrusion pathway. These procedures utilize easily obtained site-specific information to support
a realistic site-specific pathway assessment involving significantly less effort than is currently
required. The specific project objectives are as follows:

e Evaluate soil texture and moisture content as factors affecting attenuation of VOCs
migrating from groundwater into deep soil gas.

e Develop a Tier 2 vapor intrusion pathway screening procedure that incorporates the effect
of soil texture and moisture content on VOC attenuation across the groundwater
interface.

e [Evaluate the utility of building pressure control to provide an improved understanding of
the impact of vapor intrusion and indoor sources of VOCs on indoor air quality.
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e Develop a Tier 3 focused field investigation procedures for the evaluation of vapor
intrusion based testing under controlled building pressure.

e Validate the Tier 2 screening procedure and Tier 3 focused field investigation by
application at well characterized vapor intrusion sites.

The progress and results of this demonstration have been documented in a series of reports as
follows:

1) Proposed Tier 2 Screening Criteria And Tier 3 Field Procedures For Evaluation Of
Vapor Intrusion (Issued February 2008; Revised August 2008): Documents results of
literature review and survey and presents Tier 2 and Tier 3 vapor intrusion evaluation
procedures for field validation.

2) Demonstration Plan for Field Validation Program (Issued June 2008, Revised October
2008): Provides detailed design of field validation program for Tier 2 and Tier 3 vapor
intrusion evaluation procedures. Also presents selection of the first set of sites for the
field demonstration.

3) Results and Lessons Learned Interim Report (Issued October 2009, Revised April 2010):
Presents interim results from 3 demonstration sites for Tier 2 procedure and 4 field
demonstration sites for Tier 3 procedure. Note that project plan provides for a go-no go
decision point following completion of investigations at the first set of demonstration
sites.

4) FEinal Report (This Report) and Cost and Performance Report: Presents final results
from all field demonstration sites and presents validated Tier 2 and Tier 3 protocols for
evaluation of vapor intrusion.

1.3 REGULATORY DRIVERS

At a limited number of sites in the U.S., migration of volatile organic compounds (VOCs) from
affected groundwater via vapor phase diffusion has impacted indoor air quality in overlying
structures, posing a potentially significant, yet previously unrecognized human health concern
for such properties. To address this concern, the USEPA has issued the “Draft Guidance for
Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils,” (USEPA
2002), providing conservative screening criteria for various VOCs in groundwater. As discussed
in Section 1.1, these conservative screening values eliminate few sites and, as a result, a majority
of sites with VOCs in groundwater require field investigation of the vapor intrusion pathway.
The high level of conservatism in the USEPA and state guidance reflects the current limitations
of our understanding of the physical and chemical processes that contribute to the attenuation of
vapors along the vapor intrusion pathway. Development of a validated Tier 2 vapor intrusion
screening procedures will serve to reduce the number of sites where detailed field investigations
are required to evaluate the vapor intrusion pathway. Development of a validated Tier 3 vapor
intrusion investigation procedure will improve the efficiency of the sites-specific filed
investigation, when required.
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2.0 TECHNOLOGY

This technology demonstration project has developed and validated i) a Tier 2 vapor intrusion
screening procedure based on easily measured site-specific characteristics, and ii) a streamlined
Tier 3 evaluation procedure to determine the presence or absence of a vapor intrusion impact to a
specific building. The screening procedures can be used individually or together to provide
maximum flexibility for cost-effective evaluation of vapor intrusion at each site.

2.1 TECHNOLOGY DESCRIPTION

Tier 2 Screening Procedures: The groundwater-soil gas interface is a key target for site-specific
evaluation because: 1) transport across this interface varies significantly (>100x) between sites
making the Tier 1 default overly conservative for a large proportion of sites evaluated, and ii)
easily obtained site-specific data can be used to support a less conservative evaluation. At the
groundwater-soil gas interface, a high moisture content, fine-grained soil layer serves as a
significant barrier to the vertical migration of VOCs towards buildings. As a result, VOC
attenuation along the vapor intrusion pathway at sites with these soil layers can be much higher
than at sites where these barriers to vertical diffusion are absent.

For this demonstration, we measured VOC attenuation from shallow groundwater through the
soil column at seven sites exhibiting a variety of soil-type characteristics. Sample collection and
analysis was conducted in a consistent manner across the sites, providing a comparable data set
for accurate assessment of the differences in VOC attenuation between these sites. The results of
this demonstration serve to document the higher VOC attenuation that occurs at sites with fine-
grained soils at the water table. This, in turn, validates the use of higher Tier 2 screening criteria
at sites with these documented soil conditions.

Streamlined Tier 3 Evaluation Procedure: When using indoor air sampling to evaluate vapor
intrusion, an investigator must address two confounding issues: i) indoor sources of VOCs, and
i1) temporal variability in vapor intrusion. The Tier 3 evaluation procedure addresses both of
these issues using a streamlined investigation program that can be completed during a single
three-day sampling event. This streamlined investigation protocol uses induced negative
building pressure to ensure that vapor intrusion is “on” during one sample event and induced
positive building pressure to ensure that vapor intrusion is “off” during a second sampling event
(see Figure 2.1.1). Because radon is a naturally-occurring tracer for soil gas, radon
concentrations in indoor air can be used to verify the effectiveness of the induced building
pressure for controlling the movement of soil gas into the building. VOC concentration results
for indoor air ambient air samples collected during these two sample events are used to identify
the primary sources of detected VOCs.

For this project, the pressure control investigation procedure was demonstrated in six buildings.
The results indicate that small (approximately 1Pa) pressure gradients are sufficient to control
the flow of soil gas through the building foundation. VOC concentrations measured in indoor air
under these controlled building pressure conditions can be used to identify the primary source of
the VOCs and to evaluate the potential for vapor intrusion for a range of building pressure

Final Report: Proposed Tier 2 Screening Version 3 — July 2012
Criteria and Tier 3 Field Procedures for ER-200707
Evaluation of Vapor Intrusion



conditions. These results validate the use of the streamlined Tier 3 investigation procedure for
the evaluation of vapor intrusion at sites where a building-specific investigation is required.

Controlled
negative
building

pressure:
Vapor
intrusion is
“On”

Controlled
positive
building

pressure:
Vapor
intrusion is
“Off”

Figure 2.1.1: Conceptual illustration of building pressure control for the building-specific
evaluation of vapor intrusion

2.2 TECHNOLOGY DEVELOPMENT

The two vapor intrusion evaluation procedures were developed during the first phase of this
project based on a review of regulatory guidance documents and peer-reviewed literature and
survey of vapor intrusion experts. The goals of this review and survey were 1) to identify key
points along the vapor intrusion pathway were the magnitude of VOC attenuation is expected to
vary significantly between sites, and ii) to develop investigation procedures for these points that
could be used to support an improved evaluation of the vapor intrusion pathway. Based on the
results of the review and survey, the project was focused on two key interfaces: i) the
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groundwater-vadose zone interface, and ii) the building foundation. For each of these two
interfaces, investigation methods were developed that would provide an improved site-specific
understanding of vapor intrusion. Following completion of the first half of the demonstration
program, both investigation procedures were refined through minor adjustments. The initially-
proposed procedures and their bases are described in the project report Proposed Tier 2
Screening Criteria And Tier 3 Field Procedures For Evaluation Of Vapor Intrusion (Issued
February 2008; Revised August 2008). The final refined procedures and the basis for the
modifications are documented in the project report Results and Lessons Learned Interim Report
(Issued October 2009, Revised April 2010). These procedures are summarized below.

Tier 2 Screening Procedure, Sites with Confining Layers or Fine Grained Soils at the
Groundwater Interface: The review and survey conducted to identify key interfaces along the
vapor intrusion pathway highlighted importance of high-moisture-content fine-grained soils for
limiting the diffusion of VOCs from groundwater into the vadose zone. This suggested that
VOC migration from a confined aquifer to vadose-zone soils will be limited. In addition, VOC
migration from groundwater at unconfined aquifer sites with fine-grained soils is likely to be
significantly lower than at sites with coarse-grained soils. Our hypothesis was that we would
observe at least 10x greater VOC attenuation at sites with fine-grained soils at the groundwater
interface as compared to sites with coarse-grained soils.

Use of groundwater interface soil type for Tier 2 screening would involve the following steps:

« Evaluation of Soil Type at Water Table: Demonstration of a fine-grained soil layer above
the groundwater interface based on either evaluation of soil boring logs or field
measurement of soil permeability in the deep vadose zone.

» Tier 2 Screening Values: For sites with these fine-grained soil conditions, the VOC
attenuation measured through the Tier 2 demonstration program should support
groundwater screening values higher than the generic Tier 1 screening values. Although
the original project hypothesis was that at least 10x higher attenuation would be observed
at fine-grained soil sites, the observed difference in attenuation was 500x. Based on the
results of this field validation program, a 100x adjustment to Tier 1 screening values is
recommended based on the documentation of fine-grained soils at the water table.

The impact of an aquifer confining layer or fine-grained soil layer on VOC attenuation has been
evaluated through the measurement of soil conditions and VOC concentrations at seven
demonstration sites. The demonstration sites have been selected to cover sites with a range of
soil characteristics in order to clearly document the differences in VOC attenuation between
sites.

Tier 3 Investigation Procedure, Use of Building Pressure Control: Although building foundation
permeability has been identified as an important site characteristic for vapor intrusion, the peer-
reviewed literature and regulatory guidance do not provide accepted methods for the evaluation
of foundation permeability. The proposed Tier 3 investigation procedure included two
components: 1) a method to evaluate building foundation permeability, and ii) a streamlined
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sampling program to evaluate the potential for vapor intrusion at a building and to identify the
sources of VOCs detected in indoor air through a single sampling event.

Although measurement of building foundation permeability did not prove useful, the Tier 3
procedure of measuring VOC concentrations in indoor air under controlled building pressure
conditions was validated. Use of building pressure control for an expedited Tier 3 field
evaluation would involve the following steps:

» Control of Building Pressure: Control building pressure conditions using a fan in a
window or door to create negative building pressure and positive building pressure.

» Measurement of Vapor Intrusion During Controlled Building Pressure: Measure VOC
and radon concentrations in indoor air during the induced negative building pressure
event to evaluate indoor air quality under conditions that support vapor intrusion and
measure VOC and radon concentrations in indoor air during an induced positive building
pressure event to evaluate indoor air quality under conditions that inhibit vapor intrusion.
The program of sampling under controlled building pressure conditions controls for
temporal variability in buildings with episodic vapor intrusion and provides an improved
ability to distinguish between indoor and subsurface sources of VOCs.

» Vapor Intrusion Determination: Based on the effect of building pressure on indoor air
quality, the potential for vapor intrusion impacts to building is determined in a single
sampling event.

As discussed in Sections 5 and 6 of this report, our demonstration results have validated the use
of building pressure control to identify the sources of VOCs detected in indoor air and to
mitigate temporal variability in vapor intrusion. However, the demonstration results have not
shown that measurement of building foundation permeability provides an improved
understanding of the potential for vapor intrusion. As a result, the validated Tier 3 investigation
procedure described in Section 6.5 of this report utilizes building pressure control but does not
include characterization of building foundation permeability.

2.3  ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY

The use of a tiered approach for the evaluation of correction action sites has provided a cost-
effective framework for focusing detailed site evaluations on exposure pathways that represent
the g