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Executive Summary

Demonstration Objectives

The primary objective of this demonstration study was to identify a cost effective and accurate
protocol for investigation of vapor intrusion into buildings overlying contaminated groundwater.
Performance objectives are summarized in Table E.1.

Table E.1: Performance Objectives

Type of Primary Actual
Performance Performance Performance
Objective Criteria Expected Performance (Metric) Objective Met?
Quantitative 1) Collection of Precision, Accuracy, Completeness, Objective
data representative | Representativeness, and Comparability Attained
of site conditions. as defined in Table 4.2.1 and Appendix (See Section 4.3)
B.
Quantitative 2) Vapor Intrusion Indoor air concentration of COC above Objective
Impact at risk-based screening limit and not Attained
Demonstration Site | attributable to background indoor air (See Section
Sources. 4.4.1)
Qualitative 3) Reliable Vapor Accuracy of vapor intrusion Objective
Intrusion determination as characterized by false Attained
Investigation positive and false negative rates. ldentify | (See Section 4.6)
Approach limited scope investigation approach
with higher accuracy than current
approaches such as USEPA 2002.

Intensively monitored sites, such as the Borden Landfill in Canada, have greatly contributed to
our understanding of the physical and chemical processes that control the transport of chemicals
in groundwater. For this project, we have used a similar approach (i.e., intensively monitored
sites with specially-designed monitoring networks) to address the critical groundwater-to-indoor-
air vapor intrusion pathway. The performance objectives were met by:

1) Collecting a high density of data related to vapor intrusion at the test sites,

2) Analyzing this data to obtain a thorough understanding of vapor intrusion processes at the
test sites, and

3) Utilizing the results to develop a reliable and cost-effective approach for investigation of
vapor intrusion at other sites.

Regulatory Drivers

At a limited number of sites in the U.S., migration of volatile organic compounds (VOC) 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 Environmental Protection Agency (EPA) has

GSI Environmental Inc. Page E-2 Detailed Investigation of Vapor
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issued the “Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from
Groundwater and Soils,” (EPA 2002), providing conservative screening limit concentrations for
various VOC in groundwater. The high level of conservatism in the EPA and state guidance
reflects the current limitations of our understanding of the physical and chemical processes that
contribute to vapor intrusion. A primary goal of this project has been to support the development
of refined vapor intrusion guidance based on an improved understanding of the site-specific
factors which influence vapor intrusion.

Overview of Demonstration

For this demonstration, vapor intrusion site investigations have been completed at a total of three
buildings located at two demonstrations sites: two single-family residences near Hill AFB and a
small office building at Altus AFB. For each site, the investigation program consisted of an
initial sample point installation and sampling event and one (Hill AFB) or two (Altus AFB)
follow-up sampling events. The sampling program, illustrated in Figure E.1, was designed to
yield a high density of data around each of the demonstration buildings.

Figure E.1 Conceptual Data Collection Plan for Detailed Evaluation of the VVapor Intrusion Pathway: 1)
Multi-level Discrete Depth Samples Upgradient, Midgradient, and Downgradient of the Building Used to
Characterize Groundwater Mass Flux (3 multi-level clusters); 2) Multi-level Soil Gas Sampling Conducted
Below or Adjacent to the Building used to Characterize Soil Gas Concentration Gradients and Mass Flux (3
multi-level clusters); 3) Sub-slab Soil Gas Samples, Combined with the other Data, Provide an Understanding
of Transport From the Groundwater Source to Indoor Air (3 sample points); 4) Indoor Air Samples (3 sample
points), Combined with 5) Ambient Air Samples (3 sample points) and 6) Analysis of Radon Allows Separation
of Indoor Air Sources and Vapor Intrusions Sources; 7) Unique Tracer Gas Released Within the Building
Allows for Accurate Measurement of Building Air Exchange Rate.

GSI Environmental Inc. Page E-3 Detailed Investigation of Vapor
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conducted at each building as summarized in Table E.2.
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Table E.2: Summary of Sampling Event by Demonstration Building.

Demonstration Building
Sample Event Altus 418 Hill Res. #1 Hill Res. #2
Soil Gas Point Purge Study X X X
Initial Sampling Event X X X
Short-Term Follow-up X
Longer-Term Follow-up X (2 events) X X
Building Depressurization X

This sampling program yielded a large data set suitable for detailed evaluation of vapor intrusion
processes.

Summary of Data Quality

The collection of site data representative of actual site conditions was achieved through
compliance with the Quality Assurance Project Plan (QAPP), included as Appendix B. The
QAPP details the sampling and analysis procedures that were utilized for each type of sample
collected during the data collection portion of the project. In addition, the QAPP defines quality
assurance objectives for precision, accuracy, completeness, representativeness, and
comparability that were used to quantitatively evaluate the quality of the data obtained.

For the purpose of the data usability evaluation, analytical results were evaluated in groups: i)
custody procedures, holding time, arrival temperatures, ii) sampling procedures and field
instrumentation, iii) precision assessment, iv) accuracy assessment, and v) completeness
assessment. A summary data usability evaluation for this project is presented in Table E.3.

GSI Environmental Inc.
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Expected Performance Performance Actual
Performance Criteria Metric Confirmation Method (Post Demo)
Performance Criteria for Data Quality Assurance (Quantitative)

+/- 30% relative percent
difference (RPD)

1 duplicate per 20
samples for all VOC,

RPD goal met in 82%
of duplicate pairs

Precision SFg, and radon analyses
(water and air/gas)
Field blanks below All VOC analyses Goal achieved in 98%
PQLs. Laboratory (water and air/gas) of field blanks and
Accuracy accuracy as defined in laboratory QA/QC
Appendix B, Tables 2.2 samples
and 2.3
> 90% valid field All VOC analyses Achieved

Completeness

samples. >95% valid
laboratory results

(water and air/gas)

Performance Criteria fo

r Data Quality Assurance

(Qualitative)

Representativeness

Use of field sampling
procedures, laboratory
analytical procedures,
sample holding times,
etc. defined in QAPP

All field samples

Goal achieved for 99%
of samples

Comparability

Use of standard and
consistent sampling and
analysis procedures for
all samples, as defined

in QAPP

All field samples

Goal achieved for 99%
of samples

Over the course of the project, we implemented changes to field procedures to address minor

data quality issues identified from previous events.

To the extent possible, consistent field

procedures were used across sampling events to ensure comparable results were obtained. The
resulting project data set was determined to be suitable for evaluation of vapor intrusion in
accordance with the defined performance objectives.

GSI Environmental Inc.
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Summary of Demonstration Findings
The demonstration data set was evaluated in accordance with the performance criteria defined in
the project demonstration plan and summarized in Table E.4.

Table E.4: Summary of Demonstration Performance
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Performance Criteria

Expected Performance
Metric

Performance
Confirmation Method

Actual
(Post Demo)

Performance Criteria fo

r Technology Demonstrat

ion (Qualitative and Quantitative)

Vapor Intrusion Impact

Presence or absence of
vapor intrusion impact
at test site. Vapor
intrusion impact defined
as indoor air
concentration of COC
above risk-based
screening limit and not
attributable to
background indoor air
sources

Detection of VOCs in
indoor air at
concentrations
exceeding USEPA,
2002 indoor air
screening limits. If
limits exceeded,
evaluation of sub-slab
and indoor air data to
separate vapor intrusion
from background
indoor air sources as
described in Section 4.3
of Demonstration Plan

Evaluation of indoor,
ambient, and sub-slab
VOC and radon
concentrations indicated
an absence of vapor
intrusion impacts above
applicable regulatory
limits in all three of the
demonstration buildings
during each of the
sampling events.
Application of the same
investigation approach
at other buildings would
be expected to yield
definitive results
concerning the presence
or absence of a vapor
intrusion impact (see
Section 4.4.1)

Movement of VOCs
Across Key Interfaces

Calculation of mass flux
across key vapor
intrusion pathway
interfaces, see Section
4.3 of Demonstration
Plan

Consistent or
decreasing mass flux
along the vapor
intrusion pathway

Calculated mass flux
values had high
uncertainty and did not
show a consistently
decreasing mass flux
along the vapor
intrusion pathway (See
Section 4.4.2)

GSI Environmental Inc.
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Performance Criteria

Expected Performance
Metric

Performance
Confirmation Method

Actual
(Post Demo)

Spatial and Temporal
Variability in VOC
Concentration

Calculation of spatial
and temporal variability
in chemical
concentration for each
environmental medium
investigated

Statistical measures of
variability as described
in Section 4.3 of
Demonstration Plan

High spatial and longer-
term (months) temporal
variability in subsurface
VOC concentrations
compared to above-
ground VOC
concentrations indicate
that a larger number of
samples are required to
characterize VOC
concentrations in
subsurface media.
Analytical, sample, and
short-term (days)
temporal variability do
not appear to be a major
sources of uncertainty in
vapor intrusion
evaluations (see Section
4.4.3)

Attenuation Factors

Calculation of
attenuation factors
describing the
attenuation of chemicals
from various
environmental media to
indoor air

Statistical measures of
variability as described
in Section 4.3 of the
Demonstration Plan

Calculated attenuation
factors had moderate to
high uncertainty but
were consistently below
USEPA default values
for pathway screening
See Section 4.4.4)

Site Physical
Characteristics

Measurement of site soil
characteristics and other
physical characteristics
of the site

Correlation of site
characteristics to VOC
distributions and fluxes
as described in Section
4.3 of the
Demonstration Plan

Data set did not show
expected correlation
between lower soil
permeability and higher
VOC attenuation (See
Section 4.4.5)

Reliable Vapor
Intrusion Investigation
Approach

Identification of a
limited site investigation
program that will
provide a reliable
indication of vapor
intrusion impacts

Statistical comparison
of accuracy of vapor
intrusion impact
predicted by limited
subset of site data
compared to full set of
data obtained for the
site, as described in
Section 4.3 of the
Demonstration Plan

We have developed a
recommended approach
for the reliable
investigation of vapor
intrusion.

(See Section 4.6)

GSI Environmental Inc.
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Key project findings are summarized as follows:

Vapor Intrusion Impact: A vapor intrusion impact, defined as an exceedance of applicable
indoor air VOC concentration screening values attributable to vapor intrusion, was not observed
in any of the demonstration buildings. However, a statistically significant increase in indoor
VOC concentration relative to ambient concentrations was observed during some sample events.
The analysis of VOC and radon concentrations in ambient air, indoor air, and sub-slab gas
samples, provided a data set that could be used to identify the most likely source of VOC
detected in indoor air. This analysis indicated that trichloroethene (TCE) in indoor air during the
second Altus sampling event at concentrations above EPA screening levels were attributable to
ambient sources and not vapor intrusion. The data evaluation indicated some migration of TCE
and/or PCE from the subsurface to indoor air at the demonstration buildings during some sample
events, however, in all cases the estimated VOC concentration in indoor air attributable to vapor
intrusion was below the applicable screening level for the site. The impact of induced building
depressurization on vapor intrusion (V1) was evaluated at Hill AFB Residence #1 and the results
indicate that this may be a useful tool for the evaluation of vapor intrusion under “worst case”
conditions. However, further validation of this approach is needed.

Use of Radon as a Tracer for Soil Gas Movement into Buildings: Based on the difference
between indoor and ambient radon concentrations and the absence of indoor sources of radon,
radon was determined to be a sensitive tracer for the movement of soil gas through the building
foundation. The measured radon attenuation factors have been used to calculate the
concentration of VOCs in indoor air attributable to vapor intrusion and to evaluate the possible
contribution of indoor VOC sources to measured indoor VOC concentrations. For example, the
difference between the measured concentration of TCE indoor air and the estimated
concentration attributable to vapor intrusion suggested a likely indoor source of TCE at Altus
AFB Building 418 in December 2006 and at Hill AFB Residence #1 in March 2006 (see Table
4.4.1.5).

Radon is a useful tracer for the movement of soil gas because radon is emitted from all soils and
is present in all soil gas. However, because VOCs in soil gas originate from specific sources
while radon in soil gas originates from all soils, the distribution of radon and VOC may be
different within subsurface gas below a building. This difference could result in differences
between the measured attenuation factors that are not attributable to indoor sources of VOC.
Radon data is likely to be most useful for the evaluation of vapor intrusion when radon and VOC
concentrations are measured at multiple sub-slab sample locations allowing for an evaluation of
the differences in subsurface distribution of these chemicals.

Movement of VOCs Across Key Interfaces: Mass flux was used to track the movement of VOC
across key interfaces along the vapor intrusion pathway. Mass flux through shallow groundwater
was consistently higher than mass flux through soil gas or through the building foundation
indicating that only a small fraction of the VOC mass diffused from groundwater to soil gas as

GSI Environmental Inc. Page E-8 Detailed Investigation of Vapor
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the groundwater migrated under the demonstration building. In contrast, no consistent
relationship was observed between estimated mass flux through soil gas and through the building
foundation.

The large uncertainty in mass flux estimates may limit their utility for evaluation of vapor
intrusion. The accuracy of the mass flux estimate is limited by both spatial variability in VOC
concentration and uncertainty in site hydrogeologic parameters required for the mass flux
calculations. Because the lateral mass flux of VOC through shallow groundwater below a
building is typically higher than the vertical mass flux of VOC through the soil column below the
building, evaluation of mass flux in shallow groundwater may provide a conservative screening
tool for the vapor intrusion pathway when this mass flux is less than would be required to sustain
an indoor vapor intrusion impact. However, further validation of the utility of groundwater mass
flux for screening of vapor intrusion would be required.

Spatial and Temporal Variability in VOC Concentration: Demonstration results were analyzed
to determine the most important sources of variability in VOC concentrations during vapor
intrusion investigations. Relative percent difference (RPD) was used to describe variability
between paired measurements and coefficient of variation (CV) was used to describe variability
in data sets of three or more measurements. Analytical variability was very low with an average
RPD between laboratory duplicate measurements of 2.5% and surrogate recoveries typically
between 98% and 102%. Field duplicate variability was higher, but acceptable, with 78% of
field duplicate VOC measurements (and 82% of all field duplicate measurements) achieving the
data quality objective of an RPD<30%. Short-term temporal variability (i.e., time scale of days)
was only slightly higher than field duplicate variability with 65% of duplicate VOC
measurements showing an RPD<30%. These results indicate the variability on the time scale of
days was largely influenced by sample collection and/or very small-scale field variability.

Spatial variability in VOC concentration was evaluated through the CV in VOC concentrations
between samples from three spatially-separated sample points. Spatial variability was much
higher in subsurface gas samples (i.e., average CV = 0.92 to 0.96 in sub-slab, soil gas, and well
headspace samples) compared to indoor (average CV = 0.26) and ambient air samples (average
CV = 0.55). Based on this finding, an efficient vapor intrusion investigation program that
includes samples from both media should include a larger number of subsurface gas samples
than above-ground air samples. Longer-term temporal variability (i.e., time scale of months) in
subsurface gas samples was similar to the spatial variability (i.e., average CV = 0.80 to 1.02 in
sub-slab, soil gas, and well headspace samples). This finding suggests that subsurface gas
sampling should be balanced between spatially separated sample points and temporally separated
sample events.

Attenuation Factors: There was significant uncertainty in the calculated subsurface to indoor air
attenuation factors, with the standard deviation for the calculated values similar to or greater than
the calculated attenuation factor values. Despite this uncertainty, the calculated attenuation
factors were consistently less than the EPA default values indicating that the EPA default values

GSI Environmental Inc. Page E-9 Detailed Investigation of Vapor
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were conservative and protective for the three demonstration buildings evaluated. Measured
sub-slab to indoor air attenuation factors ranged from 3.8 x 10 to 7.6 x 10 compared to the
current EPA default value of 1.0 x 10 and the proposed value of 5.0 x 10°. Measured
groundwater to indoor air attenuation factors ranged from 2.9 x 10°® to 3.6 x 10 compared to the
current EPA default value of 1.0 x 10 (the USEPA has not proposed to change this default
value).

Typically, attenuation factors are calculated based a single subsurface and a single indoor air
measurement. For this project, each attenuation factor was calculated based on a minimum of
three subsurface and three indoor air measurements. The high uncertainty associated with these
relatively data rich attenuation factors indicates that typical attenuation factors are extremely
uncertain and may have limited utility for evaluation of the vapor intrusion pathway.

Site Physical Characteristics: The demonstration yielded a limited data set for the evaluation of
site physical characteristics, supporting only a limited evaluation of the impact of site
characteristics on vapor intrusion. However, the available data do not support the hypothesis that
lower permeability vadose zone soils decrease the potential for vertical migration of VOCs from
groundwater through the unsaturated soil column, decreasing the potential for vapor intrusion
impacts. At the Hill AFB site, the vadose zone soil permeability was approximately 10x higher
at Residence #2 compared to Residence #1 based on both laboratory and field measurements.
However, the March 2006 sampling event indicated vertical migration of TCE through the
vadose zone soils to the building at Residence #1 but not at Residence #2 despite similar
concentration of TCE measured in shallow groundwater at the top of the water table at the two
residences. As a result, the groundwater to indoor air attenuation factor at Residence #1 was at
least 50x higher than at Residence #2, where non-detect results for TCE in sub-slab samples
yielded an upper-bound estimate of the attenuation factor. These results indicate greater VOC
attenuation at Residence #2, despite the presence of higher permeability vadose zone soils at this
location. (Note that a higher value for the attenuation factor indicates less VOC attenuation).

Recommendations for Investigation of Vapor Intrusion: The results of the demonstration have
been used to develop a recommended sample collection program for the evaluation of vapor
intrusion in individual buildings, summarized in Table E.5.
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Table E.5: Recommended Sample Collection Program for Evaluation of VVapor

Intrusion.
Environmental Sample | Sample Number of | Sample
Medium Analyses Duration | Container Samples Locations
Ambient air VOCs by TO-15" | 24 hr 6L Summa 1 Upwind
Radon’ Grab 0.5 L Tedlar 1
Indoor air VOCs by TO-15" | 24 hr 6L Summa 1-2° Lowest floor
Radon® Grab 0.5 L Tedlar 1-2°
Sub-slab gas VOCs by TO-15 Grab 0.4LorlL 3-5° Distributed
Summa below lowest
Radon” Grab 0.5 L Tedlar 3-5° floor

* Note: 1) TO-15 SIM may be required for indoor and ambient air samples to achieve detection limits below regulatory
screening values. TO-15 analyses are conducted by numerous commercial laboratories. The TO-15 analyte list may vary
between laboratories and should be reviewed to ensure inclusion of all volatile COC.

2) Radon samples analyzed by Dr. Doug Hammond (dhammond@usc.edu) at the University of Southern California
Department of Earth Sciences using the extraction method of Berelson, 1987 and the analysis method of Mathieu, 1998.
3) Recommended number of samples for a typical residence with a 1000 - 2000 ft? foundation. Additional samples may be
appropriate for larger structures.

The results of the investigation program should be used to evaluate vapor intrusion based on a
weight-of-evidence approach using the following data evaluation methods:

Indoor Air Data: If indoor VOC concentrations are below indoor screening levels then no

further immediate evaluation of vapor intrusion is required. Additional follow-up monitoring
may be warranted at some buildings to evaluate the potential for intermittent vapor intrusion

impacts to occur at other times.

Evaluation of Potential VOC Sources:

If indoor VOC concentrations exceed indoor

screening levels, then VOC and radon concentrations should be evaluated to help identify the

most likely source or sources of the indoor air impacts.

» Evidence of Ambient Sources: Ambient VOC concentrations greater than or similar to
indoor VOC concentrations indicate that ambient sources are the likely primary source of
VOCs in indoor air.

» Evidence of Indoor Sources: Indoor VOC concentrations >10% of below foundation
concentrations, and/or large differences in below foundation to indoor air attenuation
factors between VOC, indicate that indoor sources are likely the primary source of one or
more of the VOC in indoor air. For example, a tetrachloroethene (PCE) attenuation
factor of 0.03 and a TCE attenuation factor of 0.001 would suggest a likely indoor source
of PCE.

» Evidence of Vapor Intrusion: The following factors together indicate that vapor intrusion
is likely the primary source of observed indoor air impacts: i) indoor VOC concentrations
greater than ambient VOC concentrations, ii) below foundation to indoor air attenuation
factors <0.01 and, iii) below foundation to indoor air attenuation factors similar for all
VVOCs and for radon.
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Currently available regulatory guidance does not provide clear and consistent recommendations
for the field evaluation of VI at individual buildings. As a result, the current approaches to the
investigation of VI vary widely between sites. When comparing investigation results between
sites, it is difficult to separate the effects of site characteristics from the effects of differing
investigation methods. The application of a consistent field investigation program, such as that
recommended here, across buildings and sites will yield comparable data sets that provide an
improved understanding of the site-specific factors contributing to the presence or absence of
vapor intrusion impacts at individual buildings. Typical costs for the recommended investigation
approach are provided in Section 4.6.3 of this report.

Summary of Project Deliverables
The results of this demonstration have been used to generate the following products:

1) Procedural Guidelines for Reliable Evaluation of Vapor Intrusion: A cost-effective and
reliable approach for the evaluation of vapor intrusion. Provided as a white paper,
“Recommendations for the Investigation of Vapor Intrusion” and also presented in
Section 4.6 of this report.

2) Accessible Site Characterization Database: A web-accessible database presenting the
data collected for this project. This database provides VOC concentration results as well
as other site characteristics such as soil parameters and building characteristics. It
provides an empirical dataset for evaluation of predictive vapor intrusion models. In
addition, the database allows other interested parties to evaluate spatial and temporal
variability of VOC in groundwater, soil gas, sub-slab gas, and indoor air.

3) Technology Transfer: A fact sheet and several peer-reviewed publications present key
findings that are likely to be useful to state and federal regulators, and others, responsible
for establishing policies related to vapor intrusion.

4) Permanent and Reusable Monitoring Systems: The monitoring networks installed at the
two sites selected for this study have been constructed so as to facilitate future resampling
and reuse as desired by Department of Defense (DoD). Similar to the Borden Landfill
approach, these facilities can be used in future studies to accommodate the continued
development and validation of an improved conceptual model and predictive tools for the
vapor intrusion pathway.
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DETAILED FIELD INVESTIGATION OF
VAPOR INTRUSION PROCESSES

1. Introduction

1.1 Background

Problem: Although the scientific and regulatory communities have been aware of the subsurface-
to-indoor air VI pathway for over two decades, most of the early focus regarding this pathway
was limited to the migration of radon or landfill gas into indoor air (Altshuler and Burmaster
1997; Richardson 1997; Folkes and Arell 2003). In the early nineties, this pathway drew
renewed interest from the regulatory community due to the implementation of risk-based
corrective action (RBCA) concepts (ASTM 1994) at corrective action sites, and due to the
publication of the Johnson-Ettinger Model (Johnson and Ettinger 1991). The Johnson-Ettinger
model extended some of the assumptions employed originally in radon vapor intrusion models to
represent diffusive and pressure-driven (i.e., advective) transport of volatile organic compounds
(VOC) from a subsurface vapor source to indoor air. In the mid-nineties, several state regulatory
agencies and the EPA (EPA 2000) applied the Johnson-Ettinger model, together with
conservative assumptions, to develop risk-based groundwater screening levels that would be
protective of human exposure to indoor air impacted by VI. In the late 1990s, the groundwater-
to-indoor air vapor intrusion pathway received national attention when two Colorado sites with
chlorinated solvent groundwater plumes were found to have elevated levels of chlorinated VOC
in the indoor air of overlying surface structures (Renner, 2002). Largely in response to the
findings at the two Colorado sites, the Corrective Action Branch of the Office of Solid Waste
and Emergency Response (OSWER) at the EPA developed and released a draft supplemental
guidance in 2001 (EPA 2001) to facilitate the evaluation of VI at RCRA corrective action
facilities. In November 2002, the EPA issued the Draft Guidance for Evaluating the Vapor
Intrusion to Indoor Air Pathway from Groundwater and Soils (“EPA Vapor Intrusion Guidance”;
(EPA 2002), to extend the evaluation of the VI pathway to Superfund and other corrective action
sites (Folkes and Arell 2003). Due to the failure of modeling to identify the vapor intrusion
impacts at the Colorado sites, these EPA draft guidance documents have a reduced reliance on
models for pathway screening and have increased the requirements for direct measurement to
evaluate the potential for vapor intrusion at corrective action sites. In addition, a number of state
and local regulatory agencies have recently issued new or updated guidance that similarly
emphasizes field measurements over modeling for the evaluation of VI (WDHFS 2003; PaDEP
2004; NJDEP 2006; NYDOH 2006). The EPA and state guidance documents use conservative
screening procedures to compensate for a limited understanding of the site-specific parameters
that control the VI processes. An improved understanding of these processes at sites with VOC
contamination will support the development of improved site investigation approaches and
refined regulatory guidance.

Technology Demonstration: Intensively monitored sites, such as the Borden Landfill in Canada,
have greatly contributed to our understanding of the physical and chemical processes that control
the transport of chemicals in groundwater. For this project, we have used a similar approach
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(i.e., intensively monitored sites with specially-designed monitoring networks) to address the
critical groundwater-to-indoor-air vapor intrusion pathway. By increasing our understanding of
this critical pathway, guidelines can be improved, thereby better focusing efforts and associated
cost increases on only those sites where indoor vapor concerns are warranted. Towards this end,
this project has focused on validating a streamlined site investigation technology by obtaining a
detailed understanding of vapor intrusion processes associated with dissolved chlorinated solvent
plumes at Altus Air Force Base (Altus AFB) in Oklahoma and Hill Air Force Base (Hill AFB) in
Utah. This technology will reduce site investigation costs associated with vapor intrusion at
DoD facilities by reducing the amount of data required to evaluate vapor intrusion and by
increasing the accuracy of the evaluation.

1.2 Objectives of the Demonstration

Objectives: The primary objective of this demonstration study was to identify a cost effective
and accurate protocol for investigation of VI into buildings overlying contaminated groundwater.
This objective was met by:

1) Collecting a high density of data related to vapor intrusion at the test sites,

2) Analyzing this data to obtain a thorough understanding of VI processes at the test sites,
and

3) Utilizing the results to develop a reliable and cost-effective approach for the investigation
of vapor intrusion at other sites.

In this report, the term “vapor intrusion impact” is used to describe the presence of a vapor
intrusion condition that requires a response action due to an exceedance of applicable regulatory
screening levels. The meaning of the term “vapor intrusion impact” is intended to be similar to
the terms soil impact or groundwater impact which are commonly used to describe exceedances
of regulatory standards at corrective action sites. For this purpose, a vapor intrusion impact is
defined as the presence of VOC, or other volatile chemicals, attributable to vapor intrusion in a
building at concentrations requiring a response action. The indoor VOC concentration requiring
a response action is typically established by the applicable regulatory authority and may be based
on considerations of risk, background, and/or analytical detection limits. Although risk-based
concentrations are typically based on chronic exposure, many regulatory authorities require a
response action to address any measured exceedances of these concentrations including short-
term exceedances. Because COC in indoor air may originate from sources other than vapor
intrusion, the detection of COC in indoor air at concentrations above a regulatory standard is not
sufficient to define a VI impact in all cases. For this report, VI impacts at the demonstration sites
have been evaluated in the context of both EPA vapor intrusion guidance (EPA 2002) and the
regulatory standards applicable to the individual demonstration sites.

In order to support the primary objective, the following specific data evaluation objectives were
established:
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Characterize the Distribution of VOC Within Environmental Media: Characterize the
spatial variability in VOC distribution within specific environmental media. Describe the
differences in variability between media. Sample on multiple dates to define both short-
term variability (time scale of days) and longer-term variability (time scale of months) in
VOC distribution at the demonstration site.

Measure VOC Transfer at Saturated/Unsaturated Zone Interface and Throughout Vapor
Migration Pathway: Obtain detailed information regarding the mass flux of VOC: i) with
depth within the groundwater unit, ii) vertically within the unsaturated soil column, and
iii) through the building foundation.

Characterize Measurable Site Parameters Related to Vapor Migration Potential: Sample
and analyze soils in saturated and unsaturated soil zones and evaluate building
characteristics to understand physical parameters that may control potential for and rate
of vapor migration including: soil lithology, depth to groundwater, height of capillary
fringe, soil hydraulic conductivity and air permeability, soil water retention
characteristics, vertical distribution of volumetric moisture content in unsaturated zone,
soil organic carbon content, groundwater flow gradient, indoor air exchange rate,
building differential pressure, etc.

Characterize Vapor Intrusion Mechanisms and Drivers: Conduct detailed analysis of site
database to characterize groundwater to vapor transport mechanisms (diffusion in
groundwater, groundwater to vapor transfer, vapor diffusion, vapor-structure interaction,
VOC mass balance, temporal variation, etc.) and the importance of key site parameters
(groundwater concentration, groundwater mass flux, capillary height, soil moisture
profile, soil permeability, etc.) to vapor mass flux into the structure.

Characterization of Temporal Variability: Collect and analyze multiple samples from
fixed sample points to evaluate temporal variability in VOC mass distribution on the time
scales of days and months. If possible, correlate changes in mass distribution to seasonal
variations in site characteristics such as ambient temperature and seasonal changes in
water table elevation.

Characterization of Spatial Variability: Collect and analyze samples from closely-spaced
sample points to evaluate the significance of spatial variability around individual
buildings (i.e., on the scale of 10s of feet). Collect and analyze samples over multiple
sample events to evaluate temporal changes in this spatial variability.

Understanding the sources of variability in vapor intrusion data is important for designing VI
investigations that maximize the value of information collected with limited resources. For
example, if spatial variability is more important than temporal variability then the investigation
program would be designed with more sample points but fewer sample events.

Scope of Demonstration: For this demonstration, vapor intrusion site investigations have been

completed at a total of three buildings located at two demonstrations sites: two single-family
residences near Hill AFB, and a small office building at Altus AFB. At each site, the

GSI Environmental Inc. Detailed Investigation of Vapor
ESTCP Project No. ER-0423 Intrusion Processes



WIGSI

ENVIRONMENTAL

investigation program consisted of an initial sample point installation and sampling event and
one (Hill AFB) or two (Altus AFB) follow-up sampling events. The sampling program was
designed to yield a high density of data around each of the demonstration buildings.

Project Results: The results of this demonstration have been used to generate the following
products:

1) Procedural Guidelines for Reliable Evaluation of Vapor Intrusion: A cost-effective and
reliable approach for the evaluation of VI. Provided as a White Paper,
“Recommendations for the Investigation of Vapor Intrusion”.

2) Accessible Site Characterization Database: A web-accessible database presenting the
data collected for this project. This database provides VOC concentration results as wells
as other site characteristics such as soil parameters and building characteristics. It
provides an empirical dataset for evaluation of predictive vapor intrusion models. In
addition, the database allows other interested parties to evaluate spatial and temporal
variability of VOC in groundwater, soil gas, sub-slab gas, and indoor air.

3) Technology Transfer: A fact sheet and several peer-reviewed publications present key
findings that are likely to be useful to state and federal regulators and others responsible
for establishing policies related to VI.

4) Permanent and Reusable Monitoring Systems: The monitoring networks installed at the
two sites selected for this study have been constructed so as to facilitate future resampling
and reuse as desired by DoD. Similar to the Borden Landfill approach, these facilities
can be used in future studies to accommodate the continued development and validation
of an improved conceptual model and predictive tools for the VI pathway.

1.3 Regulatory Drivers

At a limited number of sites in the U.S., migration of VOC 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. The EPA’s
solid and hazardous waste program established by the Resource Conservation and Recovery Act
(RCRA) and the Superfund program established by CERCLA, both utilized risk assessment to
determine the need for cleanup of waste sites (EPA 2007). In addition, the Occupation Safety
and Health Administration (OSHA) and DoD policy require the maintenance of a safe work
environment (US_Air_Force 1993; OSHA 2007). As a result, the potential for vapor intrusion to
indoor air must be evaluated at sites with volatile chemicals present in soil or groundwater
underlying occupied buildings. To address this concern, the EPA has issued the “Draft Guidance
for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils,” (EPA
2002), providing conservative screening limit concentrations for various VOC in groundwater.
The high level of conservatism in the EPA and state guidance reflects the current limitations in
our understanding of the physical and chemical processes that contribute to VI. A primary goal
of this project has been to support the development of refined vapor intrusion guidance based on
an improved understanding of the site-specific factors that influence VI.
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As of July 2007, at least 24 states have issued regulatory guidance covering this issue, have
guidance under development, or have recommended use of the EPA guidance. Appendix | of
this report provides a list of state and federal resources related to VVI. The states have adopted a
wide range of regulatory approaches that differ in scope and purpose. The results of this
investigation are intended to assist the investigator with their understanding of VI processes in
order to better apply available technologies to meet the technical requirements of vapor intrusion
investigations. The techniques presented in this investigation should be used to support the
technical program developed for a specific site and are not intended to address the requirements
of all regulatory agencies. A list of web sites providing information on state and federal VI
policies is provided in Appendix | of this report.

1.4 Stakeholder/End-User Issues
The EPA Vapor Intrusion Guidance, and many state guidance documents, recommend a step-
wise approach for the evaluation of vapor intrusion:

Presence of Volatile Chemicals: VI 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.

Pathway Screening Criteria: At 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 screening criteria are typically used to evaluate
whether VOC are migrating away from a source area at concentrations that could cause a VI
impact. If the maximum VOC concentration is less than the screening value, then no further
evaluation of the vapor intrusion pathway is required. However, for many common COC,
the EPA screening criteria 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, many corrective action sites are not screened from further evaluation using these
criteria.

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

The results of this demonstration have been used to develop a recommended approach for the
cost effective, building-specific, evaluation of VI impacts at corrective action sites (See Section
4.6). Although the understanding of VI processes is still evolving, the investigation approach
presented in Section 4.6 has been developed to provide a reliable and cost effective
determination of the presence or absence of vapor intrusion impacts at buildings overlying VOC
in groundwater or soil. The recommended approach includes a limited-scope initial screening to
eliminate buildings with no elevated concentrations of VOC, and a more comprehensive follow-
up evaluation program to reliably determine the source of any detected VOC. The stepwise
screening and field investigation approach will benefit facility managers by providing
investigation results that support a defensible evaluation of VI. In addition, the use of a
consistent investigation approach between buildings and sites will provide comparable data sets
that support an increased understanding of the factors contributing to VI impacts.

It is important to note that the recommended approach for evaluation of VI impacts may not
satisfy all regulatory requirements. The many VI guidance documents currently available
provide disparate and sometimes conflicting recommendations. The end user should review the
applicable guidance and modify or supplement the recommended approach to ensure that
regulatory requirements are satisfied.

2. Technology Description

2.1 Technology Development and Application

Although the scientific and regulatory communities have been aware of the subsurface-to-indoor
air VI pathway for over two decades, awareness of this pathway as a potentially significant
contributor to human exposure at VOC contaminated sites has increased dramatically in the last
seven years. The evaluation of the vapor intrusion pathway has evolved as follows:

* 1980s: The study of vapor intrusion focuses primarily on radon and landfill gas (Altshuler
and Burmaster 1997; Richardson 1997; Folkes and Arell 2003). Due to the uncertainty
associated with modeling of radon intrusion into houses, the EPA recommends direct
measurement of radon in place of modeling (EPA 2004).

» 1990s: The potential for vapor intrusion impacts at VOC contaminated sites is primarily
evaluated through the use of modeling. The Johnson-Ettinger model (Johnson and Ettinger
1991) extended some of the assumptions originally employed in radon VI models to
represent diffusive and pressure-driven (i.e., advective) transport of VOC from a
subsurface vapor source to indoor air. In the mid-nineties, several state regulatory agencies
and the EPA (EPA 2000) applied the Johnson-Ettinger model, together with conservative
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assumptions, to develop risk-based groundwater screening levels that would be protective
of human exposure to indoor air impacted by VI.

* 2000s: The EPA issues draft guidance for the evaluation of VI at VOC contaminated sites
(EPA 2001; EPA 2002). EPA guidance limits the use of models for the evaluation of VI
and instead recommends the use of conservative screening concentrations and field
measurements of VI. Numerous states issue guidance documents, many recommending a
screening approach similar to the EPA process.

Although the EPA (2002) has limited the use of predictive modeling for the evaluation of vapor
intrusion, the Johnson and Ettinger model still provides the conceptual model most widely used
today for the evaluation of vapor intrusion from VOC dissolved in groundwater. This conceptual
model is illustrated as Figure 2.1. The key features of this conceptual model include:

 Equilibrium partitioning of VOC between bulk groundwater and the overlying soil gas.

» Diffusion of VOC from deep soil gas to shallow soil gas.

 Advection or diffusion of VOC from shallow soil gas to the base of the building slab then
through large cracks or the perimeter seal in the building slab into the building.

* Dilution of VOC in indoor air through exchange with ambient air.

Using this conceptual model, Johnson (2002) identified the critical parameters that are expected
to control VI at VOC contaminated sites. Johnson predicted that the critical parameters would
vary from site to site depending on the specific mechanism controlling the overall rate of VI as
follows:

Vapor Intrusion Limited by Diffusion Through Soil

* Depth to subsurface VOC source

» Soil characteristics including soil permeability, soil saturation, and secondary porosity
* Building air exchange rate

Vapor Intrusion Limited by Diffusion Through Building Foundation
» Foundation characteristics including thickness, area of foundation cracks, and crack
permeability

Vapor Intrusion Limited by Advection Through Building Foundation
* Ratio of soil gas intrusion rate to building ventilation rate

Although Johnson (2002) identifies these critical parameters as those site characteristics most
likely to determine the magnitude of vapor intrusion impacts at a VOC contaminated site, he
does not identify methods to determine which of the three potentially limiting processes is
applicable at a specific site.
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Although this conceptual model of vapor intrusion has been widely used to develop predictive
vapor intrusion models (EPA 2000; Parker 2003) and regulatory guidance, the conceptual model
has not been thoroughly validated.

Figure 2.1 Current Conceptual Model for VVapor Intrusion.
Limitations of This Conceptual Model are Discussed in Section 2.2.

2.2 Previous Testing of the Technology

The commonly used conceptual model of vapor intrusion described above has been evaluated by
a number of researchers resulting in the identification of several areas of uncertainty and the
need for further investigation. Key areas of uncertainty in the current groundwater-to-indoor-air
vapor intrusion conceptual model are:

» Johnson-Ettinger Model: An evaluation of the Johnson-Ettinger Model based on a
comparison between predicted and measured VI impacts at ten well characterized sites
indicates a typical model error of 100x to 1000x compared to measured indoor air impacts
(Hers, Zapf-Gilje et al. 2003; McHugh, Connor et al. 2004b). These results indicate that
the Johnson-Ettinger model has limited utility for the evaluation of VI and suggests that the
model may not account for key processes that control VI impacts.

 Consideration of the Water-Soil Gas Interface: The current conceptual model assumes
equilibrium partitioning of VOC between the bulk groundwater plume and the overlying
soil gas. In contrast, a number of studies focused on the groundwater-soil gas interface
have demonstrated the importance of vertical diffusion in groundwater as the controlling
process in the movement of VOC from groundwater to soil gas (Barber, Davis et al. 1990;
McCarthy and Johnson 1993; McHugh, Connor et al. 2003). The incorrect and incomplete
understanding of the mechanisms of VOC transfer from groundwater to the soil gas phase
may contribute to over-estimation of potential vapor intrusion impacts. Detailed
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measurements of VOC concentration gradients at the groundwater-soil gas interface are
needed to better understand the importance of this transfer to overall vapor intrusion.

» Vadose Zone Biodegradation: Although many researchers have identified biodegradation
as an important factor in vapor intrusion for many VOC, the current conceptual model does
not account for this process. Biodegradation has been identified in a number of studies as
the most important factor limiting the vapor intrusion impact of volatile petroleum
hydrocarbons (Fischer, Bentley et al. 1996; Lahvis and Baehr 1996; Ririe, Sweney et al.
1998; Roggemans, Bruce et al. 2001). However, for chlorinated VOC, biodegradation
appears to be less important at many sites (Hers, Zapf-Gilje et al. 2003). Measurement of
the vertical concentration profile of VOC and fixed gasses (i.e., oxygen, nitrogen, carbon
dioxide, and methane) in the vadose zone are important for understanding the significance
of biodegradation.

* Site Characteristics: Roggemans et. al., 2001 looked at 28 sites with VOC contamination
and classified them into four groups based on the vertical profile of VOC concentrations in
the vadose zone. The researchers, however, were unable to identify the soil or other site
characteristics that contributed to the differences in the observed concentration profiles.
Measurement of soil characteristics such as grain size, porosity, and saturation, in
conjunction with the measurement of VOC distribution, will contribute to a better
understanding of the impact of soil characteristics on VOC distribution.

 Evaluation of Indoor Air Background Conditions: Background concentrations of VOC
in indoor air can vary greatly from building to building, depending on the presence and
nature of site-specific indoor sources of these chemicals (paints, adhesives, cosmetics,
gasoline, etc.). Consequently, the presence of VOC in indoor air, even at levels in excess
of average local or national background concentrations, is not necessarily indicative of
actual VI impacts. Conversely, in some cases, vapor intrusion effects may be masked by
the magnitude and variability of background VOC concentrations. A thorough
characterization of indoor VOC sources is needed to separate indoor VOC sources from
actual vapor intrusion impacts (McHugh, Connor et al. 2004a).

* Reversible Advection Across Building Foundation: The conceptual model of VI
assumes that VOCs move in one direction from the subsurface into the building by
advection or diffusion. However, buildings often cycle between positive and negative
pressure relative to the subsurface, resulting in reversing advective flow into and out of the
building (McHugh, DeBlanc et al. 2006). This advective flow can result in the transport of
VOC from the building into the sub-slab, further complicating the evaluation of the vapor
intrusion pathway.

In summary, the currently used VI predictive and conceptual models are unable to account for
the large variations in VI observed within and between corrective action sites. Intensive
characterization of a small number of VOC contaminated sites provides an increased
understanding of key VI processes, and serve as the basis to refine the current conceptual model
of V1.
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2.3 Factors Affecting Cost and Performance

The VI pathway has been subjected to increased regulatory scrutiny in recent years due to the
discovery of a limited number of sites with apparent VI impacts. Prior to the discovery of these
sites, the vapor intrusion pathway was typically given only cursory consideration during the
investigation of corrective action sites and the pathway was rarely a driver in the implementation
of response actions. However, recent EPA guidance recommends field investigation of vapor
intrusion at many corrective action sites (EPA 2002). This guidance manual contains
groundwater screening values for the vapor intrusion pathway that are equal to federal drinking
water standards (i.e., MCLs) for many common VOC such as benzene and TCE. Under this
guidance, sites with VOC concentrations in groundwater that exceed the screening values will
require a field investigation to determine the potential for vapor intrusion. Modeling of the
potential for VI is not considered an acceptable alternative to the field investigation.

As a result of the new regulatory guidance, field investigations of vapor intrusion are likely to be
required at a large number corrective action sites. Groundwater contamination has occurred at
approximately 7,300 DoD corrective action sites located on 1,800 installations (NRC, 1994).
Under EPA guidance, a majority of these sites would require field investigations of vapor
intrusion due to the presence of either benzene, TCE, or other volatile chemicals at
concentrations exceeding federal maximum concentration levels (MCLS).

Although the application of EPA and state VI guidance results in the field investigation of vapor
intrusion at many corrective action sites, these documents do not clearly specify the type and
amount of field data needed to make a definitive determination concerning the presence or
absence of a VI impact. The guidance documents that do address field investigation methods
often provide contradictory recommendations. As a result, the type and amount of data required,
and the cost of conducting a field investigation, is affected by regulatory project managers and
other individuals responsible for site management. Investigation approaches accepted at one site
may not be accepted at another site, potentially resulting in wasted effort if site-specific work
plans are not pre-approved prior to the investigation.

The performance of a specific VI investigation methods will be influenced by a number of
factors including:

» Spatial Variability: Variation in VOC concentration between sample points for a single
sample event. Spatial variability complicates the VI investigation when the variability
cannot easily be attributed, to or associated with, specific site characteristics (e.g., distance
from source, sample depth, soil type, surface cover, etc.)

» Temporal Variability: Variation in VOC concentration between sample events for a
single sample point. Temporal variability complicates the VI investigation when the
variability cannot easily be attributed to or associate with measurable changes in site
characteristics (e.g., source concentration, depth to groundwater, etc.)
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» Sampling and Analytical Variability: Variation in VOC concentration results in replicate
samples collected from the same sample point. Potential sources of sampling and
analytical result variability include true variation in field replicate samples due to small-
scale spatial variability (i.e., on the scale of the sample collection volume) or short-term
temporal variability (i.e., on the scale of the sample collection time) and low analytical
precision for measurements near the analytical detection limit.

» Confounding Factors: Contamination and leaks in the sample collection system. Leaks
around sample collection points or in sample lines can result in samples that are not
representative of actual VOC concentrations at the sample point. Unlike soil or water
samples, it is difficult to ensure that a gas sample originated from the location of the sample
point. Ambient air may enter the sample container through leaks in the sample lines or
around the sample points. Vacuum testing of the sample lines can be used to demonstrate
an absence of leaks and leak tracer compounds can be used to evaluate the integrity of both
sample points and sample lines.

Contamination present in re-usable sample containers (i.e., Summa canisters), can result in
false positive detections or elevated sample results. For this project, individually certified
clean Summa canisters were used to minimize the potential for sample container
contamination. Segregation of sample containers between subsurface and above-ground
samples can also be used to reduce the potential for carry-over contamination between
sampling events.

Investigation approaches that minimize or control these sources of variability will yield more
accurate evaluations of vapor intrusion.

2.4 Advantages and Limitations of the Technology

Vapor intrusion into an occupied building will always result in an inhalation exposure to site
contaminants, potentially resulting in unacceptable health risks or other conditions that require a
response action. Incorrectly concluding that a vapor intrusion impact has not occurred can result
in a failure to mitigate the associated health risks and may result in health claims or litigation if
the problem is identified in the future. Incorrectly concluding that a VI impact has occurred can
result in unnecessary mitigation costs and may also result in litigation or third-party claims. The
advantages and disadvantages of vapor intrusion field investigation and presumptive mitigation
are discussed below.

Vapor Intrusion Field Investigation: An effective VI field investigation will often yield a
definitive determination of the presence or absence of a VI impact. At sites where the
investigation demonstrates the absence of a VI impact, no further evaluation of vapor intrusion
will be required. At these sites, the available resources can be focused on the evaluation and
remediation of other site impacts. At sites where the investigation demonstrates a VI impact, this
impact can be mitigated through interim response actions and addressed as part of the
comprehensive site remediation.
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Presumptive Mitigation: The vapor intrusion pathway is unusual compared to other exposure
pathways typically evaluated at corrective action sites because the cost of implementing an
exposure prevention remedy is often small compared to the cost of site investigation. The
installation of a sub-slab depressurization system is relatively inexpensive ($4,000 to $8,000 per
building for a typical single family residence). As a result, the EPA VI guidance recommends
installation of sub-slab depressurization systems as a cost-effective alternative to extensive site
investigation at sites where VI may be causing indoor air impacts. Based on our current limited
understanding of the site-specific factors contributing to vapor intrusion impacts, installation of a
sub-slab depressurization system may frequently be more cost effective than conducting a site
investigation to determine whether VI is, in fact, a problem. However, this approach has a
number of limitations:

 Perception Problems: The installation of a depressurization system at a site where a VI
problem has not been confirmed may create the perception that an actual VI problem
existed prior to the installation of the system. This may create concerns regarding exposure
prior to installation of the system, or during periods where the system does not operate, and
may increase the risk of litigation and third-party claims.

» Evaluation of Effectiveness: Because of indoor air background VOC, it can be difficult to
verify that the depressurization system is operating effectively to prevent vapor intrusion.
The cost associated with demonstrating system effectiveness, while accounting for indoor
air background, may reduce or eliminate the cost savings associated with eliminating the
need for the site investigation of vapor intrusion.

» System-Wide Costs: Although the cost of a single depressurization system is low, the
total cost for multiple buildings over a portfolio of corrective action sites would be quite
high. For example, the cost to install depressurization systems at ten buildings at each of
100 sites (1,000 systems total) would be approximately $3,000,000. In addition, significant
continuing operation and maintenance (O&M) costs would be incurred.

Due to the high costs associated with i) installing depressurization systems at a large number of
corrective action sites or ii) conducting field investigations of vapor intrusion at a large number
of corrective action sites, a better understanding of VI processes that supports more effective site
investigation procedures have the potential to significantly reduce both site investigation and
remediation costs.

3. Demonstration Design

3.1 Performance Obijectives

The primary objective of this demonstration study is to identify and validate the limited site
investigation scope that provides the most accurate and reliable evaluation of VI at corrective
action sites. This objective is met by:

GSI Environmental Inc. Detailed Investigation of Vapor
ESTCP Project No. ER-0423 Intrusion Processes



WIGSI

ENVIRONMENTAL

1) Collecting a high density of data related to vapor intrusion at the test sites,
2) Analyzing this data to obtain a thorough understanding of vapor intrusion processes at the
test sites, and

3) Utilizing the results to develop a reliable and cost-effective approach for investigation of
vapor intrusion at other sites.

Specific performance objectives cover i) collection of data representative of site conditions
and ii) evaluation of the data to identify improved VI investigation methodology. The
objectives are summarized in Table 3.1.
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Type of Primary Actual
Performance Performance Performance
Objective Criteria Expected Performance (Metric) Objective Met?
1) Collection of Precision, Accuracy, Completeness, Objective
Quantitative data representative | Representativeness, and Comparability Attained
of site conditions. as defined in Table 4.2.1 and Appendix (See Section 4.3)
A.
2) Vapor intrusion | Indoor air concentration of COC above Objective
Quantitative impactat risk-based screening limit and not Attained
Demonstration Site | attributable to background indoor air (See Section
sources 4.4.1)
3) Reliable vapor Accuracy of vapor intrusion
intrusion determination as characterized by false Objective
Qualitative investigation p_os_itive and fa}lse ne_gati_ve rates. ldentify Attained
approach limited scope investigation approach (See Section 4.6)
with higher accuracy than current '
approaches such as EPA 2002.

Details concerning the site investigation and data analysis methods used to achieve these
performance objectives are provided in Section 4.

3.2 Selecting Test Sites
For this demonstration, sites were selected to maximize the potential to improve our
understanding of VOC migration from dissolved groundwater plumes to overlying buildings.
The following criteria were used to identify test sites likely to yield interpretable data.

3.2.1 Required Test Site Characteristics

GSI Environmental Inc.
ESTCP Project No. ER-0423

Groundwater Contamination: Test sites were required to have a plume of dissolved
volatile chemicals migrating under one or more buildings. The dissolved groundwater
plume represented the only likely environmental medium creating a potential for vapor
intrusion into the test buildings. In other words, the selected test buildings were located
away (i.e., >100ft) from known or likely areas of contaminated soils. Selection of
buildings located away from the source area was intended to reduce the potential of
vadose zone sources, or lateral migration of vapors, to confound the understanding of
vertical VOC migration from groundwater.

Building Access: The sites were required to have one or more buildings overlying the
dissolved plume to which access was available for installation of permanent monitoring
points through the base of the building and adjacent to the building. Access to the
building was required to be available for sample collection over a period of at least one
year.

Detailed Investigation of Vapor
Intrusion Processes
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3.2.2 Preferred Test Site Characteristics
Site Characterization: The selected sites were well characterized with regard to site
hydrogeology (site stratigraphy, hydraulic conductivity, depth to groundwater,
groundwater flow direction, seasonal variability), and the nature and extent of dissolved
contaminants.

Depth to Groundwater: Test buildings were selected so that the depth from the base of
the building to the top of the groundwater-bearing unit was not less than 3 ft and not
more than 25 ft. The minimum depth was specified to ensure the presence of a vadose
zone between the buildings and the water table. The maximum depth was specified to
provide a reasonable likelihood of detecting a continuous vertical presence of VOC
between the groundwater table and the building.

Groundwater Contaminants: Although higher concentrations of dissolved VOC (>0.5
mg/L at depth or >0.1 mg/L at the top of the water table), were identified as a desired
characteristic, the selected demonstration sites had VOC concentrations at the top of the
water table typically ranging from 0.002 to 0.004 mg/L. Despite the relatively low
dissolved VOC concentrations, these sites were determined to have the best overall site
characteristics for the demonstration.

3.3 Test Site Description

3.3.1 Altus Air Force Base, Altus, Oklahoma
The first location selected for the field vapor intrusion investigation was in and around
Building 418 on Altus AFB, located near the southern boundary of the facility. A map of
the facility, including the location of Building 418, is presented in Appendix C, Figure
45.1-2. The groundwater plume underlying the test building has been extensively
characterized as part of the RFI process underway at Altus.

The test building is a single-story slab-on-grade office building approximately 150 ft long
by 50 ft wide. The building is used primarily for classroom instruction. Based on the
small size and non-industrial use, the building is representative of large houses, small
apartment buildings, and small office buildings. The test building is underlain by a
shallow dissolved chlorinated solvent groundwater plume containing elevated
concentrations of PCE, TCE, and 1,2-DCE. This plume has been designated the SS-17
plume.

The local subsurface geology consists of clay, sandy clay, residual soils resulting from
the weathering of shale, and alluvium resulting from the erosion and deposition of surface
materials (which includes fill associated with construction activities). The fill, clay,
disturbed residual soils, and alluvium are difficult to separate and are collectively referred
to as the sediment/overburden. This sediment/overburden appears to cover the entire site.
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The transition from sediment/overburden to the more competent shale is not a readily
defined horizon, however, the sediment/overburden is generally considered to extend 12
to 20 ft below ground surface in the vicinity of building 418. In general, the extent of
weathering within the shale becomes less with depth. Both the vertical and horizontal
migration of chlorinated VOC at SS-17 have been influenced by the permeability of the
subsurface materials that can be enhanced by the weathering process. Geologic cross-
sections extending from the north-west to the south-east and from the west to the east are
presented in Appendix C, Figures 4.5.1-2, 4.5.1-3, and 4.5.1-5.

The potentiometric surface within the sediment/overburden is located 3 to 10 ft bgs and
varies seasonally by up to 4 ft. An evaluation of the potentiometric surface reveals a
range of hydraulic gradients from 0.0006 ft/ft to 0.0048 ft/ft, with groundwater flow to
the southeast. The overall hydraulic gradient from the northern portion of SS-17 to the
southeast portion of SS-17 is 0.004 ft/ft. Within the area of the SS-17 groundwater
plume, the hydraulic conductivity values range from 7 x 10 cm/sec to 9 x 10 cm/sec.
Based on calculations using the range of observed gradients, conductivities and
porosities, groundwater seepage velocities across the area impacted by the SS-17 plume
range from 6.5 x 107 ft/day to 5.6 x 10" ft/day. A potentiometric surface map of the
shallow water-bearing-unit underlying the test area is provided as Figure 4.5-2 in
Appendix C.

The SS-17 plume has been characterized through the installation and sampling of over
225 monitoring wells including 135 shallow wells, 81 medium depth wells, and 14 deep
wells. The shallow wells generally have 10 ft screens with top-of-screen depths ranging
from 3 to 7 ft bgs. The medium depth wells typically have 10 ft screens with top-of-
screen depths of 28 to 32 ft bgs.

This network of wells has served to delineate a TCE plume approximately 4000 ft long
and 1200 ft wide, originating from two buildings located 500 and 800 ft north of the test
building, resulting in TCE concentrations of approximately 200 ug/L in groundwater
below the test building. Smaller plumes of PCE and 1,2-DCE appear to originate in the
same areas and also extend under the test building. Isoconcentration maps of TCE, PCE
and DCE plumes are provided in Appendix C as Figures 4.5.1-17, 4.5.1-22, and 4.5.1-20,
respectively.

In order to provide an overview of key site information, the following figures have been
included as Appendix C.

. Figure 4.5.1-2 SS-17 Cross-Section Location Map

. Figure 4.5.1-3 SS-17 Geologic Cross-Section 5A-5A’

. Figure 4.5.1-5 SS-17 Geologic Cross-Section 5C-5C’

. Figure 4.5.1-17 SS-17 Groundwater TCE Isoconcentration Map Upper Wells, 2001
. Figure 4.5.1-22 SS-17 Groundwater PCE Isoconcentration Map Upper Wells
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. Figure 4.5.1-20 SS-17 Groundwater DCE Isoconcentration Map Upper Wells
. Figure 4.5-2 Group 5 Potentiometric Surface Map, Upper Wells, May 2001

3.3.2 Hill Air Force Base, Ogden, Utah

The second vapor intrusion field investigation was conducted at Operable Unit 5 (OU-5),
a dissolved TCE plume originating on Hill AFB near Ogden, Utah, and extending off-
base to the west. The investigation focused on two residential houses overlying this TCE
plume. A map of the area showing the location of the 2 buildings is presented in
Appendix C, Figure 2-3. The first residence (Residence 1) is located near the corner of
690 West and 2550 North in the community of Clinton. TCE concentrations in shallow
groundwater in the vicinity of this residence are between 10 and 100 ug/L. The second
residence (Residence 2) is located near the corner of 175 West and 2125 North in the
community of Sunset. TCE concentrations in shallow groundwater in the vicinity of the
test building are around 100 ug/L.

The shallow groundwater-bearing unit underlying OU-5 is characterized by fine grain
sand and silt, with the silt content increasing with depth. The upper portion of the unit is
characterized by fine to very-fine grained yellowish-brown sand. The silt content
generally increases with depth, grading into a clay at 20 to 30 ft below ground that serves
as a confining layer isolating shallow groundwater from deeper water-bearing units. This
clay unit is made up of 85 to 95 percent silt and clay particles and is a dark grayish-brown
clayey silt of low permeability. COC impacts have been observed in the shallow
groundwater-bearing unit but not in the underlying confining layer or deeper water-
bearing units. Geologic cross-sections extending from west to east (each plume) and
north to south, depicting the groundwater-bearing unit and low permeability unit, are
presented in Appendix C as Figure 3-9, 3-10, 3-11, and 3-12 from the 2002 Remedial
Investigation report.

The shallow groundwater found at OU-5 is unconfined and the depth to groundwater is
generally 4 to 10 ft bgs. The water table is seasonally variable with the average
difference in groundwater elevation between spring and fall being 1.7 ft. In the vicinity
of the first residence, the water table is 6 to 8 ft bgs. In the vicinity of the second
residence, the water table is 4 to 6 ft bgs.

An evaluation of the potentiometric surface reveals horizontal hydraulic gradients
ranging from 0.01 to 0.05 feet per foot (ft/ft) with a mean of about 0.03 ft/ft. The overall
gradient at OU-5 is to the northwest in the source areas and then to the west as the plume
moves off of the AFB. Horizontal hydraulic conductivity at OU-5 ranges from 0.006 to
225 ft/day with a geometric mean of 2.8 ft/day. A potentiometric surface map of the
shallow water-bearing unit underlying OU-5 is presented in Appendix C as Figure 3-14.

Average groundwater seepage velocities in the region have been determined using
estimated horizontal hydraulic conductivity and horizontal gradient data from each well
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location. An effective porosity of 30 percent was used in calculating the groundwater
velocity based on an average total porosity for the area of 37 percent. The calculated
groundwater velocity ranges from 0.01 to 12.4 ft/day with a geometric mean of 0.3 ft/day
(100 ft/year).

There are a number of contaminants present in the shallow groundwater underlying OU-5
with TCE being predominant. The affected groundwater moves west from Hill AFB as
two distinct TCE plumes: a north plume (identified as the Zone 16 plume in the RI) and a
south plume (identified as the TARS plume). Residence 1 is located above the Zone 16
plume while Residence 2 is located above the TARS plume (see Appendix C, Figure 2-
3). In the Zone 16 plume, maximum off-site concentrations of TCE are generally less
than 100 ug/L. TCE concentrations decrease gradually from west to east with elevated
TCE concentrations extending approximately 7000 ft off the base. In the TARS plume,
the maximum off-site concentrations of TCE are generally less than 1,000 ug/L. TCE
concentrations decrease gradually from west to east with elevated TCE concentrations
extending approximately 6000 ft off the base. An isoconcentration map showing the
extent of the TCE plumes is provided in Appendix C as figure 3-14. Concentrations of
VOCs other than TCE are generally less than 10 ug/L in areas off-base, and the pattern of
detections does not indicate continuous areas of elevated concentrations.

In order to provide an overview of key site information, the following figures have been
included as Appendix C.

. Figure 2-3 Extent of TCE in Groundwater and Monitoring Well Location Map

. (December 2002)

. Figure 2-7 Residential Air, Water, and Surface Soil Location Map

. Figure 3-9 OU-5 Cross Section Location Map

. Figure 3-10 OU-5 Cross Section A-A’

. Figure 3-11 OU-5 Cross Section B-B’

. Figure 3-12 OU-5 Cross Sections C-C’, D-D’, and E-E’

. Figure 3-14 OU-5 Potentiometric Surface and TCE Isoconcentration Map

. Figure 4-5 OU-5 Extent of TCE Contamination with Concentration vs Time Graphs for
TARS Plume.

In order to reduce TCE concentrations, two remediation systems were installed in 1997
within the TARS plume upgradient of Residence 2. The first system (Phase | Aeration
Curtain) consists of an air sparge system and a soil vapor extraction (SVE) system
located on Main Street in Sunset (see Figure 2-3 in Appendix C). This system is located
approximately 1000 ft upgradient of Residence 2. The second system (Phase Il
Groundwater Extraction System) consists of 5 groundwater extraction wells spaced 25
feet apart and is located at 2125 North and 55 West in the City of Sunset. The flow of
groundwater through this area is 3 times greater than the groundwater recovery rate of the
systems, and is therefore insufficient to contain TCE plume. Since activation of these
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two systems, TCE concentrations in the upgradent portion of the plume have decreased,
however, little change in TCE concentration has been observed in the vicinity of
Residence 2 (i.e., see monitoring well U5-1072 on Figure 4-5). As a result, the operation
of these groundwater treatment systems is not expected to impact the VI demonstration
study.

3.4 Pre-Demonstration Testing and Analysis

3.4.1 Altus Air Force Base, Altus, Oklahoma
The groundwater plume underlying the test building at this site was extensively
characterized as part of the RFI process underway at Altus. Documentation of the RFI
investigation is provided in the draft RFI/IA/CMS Report issued November 4, 2002.
This report provided sufficient site characterization information to support the location
and design of the field equipment for investigation of vapor intrusion processes. As a
result, no additional pre-demonstration testing was required for this test site.

3.4.2 Hill Air Force Base, Ogden, Utah
The two TCE plumes underlying the test site were thoroughly characterized by a series of
investigations beginning in 1987 and resulted in the installation of approximately 300
temporary or permanent groundwater sampling locations.

In addition, indoor air quality has been tested in over 160 homes over or adjacent to the
OU-5 TCE plumes. Chlorinated VOC have been detected at concentrations above action
levels in approximately 2% of homes tested and detected at concentrations below action
levels in approximately 3.5% of homes tested. When requested by the residents,
mitigation systems have been installed in any home where VOC have been detected.
VOC have not been detected in Residence 1 and have been detected below action levels
in Residence 2. Mitigation systems have not been installed in either home.

3.5 Testing and Evaluation Plan

3.5.1 Demonstration Installation and Start-up
For this site investigation demonstration, the installation program consisted of the
installation of subsurface sample points. Sample points were installed at Altus AFB in
March 2005 and at Hill AFB in August 2005. A total of 27 subsurface sampling points
were installed around and under each of the three demonstration buildings (See Figures
G.3, G.4, G.5, Appendix G).

Groundwater Monitoring Well Points: Monitoring wells for groundwater and well
headspace sampling were installed using traditional direct push techniques. Three
monitoring well clusters were installed around each building with each cluster consisting
of four wells with vertically spaced screens. Borings were advanced with a track-
mounted Geoprobe unit to depths specified by the demonstration plan. Based on the
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expected static water level, the four monitoring wells in each cluster were installed so
that the shallowest well would be at the top of the water table during periods of the
highest expected water table elevation. The remaining three wells were set with each
screen at a depth 2 ft below the previous well. The deepest boring was advanced first and
was used to log the shallow geology. The next deepest boring was used to collect 3
representative samples for geotechnical analysis. The remaining two borings were
advanced with no sample collection or logging.

Monitoring wells were constructed of one inch schedule 40 polyvinylchloride (PVC) pipe
with flush threaded joints. The well screen consists of one ft of number ten slotted PVC
with a threaded cap on the bottom with no sump. The screened interval of the well was
packed with U.S. mesh interval 20/40 sand. The remainder of the borehole was filled
with bentonite chips and hydrated to create an annular seal. Monitoring wells were
capped with a tight fitting PVC slip cap. Monitoring wells were completed at the surface
using an aluminum flush mount man-way installed in a concrete pad or existing surface
asphalt or concrete cover. Photo 3.5.1.1 shows monitoring well and soil gas points at
Altus AFB prior to completion of the surface pad. Example construction specifications
are shown on Figure A.1, Appendix A.

Figure 3.5.1.1: Soil Gas and Monitoring Well Cluster Prior to Pad

Completion (Altus AFB).
Note: Larger 1” diameter casings are the monitoring wells, smaller 1/2” casings are the
soil gas points.

Soil Gas Points: Two vertical clusters of soil gas points were installed outside, adjacent
to each demonstration building and one vertical cluster was installed through the building
foundation. The soil gas points installed outside were installed in the same manner as the
monitoring wells using direct push techniques to depths of 1, 2, 3, and 4 ft bgs. Soil gas
points were installed outdoors at the upgradient and downgradient cluster locations. The
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outdoor soil gas points were constructed of %2 inch diameter schedule 40 PVC pipe with
flush threaded joints. The sample screen consisted of two inches of number ten slotted
PVC with a threaded cap on the bottom. A sand pack using U.S. mesh interval 20/40 sand
was installed around the screen and extended several inches above the screened interval.
The remainder of the borehole was filled with bentonite chips and hydrated to create an
annular seal. Soil gas sampling points were capped with a tight fitting PVC slip cap.
Outdoor soil gas points were completed using an aluminum flush mount man-way
installed in the existing surface cover or in a 4 ft x 4 ft concrete pad, as described for the
monitoring wells. Example construction specifications are shown on Figure A.1,
Appendix A.

Indoor soil gas points were installed at the midgradient cluster to depths of 1, 2, 3, and 4
ft bgs. At Altus AFB, an additional sample point was installed at a depth of 5.5 ft bgs.
However, this point was not specified in the original demonstration plan, but was added
as a supplemental point during implementation of the field program. No samples could
be obtained from this point due to a lack of air flow through the point. As a result, this
point is not discussed further. Boreholes for the indoor soil gas points were advanced
using a ¥ inch steel rod driven to the correct depth through a one inch hole bored in the
building’s concrete slab. The sample points consisted of an aluminum point with a hollow
screened area with a port for attachment of sampling tubing. This sample point was
attached securely to 1/8" inch Nylaflow tubing and lowered to the bottom of the boring.
Coarse sand was installed around the point and up to several inches above the point. The
borehole was sealed from atmospheric air by one to two feet of cement pumped into the
borehole immediately above the sand pack. Example construction specifications are
shown on Figure A.1, Appendix A and completed points are shown in Photo 3.5.1.2.
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Figure 3.5.1.2 Indoor Soil Gas Points.

Sub-Slab Sample Points: Sample points for the collection of sub-slab gasses were
installed by drilling a %2 inch hole through the building slab and into the underlying soil
or fill material to a depth of 3 to 4 inches below the base of the foundation. A ***™ inch
stainless steel tube attached to a female ¥ inch compression fitting was installed in the
hole to a depth roughly equivalent with the bottom of the slab. An annular seal was
created by placing cement around the stainless steel tube and the compression fitting. The
sample point was completed by the installation of a threaded plug that was flush with the
foundation after installation. The ¥ inch threaded compression fitting allowed for the
attachment of a sample train for sample collection. Example construction specifications
are shown on Figure A.1, Appendix A and a completed point is shown in Photo 3.5.1.3.
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Figure 3.5.1.3 Sub-Slab Sample Port.

Note: Picture shows capped sample port installed in foundation slab with flush
threaded plug. Masking tape was applied carpet before cutting to maintain the integrity
of the carpet and hold the carpet out of the way while sampling. Cut in carpet was
sealed with commercial carpet glue between sample events.

3.5.2 Period of Operation
Initial sampling events were conducted the week after installation of the sampling points
at each demonstration site (Altus AFB in March 2005 and Hill AFB in September 2005).
In order to characterize temporal variability, three follow-up sampling events were
conducted at Altus AFB (March 2005, July 2006, and December 2006) and one follow-
up sampling event was conducted at Hill AFB (March 2006).

3.5.3 Amount /Treatment Rate of Material to be Treated
Because this was a site characterization demonstration, no treatment was conducted.

3.5.4 Residuals Handling
Because this was a site characterization demonstration, minimal volumes of residuals
were generated. All monitoring points were installed using direct push technology,
minimizing the volume of residual soils produced. Groundwater samples were collected
using low flow, low purge techniques, minimizing the volume of purge water generated.
Potentially affected soil cores and purge water was collected in 5-gallon buckets and left
with on-site environmental personnel for proper disposal.

3.5.5 Operating Parameters for the Technology
Because this was a site characterization demonstration, operating parameters are not
applicable. Sample collection procedures are described in Section 3.5.7.
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3.5.6 Experimental Design
This demonstration was designed to collect a high density of data focused around
individual test buildings in order to obtain a thorough understanding of VI processes at
the location. This high density data set was used to:

* Evaluate sample collection and analysis methods.

 Evaluate and refine the current conceptual model of vapor intrusion, as described in
Section 2 of this report.

* Identify key environmental interfaces and site physical characteristics that impact the
movement of VOC along the vapor intrusion pathway.

* Identify and validate a limited-scope site investigation to accurately evaluate vapor
intrusion at corrective action sites.

In order to support these objectives, a sample collection program was designed as
described below. Data analysis and interpretation are described in Section 4.4.

Sample Network: In order to provide a high density of data around individual buildings,
a network of sample points was installed at each demonstration building consisting of:
three clusters of four vertically-spaced groundwater wells, three clusters of four
vertically-spaced soil gas points, three sub-slab sample points, three indoor air sample
points (with additional indoor air points for indoor tracer gas analyses), and three ambient
air sample points. A conceptual illustration of the sample point network is provided as
Figure E.1. The sample point locations around the three demonstration buildings are
provided in Appendix G, Figures G.3, G.4, and G.5.

Types of Samples Collected: For each sampling event, samples were collected from
each sample point and analyzed for VOC concentration. Additional analyses were
conducted to understand the impact of site conditions on the distribution of VOC around
the demonstrations buildings:

* Geotechnical Data: Soil samples collected during installation of the monitoring wells
and soil gas points were analyzed for bulk density, fraction organic carbon, total
porosity, water saturation, intrinsic permeability, and native hydraulic conductivity.

» Oxygen and Carbon Dioxide: During the initial sampling event at each site, subsurface
samples were analyzed for oxygen and carbon dioxide. These analyses were not
included in the subsequent sampling events based on the low variation in concentration
observed between samples for these analytes.

» Radon Analyses: Sub-slab, indoor, and ambient air samples were analyzed for radon in
order to evaluate the movement of soil gas through the building foundation.

* Indoor Tracer: Sulfur Hexafluoride (SFs) was released inside each demonstration
building during each sample event and measured indoor SFg concentrations were used
to evaluate building air exchange rates. For some follow-up sampling events, SFg
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concentrations were measured in sub-slab samples to evaluate air flow from the
building through the foundation.

 Leak Tracer: For soil gas samples collected adjacent to the demonstration buildings, a
leak tracer (pentane, 1,1-difluoroethane, or SFs) was used to evaluate the integrity of
the sample points and sample collection lines.

» Cross-Foundation Pressure Gradient: During each sampling event, the cross-
foundation pressure gradient was measured over a period of at least 24 hours.

* Soil Permeability: During the follow-up sample events, soil permeability was measured
at selected soil gas points and unsaturated monitoring well locations by measuring the
vacuum induced at various air flow rates.

» Building Depressurization: During the follow-up sampling at Hill AFB Residence #1,
the impact of induced negative building pressure on indoor air quality was evaluated.
For this evaluation, additional indoor and sub-slab samples were collected for VOC,
radon, and SF analyses.

In order to ensure that data were comparable between buildings and between sample
events, the sample point design was not varied between buildings. Sample collection and
analysis methods were also consistent from event to event, however, minor changes to
the sampling program were implemented based on lessons learned during the early
sampling events.

Sample Events: At least two sampling events were conducted at each demonstration
building. The sample events are described below and summarized in Table 3.5.6.1.

» Sample Point Purge Study: Prior to the first full sample event at each location, a purge
study was conducted on the soil gas sample points to evaluate the impact of sample
point purge volume on measured VOC concentration. Based on the results of these
studies (see Section 3.5.7), a purge volume of 3 sample line volumes was used for
collection of subsequent samples.

« Initial Sampling Event: At each location, an initial sampling event was conducted
approximately one week after installation of the subsurface sampling points. For the
initial sampling event, samples were collected and analyzed for VOC, oxygen and
carbon dioxide, geotechnical analyses, radon, indoor tracer, and leak tracer.

 Evaluation of Short-Term Variability (Days): At the Altus AFB demonstration
building, samples were collected two days after the initial sampling event. The results
of these analyses were used to evaluate temporal variability on the time scale of days.
For this sampling event, samples were collected and analyzed for VOCs and radon.

 Evaluation of Longer-Term Variability (Months): At the Altus AFB demonstration
building, follow-up sampling events were conducted 16 months and 22 months after the
initial sampling event. At the two Hill AFB demonstration buildings, follow-up
sampling was conducted six months after the initial sampling event. For these
sampling events, samples were collected and analyzed for VOC, radon, indoor tracer,
and leak tracer. In addition, soil permeability was measured at selected points.
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* Building Depressurization: The building depressurization study was conducted at Hill
AFB Residence #1 immediately after the follow-up sampling event.

Table 3.5.6.1: Summary of Sample Collection by Sampling Event.

Sample Type
w
S, b | w

<l o 27|78 |2 |82

@) @ 0|l 2|88 | 4|3 |53

Ol z |o|S|g8 |8 |3 |83
Sample Event S | ° g |3 |7
Altus AFB Building #418
Soil Gas Point Purge Study X X
Initial Sampling Event X | X X | X | X
Short-Term Follow-up X X | X
Longer-Term Follow-up #1 X X | X X | X
Longer-Term Follow-up #2 X X | X X | X
Hill AFB Residence #1
Soil Gas Point Purge Study X X
Initial Sampling Event X [ X X X
Longer-Term Follow-up X X | X X | X
Building Depressurization X X | X X
Hill AFB Residence #2
Soil Gas Point Purge Study X X
Initial Sampling Event X [ X X | X | X
Longer-Term Follow-up X X | X X | X

Data Quality Objectives: To ensure that data from this project conformed to known and
acceptable levels of quality, quantifiable data quality objectives (DQO) were developed
for accuracy, precision, and completeness. Quality assurance requirements for field
samples included field duplicates, matrix spike/matrix spike duplicate (MS/MSD) pairs,
trip blanks, and equipment rinsate blanks. Accuracy and precision objectives for
laboratory analyses were based upon historic recovery and relative percent difference
data obtained from EPA SW-846 and other appropriate guidance. Method quantitation
limits (MQL) were provided for constituents analyzed during the work program.
Acceptable levels of comparability were assured through the implementation of standard
field and laboratory protocols.

Detailed data quality objectives are specified in the QAPP included as Appendix B.
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3.5.7 Sampling Plan

Sample Collection: The typical sample collection and analysis program is summarized
in Table 3.5.7.1.

Site Physical Characteristics: During installation of groundwater monitoring wells, soil
cores were collected and analyzed for key soil parameters that influence the vertical
migration of vapors: air permeability, air-filled porosity, grain density, dry bulk density,
moisture content, and fraction organic carbon. Three soil cores were collected from each
of the three multi-level monitoring well cluster locations for a total of nine samples from
each site. At each location, three depths within the unsaturated soils were selected for
analysis based on the observed lithology. The three soil cores submitted for analysis
were selected so as to be vertically distributed and to be representative of any observed
variability (i.e., more and less permeable soils).

As part of the installation of the multi-level monitoring wells, four soil cores were
generated at each location, one for each monitoring well. Lithology was characterized
using one core, while a second core was retained intact for collection of the geotechnical
samples. Soil core intervals selected for analysis were cut from the intact core, retained
within the coring sleeve, capped, and packed on ice for shipment to PTS Laboratories in
Houston, Texas. The two remaining cores were discarded if they were not needed for
characterization of lithology or collection of geotechnical samples.

As described in Section 3.3, previous site investigations had determined key
hydrogeologic parameters for the saturated units such as aquifer hydraulic conductivity,
flow gradient, soil lithology, and depth to groundwater.

Sample Point Purge Volumes: For sub-slab and soil gas sample collection points, a purge
study was conducted prior to the first site characterization sampling event in order to
determine the appropriate volume of soil gas to purge in order to obtain a sample
representative of actual subsurface conditions. One of each type of subsurface sampling
point was included in the purge volume study (i.e., sub-slab, shallow soil gas, medium
soil gas, deep soil gas, and well headspace). The purge volume study was conducted as
follows:

» The volume of the sampling point and all sampling lines downstream of the sample

collection vessel (i.e., sample line volume) were determined.

» One sample line volume was purged from the sample point followed by collection of a
grab sample.

 An additional volume was purged so that the total purge volume, including the volume
collected for the first sample, was equal to two sample line volumes.

* This process was repeated such that samples were collected following purging of one,
two, four, and eight sample line volumes.
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 During the purging and sample collection, a tracer gas was released at the ground
surface in order to evaluate the seal between ground surface and the sample point.

* The four samples were analyzed for VOC and tracer gas in order to determine the range
of acceptable purge volumes vyielding samples representative of sample point
conditions.

Changes in target COC concentration were used for evaluation of the purge study results.
The COC concentrations measured in the samples typically increased between 1 and 2
purge volumes and were stable or slightly increasing from 2 to 8 purge volumes (see
Appendix G of this report for the full data set). COC concentrations were most stable in
the sample points with the lowest total line volumes. Based on these results, a purge
volume equal to 3 line volumes was selected as a volume sufficient to ensure thorough
flushing of the sample collection lines but low enough to minimize the flow of gas in the
subsurface around the sample collection point induced by the sample collection process.
In addition, 1/8th inch nylaflow tubing was used for sample collection to minimize
required purge volumes.

Groundwater Samples: Prior to sampling, all groundwater sampling points were gauged
to determine whether groundwater had infiltrated the well and to measure the static water
level. Monitoring wells installed for the demonstration project were pumped dry using a
peristaltic pump with dedicated tubing and allowed to recharge prior to the sampling
event. Following recharge, groundwater was collected using the peristaltic pump and
placed in method-specific containers, 40 mL VOA vials. During the sampling event,
physical properties such as temperature, specific conductance, and pH were measured if
there was a sufficient sample volume.

Gas Samples: Gas samples were collected using a variety of methods depending on the
planned sample analyses. For subsurface gas samples, three line volumes of gas were
purged from the sample train prior to sample collection. For samples analyzed in the on-
site mobile laboratory, samples were collected using a 60 mL gas tight syringe. The
syringes were equipped with a 3-way valve that allowed for sealing the syringe following
sample collection. Filled syringes were immediately delivered to the on-site mobile lab
for analysis within one hour of sample collection. The syringe and 3-way valve sampling
system used for sample collection is shown on Appendix A, Figure A.1. Subsurface gas
samples analyzed off site for VOC and fixed gases were collected in 400 mL Summa
canisters or 1 L Summa canisters back-filled with 600 mL of inert gas. A vacuum gauge
incorporated in the summa canister sample train was used to monitor the vacuum and
ensure sample collection. The summa canister sampling system is shown in Appendix A,
Figure A.1. Indoor and ambient air samples analyzed off site for VOC were collected in
400 mL Summa canisters (Altus AFB initial sample event) or 6 L Summa canisters (all
other sample events). Samples collected for radon analysis or off site SFg analysis were
collected using a 60 mL gas tight syringe and transferred to a 500 mL Tedlar bag or other

GSI Environmental Inc. Detailed Investigation of Vapor
ESTCP Project No. ER-0423 Intrusion Processes



WIGSI

ENVIRONMENTAL

gas tight container for shipment. Additional indoor radon samples were collected using a
commercially available passive system of activated carbon exposed to the indoor air for
48 to 72 hours. Per the manufacturer’s instructions, the canisters were left open for a
minimum of 48 hours then resealed and shipped to the laboratory for analysis. All gas
samples were collected as grab samples except for samples collected in 6 L Summas. 6 L
Summa samples were collected as 24-hour composites.

Well headspace and outdoor soil gas samples were collected by attaching a modified
sample point cap to the top of the well casing. This cap contains a stainless steel bulkhead
fitting that allows the 1/8 inch Nylaflow tubing to pass through the PVC cap and retain a
seal. The Nylaflow tubing was extended down to just above the static water level in the
monitoring well. The very small diameter of the sample line resulted in very low purge
volumes and minimal disturbance of the subsurface gases being collected. This system
allowed the monitoring well or soil gas point to be sealed from the atmosphere during
sample collection. The sample train was flushed with ambient air between sampling
points. This sample collection method is depicted on Appendix A, Figure A.2 and is
shown in Photos 3.5.7.1 and 3.5.7.2.

Figure 3.5.7.1 Soil Gas Sample Point with Sampling Apparatus Attached.

Soil gas samples were collected from the indoor soil gas sample points by attaching the
sampling train to the 1/8" inch Nylaflow tubing extending up through the slab from the
subsurface sample point (Appendix A, Figure A.1). Sub-slab gas samples were collected
by attaching the sample train to the top of the threaded sample port (Appendix A, Figure
A.2). The sample line volume of the sub-slab sample point was estimated to be 10 mL
total.
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Figure 3.5.7.2 Cap Used for Soil Gas and Well Headspace Sampling.

Indoor Air Quality Survey: During each initial sampling event, a survey of indoor air
quality was conducted to identify any potential sources of VOC in the building. A
ppbRAE photoionization detector (PID) meter that allows for detection of total VOC at
ppb levels was used for the survey. The meter was placed into survey mode and carried
throughout all of the accessible rooms in the demonstration buildings. No indoor VOC
sources were detected through these surveys.

Building Air Exchange: A tracer gas, SFs, was used to evaluate the indoor air exchange
rate, the rate of air exchange between the building and ambient air. The indoor air
exchange rate was measured by releasing SFg within the building and then measuring the
steady state concentration at various locations in the test buildings. SFs was released in
central areas of the buildings and the concentration measured by the collection of samples
after steady state conditions were achieved (~18 hours). By using a tracer gas, the
building air exchange rate can be accurately measured without the problem of
background interference posed by the common VOC found at corrective action sites.
During the follow-up sample events, samples collected from below the building
foundation (sub-slab and below foundation soil gas) were also analyzed for SFg to
evaluate the movement of the tracer gas into the subsurface.

Pressure Gradient Across Building Foundation: In order to understand the potential for
advective flow across the building foundation, the pressure gradient across the building
foundation was measured using an Omega PX-10DI or Omniguard four differential
pressure transducer with data logger. These pressure transducers can measure positive
and negative pressures gradients, providing an indication of advective forces into and out
of the building. The cross-foundation pressure gradient was measured during all sub-slab
and indoor air sample collection events and over a minimum 24-hour period reflecting
typical building operating conditions. The pressure transducer contains two pressure
ports, a reference port open to the indoor atmosphere, and a second port isolated in the
sub-slab atmosphere by tubing extending through the building slab and sealing it from the
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indoor atmosphere. This apparatus, shown in Photo 3.5.7.3, allows for the direct
measurement of the differential pressure between these two areas.

Figure 3.5.7.3 Pressure Transducer Installed to Measure
Cross-Foundation Pressure Gradient.

Vadose Zone Permeability Testing Procedure: Vadose zone permeability was evaluated
at the demonstration buildings during the follow-up sampling events after all sample
collection was completed. For each sample point tested, soil gas was extracted by
applying a vacuum to the soil gas monitoring point. The flow rate was controlled by
adjusting valves on a laboratory-grade flow meter and steady-state vacuum was recorded
for at least three flow rates. The soil permeability at each sample point was calculated
based on flow rate and vacuum as described in Appendix E.

Sample Analysis

Geotechnical Samples: Geotechnical soil samples were analyzed for bulk density,
fraction organic carbon, moisture content/saturation, porosity, permeability, and
hydraulic conductivity. Geotechnical analyses were performed by PTS Laboratories in
Houston, Texas, according to applicable ASTM, EPA, and APl methods as outlined in
the QAPP, included as Appendix B.

Groundwater Analysis: Groundwater samples were submitted to Severn Trent
Laboratories in Houston, Texas, and analyzed for VOC by EPA Method SW846 8260B
(8260B).
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Gas Sample Analysis: Gas samples collected in 60 mL syringes (initial sample events)
were analyzed using an on-site mobile laboratory operated by H&P Mobile Geochemistry
of Solana Beach, California. Samples were analyzed for VOC by 8260B using purge and
trap sample delivery and a mass spectrometer (MS) detector. The majority of these
samples were analyzed with the MS detector in Selective lon Monitoring (SIM) mode,
allowing for detection limits comparable to those specified in the QAPP for EPA Method
TO-15. Samples for off-site analysis were collected in 400 mL, 1 L, or 6 L summa
canisters for analysis of VOC by EPA Method TO-15 (all sample events) and O, and CO,
by ASTM Method 1945-96 (initial sample events). Samples collected using 6 L Summa
canisters (i.e., ambient and indoor samples) were analyzed by EPA Method TO-15 SIM
to achieve lower detection limits.

Gas samples for radon analysis were analyzed by Dr. Doug Hammond at the University
of Southern California Department of Earth Sciences using the extraction method of
Berelson, 1987 and the analysis method of Mathieu, 1998. This analysis does not have a
defined detection limit, however, measurement accuracy decreases with decreasing radon
concentration. The measurement accuracy for a sample containing 0.2 pCi/L radon is
estimated to be +/-30% (McHugh et al., 2006b). Ambient radon concentrations range
from 0.2 to 0.7 pCi/L (EPA, 1993), indicating that ambient radon concentrations can be
measured with an accuracy of +/-30% or better. Additional radon samples collected by
means of pre-weighed activated carbon canisters were analyzed using EPA Method #402-
R-93-004 079 and had a method detection limit of 0.4 pCi/L.

Gas samples requiring SFg analysis were analyzed using a modified NIOSH 6602 method
which utilizes a gas chromatograph with electron capture detector (ECD).
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Table 3.5.7.1: Summary of Sample Collection and Analysis Program for a
Typical Sampling Event.

Number Sample
of Sample Analytical Holding Collection
Matrix Samples | Volume Container Method Time Lab Timing

GW Upto24 | 3x40mL | VOA Vial | 8260B 14 days | STL 1 event/

w/HCL (VOC) Houston building

Well 6 400 mL* Summa* TO-15* 14 days | Columbia | 1 event/

Headspace (VOCs)/SF6 Analytical* | building

Soil Gas 24 400 mL* Summa* TO-15* 14 days | Columbia 1 event/

(VOCs)/SF6 Analytical* | building

Sub-slab 3 400 mL* Summa* TO-15* 14 days | Columbia | 1 event/

Gas (VOCs)/SF6 Analytical* | building

Indoor Air | 3 6L* Summa* TO-15 SIM* | 14days | Columbia 1 event/

(VOC) Analytical* | building

Indoor Air | 6 250 mL Tedlar Bag | SF 3 days Columbia | 1 event/

Tracer Analytical* | building

Ambient 3 6 L* Summa* TO-15 SIM* | 14days | Columbia 1 event/

(VOCs) Analytical* | building

Ambient 2 100 mL Evacuated | Mathieu, 3 days University | 1 event/

Radon canister 1998 (Radon) Southern building
California

Indoor Air | 3 100 mL Evacuated | Mathieu, 3 days University | 1 event/

Radon canister 1998 (Radon) Southern building
California

Sub-slab 3 100 mL Evacuated | Mathieu, 3 days University | 1 event/

Radon canister 1998 (Radon) Southern building
California

Note: 1) * = For the initial sampling event at each demonstration building, some VOC analyses were
conducted by H&P Mobile Geochemistry using an on-site mobile laboratory. For these analyses, 50
mL samples were collected using 60 mL gas tight syringes. 2) Number of samples does not include

additional samples collected for QA/QC. 3) Geotechnical samples and vadose zone permeability
testing not included.

Experimental Controls: Quality control samples were collected during each sampling
event to ensure that comparable data were collected throughout the study. For each type
of sample, a minimum of 1 field duplicate was collected for every 20 samples and for

each sampling event.

In addition, field blank samples were collected for the water

analyses. The collection and analysis of quality control samples are fully described in the
QAPP, included as Appendix B.

Data Quality Parameters: Measures to ensure representativeness, completeness,
comparability, and precision of the data are described in the QAPP, included as Appendix

B.
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Data Quality Indicators: Specific data quality criteria for representativeness,
completeness, comparability, and precision of the data and the associated evaluation
methods are described in the QAPP, included as Appendix B.

Calibration Procedures, Quality Control Checks, and Corrective Action: Laboratory
quality control procedures are described in the QAPP, included as Appendix B.

3.5.8 Demobilization
This investigation utilized permanent monitoring points for the collection of all
subsurface samples. These sampling points were left in place following project
completion in order to allow for their use in potential follow-up studies. As a result, no
demobilization was required. Authorization to leave the sampling points in place was
obtained from the respective site managers.

3.6 Selection of Analytical/Testing Methods

Traditional methods for the analysis of soil and groundwater were implemented in this
investigation. All of the laboratory methods selected represent standard methods developed by
the EPA, ASTM, or American Petroleum Institute (API). These methods have been thoroughly
validated and widely applied at corrective action sites, providing a high level of assurance in
their ability to provide accurate results.

Groundwater samples were analyzed by EPA method 8260 for quantification of specific volatile
organic compounds.

During the initial investigation at each site, air and soil gas samples were screened by EPA
method 8021 (direct GC) using an on-site mobile laboratory, and further analyzed by EPA
method 8260B. This two-tiered analysis procedure allowed for efficient utilization of the on-site
mobile laboratory while still providing accurate quantification of both high concentration and
low concentration samples. During the subsequent sampling events at both sites, indoor and
ambient samples were analyzed by the TO-15 SIM method (low level) for a select list of
compounds, all other vapor samples were analyzed by the standard TO-15 method. Gas samples
requiring SF¢ analysis were analyzed using a modified NIOSH 6602 method which utilizes a gas
chromatograph (GC) with an electron capture detector (ECD).

Soil samples were analyzed for geotechnical parameters by ASTM and API methods (ASTM
D2216 and API 40). Geotechnical parameters selected for analysis include bulk density, fraction
organic carbon, porosity, permeability to water, and hydraulic conductivity.

Radon gas samples were collected in vacuum cells or Tedlar bags for radon analysis, and were
analyzed using the extraction method of Berelson, 1987 and the analysis method of Mathieu,
1998 at the University of Southern California. Additional radon samples collected by means of
pre-weighed activated carbon canisters were analyzed using EPA Method #402-R-93-004 079
and had a method detection limit of 0.4 pCi/L.
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3.7 Selection of Analytical/Testing Laboratory

Laboratories were selected for their abilities to meet the data quality objectives of the
investigation as detailed in the QAPP, Appendix B. PTS Laboratories, Inc., in Houston, Texas, is
a full-service core analysis laboratory that provides basic and advanced engineering data used to
characterize and remediate sites throughout the United States and around the world. PTS
analyzes soil cores for physical properties, geotechnical soil parameters, and free product
mobility indicators. Severn Trent Laboratory (STL) in Houston, Texas, is an environmental
laboratory with testing capabilities that include chemical, physical, and biological analyses of
water, wastewater, solid waste, soil, sludge, and air. Microbiologic and air toxics testing are also
available. STL Houston is certified/qualified in six states and is approved by the National
Environmental Laboratory Accreditation Program (NELAP) and the U.S. Army Corps of
Engineers' Hazardous, Toxic, and Radioactive Waste Program. Groundwater Services has
utilized both STL and PTS on numerous previous projects on which they have established a
performance history of achieving the required project data quality objectives.

H&P Mobile Geochemistry was selected because of their on-site analytical capabilities and
familiarity with vapor intrusion investigations.

Columbia Analytical Services Inc. (CAS) is an environmental laboratory that is oriented towards
vapor analysis. CAS has demonstrated proficiency in meeting the requirements of DOD
programs in previous vapor intrusion investigations and offers low detection limits while
remaining cost effective.

No commercial laboratories were identified that could analyze gas samples for radon. Radon gas
samples were analyzed by Dr. Doug Hammond at the University of Southern California
Department of Earth Sciences. The investigators greatly benefited from Dr. Hammond’s
knowledge of radon analysis and his expertise in radon sample collection. Additional radon
samples were collected during several events using passive radon samplers consisting of
activated carbon. These samplers were provided and analyzed by Accustar Labs, Medway,
Massachusetts.

The following laboratories were used for analysis of site investigation samples:

Severn Trent Laboratory, Inc., 6310 Rothway Street, Houston, Texas 77040
Used for analysis of groundwater samples by USEPA Method 8260.

PTS Laboratories, Inc., 4342 West 12", Houston, Texas 77055
Used for geotechnical analysis of soil samples.

H&P Mobile Geochemistry, 148 S. Vinewoood Street, Escondido, California 92127
Fixed lab certification No. 1561, Mobile lab certification No. 2278
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H&P provided a mobile laboratory for on-site analysis of vapor samples by USEPA
Methods 8021 and TO-15.

Columbia Analytical Services, 2655 Park Center Dr., Ste. A, Simi Valley, CA 93065
Used for analysis of vapor samples by USEPA Methods TO-15, TO-15 SIM, and NIOSH
6602 for SFg.

Dr. Doug Hammond, Earth Sciences USC, ZHS 117, 3651 Trousdale Parkway, Los
Angeles, CA 90089
Used for analysis of radon samples.

Accustar Laboratory, 11 Awl Street, PO Box 158, Medway, MA 02053.
Used for analysis of passive radon samplers.

4. Performance Assessment

4.1 Performance Criteria

The primary objective of this demonstration study was to identify and validate the limited set of
site investigation samples that provides the most accurate and reliable evaluation of vapor
intrusion at corrective action sites. This objective is met by:

1) Collecting a high density of data related to vapor intrusion at the test site,

2) Analyzing this data to obtain a thorough understanding of vapor intrusion processes at the test
site, and

3) Utilizing the results to develop a reliable and cost-effective approach for investigation of
vapor intrusion at other sites.

The specific performance criteria utilized in this process are provided in Table 4.1.1. The
primary performance criteria reflect the project performance objectives while the secondary
performance objectives reflect the intermediate data evaluation results that support the project
objectives. Performance confirmation methods and data evaluation methods are discussed in
sections 4.2 and 4.3, respectively.
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Primary or
Performance Criteria Description Secondary
Collection of Data Precision, Accuracy, Completeness, Primary
Representative of Site Representativeness, and Comparability as defined in (See Section 4.3)
Conditions. Table 4.2 and Appendix B.
Determine presence or absence of vapor intrusion Primary

Vapor Intrusion Impact

impact at test site. Vapor intrusion impact defined as
indoor air concentration of COC above risk-based
screening limit and not attributable to background
indoor air sources.

(See Section 4.4.1)

. . Identify a limited site investigation program that will Primary
Reliable Vapor Intrusion X . L : . .
s provide a reliable indication of vapor intrusion (See Section 4.6)
Investigation Approach | :
impacts.
Identify environmental interfaces (e.g., GW-soil gas Secondary
interface, soil vadose zone, building foundation) (See Section 4.4.2)
Movement of VOCs along the vapor intrusion pathway which have the
Across Key Interfaces greatest influence on the extent of vapor intrusion.
Evaluate mass flux of VOCs across these interfaces
to understand influence on vapor intrusion.
Site Physical Determine impact of site characteristics on vapor Secondary
Characteristics intrusion. (See Section 4.4.5)
Identify environmental media with lowest and Secondary
. highest temporal and spatial variability in VOC (See Section 4.4.3)
Spatial and Temporal . R .
A concentrations. Low variability indicates that media
Variability in VOC . - X
. can be characterized with fewer samples. High
Concentration PR .
variability indicates that media can be well
characterized only with a larger number of samples.
Evaluate utility of attenuation factors for screening of | Secondary
vapor intrusion. Attenuation factors describe the (See Section 4.4.4)

Attenuation Factors

change in concentration of COC between and within
environmental media.

4.2 Performance Confirmation Methods
For this project, performance confirmation consists of two parts: i) collection of site data that is
representative of actual site conditions (i.e., data quality criteria) and ii) data analysis, evaluation,
and interpretation to satisfy the technology performance criteria listed in Tables 4.1.1 and 4.2.1.
Performance confirmation with respect to the data quality criteria is addressed in Section 4.3
while performance confirmation with respect to the technology performance criteria is addressed

in Section 4.4.

The collection of site data that was representative of actual site conditions was achieved through
compliance with the QAPP, included as Appendix B. The QAPP details the sampling and
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analysis procedures that were utilized for each type of sample collected for the data collection
portion of the project. In addition, the QAPP defines quality assurance objectives for precision,
accuracy, completeness, representativeness, and, comparability that was used to quantitatively
evaluate the quality of the data obtained.

Table 4.2.1: Expected Performance and Performance Confirmation Methods.

Expected Performance Performance Actual
Performance Criteria Metric Confirmation Method (Post Demo)
Performance Criteria for Data Quality Assurance (Quantitative)
+/- 30% relative percent | 1 duplicate per 20 RPD goal met in 82%
Precisi difference (RPD) samples for all VOC of duplicate pairs.
recision
analyses (water and
air/gas)
Field blanks below All VOC analyses Goal achieved in 98%
PQLs. Laboratory (water and air/gas) of field blanks and
Accuracy accuracy as defined in laboratory QA/QC
Appendix B, Tables 2.2 samples.
and 2.3.
> 90% valid field All VOC analyses Achieved
Completeness samples. >95% valid (water and air/gas)

laboratory results.

Performance Criteria for Data Quality Assurance (Qualitative)

Use of field sampling All field samples Goal achieved for 99%
procedures, laboratory of samples.
Representativeness analytical procedures,

sample holding times,
etc. defined in QAPP.

Use of standard and All field samples Goal achieved for 99%
consistent sampling and of samples.
Comparability analysis procedures for
all samples, as defined
in QAPP.
GSI Environmental Inc. Detailed Investigation of Vapor
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Expected Performance Performance Actual
Performance Criteria Metric Confirmation Method (Post Demo)
Performance Criteria for Technology Demonstration (Qualitative and Quantitative)

Vapor Intrusion Impact

Presence or absence of
vapor intrusion impact
at test site. Vapor
intrusion impact defined
as indoor air
concentration of COC
above risk-based
screening limit and not
attributable to
background indoor air
sources.

Detection of VOC in
indoor air at
concentrations
exceeding EPA, 2002
indoor air screening
limits. If limits
exceeded, evaluation of
sub-slab and indoor air
data to separate vapor
intrusion from
background indoor air
sources as described in
Section 4.3 of
Demonstration Plan.

Evaluation of indoor,
ambient, and sub-slab
VOC and radon
concentrations indicated
an absence of vapor
intrusion impacts above
applicable regulatory
limits in all three of the
demonstration buildings
during each of the
sampling events.
Application of the same
investigation approach
at other buildings would
be expected to yield
definitive results
concerning the presence
or absence of a vapor
intrusion impact (see
Section 4.4.1).

Movement of VOCs
Across Key Interfaces

Calculation of mass flux
across key vapor
intrusion pathway
interfaces, see Section
4.3 of Demonstration
Plan.

Consistent or
decreasing mass flux
along the vapor
intrusion pathway.

Calculated mass flux
values had high
uncertainty and did not
show a consistently
decreasing mass flux
along the vapor
intrusion pathway (See
Section 4.4.2)
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Performance Criteria

Expected Performance
Metric

Performance
Confirmation Method

Actual
(Post Demo)

Spatial and Temporal
Variability in VOC
Concentration

Calculation of spatial
and temporal variability
in chemical
concentration for each
environmental medium
investigated

Statistical measures of
variability as described
in Section 4.3 of
Demonstration Plan

High spatial and longer-
term (months) temporal
variability in subsurface
VOC concentrations
compared to above-
ground VOC
concentrations indicate
that a larger number of
samples are required to
characterize subsurface
media. Short-term
temporal variability
(days) does not appear
to be a major source of
uncertainty in vapor
intrusion evaluations
(see Section 4.4.3)

Attenuation Factors

Calculation of
attenuation factors
describing the
attenuation of chemicals
from various
environmental media to
indoor air.

Statistical measures of
variability as described
in Section 4.3 of
Demonstration Plan.

Calculated attenuation
factors had moderate to
high uncertainty but
were consistently below
EPA default values for
pathway screening.
Measured sub-slab to
indoor air attenuation
factors ranged from
3.8x10%t0 7.6 x 10°°
compared to the current
USEPA default value of
1.0 x 10" and the
proposed value of

5.0 x 10 Measured
groundwater to indoor
air attenuation factors
ranged from 2.9 x 10°®
t0 3.6 x 10™ compared
to the current EPA
default value of

1.0 x 107 (the EPA has
not proposed to change
this default value). See
Section 4.4.4

GSI Environmental Inc.
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Performance Criteria

Expected Performance
Metric

Performance
Confirmation Method

Actual
(Post Demo)

Site Physical
Characteristics

Measurement of site soil
characteristics and other
physical characteristics
of the site

Correlation of site
characteristics to VOC
distributions and fluxes
as described in Section
4.3 of Demonstration
Plan

Data set did not show
expected correlation
between lower soil
permeability and higher
VOC attenuation (See
Section 4.4.5)

Reliable Vapor
Intrusion Investigation
Approach

Identification a limited
site investigation
program that will
provide a reliable
indication of vapor
intrusion impacts

Statistical comparison
of accuracy of vapor
intrusion impact
predicted by limited
subset of site data
compared to full set of
data obtained for the
site, as described in
Section 4.3 of
Demonstration Plan

We have developed a
recommended approach
for the reliable
investigation of vapor
intrusion.

(See Section 4.6)

4.3 Evaluation of Data Quality
For the purpose of the data usability evaluation, analytical results were evaluated in groups: i)
custody procedures, holding time, arrival temperatures, ii) sampling procedures and field
instrumentation, iii) precision assessment, iv) accuracy assessment, and v) completeness
assessment. A summary data usability evaluation for this project is presented below.

4.3.1 Custody Procedures, Holding Time, Arrival Temperatures

GSI Environmental Inc.
ESTCP Project No. ER-0423

All samples submitted for analysis were received within required holding times and
within the limits specified for temperature (groundwater samples only) with the exception
of one set of groundwater samples received at 0.9°C (below target temperature range).
All samples were submitted under chain of custody control with no indication of any
losses of custody. On one occasion a groundwater sample was erroneously indicated on
the COC and on another occasion a trip blank was not included in a groundwater sample
shipment. In one instance a radon sample collected in a Tedlar bag was received empty,
apparently due to an unnoticed perforation in the sample bag. Chain of custody
documentation was provided by the final recipient of the samples to document the
complete series of custody transactions.

Finding: Based on the evaluation of custody procedures, holding time, and arrival
temperature, no data quality issues were identified for 99% of the project samples. For
1% of the samples, data quality issues were identified but the data was determined to be
usable. No data was rejected or not obtained based on custody procedures, holding time,
or arrival temperatures.

Detailed Investigation of Vapor
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4.3.2 Sampling Procedures and Field Instrumentation

Sampling Procedures: All field instruments used for data collection were operated in
accordance with the operating instructions, including required zero adjustment and
calibration, when applicable. With the exception of groundwater samples collected from
MW-3 and MW-10 during the July 2006 Altus event and MW-1 and MW-3 during the
December 2006 Altus event, all samples for laboratory analysis were collected in
accordance with commonly used procedures or sample collection methods validated
during the previous field programs. Samples collected from the aforementioned
monitoring wells were obtained prior to purging the wells due to the lack of recovery of
groundwater in these wells following purging. In one instance a soil gas sample was not
collected due to sample not being drawn into the summa canister (SS-2 from Altus
December 2006 sample event). It is unclear whether this issue is related to a deficiency
in sampling procedure or a faulty sample container, however, a duplicate sample was
collected from this location for this sample event and yielded a valid sample.

Finding: Based on the evaluation of sampling procedures and field instrumentation, no
data quality issues were identified for 99% of the project samples. For 1% of the
samples, data quality issues were identified but the data was determined to be usable. No
data was rejected or not obtained based on custody procedures, holding time, or arrival
temperatures.

Sample Point Integrity: For subsurface sample points completed adjacent to (rather than
under) the demonstration buildings, a leak tracer compound was used to evaluate sample
point integrity. Various leak tracer compounds were used (pentane, sulfur hexafluoride
[SFe], 1,1-difluoroethane [1,1-dfa]) depending on the analytical method being used. Prior
to sample collection, a paper towel saturated with pentane or 1,1-dfa, or a line attached to
a cylinder of 100% SFs was placed within the sample point vault, which was covered by
cardboard. As a result, any air entering the sample through leaks in the sample lines or
leaks around the sample point casing, would introduce the tracer gas into the sample.

All samples collected from these sample points were found to contain detectable
concentrations of leak tracer compounds, however, other researchers also report
commonly finding low concentrations of leak compounds in subsurface samples
(Personal communication from Matt Lavis of Shell and Todd McAlary of Geosyntec). In
order to evaluate the significance of the leak tracer in the subsurface samples, the size of
the leak was estimated as follows:

1) The concentration of leak tracer in the sample vault was not directly measured, but
was conservatively assumed to be >5%. (A sample vault volume of 1000 mL and a
release rate of 300 mL/min for 0.5 minutes with no escape to the atmosphere would
yield an SFg concentration of 150/1000 or 15%.) As a result, any gas entering the
sample through a leak was assumed to contain 5% leak tracer compound by volume.
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2) For sulfur hexafluoride, a concentration of 5% by volume is 50,000 ppmv. As a
result, the detection of more than 500 ppmv SFs (i.e., 0.05% leak tracer by volume) in
a sample would indicate a potential leak in the sample point or line of greater than 1%
of the sample volume.

3) For 1,1-difluoroethane, a concentration of 5% by volume is 135,000,000 ug/m®. As a
result, the fraction of sample volume originating through a leak was estimated by
dividing the 1,1-difluoroethane concentration in the sample by 135,000,000 ug/m®.
The detection of more than 1,350,000 ug/m® 1,1-difluoroethane (i.e., 0.05% leak
tracer by volume) in a sample would indicate a potential leak in the sample point or
sample line of greater than 1% of the sample volume.

The percent leakage for each sample was calculated and evaluated to determine if the
leak should be considered potentially significant. Due to a change in analytical
procedures, the use of 1,1-dfa during the second event at Hill AFB resulted in elevated
detection limits that prevented useful quantitation of the COC of interest. This issue is
addressed in Section 4.3.6. Sulfur hexafluoride was used as a leak tracer in subsequent
investigations because elevated concentrations of this compound do not interfere with the
TO-15 analysis.

Using the evaluation procedure described above, sample point leakage was estimated to
be less than 1% for the majority of subsurface gas samples. For a small number of
samples, the leakage was greater than 1% but less than 10% (See Table 4.3.2). These
samples were considered valid because the expected error in measured VOC
concentration associated with the leakage is also expected to be less than 10%. For later
sample events, a fresh bentonite seal was applied around the top of the sample point prior
to sample collection to minimize leakage. This approach resulted in a reduction in the
leak tracer concentration in subsequent samples.
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Table 4.3.2: Data Quality Issues Associated With Sample Point Integrity

Issue Samples Affected Corrective Actions
Sample point leak tracer | March 2006 sampling event at Hill Use SF6 as leak tracer for
1,1-dfa in samples AFB, soil gas samples: Residence #1 future sample events

causes elevated detection | SG-1, SG-3, SG-4, SG-9, SG-10, SG- Apply seal of fresh bentonite
limits for target VOCs 11, SG-12. Residence #2 SG-1, SG-2, around top of sample point

SG-10, SG-11, SG-12 prior to collection
Leak tracer March 2006 sampling event at Hill Apply seal of fresh bentonite
concentration indicates | AFB, soil gas samples: Residence #1 around top of sample point
leakage of 1% to 10% by | SG-1, SG-3, SG-9, SG-10, SG-11. prior to collection

volume. (Note, samples | Residence #2 SG-1, SG-10, SG-11,
did not meet DQO for SG-12. July 2006 sampling event at
leakage of less than 1%, | Altus AFB, SG-4, MW-4 (headspace),
but results still MW:-6 (headspace). December 2006
considered reliable based | sampling event at Altus AFB, SG-4 and
on leakage of less than MW-4 (headspace)

10%)

Finding: Based on the evaluation of samples for acceptable accuracy, no data quality
issues were identified for 98% of the project samples. For 2% of the samples, data
quality issues were identified but the data was determined to be usable, and for 0.4% of
the samples the data was rejected or not obtained.

4.3.3 Precision Assessment: Duplicate Samples, Matrix Spike and Matrix Spike
Duplicate

The objectives for field precision and laboratory precision were defined in Section 3.1 of
the QAPP, included as Appendix B of this report. All duplicate samples were labeled in a
manner to avoid revealing the duplicate sample pairing to the laboratory. The results of
the data evaluation based on these objectives are provided below.

Field Precision: The requirement for a minimum of one pair of duplicates per ten
samples collected was met for all samples collected with one exception. Sampling
precision for all analyses is demonstrated by field duplicates meeting the DQO
requirement of <30% relative percent difference (RPD) between duplicate samples. This
objective was achieved in the majority (>80%) of samples analyzed. Exceedance of the
RPD goal was most commonly associated with low concentration samples.

Analytical Detection Limits: The original project QAPP specified reporting limits of 2 to
5 ug/m? for target VOCs analyzed by 8260 SIM (Mobile Lab) or TO-15 (fixed lab) for
both above-ground and subsurface gas samples. However, the predominance of non-
detect results (with detection limits above the EPA screening levels) for indoor and
ambient samples from the first field program (Altus AFB) made it difficult to evaluate the
presence or absence of vapor intrusion impacts in the demonstration building. As a
result, we elected to utilize TO-15 SIM to achieve lower detection limits for all indoor
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and ambient samples collected during subsequent field events. For many regulatory
purposes, non-detect results at standard TO-15 detection limits are sufficient to
demonstrate an absence of vapor intrusion impacts. For example, New Jersey indoor
screening levels have a floor of 0.5 ppbv (1-5 ug/m®) based on typical TO-15 reporting
limits (NJDEP 2006). As a result, the decision to use TO-15 or TO-15 SIM for analysis
of indoor samples should be made based on a consideration of regulatory and other
requirements.

The DQO for analytical detection limits were achieved for all samples with two
exceptions. In one instance the presence of naturally-occurring pinene at a sample cluster
at Altus AFB elevated analytical detection limits above the DQO for 2 soil gas samples.
This soil gas cluster is located between two pine trees, which are believed to be the
source of the pinene. Pinene was also observed in samples from this soil gas cluster
during the first sampling event conducted at Altus AFB in March 2005. During the
second sampling event conducted at Hill AFB, elevated concentrations of the leak tracer
1,1-dfa required significant sample dilutions and resulted in elevated detection limits for
several TO-15 soil gas samples.

Laboratory Precision: Laboratory precision of groundwater samples was demonstrated
by acceptable RPD calculated for MS/MSD samples. Groundwater MS/MSD samples
were collected during each sampling event and were deemed acceptable. Laboratory
precision of method TO-15 SIM and TO-15 was demonstrated by acceptable RPD of
samples analyzed as duplicates at the laboratory (not field collected). Acceptable
precision is obtained for both the laboratory analysis and field sampling if the results of
the samples are within the RPD limits specified by the QAPP. Laboratory precision was
generally acceptable with one notable exception occurring during the first sampling event
at Altus AFB.

During the first Altus sampling event, poor laboratory precision, detection of unexpected
VOC, and other data irregularities lead to the conclusion that the Summa canisters used
for sample collection were impacted by carry-over contamination from a previous
sampling event. The laboratory batch certification (i.e., testing on one canister per batch
of 20 to verify cleaning procedures) had failed to detect this residual contamination.
Based on this experience, individual clean certification (at an additional cost of
$75/sample) was requested for all subsequent Summa canisters. For two subsequent field
sampling events, the shipment of Summa canisters from the laboratory was delayed due
to difficulties achieving the individual clean certification. This experience further
highlights the difficulties laboratories can have completely eliminating carry-over
contamination in Summa canisters between sampling events. The invalidation of the
Summa canister results from the first field event had a minimal impact on the project
because the Summa canister samples were duplicates of those analyzed using the on-site
mobile laboratory.
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Finding: Based on the evaluation of samples for acceptable precision, no data quality
issues were identified for 82% of the project samples. For 13% of the samples, data
quality issues were identified but the data was determined to be usable, and for 5% of the
samples the data was rejected or not obtained.

4.3.4 Accuracy Assessment: Blank Analysis, Laboratory Control Standards, Surrogate
Recovery
The objectives for field accuracy and laboratory accuracy were defined in Section 3.2 of
the QAPP, included as Appendix B of this report. The results of the data evaluation
based on these objectives are provided below.

Field Accuracy: Field accuracy was evaluated based on use of trip blanks, field blanks,
and adherence to all method specified sample handling, preservation, and holding times.
Trip blanks were utilized for groundwater samples, and occasionally for gas samples.
The TO-15 trip blank sample submitted during the first sampling event at Altus AFB
indicated a contamination issue with the TO-15 sample containers (mini-summas)
resulting in the rejection of TO-15 data for this sampling event. Field blanks were
collected for groundwater samples, while ambient samples collected for VOC and radon
analyses were utilized as field blank samples for QA purposes.

The DQO for field accuracy of groundwater samples were satisfied based on the trip
blanks and field blanks submitted for analysis. The field blanks collected during the
groundwater sampling events were frequently found to contain very low concentrations
of water disinfection byproducts. The presence of these compounds may be due to the use
of commercially purchased distilled water that was used during the field program instead
of reagent grade deionized water. In one case, toluene was detected in the field blank at a
concentration consistent with equilibrium partitioning of the toluene concentration
observed in ambient air at the site.

Laboratory Accuracy: Laboratory control samples analyzed by methods TO-15 and TO-
15 SIM were acceptable based on information provided by the laboratory and the absence
of any exception reports associated with the data. Laboratory control samples analyzed
by method 8260B (groundwater) were found to be acceptable with no DQO exceedances
for any constituents of interest. No other analytical methods utilized LCS samples for
demonstration of accuracy.

Surrogate recoveries in all applicable analysis methods were acceptable with the
exception of several VOC analyses conducted by the mobile laboratory during the initial
event at Hill AFB. For the affected samples, duplicate or companion samples analyzed by
a different method were found to be acceptable.
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All laboratory blanks analyzed as part of laboratory QA procedures for groundwater
analysis and TO-15/TO-15 SIM analysis were acceptable i.e., no compounds were
detected at concentrations greater than the detection limits.

4.3.5 Completeness Assessment

For each sampling event, a completeness assessment was conducted to evaluate whether
all necessary analytical samples were collected and usable data was generated. With the
exception of the previously mentioned QC samples, all necessary analytical samples were
collected for this investigation. Table 4.3.5.1 summarizes results of the data
quality/usability evaluation presented in the preceding sections.

Finding: The established goals for data completeness were achieved.

Table 4.3.5.1: Summary of Data Evaluation Results.

Results of Data Quality Evaluation

Meets

Data Other Rejected
Data Quality Objective | Objectives | Useable Data Data Comments
Custody, Hold, 99% 1% 0%
Temperature

i 0

Sampling, 99% 1% 0%
Instruments
Accuracy Rejected TO-15 data and
Assessment 82% 13% 5% elevated detection limits.
Precision 9% 2% 0.4%
Assessment
Completeness 100% 0% 0%
Assessment

Note: Percentages based on Total number of samples collected (675) including all QA/QC and mobile
laboratory data, exclusive of purge study data.

4.3.6 Responses to Identified Data Quality Issues

GSI Environmental Inc.
ESTCP Project No. ER-0423

After each sampling event, remedial measures were implemented to address identified
data quality issues. Key data quality issues and responses are summarized below.

Sample Point Leakage: The presence of elevated leak tracer concentrations in soil gas
and well headspace samples indicated that significant leakage occurred during the
collection of these samples.

Response: In order to address the problems associated with leaks around the sample
point casing, we applied an additional temporary bentonite seal around the top of each
soil gas sampling point and monitoring well point immediately prior to sample collection.
This response action significantly reduced the problem of sample point leakage.
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Sample Point Leak Tracer: The leak tracer compound 1,1-Difluoroethane was used as a
leak indicator for the collection of gas samples from subsurface sampling points installed
adjacent to the demonstration buildings during the second Hill AFB sampling event.
Unfortunately, high concentrations of 1,1-difluoroethane resulted in elevated detection
limits for target VOCs in 12 of 16 soil gas points where the leak tracer was used.
Columbia Analytical reports that the high concentrations of 1,1-difluoroethane interfered
with the detector on the mass spectrometer so that no VOC could be quantified when
these samples were analyzed without dilution. As a result, we were not able to evaluate
the presence or absence of low concentrations of target VOC in these samples. The leaks
were most likely associated with the sample points rather than the sample lines because
none of the six well headspace samples collected using the same sample train were found
to contain elevated levels of leak compound.

Response: In order to address the problems associated with leak tracer in samples, the
following changes were implemented for future collection of soil gas point samples. In
addition to an additional bentonite seal, SFs was used as a leak tracer compound.
Columbia Analytical reports that high concentrations of SFg in the soil gas samples
would not result in elevated detection limits for the target VOC. The use of SFg as the
leak tracer eliminated the problem of analytical interference.

Initial Altus AFB TO-15 Data: In addition to on-site analysis by 8260B, a sub-set of
samples was collected in duplicate for off-site analysis of VOC by TO-15. The trip blank
sample that accompanied the summa canisters was found to contain several VOC at
concentrations that exceeded the reporting limits established in the QAPP. In addition,
all of the samples were found to contain detectable levels of VOC which were not
expected to be present at the site (e.g., acetone and trimethylbenzene). Finally, VOC
concentrations were found to differ significantly between field duplicate samples (i.e.,
RPD >30%). Based on the data quality evaluation, it appears that the summa canisters
were not properly cleaned prior to use for this demonstration and, as a result, the TO-15
analytical results were not useable.

Response: For subsequent sample events, all summa canisters were individually certified
clean by the laboratory prior to use.

In addition to the above mentioned issues, additional QA/QC procedures were
implemented and refined as the project progressed. For example, DQO were established
for radon, an analytical parameter not included in the original demonstration plan or
QAPP.

4.4 Data Analysis, Interpretation and Evaluation

Based on the site investigations conducted prior to this demonstration (See Section 3.3), PCE and
TCE are the primary VOC associated with the groundwater plume underlying the test building at
Altus AFB and TCE is the primary VOC associated with groundwater under the demonstration
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buildings at Hill AFB. Based on these previous results and a review of the data set collected for
the demonstration, TCE and PCE were identified as the key site constituents at Altus AFB and
TCE was identified as the key site constituent at Hill AFB. As a result, the analyses presented in
Section 4.4 focuses on these constituents.

4.4.1 Vapor Intrusion Impact

Determination of the presence or absence of a vapor intrusion impact at the
demonstration building is a primary performance criterion for the demonstration project.
A vapor intrusion impact was defined as an exceedance of applicable indoor air VOC
concentration screening values attributable to vapor intrusion. For each demonstration
building, multiple lines of evidence have been used to evaluate the presence or absence of
a vapor intrusion impact. For Altus AFB, we have used the EPA indoor air screening
values for a 10™ to 10°® risk range from EPA, 2002 as the applicable indoor VOC limits
(i.e., 0.0022 to 0.22 ug/m® for TCE and 0.81 to 81 ug/m® for PCE). For Hill AFB, we
have used the base-specific residential indoor air action level as the applicable limit. The
Hill AFB residential indoor air action level (2.3 ug/m®) is based on typical indoor
background concentrations (MWH_Americas 2004).

Measured Indoor VOC Concentrations

The indoor VOC concentration can directly show the absence of a vapor intrusion impact
(at the time of sample collection) if VOC concentrations are below applicable regulatory
or risk limits. However, if the concentration of one or more VOC is above the applicable
limit, additional evaluation is required to determine if the source of the impact is vapor
intrusion.

Building 418, Altus AFB: During the first sampling event, analytical detection limits
were not sufficient to directly evaluate the presence or absence of a vapor intrusion
impact. During subsequent sampling, TO-15 SIM was used for all indoor and ambient
samples to provide lower analytical detection limits. During the follow-up sampling
events, the TCE concentrations in Building 418 were above or within the USEPA indoor
air concentration limit for a 10 to 10 risk range (2.2 to 0.022 ug/m®), but these
concentrations were similar to concentrations in ambient air. In contrast, the PCE
concentrations in Building 418 were consistently approximately twice ambient
concentrations, but below the EPA indoor air concentration limit for 10° risk (0.81
ug/m3). For all of the sampling events, neither the PCE nor TCE concentrations in indoor
air were statistically different from the concentration in ambient air. However, during the
December 2006 event the difference approached significance for both TCE and PCE (p =
0.06 and 0.07, respectively, based on a two-sided t-test). Average concentrations are
shown on Table 4.4.1.1.
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Table 4.4.1.1: Measured Indoor and Ambient VOC Concentration: Altus AFB.

Avg. Indoor Concentration Avg. Ambient Concentration
Test Period (ug/m?®) (ug/m®)
TCE PCE TCE PCE
March 2005 <5 <5 <5 <5
July 2006 9.45 +/-2.21 0.26 +/- 0.060 12.3 +/-5.74 0.12 +/- 0.035
December 2006 0.13 +/- 0.042 0.42 +/-0.17 0.063 +/-0.021 | 0.17 +/- 0.038

Note: Values shown are mean +/- standard deviation. For ambient PCE conc. July 06, non-detect result
with elevated detection limit (0.52 ug/m®) not included in calculation.

Residence #1, Hill AFB: During both sampling events, both the average and maximum
indoor TCE concentrations were below the action level established for Hill AFB (2.3
ug/m3) and were similar to ambient air TCE concentrations. The differences between
indoor and ambient TCE concentrations were not statistically significant. Average
concentrations are shown on Table 4.4.1.2.

Residence #2, Hill AFB: During both sampling events, both the average and maximum
indoor TCE concentrations were below the action level established for Hill AFB (2.3
ug/m3). For the March 2006 sample event, the indoor TCE concentration was
significantly above the ambient TCE concentration (p = 0.03 based on a two-sided t-test).
Average concentrations are shown on Table 4.4.1.2.

Table 4.4.1.2: Measured Indoor and Ambient TCE Concentration: Hill AFB.

Avg. Indoor Avg. Ambient
Concentration Concentration
Test Period (ug/m?) (ug/m®)
Residence #1
August 2005 0.059 +/- 0.006 0.063 +/- 0.027

March 2006 Baseline

0.075 +/- 0.016

0.092 +/- 0.085

Residence #2

August 2005

0.062 +/- 0.013

<0.046

March 2006

0.14 +/- 0.044

0.055 +/- 0.017

Note: Values shown are mean +/- standard deviation.

Evaluation of Uncertainty: The uncertainty in measured indoor and ambient VOC
concentrations was low. The standard deviation for each set of three samples was
typically less than 50% of the mean. Assuming a normal distribution, the 95%
confidence interval for the mean of three samples is approximately 1.7 times the standard
deviation. (i.e., For three samples, 95% confidence interval = mean +/- 2.92 x std. dev. /
sg. root of 3.)

Finding: For Residence #1 and #2 at Hill AFB, the TCE concentration in indoor air was
well below the action level for both sampling events indicating no vapor intrusion
impacts at these times. For Building 418 at Altus AFB, the evaluation of VOC
concentrations in indoor air did not provide a definitive indication of the presence or
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absence of a vapor intrusion impact because the TCE concentration was above or within
the EPA risk range, but similar to ambient concentrations.

Estimated Indoor VOC Concentrations Attributable to Vapor Intrusion

Because the measured indoor VOC concentrations in the demonstration buildings were
similar to measured ambient concentrations, and consistent with typical indoor
background concentrations, it is possible that none of the measured VOC concentrations
are attributable to vapor intrusion. In order to evaluate the potential contribution of vapor
intrusion to the measured indoor VOC concentration, radon has been used as a tracer for
the movement of soil gas through the building foundation. Radon is a naturally occurring
gas present in all soils. Because there are no common indoor sources for radon other than
soil gas and ambient air, radon can be used as an additional tool to understand the
potential sources of VOC detected in indoor air.

At all three demonstration buildings, the indoor radon concentration was greater than the
ambient radon concentration during the sample events for which ambient radon
concentration was measured (see Table 4.4.1.3). However, because only one or two
ambient radon samples were collected for these events, we could not make a statistical
comparison between indoor and ambient radon concentrations. The observed difference
between indoor and ambient radon concentrations suggests that some migration of soil
gas through the building foundation is occurring at all three buildings. At the Altus AFB,
the radon attenuation factor was similar during all three sampling events. In contrast, at
the Hill AFB residences, less attenuation (i.e., higher attenuation factors) was observed
during the March 2006 sample event compared to the August 2005 sample event.
Example attenuation factor calculations are shown in Appendix E.

Table 4.4.1.3: Sub-slab to Indoor Air Attenuation Factor: Radon.

Avg. Sub-Slab Average Indoor | Avg. Ambient
Test Period Conc. (pCi/L) Conc. (pCi/L) Conc. (pCi/L) | Attenuation Factor
Building 418, Altus AFB
March 2005 843 +/- 322 <0.4 NM 4.8 x 10"
July 2006 573 +/- 42 0.35 +/- 0.09 0.13 3.8x10"+/-1.1x 10"
December 2006 702 +/- 441 0.83 +/- 0.16 0.30 7.6x 10" +/-4.9x10*
Residence #1, Hill AFB
August 2005 450 +/- 341 0.32 +/-0.16 NM 7.3 x 10
March 2006 68 +/- 54 0.61 +/-0.20 0.095 7.6 x 10° +/- 6.5 x 107
Residence #2, Hill AFB
August 2005 409 +/- 362 0.38 +/- 0.04 NM 9.2 x 10™*
March 2006 427 +/- 283 0.80 +/- 0.01 0.095 1.7x10° +/-1.1x 107

Note: Values shown are mean +/- standard deviation. NM = Ambient radon concentration not measured during March 2005
or August 2005 sampling events. * = Upper-bound estimate based on measured indoor radon concentration without
correction for radon concentration in ambient air.

As shown in Table 4.4.1.4, the sub-slab to indoor air attenuation factors for TCE and
PCE were similar to the radon attenuation factors with the exception of the TCE
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attenuation factor for the December 2006 sample event (Altus AFB) which was four
times higher than the radon attenuation factor (0.0033 versus 0.00076). This result
suggests a potential indoor source of TCE during this sample event. However, we were
unable to calculate VOC attenuation factors for 6 of 10 paired sub-slab and indoor air
measurements due to either (1) non-detect results in indoor air, (2) ambient
concentrations greater than indoor concentrations, or (3) no VOC detections in sub-slab
samples. In contrast, we were able to calculate radon attenuation factors for 4 of 4 paired
sub-slab and indoor air measurements where we also measured ambient radon
concentration. Thus, our results indicate that radon is a more sensitive tracer than VOC
for the movement of soil gas through a building foundation.

Table 4.4.1.4: Sub-slab to Indoor Air Attenuation Factor: TCE & PCE.

Avg. Sub-Slab | Average Indoor | Avg. Ambient
Test Period Conc. (ug/m®) Conc. (ug/m®) Conc. (ug/m®) Attenuation Factor
TCE Building 418, Altus AFB
March 2005 20.3 +/- 18.6 <5 <5 N/C (1)
July 2006 49.8 +/- 62.0 9.45 +/- 2.21 12.3 +/-5.74 N/C (2)
December 2006 21.3+/-17.0 0.13 +/- 0.042 0.063 +/- 0.021 0.0033 +/- 0.0028
PCE Building 418, Altus AFB
March 2005 58.5 +/- 59.4 <5 <5 N/C (1)
July 2006 402 +/- 501 0.26 +/- 0.060 0.12 +/- 0.035 35x10* +/- 43 x10™
December 2006 348 +/- 283 0.42 +/- 0.17 0.17 +/-0.038 | 7.2x 10" +/- 6.6 x 10"
TCE Residence #1, Hill AFB
August 2005 20.3 +/- 14.6 0.059 +/- 0.006 0.063 +/- 0.027 N/C (2)
March 2006 8.4 +/- 8.6 0.075 +/- 0.016 0.092 +/- 0.085 N/C (2)
TCE Residence #2, Hill AFB
August 2005 15.0 +/- 17.3 0.062 +/- 0.013 <0.046 0.0011 +/- 0.0013
March 2006 <0.94 0.14 +/- 0.044 0.055 +/- 0.017 N/C (3)

Note: Values shown are mean +/- standard deviation. N/C = Not calculated due to: (1) non-detect results in indoor air, (2)
ambient concentrations greater than indoor concentrations, or (3) no VOC detected in sub-slab samples. For ambient PCE
conc. July 06, non-detect result with elevated detection limit (0.52 ug/m®) not included in calculation.

To evaluate whether a VOC vapor intrusion impact has occurred, indoor air VOC
concentrations attributable to VI have been estimated based on average sub-slab VOC
concentrations and the slab attenuation measured for radon. The calculations are
illustrated in Appendix E and the results are summarized in Table 4.4.1.5.
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Table 4.4.1.5: Estimated VOC Conc. in Indoor Air Due to Vapor Intrusion.

Average Sub- Estimated Indoor Conc. Avg. Measured Indoor
Slab Conc. Due to Vapor Intrusion Air Conc. Minus Avg.

Compound (ug/m®) (ug/m®) Ambient Conc. (ug/m®)
TCE Building 418, Altus AFB
March 2005 20.3 +/- 18.6 0.0096 +/- 0.010 N/C (1)
July 2006 49.8 +/- 62.0 0.019 +/- 0.025 N/C (2)
December 2006 21.3+/-17.0 0.016 +/- 0.017 0.070 +/- 0.047
PCE Building 418, Altus AFB
March 2005 58.5 +/-59.4 0.028 +/- 0.012 N/C (1)
July 2006 402 +/- 501 0.15 +/- 0.20 0.14 +/- 0.070
December 2006 348 +/- 283 0.26 +/- 0.27 0.25 +/- 0.18
TCE Residence #1, Hill AFB
August 2005 20.3 +/- 14.6 0.015 +/- 0.015 N/C (2)
March 2006 8.4 +/- 8.6 0.082 +/- 0.10 N/C (2)
TCE Residence #2, Hill AFB
August 2005 15.0 +/- 17.3 0.014 +/- 0.012 0.015 +/- 0.014
March 2006 <0.94 <0.0016 0.085 +/- 0.047

Note: N/C = Not calculated due to: (1) non-detect results in indoor air, (2) ambient concentrations greater than indoor
concentrations, or (3) no VOC detected in sub-slab samples.

For five data sets (TCE in December 2006 Altus AFB; TCE in August 2005 and March
2006 for Hill AFB Residence #2; PCE in July 2006 and December 2006 Altus AFB), the
average indoor air VOC concentration was greater than the average ambient VOC
concentration, allowing for a comparison between the estimated indoor VOC
concentration due to vapor intrusion and the measured indoor VOC concentration
(corrected from ambient). For three of five data sets, the estimated indoor concentration
due to vapor intrusion closely matched the measured concentration, suggesting that vapor
intrusion was the primary source of the increase in indoor concentration relative to
ambient. For the other two data sets (TCE in Building 418, December 2006 and TCE in
Residence #2, March 2006), the estimated concentration due to vapor intrusion was less
than the measured concentration corrected for ambient, suggesting a likely contribution
from an indoor VOC source.

Building 418, Altus AFB: During all three sampling events, the estimated indoor TCE
and PCE concentrations due to vapor intrusion were below the EPA screening levels for
10°® risk (0.022 and 0.81 ug/m® respectively). This indicates an absence of a vapor
intrusion impact during each of these sampling events.

Residence #1, Hill AFB: During both sampling events, the estimated indoor TCE
concentration due to vapor intrusion was well below the Hill AFB action level (2.3
ug/m3). This indicates the absence of a vapor intrusion impact during each of these
sampling events.

GSI Environmental Inc. Detailed Investigation of Vapor
ESTCP Project No. ER-0423 Intrusion Processes



WIGSI

ENVIRONMENTAL

Residence #2, Hill AFB: During both sampling events, the estimated indoor TCE
concentration due to vapor intrusion was well below the Hill AFB action level (2.3
ug/m3). This indicates the absence of a vapor intrusion impact during each of these
sampling events.

Evaluation of Uncertainty: For the evaluation of the uncertainty associated with
calculated values (e.g., estimated indoor air concentration due to vapor intrusion), the
standard deviations for measured values were combined using the standard statistical
rules for combining uncertainty.

» Adding and Subtracting: When adding or subtracting means of measurements, the
associated standard deviations are summed as follows:

_ 2 2
Oy, =40y + 0

» Multiplying or Dividing: When multiplying or dividing means of measurements,
the standard deviations are combined as follows:

O
Z2

NN

+

The uncertainty in difference between measured indoor and ambient VOC concentrations
was moderate, with the standard deviation consistently less than the calculated difference.
However, the uncertainty in the estimated VOC concentrations due to vapor intrusion
was higher with the standard deviations approximately equal to the calculated
concentrations. Because of the uncertainty associated with these calculations, the two
cases where the difference between the indoor and ambient VOC concentration and the
VOC concentration attributable to vapor intrusion were highest are suggestive of an
indoor VOC source, but the findings are not definitive.

Finding: An evaluation of the estimated indoor PCE and TCE concentrations
attributable to vapor intrusion indicates an absence of vapor intrusion impacts during the
sampling events.

Evaluation of VOC to Radon Ratios

An evaluation of VOC to radon ratios can also be used to evaluate the likely sources of
VOC detected in indoor air. Since radon in subsurface gas, indoor air, and ambient air
originates from the subsurface, the radon concentration in each medium is a measure of
the mixing of subsurface gas with that medium. If a VOC in indoor air or ambient air
originates primarily from the subsurface, then the VOC to radon ratio in that medium
should be similar to the ratio in subsurface gas. In contrast, if indoor or ambient sources
are contributing to the measured VOC concentration, then the VOC to radon ratio in
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these media should be higher than the ratio in subsurface gas. VOC to radon ratios are
provided in Table 4.4.1.6.

Table 4.4.1.6: Average VOC to Radon Ratios.

Environmental Medium
Test Period Sub-Slab \ Indoor Air | Ambient Air
Average TCE/Radon: Building 418, Altus AFB
Mar-05 0.024 - -
Jul-06 0.087 27 95
Dec-06 0.030 0.16 0.21
Average PCE/Radon Building 418, Altus AFB
Mar-05 0.069 - -
Jul-06 0.70 0.74 0.92
Dec-06 0.50 0.51 0.57
Average TCE/Radon Residence #1, Hill AFB
Aug-05 0.045 0.18 -
Mar-06 0.12 0.12 0.97
Mar-06 DP 0.26 0.24 5.5
Average TCE/Radon Residence #2, Hill AFB
Aug-05 0.037 0.16 -
Mar-06 <0.0022 0.18 0.58

Note: No PCE or TCE detected in indoor or ambient air in March 2005. Radon not measured in ambient air in March
2005 and August 2005. DP = building depressurization sample event.

At Altus AFB, Building 418, the PCE/radon ratios are very similar in all three media for
the two sample events where ratios could be calculated in all media. Since the
concentration of PCE in subsurface gas samples is much higher than in indoor or ambient
air (see Table 4.4.1.4), this indicates that subsurface is the primary source of PCE for
both indoor and ambient air for these sampling events. In contrast, the TCE/radon ratio is
5 times to 1000 times higher in indoor and ambient air than in sub-slab gas. In addition,
the ratio is similar in indoor and ambient air. This indicates that an ambient source is the
primary source of TCE in ambient and indoor air for these sampling events. For Hill
AFB, the TCE/radon ratio is similar in sub-slab gas and indoor air for the March 2006
sample event for Residence #1 under both baseline and depressurization conditions
indicating that the subsurface was the primary source of indoor TCE for this sampling
event. For all other Hill AFB sample events, the TCE/radon ratio in indoor air was at
least 4 times higher than the ratio in soil gas indicating a significant contribution of TCE
from indoor or ambient sources. For all of the sample events with similar VOC/radon
ratios in sub-slab gas and indoor air (i.e., PCE in Building 418 in July 2006 and
December 2006 and TCE at Hill AFB Residence #1 in March 2006), the estimated indoor
VOC concentration due to vapor intrusion was >50% of the measured indoor VOC
concentration (see Tables 4.4.1.4 and 4.4.1.5) also indicating that the subsurface was the
primary source of indoor VOC during these sampling events. In contrast, for the other
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sample events where the VOC/radon concentration was higher in indoor air than sub-slab
gas, the estimated indoor VOC concentration due to vapor intrusion was never more than
25% of the measured indoor VOC concentration. Thus, the VOC/radon ratio appears to
be a reliable indicator of the primary source of VOC in indoor air for this dataset.
However, the VOC/radon ratio does not indicate whether the magnitude of VI exceeds a
regulatory threshold requiring a response action.

Hill AFB Residence #1 Building Depressurization Study

As part of the March 2005 sampling event, a depressurization study was conducted at
Residence #1 in order to evaluate VI under “worst case” building conditions under which
negative building pressure induces advective flow of soil gas into the building. The
depressurization study was conducted following completion of the baseline sampling in
Residence #1. During the depressurization study, a box fan placed in a window was used
to maintain an average building pressure of -6.0 Pa relative to ambient pressure.

The induction of a negative building pressure resulted in an increase in VI of chemicals
present in the subsurface. A clear difference was observed between chemicals with
subsurface sources and chemicals associated with background sources (see Figure
4.4.1.1). Compared to the baseline concentration, the indoor TCE concentration doubled
under depressurization conditions while the indoor concentration of VOC not associated
with subsurface sources decreased by approximately 50%. Although the indoor
concentration of radon was similar under baseline and depressurization conditions, the
sub-slab concentration decreased indicating a potential depletion of radon from the sub-
slab. The attenuation factors for TCE and radon showed similar increases under
depressurization conditions (see Figure 4.4.1.2) indicating a similar increase in VI for
these two chemicals. Under both baseline and depressurization conditions, the TCE
concentration in indoor air was less than 10% of the Hill AFB action level (2.3 ug/m®).
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Figure 4.4.1.1: Depressurization Results: VOCS
Note: Indoor air concentration for each VOC normalized by
March 2006 baseline concentrations.
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Figure 4.4.1.2: Depressurization Results: TCE and Radon Attenuation Factors

The results of the depressurization study suggest that building pressurization is a useful
tool for the evaluation of VI impacts. The relative change in indoor air VOC
concentrations under depressurization conditions can be used to distinguish between
VOC attributable to subsurface sources and VOC attributable to background sources. In
addition, induction of negative building pressure can be used to evaluate the full range of
indoor air VOC concentrations likely to occur under normal building operating
conditions. This allows the evaluation of “worst case” VI conditions during a single field
event.

Finding: Because the indoor air concentrations of TCE were less than 10% of the Hill
AFB action level under building depressurization conditions, it is unlikely that a vapor
intrusion impact would occur at Residence #1 under any normal building conditions.

Overall Evaluation of Vapor Intrusion Impact

For this demonstration, a weight-of-evidence approach has been used to determine the
presence or absence of a VI impact during each sampling event. The primary analyses
considered are summarized in Table 4.4.1.7. The weight given to each set of analyses
and evaluation methods varied between buildings and events. For example, an absence
of TCE in sub-slab samples in Residence #2 during the March 2006 sampling event was
considered strong evidence of an absence of TCE vapor intrusion, even though the indoor
TCE concentration was more than twice the ambient TCE concentration. In contrast,
TCE concentrations well above EPA screening levels were detected in indoor air and
ambient air during the July 2006 Building 418 sampling event at Altus AFB. During this
event, the analysis of radon data was used as the primary tool to determine whether VI
was contributing TCE to indoor air. Building depressurization was evaluated during only
one sample event (Hill AFB Residence #1 in March 2006). During this event, the
depressurization results showed a strong contrast between the subsurface associated VOC
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(i.e., TCE) which increased in concentration in indoor air under building depressurization
and other VOC (i.e., PCE and BTEX) which decreased in concentration in indoor air
under depressurization. During this sample event, building depressurization provided
strong supporting evidence that VI was the primary source of TCE in indoor air.
However, the concentration of TCE in indoor air under both baseline and
depressurization conditions was well below the Hill AFB action level indicating that VI
was not causing an unacceptable impact on indoor air quality.

Table 4.4.1.7: Analyses Used to Evaluate Vapor Intrusion Impacts.
Field/Laboratory Analyses Data Evaluation Methods

VOC concentration in sub- o Presence or absence of VOC in sub-slab samples.
slab gas, indoor air, and e Concentration of VOC in indoor samples compared to
ambient air samples regulatory screening values, ambient concentrations, and

typical indoor background.

Radon concentration in sub- e VOC/radon ratios in sub-slab gas, indoor air, and ambient
slab gas, indoor air, and air

ambient air samples o Estimated VOC concentration in indoor air due to vapor
intrusion (calculated based on measured radon
attenuation factor).

Impact of building e VOC concentration in indoor air under baseline and
depressurization on VOC and depressurization conditions.
radon concentrations e VOC attenuation factor under baseline and

depressurization conditions.

As shown by the analysis discussed in this section, the measurement of indoor, ambient,
and sub-slab VOC and radon concentrations provides a sufficient data set for a high
confidence determination of VI conditions at the time of the sampling event. In addition,
building depressurization appears to be a promising tool for the evaluation of VI under
“worst case” conditions. Based on the results obtained, radon appears to be a more
sensitive tracer than VOC for the movement of soil gas across the building foundation.
As a result, the addition of radon to the analytical program for vapor intrusion
investigations provides a cost effective ($100/sample) improvement in the understanding
of VI conditions.

4.4.2 Movement of VOC Across Key Interfaces
The use of mass flux to evaluate the movement of COC across key interfaces along the
VI pathway is a secondary performance criterion. By evaluating the changes in mass flux
for each COC along the VI pathway, the impact of each interface on the migration of
these COC can be better understood. Mass flux calculations are illustrated in Appendix E
and the results are shown in Tables 4.4.2.1 and 4.4.2.2 and are discussed below.
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Table 4.4.2.1: Mass Flux Along the Vapor Intrusion Pathway: Altus Demonstration

Site.
Mass Flux (ug/day)
Environmental TCE PCE
Medium or Interface March 05 | July 06 Dec06 | March 05 | July 06 | Dec 06
Fowi: Groundwater, 14,700 6,300 2,100 9,600 3,700 960
under residence
(upper 2 ft)
Fow.sg: Groundwater to N/C 540 760 N/C 16 59
deep soil gas
Fsc: Deep soil gas to 18-467 NM 242 118-265 NM NM
sub-slab
Fssia:  Through 397* 57 62 1,160* 457 1010
building
foundation

N/C = Not calculated due to the absence of vertical concentration gradient data in groundwater.

NM = Mass flux through soil column not meaningful because measured sub-slab concentration higher
than measured soil gas concentration indicating negative concentration gradient in the soil column.

* = Not corrected for ambient air. See Appendix E for calculation details.

Table 4.4.2.2: Mass Flux Along the Vapor Intrusion Pathway: Hill Demonstration

Site.
Mass Flux (ug/day)
Environmental TCE, Residence #1 TCE, Residence #2
Medium or Interface August 2005 March 2006 August 2005 | March 2006
Fowi: Groundwater, 3200 1200 820 490
under residence
(upper 2 ft)
Fow.sg: Groundwater to 1.1 6.8 14 45
deep soil gas
Fsc: Deep soil gas to 2.0 4.0 19 0.16
sub-slab
Fssia:  Through 60 Baseline: 0-233 53 <8.0 - 380
building Depressurization:
foundation 720 - 1800

The range of mass flux through the building foundation is based on mass flux calculated based on
estimated TCE concentration in indoor air attributable to vapor intrusion using measured radon
attenuation and measured indoor TCE concentration minus measured ambient TCE concentration. See
Appendix E for calculation details.

Results of Mass Flux Calculations
As shown in the tables, the calculated mass flux within the top two feet of the water column
was consistently greater than the mass flux in the soil column under the demonstration
buildings or mass flux through the building foundation.
evaluation of mass flux through shallow groundwater may be a useful tool for a conservative

screening of VI.
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below a building is less than the mass flux of that VOC through the building slab required to
create a sustained vapor intrusion impact above the applicable regulatory indoor air
concentration, then it may be appropriate to consider the groundwater to indoor air VI
pathway incomplete.

In contrast to the estimated mass flux though shallow groundwater, the estimated mass flux
from groundwater to soil gas and the estimated mass flux through the soil column were
typically less than the estimated mass flux through the building. This suggests that our
evaluation procedures consistently underestimate the vertical mass flux through the
subsurface. Vertical mass flux through the subsurface may occur primarily through
secondary features that were not characterized by this study.

Uncertainty in Mass Flux Calculations

Due to the large number of inputs and calculation steps involved in the mass flux
calculations, we have not attempted to quantify the uncertainty associated with these
calculations. However, based on the quantified uncertainty associated with the VOC
concentration values and the likely uncertainty associated with other inputs such as hydraulic
conductivity, the mass flux values should be considered order-of-magnitude estimates.

As a result of the large uncertainty associated with the mass flux estimates, these estimates
may have limited values for evaluation of VI. However, mass flux in groundwater may still
be a useful screening tool. If the mass flux of a VOC in shallow groundwater is less than the
mass flux required to create a VI impact in the overlying building, then the VI pathway can
probably be considered incomplete. For the purpose of screening, the uncertainty in the
estimated VOC mass flux in shallow groundwater can be balanced by the conservative
assumption that 100% of this VOC mass could migrate from groundwater to indoor air.
Consideration of groundwater mass flux in evaluation of the vapor intrusion pathway has the
advantage of incorporating groundwater flow velocity in addition to VOC concentration in
the evaluation.

Finding: Mass flux evaluations may have limited utility for evaluation of the vapor intrusion
pathway due to the uncertainty associated with the calculated mass flux values. However,
VOC mass flux through shallow groundwater may be a useful tool for pathway screening if
groundwater mass flux is less than the mass flux required to create a sustained vapor
intrusion impact.

4.4.3 Spatial and Temporal Variability in VOC Concentrations
The characterization of spatial and temporal variability in VOC concentration is a
secondary performance criterion for the demonstration.

Analytical and Sampling Variability
Analytical variability was characterized through the evaluation of laboratory duplicates
and surrogate recoveries. For all analyses, analytical variability was very low. For 18

GSI Environmental Inc. Detailed Investigation of Vapor
ESTCP Project No. ER-0423 Intrusion Processes



WIGSI

ENVIRONMENTAL

duplicate analyses for PCE and TCE by TO-15, the RPD ranged from 0% to 8%, with an
average of 2.5% (see Appendix F). Surrogate recoveries for TO-15 analyses ranged from
84% to 110% with most recoveries between 98% and 102%.

For field duplicate samples, the data quality objective (RPD<30%) was achieved for 78%
of field duplicate VOC measurements. Out of 51 field duplicate paired analyses where a
VOC was detected in at least one sample, 40 (78%) showed an RPD of <30%, 7 (14%)
showed an RPD of 30 to 100% and 4 (8%) showed an RPD of >100%. Well headspace
and soil gas samples showed the highest levels of field duplicate variability (See Table
4.4.3.1 and Appendix F).

Field duplicate variability is a combined measure of analytical variability, sample
collection variability, and very small scale spatial and temporal variability (i.e.,
variability on the scale of inches and minutes). For Summa canister samples, field
duplicate samples could also be impacted by carry-over contamination due to reuse of the
canisters, however, individually certified clean canisters were used for this
demonstration. The field duplicate variability was higher than the laboratory variability,
indicating that sample collection variability and small-scale field variability were
important relative to analytical variability. The evaluation of field duplicates does not
allow for the separation of sample collection variability from small-scale field variability.

Table 4.4.3.1: Evaluation of Variability in Field Duplicate Samples.

Number of Duplicate Analyses
Environmental RPD < RPD 30- RPD >
Medium Total 30% 100% 100%
Groundwater 17 17 0 0
Well Headspace 3 2 1 0
Soil Gas 11 6 2 3
Sub-slab 7 6 1 0
Indoor 10 8 2 0
Ambient 3 1 1 1

Note: A duplicate analysis is one COC measured in a field duplicate at one sample location during a
field event and detected in at least one of the two samples. Analysis includes PCE, TCE, and cis-
1,2-DCE in groundwater and well headspace samples and PCE and TCE in soil gas, sub-slab,
indoor, and ambient samples.

Spatial Variability

Spatial variability was characterized through the collection of samples from three
sampling clusters located around the demonstration building, upgradient, midgradient,
and downgradient relative to groundwater flow direction (Appendix G, Figures G.3, G.4,
and G.5). The collection of three spatially separated samples from each environmental
medium allowed us to characterize the spatial variability within each medium during each
sampling event. Spatial variability has been evaluated by the coefficient of variation
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(CV) for each case in which the target VOC was detected in at least two of the three
samples collected. The CV (i.e., standard deviation divided by sample mean) is a
normalized measure of variability that is independent of the measurement scale and
therefore can be compared between sample sets. In order to characterize lateral (rather
than vertical) variability in subsurface samples, spatial variability for soil gas and
groundwater sampling points was characterized using the results from the deepest point
sampled at each cluster. Spatial variability for well headspace samples was characterized
using the shallowest sample from each cluster. The results of the analysis of spatial
variability are summarized in Table 4.4.3.1. Results for each sample event are presented
in Appendix F, Table F.1.

Table 4.4.3.2: Spatial Variability in VOC Concentration

Average Coeff. Number of Number of
Sample Number of of Variation Samples to Samples to
Medium Data Sets (CV) Estimate Mean Estimate Mean

(1) +/- 50% (2) +/- 67% (2)
Ambient Air 6 0.55 3 2
Indoor Air 8 0.26 1 1
Sub-slab 12 0.96 10 6
Soil Gas 7 0.96 10 6
Well Headspace 13 0.92 9 5
Groundwater 10 0.90 9 5
GW (Altus) 6 1.35 20 11
GW (Hill) 4 0.21 1 1

Note: 1) Each data set consists of three chemical concentration measurements (TCE or PCE) with at
least two detects from one environmental medium collected during a single sampling event. Number
of data sets is different for each medium due to differences in frequency of VOC detection.

Analyses of individual data sets presented in Appendix F.

2) Based on the observed coefficient of variation in the environmental medium, this is the number of
samples required to achieve a sample mean that is equal to the population mean +/- 50% or +/- 67%
for 90% of the sample events. Number of samples required (n) = [(1.64*CV)/Error]*.

As shown in Table 4.4.3.2, the spatial variability in subsurface samples was higher than
the spatial variability in above ground samples, a result expected based on greater
expected mixing of air above ground. Spatial variability was similar for all three types of
subsurface gas samples (i.e., sub-slab, soil gas, and well headspace) indicating that all
three types of samples provide a similar quality of information about the VOC
concentration in soil gas. Specifically, the similarity in variability between deep soil gas
points and well headspace samples suggests that the collection of headspace samples
from existing shallow groundwater wells may be a useful alternative to installation of
new deep soil gas points for the characterization of VOC concentrations in deep soil gas.
For groundwater, a large difference in spatial variability was observed between the Hill
AFB demonstrations sites and the Altus AFB demonstration site. This difference is likely
explained by the observation of a confining layer above the water-bearing unit at Altus
AFB. Most of the groundwater monitoring wells at the Altus site were installed within
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this confining layer to characterize VOC concentrations between the water-bearing unit
and the deep soil gas. VOC concentrations within this confining layer were more
variable than at the top of the unconfined water-bearing unit at Hill AFB. For the other
environmental media evaluated, spatial variability was similar at the Altus and Hill
demonstration sites.

Understanding the spatial variability in VOC concentration within each environmental
medium is important for planning an effective site characterization program. When
spatial variability is higher, a larger number of samples are required to accurately
characterize the medium. If spatial variability is known or can be estimated, we can
calculate the number of samples required to estimate the mean VOC concentration with a
specified level of accuracy. For example, assuming a normal distribution, the number of
samples required to achieve a specified level of accuracy in the estimate of the mean can
be calculated as follows:

n = [(z x CV)/E]?
Where

n= The number of samples required

z= The z statistic (1.96 for 95% confidence, 1.64 for 90% confidence,
or 1.15 for 75% confidence)

CV =The population coefficient of variation

E = The fractions error in the estimate of the mean
(i.e. 0.5 to estimate the mean within +/- 50%)

In other words, if the population variance for a medium is 0.55, then the average of three
samples collected from that medium would be within 50% of the population mean
approximately 90% of the time (n = [(1.64 x 0.55)/0.5]* = 3.25). As shown in Table
4.4.3.1, many more samples are required to accurately characterize the VOC
concentration in soil gas than indoor or ambient air. Based on our result, a single indoor
air sample will be within 67% of the population mean over 90% of the time. However,
six soil gas samples are required to achieve theb same level of accuracy in estimating the
mean concentration.

Finding: High spatial variability in an environmental medium indicates that a larger
number of samples are required to accurately define VOC concentrations in this medium.
Due to the high level of spatial variability in soil gas VOC concentration, a larger
number of soil gas samples are required to accurately characterize the VOC
concentration compared to indoor or ambient air.

Temporal Variability
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Short-Term Variability: Temporal variability in VOC concentration on the time scale of
days was evaluated at the Altus AFB demonstration site by collecting two samples from
each sample point two days apart. An evaluation of short-term temporal variability in
indoor and ambient air samples was not possible due to the prevalence of non-detect
results in these media during the evaluation of short-term temporal variability. For
subsurface samples, low temporal variability was observed in COC concentrations
between the two sample events. Out of 31 paired analyses where a VOC was detected in
at least one sample, 20 (65%) showed a RPD of <30% (i.e., <1.35x difference),
indicating that these analyses would satisfy the typical data quality objective for duplicate
samples. Nine paired analyses (29%) showed an RPD of 30 to 100% (i.e., 1.35 to 3 times
difference) while only 2 (6%) showed an RPD of >100% (see Table 4.4.3.3 and
Appendix F).

Table 4.4.3.3: Evaluation of Short-Term (days) Temporal Variability.

Number of Paired Analyses: Event 1 and Event 2

Environmental RPD < RPD 30- RPD >
Medium Total 30% 100% 100%
Groundwater 7 6 1 0
Well Headspace 6 1 3 2
Soil Gas 11 7 4 0
Sub-slab 6 6 0 0
Indoor 1 0 1 0
Ambient 0 N/A N/A N/A

Note: A paired analysis is one COC measured at one sample location during both sample events and
detected during at least one event. Analysis includes PCE, TCE, and cis-1,2-DCE in groundwater and
well headspace samples and PCE and TCE in soil gas, sub-slab, indoor, and ambient samples.

The short-term temporal variability was only somewhat higher than that observed for
field duplicate samples (see Table 4.4.3.1) indicating that the variability on the time scale
of days was largely influenced by sample collection and/or very small-scale field
variability. These results provide an indication that short-term temporal variability in
COC concentration is not a major source of uncertainty in the evaluation of the vapor
intrusion pathway. The finding of low short-term temporal variability is consistent with
the findings reported for the Endicott, New York site (Wertz 2006) and others.

Finding: Based on the results of the demonstration, short-term temporal variability is not
a major source of uncertainty in vapor intrusion evaluation. As a result, little additional
information about site conditions is provided by the analysis of multiple samples from
asample location on the time scale of days.

Longer-Term Temporal Variability, Hill AFB: At the Hill AFB demonstration site,
temporal variability on the time scale of months was characterized by comparing paired
samples from August 2005 and March 2006 from each sample location (See Appendix
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F). Longer-term temporal variability at Hill AFB was greater than short-term temporal
variability at Altus AFB. Out of 39 paired analyses where a VOC was detected in at
least one sample, 14 (36%) showed a RPD of <30% (i.e., <1.35x difference), indicating
that these analyses would satisfy the typical data quality objective for duplicate samples.
17 paired analyses (44%) showed an RPD of 30 to 100% (i.e., 1.35 to 3 times difference)
while 8 (20%) showed an RPD of >100%. The statistical analysis of longer-term
temporal variability at Hill AFB is provided as Table F.3 in Appendix F and is
summarized in Table 4.4.3.4.

Table 4.4.3.4: Evaluation of Longer-Term (months) Temporal Variability, Hill AFB.

Number of Paired Analyses: Event 1 and Event 2
Environmental RPD < RPD 30- RPD >
Medium Total 30% 100% 100%
Groundwater 16 8 7 1
Well Headspace 6 3 3 0
Soil Gas 5 0 3 2
Sub-slab 3 0 0 3
Indoor 6 2 3 1
Ambient 3 1 1 1

Note: A paired analysis is one COC measured at one sample location during both sample events and
detected during at least one event. Non-detect samples with elevated detection limits not included in
analysis

Although the temporal variability in subsurface gas samples (i.e., sub-slab, soil gas, and
well headspace) appears to be somewhat higher than in above-ground air samples (i.e.,
indoor and ambient) or groundwater samples, at least 50% of paired samples from all
media had an RPD of greater than 30%, indicating significant variability between
samples.

Longer-Term Temporal Variability, Altus AFB: At the Altus AFB demonstration site, the
completion of three sampling events allowed for a more comprehensive statistical
analysis of longer-term temporal variability. For Altus AFB, longer-term temporal
variability has been evaluated by the CV for each case in which the target VOC was
detected in at least two of the three temporally-separated samples collected from each
sample point. The results of the analysis are summarized in Table 4.4.3.5. Results for
each sample point are presented in Appendix F, Table F.2. Temporal variability at indoor
and ambient sample points could not be evaluated due to non-detect results for the first
sample event with detection limits that were high compared to subsequent sample events.
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Table 4.4.3.5: Evaluation of Longer-Term (months) Temporal Variability, Altus AFB.

Average Number of Samples | Number of Samples
Sample Number of Coefficient of to Estimate Mean to Estimate Mean
Medium Data Sets (1) | Variation (CV) +/- 50% (2) +/- 67% (2)
Ambient Air 0 N/A N/A N/A
Indoor Air 0 N/A N/A N/A
Sub-slab 6 1.02 11 6
Soil Gas 10 0.80 7 4
Well Headspace 5 0.96 10 6
Groundwater 6 0.52 3 2

Note: 1) Each data set consists of three chemical concentration measurements (TCE or PCE) with at
least two detects from each sample point sampled during each of three sampling events. Number of
data sets is different for each medium due to differences in frequency of VOC detection. Data sets
with elevated detection limits for non-detect results were not included. Analyses of individual data
sets presented in Appendix F.

2) Based on the observed coefficient of variation in the environmental medium, this is the number of
samples required to achieve a sample mean that is equal to the population mean +/- 50% or +/- 67% for
90% of the sample events. Number of samples required (n) = [(1.64*CV)/Error]°.

The analysis of longer-term temporal variability at the Altus AFB site indicates that for
subsurface gas samples, temporal variability on the time scale of months is similar to
spatial variability. This indicates that the collection of additional spatially-separated
subsurface gas samples during a single sampling event or the collection of additional
temporally-separated samples from the same sample point provide approximately the
same increase in understanding of the VOC concentration in subsurface gas. Based on
this understanding, an investigation program of VOC in subsurface gas should be
balanced between spatially and temporally separated samples. For example, a plan to
collect nine subsurface gas samples might be implemented by installing three spatially
separated sample points and conducting three sampling events temporally spaced over
one year.

For groundwater, longer-term temporal variability was much lower than spatial
variability (CV = 0.52 versus 1.35). Based on the observed variability, only 3
temporally-separated samples would be required to estimate the mean VOC concentration
at that point within 50% but 20 spatially-separated samples would be required to achieve
the same level of accuracy in the mean VOC concentration for the medium. This
indicates that when collecting groundwater samples from within a confining layer above
the groundwater-bearing unit, spatially-separated samples provide more information
about the chemical distribution than temporally-separated samples.

Finding: Temporal variability on the time scale of months is higher than temporal
variability on the time scale of days and is similar to spatial variability. Based on the
similarity between spatial variability and longer-term temporal variability, an efficient
investigation program should balance sample collection between spatially-separated
sampling points and temporally-separated sampling events.
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4.4.4 Attenuation Factors

Evaluation of attenuation factors is a secondary performance criterion for the
demonstration study. As discussed in Section 4.3.2, sub-slab and indoor radon
measurements have been used to determine the sub-slab to indoor attenuation factor. As
shown in Appendix E, attenuation factors for other environmental media have been
determined using the VOC concentrations measured in those media and estimated in
indoor air. Deep soil gas to indoor air attenuation factors were calculated using the
shallowest well headspace sample at each location rather than the deepest soil gas
measurement. The calculated attenuation factors are summarized in Tables 4.4.4.1 and
4.4.4.2, below. For each attenuation factor, the uncertainty associated with the value has
been calculated using the standard rules for combining uncertainties for the underlying
calculation inputs (see Section 4.4.1).

Table 4.4.4.1: Subsurface to Indoor Air Attenuation Factors for Altus Site Demonstration

Building.
EPA Default

Sample Event TCE PCE AF
Deep Soil Gas Attenuation Factors (based on well headspace data)
March 2005 1.4x 10” +/- 1.9 x 10™ 2.0x10°+/-2.4x 10° 0.01
July 2006 5.0 x 10" +/- 8.1 x 10" 1.0x10°+/-1.3x10° 0.01
December 2006 3.0x10° +/- 4.2 x 10” 49x10°+/-55x 10" 0.01
Groundwater Attenuation Factors (based on shallowest groundwater samples)
March 2005 1.6 x 10° +/- 2.2 x 10” >1.6 x 10 +/- 7.0 x 10™ (2) 0.001
July 2006 2.9x10° +/-5.7 x 10° 1.7 x 10" +/-3.0 x 10 0.001
December 2006 3.1x10°+/-5.8x 10° 3.6 x10* +/-5.1 x 10™ 0.001

Note: 1) Attenuation factors based on indoor air concentrations of TCE and PCE attributable to vapor intrusion estimated as

described in Section 4.4.1.

2) Lower-bound attenuation factor based on detection limit for non-detect PCE concentration in shallow groundwater.

Table 4.4.4.2: Subsurface to Indoor Air Attenuation Factors for Hill Site Demonstration

Buildings.
EPA Default

Sample Event TCE (Residence #1) TCE (Residence #2) AF
Deep Soil Gas Attenuation Factors (based on well headspace data)
August 2005 3.3x10" +/- 4.4 x 10" 1.6 x 10" +/- 2.5 x 10 0.01
March 2006 2.1x10" +/-29x10* <7.7x10°+/-13x10 0.01
Groundwater Attenuation Factors (based on shallowest groundwater samples)
August 2005 1.0x 10™ +/- 1.4 x 10” 1.9x 10” +/- 2.4 x 10” 0.001
March 2006 1.2x 10" +/-1.8x 10" <2.0x10° +/-25x10° 0.001

Note: Attenuation factors based on indoor air concentrations of TCE and PCE attributable to vapor intrusion estimated as
described in Section 4.4.1.

At both the Altus and Hill demonstration sites, the calculated deep soil gas and
groundwater to indoor air attenuation factors were consistently less than the USEPA
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default values. However, significant variability in the attenuation factors was observed
for each site. At the Altus site, the deep soil gas and groundwater attenuation factors for
TCE were approximately 10 times to 100 times lower than the PCE attenuation factors,
indicating significantly greater attenuation of TCE than PCE. The lower attenuation
factors for TCE reflect higher TCE concentrations in the subsurface and lower TCE
concentration in indoor air relative to PCE. This disparity suggests either greater
attenuation of TCE within the soil column or an unidentified shallow source of PCE near
the demonstration building. At Hill AFB, the TCE concentration in shallow groundwater
was similar at Residence #1 and Residence #2 (e.g., 1.6 ug/L and 1.8 ug/L for the March
2006 sampling event). However, for the March 2006 sampling event, there was a
significant difference in TCE concentration below the building foundations, resulting in a
100 times difference in groundwater to indoor air attenuation factors between the two
residences.

Evaluation of Uncertainty: The uncertainty in the calculated subsurface-to-indoor air
attenuation factors was large, with the standard deviation consistently larger than the
calculated attenuation factor. The key sources of uncertainty in these calculations are i)
high spatial variability in subsurface VOC concentration, and ii) uncertainty associated
with the estimated indoor VOC concentration attributable to vapor intrusion (see Section
4.4.1).

Although our evaluation shows high uncertainty in the calculated attenuation factors,
each of these attenuation factors was based on a minimum of three subsurface, three
indoor air, and one ambient air measurement. As a result, these attenuation factors are
certainly much more accurate that those typically calculated from large databases, such as
the EPA vapor intrusion database. Such attenuation factors are typically calculated from
a single subsurface measurement and a single indoor air measurement with no correction
for ambient or indoor sources. As a result, attenuation factors from databases likely have
uncertainties of greater than one order of magnitude.

Finding: Attenuation factors calculated for the demonstration site were consistently
lower than the EPA default values. However, large variability was observed between
attenuation factors at each demonstration site and high uncertainty was observed in the
calculated attenuation factor values.

4.4.5 Site Physical Characteristics
The demonstration program consisted of detailed evaluations of vapor intrusion at a total
of three buildings at two demonstration sites. This provided only a limited dataset to
identify relationships between site physical characteristics and vapor intrusion. At each
demonstration site, the soil permeability was characterized through the measurement of
intrinsic permeability, native hydraulic conductivity, and air and water filled porosity, on
soil cores collected during the installation of subsurface sampling points.
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At the Hill AFB site, geotechnical testing indicated that both soil permeability and air
filled porosity were lower at Residence #1 than Residence # 2, see Table 4.4.5.1. Based
on these observations, one would predict less potential for VI at Residence #1 compared
to Residence #2. However, the attenuation factor analysis indicated similar VOC
attenuation at the residences during the first sampling event and less VOC attenuation at
Residence #1 compared to Residence #2 during the second sampling event. In fact,
during the second sampling event, no VOC were detected below the foundation of
Residence #2, indicating significantly less migration of VOC from groundwater
compared to Residence #1.

At the Altus AFB demonstration site, soil permeability appeared to be somewhat lower
than Hill AFB Residence #1, however, no clear differences were observed in VOC
attenuation between the Hill and Altus demonstration sites (see Section 4.3.4). The full
results of the geotechnical testing are presented in Appendix G.

Table 4.4.5.1: Results of Geophysical Testing.

Sample Location

Intrinsic Permeability to
Water (cm?)

Native Hydraulic
Conductivity (cm/sec)

Air Filled Porosity
(% of bulk volume)

Hill AFB Residence #1

56 x 101 +/-4.0x 10"

5.6 x 10° +/-4.0x 10°

5.3% +/- 3.0%

Hill AFB Residence #2

1.6x10° +/- 2.4 x 10°

1.6 x 10* +/- 2.3x 10*

12% +/- 2.4%

Altus AFB Building 418

33x10% +/-3.4x 10"

33x107+/-3.4x 107

12% +/- 2.3%

Note: Each value is the average of measurements from nine soil cores collected during sample point installation.

Vadose Zone Permeability Testing

In order to better understand the influence of unsaturated soil permeability on the
migration of VOC along the VI pathway, soil permeability was measured at a number of
the subsurface monitoring points around the test building. The testing procedures are
described in Section 3.5 and the data analysis method is shown in Appendix E.
Calculated permeabilities are shown in Tables 4.4.5.2 and 4.4.5.3, below.
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Table 4.4.5.2: Soil Permeability for Altus Site Demonstration Building.

Soil Permeability (cm?)
Sample Point July 2006 | December 2006
Upgradient Cluster
SG-1 1.1x 107 NM
SG-4 3.3x10%° 1.2x10%
MW-4 1.9x 107 1.6x 10"
Midgradient Cluster
MW-11 1.6 x 10° 9.8 x 10°
Downgradient Cluster
SG-8 3.5x10° 3.0x10°
SG-6 NM 5.0x 107
MW-8 2.8x10° 1.5x 107
MW-6 2.4x10% 2.9x107

Note: NM = Not measured during sample event.

Table 4.4.5.3: Soil Permeability for Hill Site Demonstration Buildings.

Soil Permeability (cm?)

Sample Point Residence #1 Residence #2
SG-3 (Upgradient) NM 6.7 x 107
SG-4 (Upgradient) 6.1 x 10™° 1.3x 107
SG-12 (Downgradient) 3.4 x 10 8.5x 10!
MW-1 (Upgradient) 7.1x10™ 5.8x 10"
MW-5 (Midgradient) 5.7 x 10™° 7.3x10™°
MW-9 (Downgradient) 6.6 x 10 NM

NM = Not measured during sample event.

At Altus AFB, the measured vadose zone permeability is consistent with literature values
for silty soil, the predominant soil type observed during the installation of the sample
points in March 2005. Lower permeabilities were measured at locations with higher soil
moisture (i.e., the upgradient cluster where perched groundwater is observed and the
deepest measurement location at the downgradient cluster screened below the
potentiometric surface of the water-bearing unit). The high permeability measured at
SG-1 (completed 1 ft bgs) may be attributable to preferential flow paths extending to the
ground surface.

Finding: The hypothesis that locations with lower soil permeability and lower air-filled
porosity are less susceptible to vapor intrusion was not supported by the limited data set
obtained.  No clear relationship was observed between soil permeability and VOC
attenuation.
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4.5 Recommendations for Vapor Intrusion Sample Collection

Under EPA guidance, groundwater and soil gas concentrations can be compared to published
screening values to identify sites at which no further evaluation of VI is required. The results of
this demonstration support the following recommendations specific to the collection of
groundwater or soil gas samples for the purpose of vapor intrusion pathway screening.

4.5.1 Groundwater Samples

Placement of Sample Points

In order for a groundwater plume to pose a potential VI threat, VOC must be able to
diffuse from groundwater to vadose zone soil gas across the top of the water table.
Because diffusion through groundwater is very slow, only VOC present near the top of
the water table pose a potential VI threat. A variety of factors can contribute to VOC
concentrations at the top of the water table that are lower than those found at greater
depth (Nichols and Roth 2006). In other cases, VOC concentrations at the top of the
water table may be higher than those found at depth. As a result, the top of the water
table should be targeted when collecting groundwater samples for vapor intrusion
screening. Typically, monitoring wells with 10 ft screens are used for delineation and
long-term monitoring of groundwater plumes. However, researchers have found that the
majority of traditional monitoring wells with longer screens have vertical flow of water
within the well (Elci, Molz et al. 2001), making it difficult or impossible to obtain a depth
discrete groundwater sample from such a well. As a result, smaller screened intervals (1
to 2 ft) are more appropriate for the evaluation of vapor intrusion.

Study Findings: At both Altus AFB and Hill AFB, monitoring wells with 1 ft screen
intervals placed at the top of the water table exhibited VOC concentrations markedly
different than near-by wells with 10 ft screens extending deeper in the groundwater-
bearing unit. At Hill AFB, the 1-ft screened monitoring wells at the top of the water table
exhibited TCE concentrations approximately 3 to 20 times lower than those measured at
near-by wells with 10-ft screens, however, at Altus, the 1ft screened monitoring well at
the top of the water-bearing unit exhibited TCE concentrations approximately 2 to 20
times higher than those measured at near-by wells with 10-ft screens placed deeper in the
groundwater-bearing unit. At Altus, the shallow groundwater-bearing unit is confined,
limiting recharge and potentially creating other factors resulting in high VOC
concentrations near the top of the water-bearing unit. However, in both study sites, the
difference in VOC concentration between 1-ft screen wells and 10-ft screen wells
illustrates the importance of short screen lengths placed at the top of the water-bearing
unit for the evaluation of the VI pathway.

Recommendation: Groundwater samples used for screening the VI pathway should be
collected from monitoring wells with short screens (< 2 ft) placed at the top of the water
table. At some sites, a cluster of vertically spaced wells will be required to account for
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temporal fluctuation in water table elevation and ensure that samples from the top of the
water table can be collected during all sampling events.

Sample Collection Methods
No special groundwater sampling methods are required to obtain samples for evaluation
of vapor intrusion.

4.5.2 Soil Gas Samples

Placement of Sample Points

A soil gas sample point is a temporary or permanent location within the vadose zone soils
from which a soil gas sample is collected. Although a variety of methods have been used
for the installation of soil gas sampling points, a comprehensive comparison of these
methods is not available. The choice between temporary or permanent sample points
should be made considering the potential need to collect multiple samples over time from
the same location.

Samples from soil gas sample points may be used for either pathway screening or direct
evaluation of vapor intrusion impacts. When used for pathway screening (i.e., to evaluate
whether VOC are migrating from the source into soil gas), the sample points should be
placed in close proximity to the source. For groundwater sources, the sample points
should be placed in close proximity to the water table (unconfined conditions) or directly
above the confining unit (confined conditions). For soil sources, the sample point should
be placed at the edge of the soil source area closest to the potentially impacted building.
For evaluation of VI impacts (i.e., to evaluate the migration of VOC from soil gas into
buildings), the sample points should be placed in close proximity to the potentially
impacted building, typically installed through the building foundation.

Study Findings: For the building-specific evaluation of vapor VI impacts, collecting soil
gas samples adjacent to the building, rather than below the building foundation,
eliminates the difficulty of obtaining access to the inside of the building. However, there
is significant uncertainty regarding whether samples collected adjacent to a building are
representative of chemical concentrations below the building. At two of the three test
buildings evaluated, shallow soil gas VOC concentrations below the building were higher
compared to VOC concentrations in soil gas adjacent to the building. At the third
building, shallow soil gas VOC concentrations were highest at one of the two sample
clusters completed adjacent to the test building. The dataset obtained was not sufficient
to determine whether this observed variability between below building and adjacent
sample points was higher than or similar to, the overall spatial variability observed in soil
gas VOC concentration.

Recommendation: Based on the uncertainty concerning the reliability of samples
collected adjacent to a potentially impacted building, below foundation samples should
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be used for the collection of soil gas samples used to evaluate building-specific vapor
intrusion impacts.

Sample Purge Volume

Prior to sampling a soil gas point, the point and associated sample line must be purged to
remove gas within the sample point and line that may not be representative of subsurface
VOC concentrations. The purge volume should be sufficient to thoroughly flush the
sample point and line but should minimize the disturbance of subsurface gas so that the
sample collected is representative of the immediate vicinity of the sample point.

Study Findings: At each of the two demonstration sites, a purge study was conducted to
determine the effect of increasing purge volumes on sample VOC concentrations. For the
points tested, samples were collected following purges of 1 to 8 line volumes (i.e., the
volume of the sample point and associated tubing). The COC concentrations measured in
the samples typically increased between purges of 1 and 2 line volumes and were
relatively stable between 2 to 8 line volumes. COC concentrations were most stable in
the sample points with the lowest total line volumes, but were somewhat more variable
for sample points with larger line volumes. These results indicating stable VOC
concentrations over a broad range of sample line purge volume are similar to those
reported by other investigators at the Raymark Superfund site (DiGiulio, Paul et al. 2006)
and Cody, Wyoming site (McAlary and Creamer 2006) and indicate that VI investigation
results are unlikely to be distorted by minor variations in soil gas sample collection
methods.

Recommendation: A purge volume equal to 3 line volumes should be used to ensure
thorough flushing of the sample collection line but minimize the flow of gas in the
subsurface around the sample collection point induced by the purging process. Required
purge volumes should be minimized by using sample tubing with a small inside diameter
such as 1/8™ inch Nylaflow™ tubing (line volume = 1mL/ft).

Soil Gas Sample Leak Tracers

Leaks around sample collection points, or in sample lines, can result in samples that are
not representative of actual VOC concentrations at the sample point. Unlike soil or water
samples, it is difficult to ensure that a gas sample originated from the location of the
sample point. Ambient air may enter the sample container through leaks in the sample
lines or around the sample point casing. Vacuum testing of the sample lines can be used
to demonstrate an absence of line leaks, and leak tracer compounds can be used to
evaluate the integrity of both the sample point casing and the sample line.

Study Findings: During the study, a combination of vacuum testing and leak tracer
compounds were used to evaluate the integrity of soil gas sample point casings and
sample lines. If leak tracer compound was detected in a soil gas sample, the magnitude
of the leak was estimated by comparing the concentration of leak tracer in the sample to
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the concentration released around the sample point (approximately 5% by volume).
When leak tracers are used during sample collection, it is common to find detectable
concentrations of leak tracer in the soil gas sample (Personal communication from Matt
Lavis of Shell and Todd McAlary of Geosyntec), and therefore, leakage rates of less than
1% were not considered significant. However, during some sample events, the presence
of leak tracer compound in the soil gas samples indicated leakage rates between 1% and
10% for some samples. Application of a fresh bentonite seal around the top of the
sample point casing prior to sample collection reduced the concentration of leak tracer in
the sample, indicating that the leakage was primarily around the sample point casing and
not through the sample lines.

During one sample event, the leak tracer itself caused significant problems. During this
sample event, 1,1-difluoroethane (1,1-dfa, the propellant in duster spray) was used as the
leak tracer. In several samples, 1,1-dfa in the soil gas samples at concentrations
indicating a leakage rate of less than 1% resulted in elevated detection limits for the
target VOC, resulting in a failure to meet the data quality objective for detection limits in
these samples. For subsequent sampling events, sulfur hexafluoride (SFs), a compound
that does not cause interference with the detection of VOC by TO-15, was used as the
leak tracer compound.

Recommendation: A combination of vacuum testing of lines and leak tracers should be
used to ensure the integrity of soil gas samples. Above-ground sample lines should be
vacuum tested for tightness prior to sample collection and a leak tracer compound should
be released around the sample point casing during sample collection. Common leak
tracer compounds include pentane, isopropyl alcohol, helium, and SFe. The selection of
the leak tracer compound should be coordinated with the analytical laboratory to ensure
that its presence in soil gas samples will not interfere with the analysis of target
compounds. If leak tracer compound is detected in the soil gas sample, then the leakage
rate should be estimated and corrective action implemented as described in Table 4.5.2.1.

Table 4.5.2.1: Evaluation of Leakage in Soil Gas Samples.
Leakage Rate

(by volume) Corrective Action
<1% None. Leakage is not significant
1% to 10% Reduce leakage for future sampling events. Sample results should be considered

valid, but the source of leakage should be identified and controlled during future
sampling events.

>10% Reject results and resample. Analytical results may not be representative of
actual COC concentrations in soil gas at the sample point. Resample these
points using improved sample collection methods to reduce leakage.

Sample Containers

GSI Environmental Inc. Detailed Investigation of Vapor
ESTCP Project No. ER-0423 Intrusion Processes



WIGSI

ENVIRONMENTAL

Summa canisters are the most commonly used containers for the collection of soil gas or
air samples for off-site analysis of VOC. These canisters are typically provided by the
laboratory and are reused many times. As a result, care must be taken to prevent carry-
over contamination between sample events. TO-15 analytical procedures require batch
certification of Summa canisters following cleaning (i.e., testing of one canister per 20 to
ensure an absence of contamination). Most laboratories will provide individual clean
certification (i.e., testing of all canisters following cleaning) for an additional charge of
approximately $75 per canister.

Study Findings: During the project, one batch of analytical results was rejected due to
problems with carry-over contamination in the Summa canisters despite batch
certification. Other researchers have reported similar problems, although the prevalence
of carry-over contamination in batch certified Summa canisters is not known and likely
varies between laboratories. Individually certified clean Summa canisters and flow
controllers were used for subsequent sampling events and no further evidence of carry-
over contamination was noted.

Recommendation: Individually certified clean Summa canisters should be requested
when Summa canisters are used for VOC analysis of soil gas or air. Recent research
indicates that Tedlar bags are a suitable alternative to Summa canisters for VOC when the
holding time is less than two weeks (Paul 2007), however, some regulators may not
accept results for samples collected in Tedlar bags. For larger field programs, use of an
on-site mobile laboratory may be a cost-effective alternative to off-site analysis. When
using an on-site laboratory, gas samples may be collected in either Tedlar bags or gas-
tight syringes.

4.6 Recommended Approach for Building-Specific Investigation of Vapor Intrusion

Most available regulatory guidance recommends a step-wise approach for the evaluation of
potential vapor intrusion sites based on COC screening, pathway screening, and receptor
evaluation. Because a single source area has the potential to impact multiple receptors, this step-
wise approach will generally be the most efficient and cost-effective for the evaluation of vapor
intrusion. Regulatory guidance should be consulted for appropriate COC and pathway screening
procedures.

For sites where COC screening and pathway screening indicate COC may be migrating
from a local source through soil gas towards a building or buildings, a field investigation
is required to determine the presence or absence of vapor intrusion impacts to these
specific buildings. In this section, we provide our recommendation for a cost-effective
field investigation program that is likely to provide a reliable determination of the
presence or absence of a vapor intrusion impact. The investigator should keep in mind
that i) applicable regulatory guidance may impose additional or different investigation
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requirements and ii) the understanding of vapor intrusion is evolving rapidly and
recommended investigation approaches are likely to continue to evolve.

4.6.1 Building-Specific Vapor Intrusion Screening

A Dbuilding-specific field investigation is typically recommended when VOC
concentrations collected in close proximity to the source (i.e., in deep soil gas or shallow
groundwater) exceed conservative screening concentrations. However, prior to a detailed
evaluation of the target building, the investigator should conduct receptor screening by
comparing VOC concentrations in indoor air or below the building foundation to
conservative screening concentrations. The decision on whether to conduct screening
sampling of indoor air or below foundation soil gas will be building specific and may
include the following considerations:

Indoor Sources: Are indoor sources of VOC likely to contribute to measured VOC
concentrations in indoor air?

Building Access: Will building occupants allow penetration of the building foundation
for the collection of below-foundation gas samples?

Regulatory Requirements: Do applicable regulations or guidance specifically require the
use of indoor or below-foundation samples for screening?

For a typical, single-family residential building, one indoor air sample or three below
foundation soil gas samples should be collected. A larger number of samples are
required for screening due to the higher spatial variability in the distribution of VOC
within soil gas. If VOC concentrations are non-detect, or below conservative screening
concentrations, then no further immediate evaluation of VI is required for the building.
However, additional follow-up monitoring may be warranted at some buildings to
evaluate the potential for intermittent VI impacts to occur at other times. If VOC
concentrations are above conservative screening concentrations, then additional
evaluation of the building should be conducted. = Because VOC present below the
building foundation may originate from inside the building or from ambient air, caution
should be used in the interpretation of sample results indicating the presence of low VOC
concentrations below the building foundation (McHugh, DeBlanc et al. 2006).

4.6.2 Building-Specific Vapor Intrusion Evaluation
For buildings with VOC present in, or below, the building at concentrations above
conservative screening levels, the following comprehensive sampling program is likely to
provide a clear determination of the presence or absence of a VI impact at the target
building during the sampling event.
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Sample Collection and Analysis Program

In order to understand the origin of any VOC detected in the target building, samples for
VOC and radon analysis should be collected simultaneously from below the building
foundation, indoors and outdoors. A recommended typical sampling program is
summarized in Table 4.6.2.1. The use of consistent investigation methods between
building locations will provide comparable results that serve to provide an increased
understanding of vapor intrusion processes over time.

Table 4.6.2.1: Recommended Typical Sample Collection Program for Evaluation of
Vapor Intrusion.

Environmental Sample | Sample Number of | Sample

Medium Analyses Duration | Container Samples Locations

Ambient air VOC by TO-15" 24 hr 6 L Summa 1 Upwind
Radon’ Grab 0.5 L Tedlar 1

Indoor air VOC by TO-15" | 24 hr 6L Summa 1-2° Lowest floor
Radon® Grab 0.5 L Tedlar 1-2°

Sub-slab gas VOC by TO-15 Grab 04LorlL 3-5° Distributed

Summa below lowest

Radon® Grab 0.5 L Tedlar 3-5° floor

Note: 1) TO-15 SIM may be required for indoor and ambient air samples to achieve detection limits below regulatory
screening values. TO-15 analyses are conducted by numerous commercial laboratories. The TO-15 analyte list may vary
between laboratories and should be reviewed to ensure inclusion of all volatile COC.

2) Radon samples analyzed by Dr. Doug Hammond (dhammond@usc.edu) at the University of Southern California
Department of Earth Sciences using the extraction method of Berelson, 1987 and the analysis method of Mathieu, 1998.

3) Recommended number of samples for a typical residence with a 1000 - 2000 ft? foundation. Additional samples may be
appropriate for larger structures.

The recommendation to collect more sub-slab gas samples than indoor air samples is
based on the finding that spatial variability in VOC concentration is much higher in
subsurface gas than in indoor or ambient air. As a result, a larger number of spatially-
separated samples are required from below the building foundation in order to
characterize the distribution of VOC in this medium. Although 1 or 2 indoor air samples
will be sufficient to characterize VOC concentrations in this medium, additional targeted
indoor air samples should be added, if needed, to characterize the impact of suspected
indoor sources that cannot be removed from the building during the sampling event.

Data Evaluation
The identification of vapor intrusion impacts should be based on a weight-of-evidence
approach using the following data evaluation methods:

Indoor Air Data: If indoor VOC concentrations are below indoor screening levels then no
further immediate evaluation of vapor intrusion is required. Additional follow-up
monitoring may be warranted at some buildings to evaluate the potential for intermittent
vapor intrusion impacts to occur at other times.
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Evaluation of Potential VOC Sources: If indoor VOC concentrations exceed indoor
screening levels, then VOC and radon concentrations should be evaluated to help identify
the most likely source, or sources, of the indoor air impacts.

» Evidence of Ambient Sources: Ambient VOC concentrations greater than or similar to
indoor VOC concentrations indicate that ambient sources are likely the primary
source of VOC in indoor air.

» Evidence of Indoor Sources: Indoor VOC concentrations >10% of below foundation
concentration, and/or large differences in below foundation to indoor air attenuation
factors between VOC, indicate that indoor sources are likely the primary source of
one or more of the VOC in indoor air. For example, a PCE attenuation factor of 0.03,
and a TCE attenuation factor of 0.001 would suggest a likely indoor source of PCE.

» Evidence of Vapor Intrusion: The following factors together indicate that V1 is likely
the primary source of observed indoor air impacts: i) indoor VOC concentrations
greater than ambient VOC concentrations, ii) below foundation to indoor air
attenuation factors <0.01 and, iii) below foundation to indoor air attenuation factors
similar for all VOC and for radon.

For buildings where both indoor or ambient sources and vapor intrusion are contributing
to the observed indoor air impact, the indoor VOC concentration attributable to VI (Cia.vi)
can be estimated as:

Ciawi = ng X AFradon

Where Cgq is the VOC concentration in soil gas and AFgon iS the measured radon
attenuation factor. Where Cgy is the VOC concentration in soil gas and AFgon iS the
measured radon attenuation factor (i.e., (radoningoor-radoNampient)/radoNnsyp-siab). Using this
approach, the contribution of indoor VOC sources can be accounted for and the
calculated indoor VOC concentration attributable to vapor intrusion can be compared to
regulatory standards for indoor air to determine the need for mitigation of vapor intrusion
impacts.

Impact of Variability on the Evaluation: Analytical, spatial, and temporal variability in
measured VOC concentrations results in some uncertainty regarding the presence or
absence of a VI impact. If the average measured VOC concentration during a sample
event is close to the applicable screening value (e.g., +/- 50%), then additional sampling
may be warranted to provide a more definitive determination of the vapor intrusion
condition. When the initial investigation of the vapor intrusion pathway does not yield a
definitive determination of the presence or absence of a VI impact, then the cost of
further investigation must be balanced against the cost of mitigation. If the initial
investigation indicates that a vapor intrusion impact is unlikely, but the finding is not
definitive (i.e., the VOC concentration is close to, but below the screening value), then 1
to 3 follow-up sampling events is likely to be sufficient to confirm the initial findings. If
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the initial investigation indicates that a vapor intrusion impact is likely, but the finding is
not definitive (i.e., the VOC concentration is close to, but above the screening value),
then longer-term monitoring may be required and further monitoring is likely to confirm
an impact in the many cases. In this case, installation of a mitigation system may be the
most cost-effective approach because further monitoring is likely to indicate that
mitigation is, in fact, required. It should be noted, however, that the installation of a
mitigation system at a site where a VI problem has not been confirmed may create the
perception that an actual VI problem existed prior to the installation of the system. This
may create concerns regarding exposure prior to installation of the system, or during
periods where the system does not operate, and may increase the risk of litigation and
third-party claims.

Optional Additional Evaluation Methods
The following additional field evaluations may provide an improved understanding of
vapor intrusion conditions in the test building.

Cross-Foundation Pressure Gradient: The pressure gradient across the building
foundation largely controls the movement of VOC and other gases between the shallow
soil and the building interior. When the building foundation has cracks or penetrations
that support gas flow, gas will flow from the shallow soil into the building during times
when the building has a lower pressure than the soil (i.e., negative building pressure) and
gas will flow from the building into the shallow soil during times when the building has a
higher pressure than the soil (i.e., positive building pressure). A variety of building and
meteorological conditions can affect the pressure gradient across the building foundation,
including: building operating conditions, ambient temperature, wind conditions, changes
in barometric pressure, and pressurized gas sources.

Cross-foundation pressure gradient can be measured using a differential pressure
transducer with data logger such as the Omniguard 4. These pressure transducers can
measure positive and negative pressures gradients, providing an indication of advective
forces into and out of the building. The pressure transducer contains two pressure ports,
a reference port which is open to the indoor atmosphere and another port which was
isolated in the sub-slab atmosphere by tubing extending through the building slab and
sealed from the indoor atmosphere.

Cross-foundation pressure gradient measurements can be used determine the driving
force for transport across the building foundation during the sample collection event. The
predominant driving force for flow across the building foundation can be determined as
follows:

» A consistently high building pressure (i.e., positive building pressure) indicates the
potential for airflow from the building into the shallow soils.
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* A consistently low building pressure (i.e., negative building pressure) indicates the
potential for airflow from the shallow soils into the building.

* A pressure gradient varying between positive and negative building pressures
indicates the potential for bi-directional flow between the building and shallow soil
gas. Sufficient data should be collected to confidently determine whether the average
gradient is positive, negative, or zero.

Note that variations in pressure gradient at different locations within the building may
result in some transport in the opposite direction from that suggested by the measured
pressure gradient. However, the measured gradient will indicate the predominant
direction of flow through the foundation.

Induced Building Depressurization: Temporal variations in cross-foundation pressure
gradient may result in temporal variations in the presence and magnitude of vapor
intrusion impacts. In other words, the magnitude of VI impacts may be highest during
periods of sustained negative building pressure. If sampling is conducted only under
normal building operating conditions, several sampling events may be required to
determine the full range of potential vapor intrusion impacts. However, through the
induction of a negative building pressure, building conditions can be created allowing the
maximum magnitude of VI impact to be evaluated during a single sampling event.
Following the collection of baseline samples, a low-pressure condition can be created in
the target building through the placement of a box fan in the window blowing out.
Following a stabilization period of 6 to 12 hours, the original sampling program can be
repeated. The two datasets generated from this program (baseline and depressurization)
can be used to evaluate the potential for VI impacts over a range of building
pressurization conditions.

4.6.3 Evaluation Costs

Costs for the recommended building-specific investigation of VI have been estimated
using typical laboratory costs and assuming that investigations of multiple buildings will
be conducted by an experienced team of investigators. Labor hours will likely be higher
for personnel without significant experience in vapor intrusion investigations due to the
additional time required for project planning and reporting. Similarly, labor hours will
likely be higher for the investigation of a single building because planning and reporting
tasks cannot be spread between several buildings. Typical unit costs for laboratory
analyses and materials are provided in Table 4.6.3.1, typical costs for initial screening are
provided in Table 4.6.3.2, and typical costs for comprehensive building evaluation are
provided in Table 4.6.3.3.
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Typical
Item Cost
VOC analysis by TO-15 (Includes Summa can rental for individually certified $310
clean canisters)
VOC analysis by TO-15 SIM (Includes Summa can rental for individually $340
certified clean canisters)
Radon analysis (Includes Tedlar bag for sample collection) $110
Hammer drill for installation of sub-slab sample points (1 day rental) $50
Differential pressure transducer/logger (purchase) $1300
Differential pressure transducer/logger (1 week rental) $350
Table 4.6.3.2: Typical Costs for Screening of a Single Family Residence.
Estimated
Item Cost
Labor: Project planning - 2 hrs; field program - 4 hrs; analysis and $1,000
reporting - 4 hrs.
Laboratory:  Indoor air - 1 sample for VOC analysis by TO-15 SIM or $340 to
Sub-slab - 3 samples for VOC analysis by TO-15. $930
Materials: Indoor air - none or $0 to $50
Sub-slab - Hammer drill rental
Total Costs: Indoor Air Screening | $1,300
Total Costs: Sub-Slab Screening | $2,000

Note: Assumed labor costs of $100/hr.
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Table 4.6.3.3: Typical Costs for Evaluation of a Single Family Residence.

Estimated
Item Cost
Standard Evaluation
Labor: Project planning - 8 hrs; field program - 10 hrs; analysis $2,600
and reporting - 8 hrs.
Laboratory: ~ Ambient air - 1 sample for VOC analysis by TO-15 SIM $3,060
and 1 sample for radon analysis.
Indoor air - 2 samples for VOC analysis by TO-15 SIM
and 2 samples for radon analysis.
Sub-slab - 4 samples for VOC analysis by TO-15 and
4 samples for radon analysis.
Materials: Hammer drill rental $50
Total Costs for Standard Evaluation | $6,700
Optional Additional Evaluations
Building Depressurization: Following collection of baseline samples, induce $4,060
negative building pressure and repeat field sampling program (10 hrs labor plus
sample laboratory program as baseline sampling)
Cross-Foundation Pressure Gradient: Measure cross-foundation pressure $450
gradient during field program (1 hr labor plus transducer rental)

Note: Assumed labor costs of $100/hr.

4.6.4 Impact of Investigation Program on Attenuation Factor Accuracy

As discussed in Section 1.3, at least 24 states have issued or are developing guidance on
vapor intrusion. These guidances provide disparate and sometimes conflicting
recommendations for the field investigation of vapor intrusion. As a result, there is
currently no standard practice for the field investigation of VI and investigation
approaches vary widely between sites. However, the results of this demonstration
indicate that spatial variability in subsurface VOC concentrations is a significant source
of uncertainty and should be accounted for in the design of the VI investigation program.
Based on this finding, the investigation program presented in Section 4.6.2 recommends
the collection of a greater number of sub-slab gas samples (3-5) than indoor air samples
(1-2). The impact of sample design on the accuracy of the vapor intrusion has been
evaluated below through an evaluation of the impact of sample design on the accuracy of
calculated attenuation factors.

Use of Attenuation Factors in Vapor Intrusion Evaluations: Attenuation factors, the ratio
of indoor air to subsurface VOC concentration, have been widely used by the EPA and
others to characterize VI at corrective action sites. Upper-bound attenuation factors have,
in turn, been used to develop subsurface VOC concentration screening values considered
protective against VI impacts (EPA, 2002). For this purpose, the EPA has developed a
database of attenuation factors measured at corrective action sites where vapor intrusion
has been evaluated. After attempting to correct for the influence of background indoor
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air sources, the EPA has identified an upper-bound (90" or 95" percentile) attenuation
factor and used this attenuation factor to calculate subsurface VOC concentrations that
are not expected to cause unacceptable impacts to indoor air. For example, the 2002 EPA
vapor intrusion guidance uses a sub-slab attenuation factor of 0.1. As a result, a sub-slab
benzene concentration of less than 31 ug/m® would be considered unlikely to cause an
indoor air benzene concentration of greater than 3.1 ug/m® (i.e., the target indoor air
concentration for 10 risk). The use of a 95™ percentile attenuation factor to calculate
subsurface screening concentrations is usually interpreted as being conservative
(protective) for 95% of buildings. However, if spatial variability in VOC concentration
contributes significantly to the variability in the measured attenuation factor, then 95"
percentile attenuation factors will be higher than the value needed to protect 95% of
buildings.

The attenuation factors in the EPA vapor intrusion database have been calculated using
single paired subsurface and indoor air VOC measurements. Because of spatial
variability in VOC concentrations in the subsurface, the attenuation factor calculated
based on a single subsurface and a single indoor VOC measurement will vary from the
true attenuation for that residence. As a result, the 95" percentile attenuation factor from
a database of single paired subsurface and indoor air measurements will reflect both i) the
error between the measured attenuation factor and the actual attenuation factor for each
building due variability on VOC concentration and ii) the actual variability in VOC
attenuation between buildings. The added variability associated with the error between
the measured attenuation factor and the true attenuation factor for each building results in
a 95" percentile attenuation factor higher than needed to be protective of 95% of
buildings.

Impact of Spatial Variability on Measured Attenuation Factors: To better understand the
impact of variability in VOC concentrations on attenuation factors, we used a Monte
Carlo approach to simulate the measurement of attenuations factors. For this purpose, we
assumed log-normal distribution of VOC concentrations in the subsurface gas with a
coefficient of variation of 1.0 and a log-normal distribution of VOC concentration in
indoor air with a coefficient of variation of 0.25. The average subsurface VOC
concentration was set as 1000 times the average indoor concentration, so that the average
true attenuation factor would be 0.001. We then generated 5,000 attenuation factors based
on simulated measurements from these populations. The resulting average and upper-
percentile attenuation factors are shown in Table 4.6.4.1.
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Table 4.6.4.1: Distribution of Measured Attenuation For a Building with a True
Attenuation Factor of 0.001, Assuming Log-Normal Spatial Variability.

Attenuation Factor (Error) from 5,000 Iterations

Sampling Scheme Median Average 90" Percentile | 95" Percentile
1 Subsurface /

1 Indoor Air 0.0014 0.0022 0.0044 0.0062
Measurement (1.4x) (2.2x) (4.4%) (6.2x)
3 Subsurface /

3 Indoor Air 0.0012 0.0014 0.0023 0.0029
Measurements (1.2x) (1.4x) (2.3x) (2.9x)
5 Subsurface /

1 Indoor Air 0.0011 0.0012 0.0020 0.0024
Measurements (1.1x) (1.2x) (2.0x) (2.4x)

The Monte Carlo simulation indicates that the variability in VOC concentration will
result in a 95" percentile attenuation factor that is 6.2 times higher than the true
attenuation factor in a database of attenuation factors based on single subsurface gas and
indoor air measurements. It is interesting to note that for assumed log-normal
distributions, even the average measured attenuation factor is 2.2 times higher than the
true attenuation factor for this sampling scheme. The simulation further indicates that the
use of multiple measurements to calculate the attenuation factor will reduce the impact of
variability on the upper-percentile attenuation factors. The 95" percentile attenuation
factors calculated from three subsurface and three indoor air measurements is only 2.9
times higher than the true value. Because the variability in the subsurface is higher than
the variability in indoor air, a sampling scheme of five subsurface and one indoor air
measurement yields a 95" percentile attenuation factor only 2.4 times higher than the true
value.

The Monte Carlo simulation confirms that spatial variability in VOC concentration can
have a large impact on the upper-bound attenuation factor in a database compiled using
single paired subsurface and indoor measurements. In the absence of any variation in
attenuation between buildings, spatial variability can result in a 95™ percentile attenuation
factor more than six times the true value. However, the use of multiple measurements to
calculate the attenuation factor can significantly reduce the impact of spatial variability.
This evaluation suggests that all available data should be used to develop a single
attenuation factor for each building evaluated, rather than calculating an attenuation
factor for each single paired measurement.
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5.1 Cost Reporting
As a site characterization technology, the key cost components of the demonstration were i)
sample point installation, ii) sample collection and analysis, and iii) data analysis and reporting.
Costs for each field event are presented in Tables 5.1.1 and 5.1.2. Representative unit costs are
presented in Section 5.2

5. Cost Assessment
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Table 5.1.1: Contractor and Materials Costs.
Sample Event
Altus 1 Hill 1 Hill 2 Altus 2 Altus 3
Cost Category Sub Category | March 2005 | Sept 2005 Mar 2006 Jul 2006 Dec 2006
Project planning N/A N/A N/A N/A N/A
and preparation
Installation of Contractor $8.700 $8.700 N/A N/A N/A
monitoring points Costs ’ '
adjacent to building
by direct push
technology Materials Costs $920 $5,100 N/A N/A N/A
(12 wells and 8 SG
points in 3 clusters)
Installation of Contractor
monitoring points Costs N/A N/A N/A N/A N/A
through foundation
(3 Sub-slab ptsand | Materials Costs $100 $100 N/A N/A N/A
4 deeper SG pts)
Materials,
. consumables,
Sample collection equipment $4,100 $5,700 $1,400 $800 $500
rental, shipping
Geotechnical
samples (9 $2,700 $4,800 N/A N/A N/A
samples/blding)
Saﬁ:?:swater $1,700 $2,400 $2,900 $1,400 $1,400
Sample analysis Airlgas sample
(Mobile lab) $20,500 $20,500 N/A N/A N/A
Air/gas sample
(Off-site lab) N/A $5,800 $22,000 $12,100 $9,900
Radon $500 $700 $2,900 $800 $1,000
Data evaluation and
reporting Consumables $100 $100 $100 $100 $100
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Consultant Labor Requirements (Hours).

Sample Event

Altus 1 Hill 1 Hill 2 Altus 2 Altus 3

Cost Category Sub Category | March 2005 | Sept 2005 | Mar 2006 Jul 2006 Dec 2006
Project planning Ef]'gelr:]tésetr/ 170 200 120 100 50
and preparation Technician 20 30 10 40 10
Insta_llat_lon of_ Sme_ntlst/ 50 40 N/A N/A N/A
monitoring points Engineer
adjacent to building
by direct push
technology Technician 40 20 N/A N/A N/A
(12 wells and 8 SG
points in 3 clusters)
Insta_llat_lon of. SC|e'nt|st/ 10 20 N/A N/A N/A
monitoring points Engineer
through foundation
(3 Sub-slab ptsand | Technician 20 40 N/A N/A N/A
4 deeper SG pts)

. Scientist/ 110 100 80 60 60
Sample collection Engineer

Technician 0 0 0 0 0

. Scientistf N/A N/A N/A N/A N/A

Sample analysis Engineer
Technician N/A N/A N/A N/A N/A

Data evaluation and gf]'gelr:;tr/ 400 230 120 110 60
reporting Technician 130 80 40 30 10

5.2 Cost Analysis

Representative unit costs for each component of the VI investigation program are provided in

Table 5.2.1.
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Table 5.2.1: Representative Unit Costs for Vapor Intrusion Investigation.

Representative | Representative

Cost Category Sub Category Unit Unit Cost

Installation of monitoring L\t/lsélrlé(e):)ng well (1" diameter, 10 ft depth w/ 2 monitoring well $415

points adjacent to building =g tr > 0o i meter, 5 ft depth wi 27 | :

by direct push technology screen) soil gas point $415
Sub-slab point (3/16” diameter penetration

. _— through foundation w/ fittings installed for sub-slab point $33
Installation of monitoring -
> . sample collection)

points through foundation - - — -
Soil gas point (4 ft depth, 1” sample point soil aas point $27
connected to surface by 1/8” tubing) gasp
Geotechnical samples soil core $315
E(332r(f3)g)ndwater samples (VOCs by Method water sample $100
gg)/gas sample (by Method 8260 in Mobile air/gas sample $350
Air/gas sample (by Method TO-15 at off-site .

Sample analysis lab) air/gas sample $310
ﬁlbr)/gas sample (by Method TO-15 at off-site air/gas sample $340
Radon (gas sample at off-site lab) air/gas sample $100
Radon (by carbon canister, indoor and air sample $25
ambient air only) P
SFg (by NIOSH Method 6602) air sample $95

Note: Representative costs include all materials and labor costs for contractors and laboratory. Representative costs do not
include labor costs for consultant oversight, field work, sample collection, data analysis, or reporting.

6. Implementation Issues

6.1 Environmental Checklist

No permits or approvals from regulatory agencies are required for implementation of a VI field
program. Underground utility clearance required for the installation of the groundwater and soil
gas monitoring points should be obtained from the appropriate authority.

For the purpose of data evaluation, applicable regulatory screening values should be identified
from state regulatory guidance. In the absence of applicable state guidance, base policies should
guide the selection of appropriate EPA guidance or other applicable sources for vapor intrusion
screening values.

6.2 Other Regulatory lIssues

Project results have been presented in peer-reviewed publications, conference presentations, and
communications with state and EPA regulators. Specific technology transition tools used to
communicate the results of our current project include:
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Peer-Reviewed Publications:

McHugh T.E., Hammond, D.E., Nickels, T., Hartman, B., 2007, “Use of Radon Measurements
for Evaluation of VOC Vapor Intrusion: Method and Application”, Manuscript accepted for
publication in Environmental Forensics.

Gorder, K., McHugh, T.E., Case, J., Holt, M., 2007, Analysis of Indoor Vapor Intrusion Data
from Hill Air Force Base, Utah, Manuscript Submitted for Peer-review to Groundwater
Monitoring and Remediation

McHugh, T.E., de Blanc, P.C., and Pokluda, R.J., 2006, “Indoor Air as a Source of VOC
Contamination in Shallow Soils Below Buildings” Soil and Sed. Contam., Vol. 15, No. 1, pp.
103-122, January 2006.

McHugh, T.E. Ahmad, F. Connor, J.A., 2004, “Empirical Analysis of Groundwater-to-Indoor-
Air Exposure Pathway Based on Measured Concentrations at Multiple Groundwater Impact
Sites” Env. Forensics. Vol. 5, No. 1, pp. 33-44, March 2004.

McHugh, T. E., J. A. Connor, F. Ahmad, and C.J. Newell, 2003,“A Groundwater Mass Flux
Model For Groundwater-To-Indoor-Air Vapor Intrusion”, Paper H-09, in: V.S. Magar and
M.E. Kelley (Eds.), In Situ and On-Site Bioremediation—2003. Proceedings of the Seventh
International In Situ and On-Site Bioremediation Symposium (Orlando, FL; June 2003).
ISBN  1-57477-139-6,  published by  Battelle  Press,  Columbus,  Ohio,
www.battelle.org/bookstore.

Contributions to Regulatory Guidance:

McHugh, T.E, and Lundegard, P.D., 2005, “Use of Cross-Foundation Pressure Gradient for
Understanding Vapor Intrusion”, to be included in EPA Guidance for Evaluating the Vapor
Intrusion to Indoor Air Pathway from Groundwater and Soils.

Review and Comment on Numerous Draft State Vapor Intrusion Guidance Including Draft
Guidance from New York, New Jersey, and Michigan.

Conference Presentations:

McHugh, T.E., T.N. Nickels, 1.O’Brien, “Detailed Field Investigation of Vapor Intrusion
Processes™, Fifth International Conference on Remediation of Chlorinated and Recalcitrant
Compounds, Monterey, California, May 2006.

McHugh, T.E., “Indoor Air as a Source of VOC Contamination in Shallow Soil Below
Buildings”, Southeast Asia Environmental Forensics Conference, Taipei, Taiwan, September
19-20, 2005.

McHugh, T.E., “Vapor Intrusion Investigation Methods”, APl Petroleum Vapor Intrusion
Workshop, Costa Mesa, California, August 17, 2005.

McHugh, T.E., J.A., Connor, “Methods for Characterization of Exposure to Volatile Chemicals
Due to Vapor Intrusion:, 2005 NGWA Ground Water and Environmental Law Conference,
Baltimore, Maryland, July 21-22, 2005.
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McHugh, T.E., J.A., Connor, “Methods for Characterization of Background Indoor Air and
Subsurface Vapor Intrusion”, Fourth International Conference on Remediation of
Chlorinated and Recalcitrant Compounds, Monterey, California, May 2004.

In addition, after approval of the final report, we will develop a Fact Sheet on cost-effective
vapor intrusion investigation methods suitable for distribution to regulators and the regulated
community.

6.3 End-User Issues

The results of this vapor intrusion investigation project will benefit other vapor intrusion
investigators, managers of corrective action sites with potential vapor intrusion issues, and
regulators overseeing vapor intrusion evaluations. As discussed in Section 2 of this report,
current state and federal guidance documents on vapor intrusion provide disparate and
sometimes contradictory, recommendations for evaluation of the vapor intrusion pathway. As a
result, project managers currently face significant uncertainty in planning a vapor intrusion
investigation approach. The stepwise screening and field investigation approach will benefit
facility managers by providing investigation results that support a defensible evaluation of vapor
intrusion. In addition, the use of a consistent investigation approach between buildings and sites
will provide comparable data sets that support an increased understanding of the factors
contributing to vapor intrusion impacts.

It is important to note that the recommended approach for the evaluation of vapor intrusion
impacts may not satisfy all regulatory requirements. Because the variations between vapor
intrusion guidance documents, the end user should review the applicable guidance and modify or
supplement the recommended approach to ensure that regulatory requirements are satisfied.
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APPENDIX A
LABORATORY ANALYTICAL METHODS

DETAILED FIELD INVESTIGATION OF VAPOR INTRUSION PROCESSES
ESTCP Project No. CU-0423
Laboratory Analytical Methods

The analytical methods employed in this investigation are standard methods typically employed in
environmental investigations and available at commercial laboratories. Further details regarding the
various methods are provided in the report text and the Quality Assurance Program Plan included as
Appendix B of thisreport.

Analytical methods utilized in this investigation are summarized in the following table:

Table A.1 Summary of Laboratory Anaytical Methods

Constituent / Matrix Reference Method

Vapor (Organics) US EPA 8260B (SIM)

Vapor (Organics) US EPA Method TO-15 SIM

Vapor (Organics) US EPA Method TO-15

Vapor (Fixed Gases) ASTM 1945-96

V apor (SF6) US EPA 8260B, NIOSH Method 6602
Groundwater (Organics) US EPA 8260B

Radon (active) Berelson, 1987 and Mathieu, 1998
Radon (passive) US EPA #402-R-93-004 079
Geotechnical Analyses EPA 9100, ASTM D2216, APl RP40

References for the analytical methods utilized in this investigation are provided below.

APl RP40, Recommended Practice 40, Second Edition, February 1998

ASTM D1945 Standard Test Method for Analysis of Natural Gas by Gas Chromatography

ASTM D2216 Determination of Water (Moisture) Content of Soil, Rock, and Soil-Aggregate Mixtures
Berelson, W. M., D. E. Hammond, and A. E. Eaton, 1987, A technique for the rapid extraction of radon-
222 from water samples and a case study, Radon, p. 271-281 in Graves, B. (ed.) Radon, Radium, and
other Radioactivity in Ground Water, Lewis Pub., Chelsea, M.

Mathieu, G. G., P. E. Biscaye, R. A. Lupton, and D. E. Hammond, 1988, System for measurement of
222Rn at low levelsin natural waters, Health Physics, 55, 989-992.

NIOSH Manual of Analytical Methods, 2nd ed., Vol. 5, U.S. Department of Health, Education, and
Welfare (NIOSH) Publ. 79-141 (1979).

US EPA, 1993, Protocols for Radon and Radon Decay Product Measurements in Homes, EPA 402-R-92-
003, May 1993* thisis a corrected document number
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USEPA, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW 846
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1.0 PROJECT DESCRIPTION
1.1 Project Overview

This Quality Assurance Project Plan (QAPP) has been prepared for the Detailed Field
Investigation of Vapor Intrusion Processes to be conducted by Groundwater Services,
Inc. (GSI). The report that accompanies this QAPP describes the project background
and investigation objectives, including the site description and history, the project
objectives, the sample network design and rationale, and the project schedule.

This QAPP describes data quality objectives (DQOs) as well as the field and laboratory
procedures to be implemented in order to fulfill the project objectives. This QAPP was
prepared in general accordance with applicable U.S. Environmental Protection Agency
(EPA) guidance.

1.2 Objective of the QAPP

The general objective of quality assurance is to collect defensible environmental data of
known quality that is adequate for the intended use of the data. To accomplish this
objective, data quality objectives (DQOs) have been developed for the Vapor Intrusion
Study. DQOs are qualitative and quantitative statements which clarify the study
objectives, define the most appropriate types of data to collect, determine the most
appropriate conditions from which to collect data, and specify acceptable decisions
regarding the data’s usage (USEPA 1994a). The DQO planning process is a tool to
determine which type, quality, and quantity of data will be sufficient to support the overall
project objectives.

2.0 PROJECT ORGANIZATION AND RESPONSIBILITY
2.1 Project Organizational Chart

GSI has overall responsibility for implementation of the Demonstration Plan. H&P
Mobile Geochemistry will provide on-site analysis of vapor samples, Columbia Analytical
Services will provide laboratory services for analysis of vapor samples, Severn Trent
Laboratories, Inc., in Houston, Texas will provide laboratory services for analysis of
groundwater samples, Doug Hammond at the University of Southern California will
provide laboratory services for analysis of radon, and PTS Geolabs, Inc. (PTS), in
Houston, Texas, will analyze soil cores for physical properties. Responsibilities for
project management, quality assurance, laboratory, and field personnel are defined
below.

2.2 Management Responsibilities

GSI Principal Investigator: The GSI Principal Investigator (PI) will be responsible for
implementing the project. The primary function of the Pl will be to ensure that technical,
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financial, and scheduling objectives are achieved. The PI, supported by the GSI Project
Manager and other GSI personnel will:

» Define project objectives and develop a detailed demonstration plan schedule;
» Establish project policy and procedures to address the specific needs of the project;

» Acquire and apply resources as needed to ensure performance within budget and
schedule constraints;

» Orient field personnel and support staff to the project’s special considerations;

* Review the work performed on each task to ensure quality, responsiveness, and
timeliness;

* Review and analyze work performed relative to planned requirements and authorizations;
» Approve reports and deliverables before submittal to ESTCP;

+ Retain ultimate responsibility for preparation and quality of interim and final reports; and

* Represent the project team at meetings.

GSI Health and Safety Officer: The GSI Health and Safety Officer will be responsible
for overall health and safety practices associated with the field work. Specific functions
and duties will include the following tasks:

» Establish the requirements of the project Health and Safety Plan (HASP);
» Arrange or conduct audits of field activities to ensure that proper health and safety
procedures are being used;

+ Communicate with the PI, GSI Technical Staff, and GSI Field Technical Staff concerning
project issues related to health and safety.

GSI QA Manager: The GSI QA Manager will report directly to the Pl and will be
responsible for reviewing QA documentation to evaluate compliance with sampling and
analytical procedures.

GSI Technical Staff: The GSI Technical Staff will assist the PI in field activities such as
collecting soil samples and soil cores, performing field analyses, and recording field
measurements and office activities such as data review and report development. GSI
Technical Staff will be familiar with relevant project reports and plans including the
Demonstration Plan, the QAPP, and the Health and Safety Plan.

H&P Project Manager: The H&P Project Manager will report to the Pl. The H&P
Project Manager will be responsible for ensuring laboratory resources are available as
needed for the project and will provide oversight of final laboratory reports.

H&P QA Manager: The H&P QA Manager will have overall responsibility for data
generated in the laboratory. The H&P QA Manager will be independent of the laboratory
production responsibilities, but will communicate data issues through the H&P Project
Manager. In addition, the H&P QA Manager will

» Monitor the day-to-day quality of the laboratory data.
* Maintain and review all quality control data.
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» Conduct internal performance and system audits to ensure compliance with laboratory
protocols.

* Review and maintain updated Standard Operating Procedures (SOPs).
* Prepare Performance Evaluation reports and corrective action reports.

H&P Technical Staff: The H&P Technical Staff will be responsible for sample analysis
and identification of necessary corrective actions. Staff members will report directly to
the H&P Project Manager.

Columbia Analytical Services Project Manager: The CAS Project Manager will report
to the Pl. The indoor air lab Project Manager will be responsible for ensuring laboratory
resources are available as needed for the project and will provide oversight of final
laboratory reports.

Columbia Analytical Services QA Manager: The CAS QA Manager will have overall
responsibility for data generated in the laboratory. The indoor air lab QA Manager will
be independent of the laboratory production responsibilities, but will communicate data
issues through the indoor air lab Project Manager. In addition, the indoor air lab QA
Manager will

* Monitor the day-to-day quality of the laboratory data.
* Maintain and review all quality control data.

» Conduct internal performance and system audits to ensure compliance with laboratory
protocols.

* Review and maintain updated Standard Operating Procedures (SOPs).
* Prepare Performance Evaluation reports and corrective action reports.

Columbia Analytical Services Technical Staff: The CAS Technical Staff will be
responsible for sample analysis and identification of necessary corrective actions. Staff
members will report directly to the indoor air lab Project Manager.

STL Project Manager: The STL Project Manager will report to the Pl. The STL Project
Manager will be responsible for ensuring laboratory resources are available as needed
for the project and will provide oversight of final laboratory reports.

STL QA Manager: The STL QA Manager will have overall responsibility for data
generated in the laboratory. The STL QA Manager will be independent of the laboratory
production responsibilities, but will communicate data issues through the STL Project
Manager. In addition, the STL QA Manager will

* Monitor the day-to-day quality of the laboratory data.
* Maintain and review all quality control data.

» Conduct internal performance and system audits to ensure compliance with laboratory
protocols.

* Review and maintain updated Standard Operating Procedures (SOPs).
» Prepare Performance Evaluation reports and corrective action reports.
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STL Technical Staff: The STL Technical Staff will be responsible for sample analysis
and identification of necessary corrective actions. Staff members will report directly to
the STL Project Manager.

PTS Project Manager: The PTS Project Manager will report to the GSI Project
Manager. The PTS Project Manager will be responsible for ensuring laboratory
resources are available to Solutia as needed for the project and will provide oversight of
final laboratory reports.

PTS QA Manager: The PTS QA Manager will have overall responsibility for data
generated in the laboratory. The PTS Project Manager will be independent of the
laboratory production responsibilities, but will communicate data issues through the PTS
Project Manager. In addition, the PTS Project and QA Manager will

* Monitor the day-to-day quality of the laboratory data.

* Maintain and review all quality control data.

« Conduct internal performance and system audits to ensure compliance with laboratory
protocols.

* Review and maintain updated SOPs.

* Prepare Performance Evaluation reports and corrective action reports.

PTS Technical Staff: The PTS Technical Staff will be responsible for sample analysis
and identification of necessary corrective actions. Staff members will report directly to
the PTS Project and QA Manager.

3.0 QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA

In order to provide technically sound and defensible results, data quality objectives
(DQOs) have been developed for the laboratory analysis of VOC concentrations and soil
core properties during the study. DQOs have been developed with a consideration of
the level of detail available in the reference method to be used for analysis.
Consequently, detailed DQOs have been developed for data produced during analysis of
VOC concentrations in accordance with USEPA SW-846 methods, and a limited set of
DQOs has been developed for data produced during analysis of radon and soil core
properties properties by APl or ASTM methods.

For the analysis of VOC concentrations by USEPA SW-846 and TO-15 methods,
quantifiable DQOs have been developed for accuracy, precision, and completeness.
Acceptable levels of non-quantifiable data quality parameters (i.e., representativeness
and completeness) will be assured through the proper implementation of field and
laboratory SOPs.

Definitions, development, and interpretation of DQO parameters and detection limits are
presented below.
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3.1 Precision

3.1.1  Definition

Precision is a measure of the degree to which two or more measurements are in
agreement as a result of repeated application of a process under specific conditions.
The overall precision and reproducibility of a measurement system is affected by
variations introduced by sampling and analysis.

3.1.2 Field Precision Objectives

Field precision will be assessed by collecting and analyzing field duplicates at a
minimum rate of 1 duplicate per 20 analytical samples. The field precision objective for
laboratory analysis of VOCs is +30% relative percent difference (RPD) between field
duplicates. Obijectives for field precision of radon samples have been established by
requiring a field duplicate sample be collected during the sampling event at a frequency
of 1 duplicate per 10 samples. Field precision is demonstrated by an RPD of + 30% or
0.5 pCi/L, whichever is larger. This objective takes into account the accuracy limitations
of the analytical method (Mathieu and Berelson). No other analyses will have field
precision objectives.

3.1.3 Laboratory Precision Objectives

Laboratory precision objectives for laboratory QC samples are listed on Table 2.1.
Precision objectives for analysis of VOCs are listed on Table 2.2. In accordance with
method requirements, laboratory precision will be assessed by analysis of various
duplicates sets (e.g., laboratory duplicates, reagent water blank spike duplicates, matrix
spike duplicates).

3.2 Accuracy

3.2.1 Definition

Accuracy is the degree of agreement between an observed value (or an average of
several values) and an accepted reference value. Deviations from standard values
result from cumulative inconsistencies in the measurement system. Potential sources of
variance include (but are not limited to) sample collection, preservation, and handling
procedures; matrix effects, and analytical procedures.

3.2.2 Field Accuracy Objectives

Accuracy in the field will be assessed through the use of trip blanks and through the
adherence to all sample handling, preservation, and holding times. One trip blank will be
submitted for laboratory analysis each day that samples are submitted for analysis of
VOC concentration (see Table 2.4). Accuracy objectives for field samples will be met if
concentrations of VOCs are below project quantitation limits in the trip blank. The
collection of an ambient radon sample has also been added to the project DQOs in place



GSI Job No. G-2882
Issued: 3/2/2007
Page 10 of 39

GROUNDWATER
SERVICES, INC.

of a traditional field blank sample. This sample will provide information on the normally
occurring radon concentration in the outdoor air at the sampling location, providing a
comparison to indoor results.

3.2.3 Laboratory Accuracy Objectives

In accordance with method requirements, laboratory accuracy will be assessed by the
analysis of various spike samples (e.g., spikes, matrix spikes, control standards,
interference check samples, standard reference samples, and surrogates). Where
required by the method, an LCS will consist of a standard purchased from a source other
than that for the calibration standards. The use of an LCS will be based on the
availability of a USEPA, National Institute of Standards and Testing (NIST), or
commercially certified LCS. Accuracy objectives for laboratory samples will be met if
percent recoveries fall within the limits shown on Tables 2.2 and 2.3.

3.3 Completeness

3.3.1  Definition

Completeness is expressed as the percentage of valid data points obtained from a
measurement system or method.

3.3.2 Field Completeness Objectives

Field completeness will be assessed for target parameters by comparing the number of
valid field samples to the total number of field samples collected. The validity of field
samples will be assessed by comparison of documented field practices to requirements
of this QAPP and the accompanying Demonstration Plan. The completeness objective
for field samples will be at least 90%.

3.3.3  Laboratory Completeness Objectives

The results of a laboratory analysis will be considered valid if predetermined data quality
objective standards are met or exceeded for precision and accuracy. Completeness
requirements for other analytical parameters will be based on available QC data
provided in accordance with applicable APl and ASTM methods. Laboratory
completeness will be assessed for VOCs by comparing the number of valid
measurements to the total number of measurements. Completeness for laboratory
samples will be at least 95%.

34 Representativeness

3.4.1  Definition

Representativeness is a qualitative parameter that expresses the degree to which data
accurately and precisely represent a characteristic of a population, parameter variations
at a sampling point, a process condition, or an environmental condition. As such,
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representativeness describes whether samples collected, or the aliquots selected by the
laboratory for analysis, are sufficient in number, type, location, frequency, and size to be
characteristic of the substance analyzed.

3.4.2 Measures to Ensure Representativeness of Field Data

Field representativeness will be satisfied by following the sample collection procedures
specified in the QAPP. In addition, collection of duplicate samples will provide a
measure of the variability of analyte present in a particular sample volume.

3.4.3 Measures to Ensure Representativeness of Laboratory Data

Representativeness in the laboratory will be ensured by using the proper analytical
procedures, meeting sample holding times, and analyzing and assessing field
duplicates.

3.5 Comparability

3.5.1 Definition

Comparability is an expression of the confidence with which one data set can be
compared with another.

3.5.2 Measures to Ensure Comparability of Field Data

Comparability of field data will be assured by adhering to standard sampling procedures
described in the QAPP, using traceable -calibration standards; using standard
measurement and reporting units; and using the pre-determined acceptance criteria for
precision and accuracy presented in this QAPP.

3.5.3 Measures to Ensure Comparability of Laboratory Data

Comparability of laboratory data will be assured by adhering to standard analytical
procedures described in this QAPP, using traceable calibration standards; using
standard measurement and reporting units; and using pre-determined acceptance
criteria for precision and accuracy.

3.6 Level of Quality Control Effort

3.6.1  Level of Field Quality Control Effort

Requirements for collection of field quality control samples are provided on Table 2.4.
Field precision will be assessed by collecting and analyzing field duplicate samples. For
groundwater samples, matrix effects on the sample analysis will be assessed through
the collection and analysis of matrix spikes and duplicates. Additional sample volumes
will be collected in order to prepare MS/MSD sets for water samples.
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Sampling accuracy will be assessed by collecting and analyzing field duplicates.
Results from the analysis of trip blanks will be used to assess the potential for sample
contamination during sample shipment, handling, and storage.

3.6.2 Level of Laboratory Quality Control Effort

Requirements for laboratory QC samples are provided on Table 2.1. Results from
method blank samples for all constituents analyzed will be reviewed to assess potential
sources of contamination associated with laboratory procedures. Laboratory method
blanks will be prepared and analyzed at a frequency of 1 per sample batch (i.e., each
group of samples prepared and analyzed as a group, not to exceed 20 samples).

Results for MS/MSD pairs will be reviewed to evaluate the effect of the sample matrix on
the sample preparation and measurement methodology. MS/MSD sets will be analyzed
at a frequency of 1 per sample batch (i.e., each group of samples prepared and
analyzed as a group, not to exceed 20 samples). Recovery and relative percent
difference targets for MS/MSD sets are listed on Table 2.2.

Accuracy for the analysis of volatile organic compounds will be assessed by evaluating
the recoveries of surrogate compounds spiked into all samples. Laboratory control limits
for surrogates are provided on Table 2.3 of this QAPP.

4.0 SAMPLING PROCEDURES

Field sampling procedures employed during the Vapor Intrusion Study will be consistent
throughout the project, thus providing data representative of site conditions,
comparability with analytical considerations, practicality, and simplicity. Procedures for
installation of soil borings and all aspects of collection, preservation, and transport of soil
core samples are provided in the Demonstration Plan or this QAPP.

Method specified sample containers, preservatives, and holding times are summarized
for air and water samples on Table 3.

4.1 Groundwater Sampling Procedures

Low-Flow Sample Collection

Sampling should be conducted according to low-flow (minimal drawdown) procedures.
Groundwater will be purged and samples collected using a peristaltic pump and
dedicated polyethylene and Teflon tubing. Field indicators, which includes, pH,
temperature, and specific conductance will be recorded every 3-5 minutes. Once
groundwater field indicator parameters have stabilized, groundwater samples will be
collected. Groundwater field indicator parameters should be considered stabilized when
three sets of consecutive readings have been obtained for pH (+/- 0.2 standard units),
temperature (+/- 10%), and specific conductance (+/- 3%).

Sampling Equipment
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Groundwater monitoring wells will be sampled, to the extent practicable, using dedicated
equipment, such as a dedicated bailer, peristaltic pumps with dedicated down-hole
tubing, or other suitable sampling equipment. Equipment made from inert, non-reactive
materials such as Teflon®, stainless steel, Tygon®, or other suitable materials will be
used. The use of dedicated equipment for groundwater collection will minimize the need
for decontamination of sampling equipment between sampling episodes and the
potential for cross-contamination. In the event that non-dedicated equipment is used,
that equipment will be cleaned as described above prior to use in each well.

Groundwater Sample Handling

Groundwater samples will be collected and handled to minimize the potential for cross-
contamination, loss of volatile constituents, or other interferences. Sampling personnel
will wear clean latex, nitrile or other chemical resistant, non-reactive gloves when
handling sampling equipment and containers, and will minimize contact with the sampled
groundwater. Care will be taken to prevent contact of the bailer, cord, or other down-
hole equipment with the ground or other potential sources of sample contamination.
Gloves will be changed between sampling locations.

Groundwater samples will be collected using techniques appropriate for the analytes to
be tested as specified by USEPA SW-846 methods.

If pumps are used to collect samples, the sample will be collected at low flow rates (e.qg.,
<0.3 gpm). When bailers are used, they will be lowered into the well and decanted
carefully to minimize agitation. Samples for analysis of volatile compounds will not be
collected using techniques which can aerate the samples.

As specified by USEPA SW-846, collected samples will be retained in wet ice coolers
pending transport to the laboratory with adequate ice to maintain samples at a
temperature of approximately 4°C.

On-Site Testing of Temperature, Specific Conductance, and pH

A sample of groundwater will be collected for analysis of temperature, specific
conductance, and pH at the well site. Equipment used to measure these parameters will
be calibrated beforehand. Equipment out of calibration by 10% or more will not be used
for field measurements. Laboratory measurements of specific conductance and/or pH
made within 24 hours of sample collection may augment or replace field measurements,
in the event of field instrument malfunction or other factors.

Purge volume information, field parameter test results, and other sample information will
be recorded on a field sample form.

4.2 Vapor Sampling Procedures

Purging prior to sampling
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The test points designated for soil gas sampling will be fitted with a sealing device to
prevent atmospheric air from entering the well casing. Prior to sampling, a pre-
determined volume of air will be purged from the casing to ensure that the soil gas
sample is representative of vapors associated with the soils in the vadose and are not
being influenced by stagnant air in the casing. Depending on the porosity of the vadose
soils, a vacuum may be created in the casing during the purging process. Care should
be taken to purge slowly enough that the seal on the casing remains intact and
atmospheric air is not allowed into the casing.

Air and vapor samples potentially containing high concentrations of VOCs (i.e., >50
ug/m3 will initially be analyzed directly by Gas Chromotography (GC). Samples
containing less than 50 ug/m3 of our target compounds (i.e., PCE, TCE, or 1,2-DCE) will
be re-analyzed by TO-15. The GC will quantify only our target compounds, while the TO-
15 analysis will quantify all compounds on the standard TO-15 analyte list (Table 1.2).

High level screening sampling

After purging, a sample will be collected with a GC syringe and injected directly onto a
GC column to analyze for high level i.e., >50 ug/m3, selected target VOCs. The sample
will be collected through a fitting that maintains an airtight seal on the casing. If the
detected concentrations of selected compounds are below the reporting limits of the
direct GC method, i.e., 50 ug/m3, sample will be collected in a Summa canister for TO-
15 analysis. Screening will be conducted on-site during the initial investigation at each
site using the H&P mobile laboratory.

Low level sampling

Low level samples will be collected in Summa canisters that have been appropriately
purged and charged with negative pressure (vacuum). Summa canisters will be
individually certified clean before use, batch certified Summa canisters are not
acceptable for this project. The Summa canisters will be connected to the sampling point
by means of a sampling train with a valve that prevents atmospheric air from entering
the casing. The Summa canister will be connected to the valve, the valve opened and
then the valve on the Summa canister opened to draw sample into the canister. When
sampling is complete, the valve on the Summa canister will be closed, the valve on the
sample train will be closed and then the canister will be disconnected from the sampling
train.

In addition, a tracer gas (1,1-di-fluoroethane, pentane, or SF6) will be released into the
sampling vaults during sample collection to evaluate the potential for infiltration of
ambient air into the soil gas samples.

4.3 Radon Sampling Procedures

Activated Charcoal Canisters
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Radon gas is sampled in a passive process with the use of activated charcoal contained
in air-tight metal canisters. When the sample is ready to be collected, the canister is
unsealed and left exposed to the ambient atmosphere for a set period of time. At the end
of the sampling period the canister is sealed and the exposure time noted for use by the
laboratory. The sealed canister is submitted to the laboratory for analysis.

Vacuum Cell

Radon gas is sampled in an active process in which a glass sampling cell under vacuum
is attached to the sampling line or port. The valve on the cell is opened allowing the
sample to be collected and then closed to seal the cell. The cell is submitted to the
laboratory as soon as possible for analysis.

Tedlar Bag

Radon gas is sampled in an active process in which a gas-tight syringe is attached to
the sampling line or port. The valve on the syringe is opened allowing the sample to be
collected and then closed to seal the syringe. The vapor in the syringe is then
transferred into a tedlar bag for transport and analysis. The tedlar bag is submitted to the
laboratory as soon as possible for analysis.

5.0 CUSTODY PROCEDURES

In order to generate defensible analytical data, sample custody procedures will be
implemented for handling environmental samples and associated records during sample
collection, shipment, transfer, and storage. These procedures will support the
authenticity of sampling data by tracing samples from the time of collection, through
analysis, data generation, and report preparation.

A sample is considered to be within custody if the item is i) in one’s physical possession;
or ii) in one’s view after being in one’s physical possession; or iii) in a locked receptacle
after being in one’s physical possession; or iv) in a designated secure area. Procedures
described below address custody during field sample collection, laboratory analysis, and
file storage.

When completing written records to document sample custody, errors will be corrected
by drawing a single line through the error, re-entering the correct information, and
initialing and dating the correction.

5.1 Field Custody Procedures

Sample containers provided by the laboratory for this project will be shipped by common
carrier or other suitable method in sealed coolers to a location designated by the PI.
The laboratory will include a shipping form/laboratory chain-of-custody listing containers
shipped and the purpose of each container. Containers will be considered in the
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custody of the laboratory until received by GSI or a designated representative. Upon
receipt, the shipment will be checked to verify that all containers are intact. The
containers will be maintained in the custody of the receiver in a clean, secure area until
used for sample collection.

Procedures described below address custody during field sample collection, laboratory
analysis, and file storage for the data collected in study.

+ Field sampling personnel will be personally responsible for the care and custody of the
samples until transferred or properly dispatched.

» Sample bottles and vessels will be labeled with sample numbers and locations at the time
of sample collection.

» Sample labels will be completed with permanent ink.

After collection, field sampling personnel will maintain sample custody in accordance
with the following procedure:

1. The sample label affixed to the container will be inspected to confirm that all of the
required information has been provided.

2. If appropriate, the sample container will be sealed in a zip-lock plastic bag, wrapped in
bubble pack, and packed in a wet-ice or dry-ice cooler in a manner to minimize shifting or
movement.

3. For each set of samples sent to the laboratory, a triplicate chain-of-custody form will be
completed. Information on the chain-of-custody form and the sample container labels will
be checked against the field logbook entries and the samples will be recounted. The
information contained on the chain-of-custody form will include the following:

+ Site name and address or location;

* Project number;

» Date of sample collection;

* Name of sampler responsible for sample submittal;
* Identification of samples that accompany the form including
e Field ID number,

* Number of samples,

» Date/time collected,

» Sample container type, volume, preservative,

» Parameters/methods of interest,

» Data level requirement (e.g., Level Il),

* Comments about sample conditions;

+ Signature of person relinquishing custody and signature of person accepting custody,
plus date and time; and

« |dentification of common carrier.

4. If a commercial courier service (e.g., Federal Express) transports the samples to the
laboratory, the chain-of-custody form will be signed by a member of the field team, and a
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copy retained by the field team. The remaining two copies of the form will be sealed in a
zip-type plastic bag and placed in the cooler with the samples. The cooler will be sealed
with packaging tape. Package routing documentation maintained by the courier service
will serve as chain-of-custody documentation during shipment, because commercial
couriers do not sign chain-of-custody forms.

5. If samples are picked up by a laboratory representative, a member of the field team will
sign the chain-of-custody record indicating that the samples have been transferred to the
lab courier. The lab courier will also sign the form, indicating that the samples have been
transferred to his or her custody. One copy of the chain-of-custody form will be retained
by the field team and the remaining two copies will be sealed in a zip-type plastic bag and
placed in the cooler chest with the samples.

5.2 Laboratory Custody Procedures

For the Vapor Intrusion Study, normal laboratory custody procedures will be
implemented. Samples received and logged into the laboratory will remain in the
custody of STL or PTS Labs personnel at the laboratory until disposal.

5.2.1 Sample Receipt and Inspection

Upon arrival at the laboratory, samples will immediately be taken to the sample receiving
area and logged into the laboratory sample registry in which the date and time of sample
receipt will be recorded. The shipping container will be opened immediately and the
temperature of the shipping container measured and documented on the appropriate
laboratory form.

Shipping containers having custody seals will be inspected for integrity upon arrival at
the laboratory. The appropriate space on the chain-of-custody (i.e., "custody intact") will
be checked "Y" for yes or "N" for no. If tampering of the custody seal is apparent, the
sample custodian will immediately contact the Laboratory Project Manager who will be
responsible to notify the GSI Project Manager.

Information on the chain-of-custody form will be checked against the sample labels and
then signed by the sample custodian. The sample custodian will also inspect sample
containers for leakage. A multi-phase sample which has leaked will not be acceptable
for analysis, because the sample integrity has been altered. Samples in plastic
containers appearing to bulge or evolve gas will be treated with caution, because toxic
fumes or material of an explosive nature may be present. Discrepancies between
information on sample labels and information provided on the chain-of-custody form or
broken/altered samples will be resolved with the Laboratory Project Manager before the
sample is assigned for analysis.

If a custody problem occurs, the sample custodian will initial the "NOTIFIED CLIENT"
blank on the sample registry and immediately notify the Laboratory Project Manager.
The Laboratory Project Manager will resolve custody problem as soon as practical and
notify the GSI Project Manager, if necessary. After notification, an initialed note will
made on the custody form which states who was notified, reason for notification, and
resolution, if applicable.
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5.2.2 Internal Tracking and Numbering

The sample custodian or designee will have responsibility for maintaining sample receipt
logbooks, assigning a project log number to the samples, signing the chain-of-custody
form, reporting inconsistencies to the Laboratory Project Manager, and distributing
samples to the laboratory sections in accordance with applicable analytical procedures.
The laboratory section sample custodian is responsible for ensuring that samples are
placed in storage, for monitoring conditions in sample storage areas, and maintaining
records for chain-of-custody within the laboratory. The Project Manager or designee is
responsible for initiating paperwork for report files and analytical worksheets and logging
samples into the Laboratory Information Management System (LIMS), if applicable.

Each sample will be assigned a unique laboratory sample number at the time of log-in to
facilitate tracking of samples, extracts, and digests during analysis. The laboratory
sample number will be recorded on the chain-of-custody form and Sample Registry, and
logged into the computerized LIMS, if applicable. Any accompanying paper work will be
placed in a project file until the order is completed. The laboratory project identification
number will be recorded on all containers submitted in the project shipment.

After initiating a new log-in number, the Project Manager or designee will enter
electronically or otherwise record relevant sample information, as follows:

* Laboratory sample number

« Client project identification

+ Date received/date due

* Matrix/sample identification

» Date and time of sample collection

+ Storage location/container size/container type/preservative
* Analyses required

* Problems/special instructions

After assignment of the project identification number, samples will be labeled to identify
the project number and sample designation. The samples will then be dispersed to the
appropriate sample storage area. As required, sample storage temperature logs will be
maintained for storage refrigerators or freezers to assure maintenance of proper sample
temperature throughout the analyses.

5.2.3 Internal Laboratory Custody Transfers

An internal laboratory chain-of-custody record is not required when samples are
transferred to different areas of the laboratory.
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5.2.4 Laboratory Storage Areas

As required, samples and extracts will be stored in uniquely identified refrigerated
storage units located in secure areas of the laboratory. Samples are logged into the
various department storage areas prior to preparation, analysis, or disposal. Samples to
be analyzed for volatile organic compounds (VOCs) will be segregated from other
samples. Samples will be stored separately from standards.

On a daily basis, the sample custodian or appropriate designee will measure and record
the temperature of each refrigerator or freezer used for sample storage. Temperature
records will be reviewed on a monthly basis to note any trends or inconsistencies. For
samples to be analyzed for VOCs, the acceptable range for sample storage is 4+2°C.
The sample custodian will notify the Laboratory Project Manager of any refrigerator
temperature problem which cannot be corrected by simple thermostat adjustment. A list
of emergency repair numbers will be attached to the exterior of each refrigeration unit.

5.2.5 Requirements for Sample Disposal

Unless requested otherwise, samples will be disposed of as soon as holding times have
expired or 30 days after results are reported to GSI.

If analyses performed on composite aqueous samples meet public sewer system
discharge criteria, the composite samples will be neutralized, if necessary, and
discharged into the public sewer system. Tests performed on the composite samples
must demonstrate that the levels of contaminants present do not exceed hazardous
characteristics.

5.2.6  Inter-Laboratory Custody Transfers

Under normal circumstances, samples will be analyzed by H&P Mobile Lab, a suitable
indoor air lab, STL Houston in Houston, Texas, or PTS Geolabs in Houston, Texas. In
the event of a natural disaster (e.g., a hurricane), samples to be analyzed by STL
Houston may be sent to another Severn Trent Laboratory for analyses. When samples
are transferred to another laboratory in the Severn Trent network, a chain-of-custody
form will be initiated at shipping time by the sample custodian. A completed and signed
fax of the Interdivisional Shipping Log will be sent to the receiving division custody
department. This inter-laboratory chain-of-custody form will be sent with the samples
and upon arrival at the division laboratory, laboratory custody procedures described
above will be followed.

5.2.7 Data Archiving, Storage and Final Evidence File

Laboratory records will be maintained in a secure area with other associated project
records. Hard copies of final reports, chain-of-custody forms, and any ancillary
documentation pertinent to the project will be stored in a secured storage area.
Analytical data stored in a LIMS will be maintained under a high level of data security by
the use of passwords and file access/lock codes. At the end of a project, all custody
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forms will be returned to the laboratory project manager. Copies of custody information
will be retained in the reporting laboratories' client files. Hard copies of reports, chain-of-
custody forms and sample registries will be kept by the laboratory for a period of three
years. Raw data and bench data files will be kept by the laboratory for a period of three
years.

5.3 Final Evidence Files

A Final Evidence File will be developed for the Vapor Intrusion Study data including the
following items: reports, field notes, laboratory reports, signed chain-of-custody forms,
sampling procedures, and any other pertinent documents, including, but not limited to
the following items:

» Standard operating procedures

* Field notes and field logbooks

* Laboratory reports and data deliverables

» Signed chain-of-custody documentation (tags, air bills, signed forms)
* Photographs

* Drawings

» Soil boring logs

» Data validation reports

» Data assessment reports

* Project reports

These items will be stored in a cabinet at the GSI office and access limited to concerned
project personnel. The Final Evidence File will be maintained at this location until the
conclusion of the project. The GSI Project Manager will serve as the file custodian for
the Vapor Intrusion Study.

6.0 CALIBRATION PROCEDURES AND FREQUENCY

This section describes the calibration procedures and the frequency at which these
procedures will be performed for both field and laboratory instruments.

6.1 Field Instrument Calibration

The field instruments to be used for this project will be pH, temperature, turbidity and
specific conductivity meters. These instruments will be maintained and calibrated with
sufficient frequency and in such a manner that accuracy and reproducibility of results will
be consistent with the manufacturer's specifications.

Equipment will be examined prior to conducting field activities to verify proper operating
condition. This will include review of the appropriate SOP and equipment maintenance
schedule to ensure that required maintenance is completed. Field notes from previous
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sampling trips will be reviewed for notation of prior equipment problems, and to ensure
that necessary repairs to have been completed.

Calibrations will be documented in the field logbook and will include the date/time of
calibration, name of person performing the calibration, reference standards used,
temperature at which readings were taken, and the readings. Multiple readings on the
one sample or standard, as well as readings on replicate samples, will likewise be
documented. Internally calibrated field instruments failing to meet calibration/check-out
criteria will be returned to the manufacturer for service and an alternate instrument will
be used. The accuracy and traceability of reference standards used for field instrument
calibration will be documented by recording the manufacturer's name and the standard
lot number in the instrument calibration log book.

6.2 Laboratory Instrumentation Calibration

The laboratory will employ specific procedures for the operation and calibration of
analytical instruments in order to facilitate optimum instrument performance, thereby
generating data of acceptable accuracy and precision. Prior to initiating sample
analysis, laboratory instruments will demonstrate acceptable performance with respect
to applicable standards from the manufacturer or selected reference methods (i.e.,
USEPA, API, or ASTM).

6.2.1  Storage of Standards

As soon as practical after receipt, standards will be transferred to a designated storage
area in the laboratory. Volatile standards will be stored in a freezer; semi-volatile
standards at room temperature; and other commercially purchased stock standards at
4°C, in a freezer, or at room temperature, as appropriate. Organic standards will be
stored separately from samples. Certification sheets will be kept on file within each lab
division and stored for future reference.

6.2.2  Traceability of Standards

Standards used for calibration of instrumentation used in analyzing samples for the
Vapor Intrusion Study will be NIST traceable, EPA A2LA certified, or obtained from
another appropriate source. Records will be maintained to verify the traceability of all
standards used and will include pertinent information such as the date, analyst,
compound, purity, dilution volume, etc., as appropriate.

6.2.3  Instrument Calibration

Instrument calibration protocols will meet or exceed the requirements specified in the
EPA, API, or ASTM reference method employed for sample analysis. Initial instrument
calibration curves will be generated, verified, and routinely monitored during instrumental
analyses, as required by specific SOPs. Records of calibration, repairs, or replacement
will be maintained by the designated laboratory personnel performing quality control
activities and filed at the location where the work is performed.
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7.0 ANALYTICAL PROCEDURES
7.1 Field Analytical and Measurement Procedures

A sample of groundwater will be collected for analysis of nephelometric turbidity,
temperature, specific conductance, and pH at the well site. Equipment used to measure
these parameters will be calibrated beforehand. Equipment out of calibration by 10% or
more will not be used for field measurements. Laboratory measurements of specific
conductance and/or pH made within 24 hours of sample collection may augment or
replace field measurements, in the event of field instrument malfunction or other factors.

7.2 Laboratory Analytical and Measurement Procedures

7.2.1 List of Project Target Compounds and Laboratory Detection Limits

7.2.1.1 VOCs in groundwater

STL Houston will analyze water samples obtained from monitoring locations installed
during the Vapor Intrusion Study for VOCs in accordance with USEPA SW-846 methods.
Analytical procedures and project-specific laboratory reporting limits for organic
compounds in water, as analyzed by USEPA SW-846 methods, are provided on Table
1.1. Laboratory reporting limits for SW-846 methods have been experimentally
determined in accordance with FR vol. 49, no. 209, page 198-199.

Detection limits for the Vapor Intrusion Study will be laboratory Reporting Limits (RLs)
corresponding to three to five times the method detection limit (MDL). The laboratory
will report COC concentrations at or below the RLs described in this QAPP, unless the
specified detection limits are not obtainable by the laboratory due to high parameter
concentrations requiring sample dilution or matrix interferences. The laboratory will
report COC concentrations less than the RL but greater than the MDL as estimated and
will flag such results as estimated values in accordance with the laboratory data
reduction procedures specified in Section 9 of this QAPP.

STL Houston has previously conducted a baseline detection limit study for all methods
per USEPA CLP guidelines, and records of the study are maintained at the laboratory.
Results of the study are periodically updated and/or revised when changes in
instrumentation or methods occur within the laboratory. This study is intended to
establish, in accordance with accepted regulatory procedures, the baseline (lowest
possible) method detection limits (MDLs) and instrument detection limits (IDLs)
obtainable by the laboratory. STL Houston maintains on file the results of the most
recent detection limit study for project specific COCs.

Samples to be analyzed for volatile organics will be screened in the laboratory to
determine what level they should be analyzed at. Samples will be analyzed either as
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low or medium level concentration samples or as a series of dilutions in order to cover
the expected concentration range of the site-specific compounds of interest.

7.2.1.2 VOCs in air

H&P Mobile Geochemistry will analyze air samples obtained from monitoring locations
installed during the Vapor Intrusion Study for VOCs in accordance with USEPA SW-846
methods. Analytical procedures and project-specific laboratory reporting limits for
organic compounds in air, as analyzed by USEPA SW-846 methods, are provided on
Table 1.2. Laboratory reporting limits for SW-846 methods have been experimentally
determined in accordance with EPA method TO-15.

Detection limits for the Vapor Intrusion Study will be laboratory Reporting Limits (RLs)
corresponding to three to five times the method detection limit (MDL). The laboratory
will report COC concentrations at or below the RLs described in this QAPP, unless the
specified detection limits are not obtainable by the laboratory due to high parameter
concentrations requiring sample dilution or matrix interferences. The laboratory will
report COC concentrations less than the RL but greater than the MDL as estimated and
will flag such results as estimated values in accordance with the laboratory data
reduction procedures specified in Section 9 of this QAPP.

H&P Mobile Geochemistry has previously conducted a baseline detection limit study for
all methods per USEPA CLP guidelines, and records of the study are maintained at the
laboratory. Results of the study are periodically updated and/or revised when changes
in instrumentation or methods occur within the laboratory. This study is intended to
establish, in accordance with accepted regulatory procedures, the baseline (lowest
possible) method detection limits (MDLs) and instrument detection limits (IDLs)
obtainable by the laboratory. H&P Mobile Geochemistry maintains on file the results of
the most recent detection limit study for project specific COCs.

During events where a mobile laboratory is employeed, samples to be analyzed for
volatile organics will be screened initially by direct injection onto a GC. Samples
requiring greater resolution will be collected in a Summa canister for analysis by EPA
method TO-15.

A suitable lab capable of achieving required DQOs will be selected for TO-15 analyses.
The selected laboratory will be required to meet the same requirements at H&P Mobile
Geochemistry as outlined above and throughout the remainder of this QAPP.

7.2.1.3 Soil Physical Properties

PTS in Houston, Texas, will analyze core samples and soil samples for physical
properties in accordance with laboratory SOPs prepared and reviewed for consistency
with APl and ASTM reference methods. Laboratory reporting limits for physical
properties (see Table 1.3) have been experimentally determined in accordance with the
applicable APl or ASTM reference method and corresponding laboratory SOP.
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7.2.2  List of Associated QC Samples

As summarized on Table 2.1, each laboratory SOP includes a QC section addressing
minimum QC requirements for the analysis of specific analyte groups.

8.0 INTERNAL QUALITY CONTROL CHECKS
8.1 Field QC Checks

Field QC samples will be collected and analyzed in order to i) evaluate field precision
and accuracy, and ii) facilitate validation of sample results. Field sampling precision and
accuracy will be assessed through the collection and laboratory analysis of field
replicates and field blanks. Samples will be collected per applicable procedures
provided in the Field Sampling Plan.

Data from field QC samples will be examined to determine if any problems are evident
for specific media or with laboratory procedures. The Contractor QA Manager will
advise the Contractor Project Manager of the problems encountered so that the
appropriate corrective action can be taken. Procedures for communicating corrective
actions are described in Section 13 of this QAPP.

8.1.1 Blank Samples

8.1.1.1 Equipment Rinsate Blanks

Dedicated disposable sampling equipment will be used in this study, no equipment
rinsate blanks are required.

8.1.1.2 Trip Blanks

The effectiveness of sample handling techniques will be evaluated by submitting
preserved trip blank samples for laboratory analysis. Trip blanks will consist of a pair of
40-mL VOA vials with Teflon™ lined septa, filled in the laboratory (or organization
providing the sample containers) with laboratory-grade (organic-free/de-ionized or
distilled) water. The unopened trip blanks will accompany the VOC sample bottles to the
sampling site and back to the laboratory in the same shipping cooler. Proper labeling
and documentation will be completed for trip blanks. Trip blanks will be prepared and
analyzed with other samples being analyzed for VOCs at a minimum frequency of one
per day when sampling water only (i.e., no trip blanks will be required if vapor is the only
medium sampled on a particular day).

8.1.2 QC Check Samples

The precision of field sample collection techniques will be evaluated by collecting and
analyzing field duplicates. Duplicate samples will be defined as those samples collected
simultaneously from the same source under identical conditions into separate but
identical containers, and preserved, stored, transported and analyzed in the same
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manner. Thus, to prepare a duplicate, an aliquot will be collected from a sample source
and divided equally into two separate but identical sample containers. Each duplicate
will be identically preserved, stored, transported and analyzed. Field duplicates will be
given a different identification number to disguise the source of the sample from the
laboratory. Field replicates will be analyzed by the same Ilaboratory analyzing
investigative samples.

During the course of the Vapor Intrusion Study, duplicates will be collected at a
frequency of one duplicate for every 10 samples (10%) for each matrix. Field duplicates
will be analyzed for VOCs only.

8.1.3  Field Instrument QC Check Samples

No field instrument QC check samples will be required.
8.2 Laboratory QC Checks

8.2.1  Analysis of Water and Vapor for COCs

STL Houston, the selected indoor air lab and H&P Mobile Geochemistry will implement a
QA/QC program to ensure the reliability and validity of analyses performed in the
laboratory. Analytical procedures will be documented in writing as SOPs, each including
a section addressing minimum QC requirements for the procedure. Internal quality
control checks differ slightly for individual procedures, but in general QC requirements
will include the following:

* Method blanks

* Instrument blanks

» Matrix spikes/matrix spike duplicates
» Surrogate spikes

» Laboratory duplicates

» Laboratory control standards

» Surrogate spikes

* Internal standard spikes

* Mass spectral tuning

QC sample results will be properly recorded and included in the analytical data package.
The data package will contain sufficient QC information to allow reconstruction and
evaluation of the laboratory QC process by an independent data reviewer.

Data generated in the laboratory will be properly recorded and compiled into a
deliverable package containing sufficient QC information for comparison to relevant
criteria. Samples analyzed in non-conformance with the QC criteria will be re-analyzed
by the laboratory if sufficient volume is available. The sample volumes listed on Table 3
generally provide sufficient volumes and/or weights of sample for re-analysis, if required.
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Laboratory Internal Quality Control Program: Data quality objectives for internal
laboratory control checks will be consistent with USEPA precision and accuracy criteria
specified for selected analytical methods. STL Houston, the selected indoor air lab and
H&P Mobile Geochemistry will continue to demonstrate an ability to produce acceptable
results using the methods selected through the generation of acceptable QC data.
Analytical data will be evaluated by STL Houston, the selected indoor air lab and H&P
Mobile Geochemistry prior to submittal based on internal reviews of the QC data.
Analytical quality control checks will be performed in the laboratory. These procedures
will be based upon USEPA reference methods and generally accepted standards of
good laboratory practice. Key components of the laboratory Analytical Quality Control
Program include the following quality control practices and considerations:

» Designation of a Laboratory QA Manager to implement the laboratory QA/QC program;

» Adherence to specified laboratory sample acceptance procedures to maintain proper
handling, processing, and storage of submitted samples;

» Use of the computerized laboratory data management system to record, document, and
assimilate pertinent technical and administrative data;

* Use of USEPA reference methods and recommended instrumentation;

» Adherence to mandatory procedures for operation, calibration, and maintenance of
laboratory and field instrumentation;

» Use of proper laboratory measuring equipment, glassware, water, chemical reagents,
industrial gases;

» Constant surveillance and documentation of acceptable analytical method accuracy and
precision through initial analytical method performance evaluations;

» Use of continuous surrogate spike recovery evaluations, where appropriate, to maintain
acceptable method performance;

» Use of systematic method blank evaluations to identify analytical system interferences and
background contamination levels;

* Adherence to proper laboratory documentation measures to maintain the complete
integrity and legal validity of all laboratory analyses;

» Use of voluntary intra-laboratory performance evaluations to internally assess and
evaluate analytical performance; and

» Participation in laboratory certifications, audits, and approval programs.

Analytical Data Quality: The principle criteria for validating data quality will be the
continuous monitoring of acceptable analytical accuracy, precision, and overall method
performance, through systematic analyses of quality control samples. STL Houston, the
selected indoor air lab and H&P Mobile Geochemistry will conduct both initial and
continuous analytical method performance evaluations to ensure that all generated
analytical data meet applicable QC and method performance criteria. Each analytical
method commonly used in the laboratory will utilize specific quality control procedures to
continually monitor acceptable analytical method accuracy and precision. These specific
quality control procedures are detailed in the analytical methods SOPs based upon
USEPA reference methods. QC criteria for internal standards for analysis of VOCs are
provided on Table 4.
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8.2.2 Analysis of Soil Properties

PTS will implement a QA/QC program to ensure the reliability and validity of analyses
performed in the laboratory. Analytical procedures will be documented in writing as
SOPs, including minimum requirements for internal QC checks if any are specified by
the corresponding API or ASTM reference method. QC sample results will be properly
recorded and included in the analytical data package. The data package will contain
sufficient QC information to allow reconstruction and evaluation of the laboratory QC
process by an independent data reviewer.

Data generated in the laboratory will be properly recorded and compiled into a
deliverables package containing sufficient QC information for comparison to relevant
criteria. Samples analyzed in non-conformance with the QC criteria will be re-analyzed
by the laboratory if sufficient volume is available.

Data quality objectives for internal laboratory control checks will be consistent with API
and ASTM precision and accuracy criteria specified for selected analytical methods.
PTS will continue to demonstrate an ability to produce acceptable results using the
methods selected through the generation of acceptable QC data. Analytical data will be
evaluated by PTS prior to submittal based on internal reviews of the QC data. Analytical
quality control checks will be performed in the laboratory be based upon APl and ASTM
reference methods and generally accepted standards of good laboratory practice. Key
components of the laboratory Analytical Quality Control Program include the following
quality control practices and considerations:

+ Designation of a Laboratory QA Manager to implement the laboratory QA/QC program;

» Adherence to specified laboratory sample acceptance procedures to maintain proper
handling, processing, and storage of submitted samples;

» Use of the computerized laboratory data management system to record, document, and
assimilate pertinent technical and administrative data;

* Use of APl and ASTM analytical methods and instrumentation;

» Adherence to mandatory procedures for operation, calibration, and maintenance of
instrumentation;

» Use of proper laboratory measuring equipment, glassware, water, chemical reagents,
industrial gases;

» Constant surveillance and documentation of acceptable analytical method accuracy and
precision through initial analytical method performance evaluations;

» Adherence to proper laboratory documentation measures to maintain the complete
integrity and legal validity of all laboratory analyses;

9.0 DATA REDUCTION, VALIDATION, AND REPORTING

Data generated during field and laboratory analyses will be reduced and validated prior
to reporting. No data shall be disseminated by the field crew or the laboratories until
subjected to the reduction and validation procedures described below. For both field
and laboratory data recording and reduction, errors will be corrected by drawing a single



GSI Job No. G-2882
Issued: 3/2/2007
Page 28 of 39

GROUNDWATER
SERVICES, INC.

line through the error, re-entering the correct information, and initialing and dating the
correction.

9.1 Data Reduction

9.1.1 Field Data Reduction Procedures

Field measurements will be taken directly from field instruments which are direct reading
instruments requiring no data reduction; therefore, data from these instruments will be
written into field log books immediately after measurements are taken.

9.1.2 Laboratory Data Reduction Procedures

In order to convert raw data from instrument reading to reportable results, raw data will
be reduced to reportable values by instrument hardware and software or by other
manual procedures suggested in the applicable reference method. Reduction of
laboratory measurements and laboratory reporting of analytical parameters will be
conducted in accordance with the procedures specified for each USEPA, API, or ASTM
analytical method. Data reduction and recordkeeping activities of the primary analyst
will be as follows:

* General Data Reduction: All methods employed for analysis of samples collected
during the Vapor Intrusion Study will involve certain data reduction procedures
following established laboratory QA/AC protocol. The analyst will record and
maintain accurate laboratory records and computer files to include sample
identification, weights or volumes, dilution factors, analysis date and method, and
analyst initials. Proper instrument and method calibrations will be performed and
verified. The analyst will confirm results of the analytical sequence or batch,
including QA/QC verification. After converting raw data to final form by following
proper procedures for calculations, rounding, and significant figures, sample results
will be manually transcribed or automatically transferred from the instrument report to
the results data sheet. Internal chain-of-custody records will be maintained as
described in Section 5 of this QAPP. The laboratory will flag analytical results in
order to note the conditions listed below:

* U = Analyte was analyzed for but not detected.

» J = Results are estimated owing to mass spectral data indicating the presence of a
compound meeting applicable identification criteria, but quantitated at less than the
MQL and greater than the MDL.

* B = Analyte detected in corresponding method or laboratory blank.

» X = Results are flagged for a reason other than specified above as noted by the laboratory.

* Sample Preparation: Preparation analysts will record accurate data used in final
calculations. Such data will be maintained in extraction and digest logbooks, bench
sheets, and chemist’s notebooks containing sample weights or volume, final extract
volumes, surrogate and spike amounts, and standard reference numbers.
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* Soil Properties Analyses: Duties of the soil properties analyst will include
recording results from direct-reading or automated instruments onto a data sheet.
The analyst will be responsible for transcribing, as necessary, results for selected
soil properties parameters to spreadsheets for data reduction. Final results will be
recorded on a data sheet and then entered into the Laboratory Information
Management System (LIMS), as applicable.

* Instrument Analyses: Instrument analysts will verify calculations, analyte
identifications, related QA/QC calculations, and sample results. Calculations will
include surrogate spike recoveries, laboratory control sample (LCS) recoveries
results of sample duplicates and matrix spikes, and results for method and matrix-
specific blanks. Lab results will be recorded by the analyst on a data sheet and the
associated QA/QC data sheet. Computer or integrator reduction will be employed for
the analysis of volatile and semi-volatile organics by GS/MS. Instrumentation will
generate a quantitation report and sample results will be calculated by computer
integration, spreadsheet, or manual calculation. Positive sample results will be
transcribed by the analyst to the sample results sheet and QC data entered into a
QA/QC summary spreadsheet.

* Record Keeping: Bench sheets for sample extraction, digestion, and soil properties
will be maintained in bound notebooks. Chromatographic documentation and data
record will include sample preparation logs, extraction logs, bench sheets,
instrument logs, instrument tune reports, quantitation reports, and instrument
printouts. Run logs will be maintained for instrument analyses to document injection
of each standard, quality control sample, and client sample. Equipment maintenance
logs will be employed to document maintenance activities as discussed in Section 11
of this QAPP. Completion of chain-of-custody forms is discussed in Section 5 of this
QAPP. Unused areas of the daily bench sheets and instrument logs will be crossed
out, initialed and dated by the corresponding analyst or technician.

9.2 Data Validation

Data validation procedures will be performed for both field and laboratory operations as
described below.

9.2.1  Procedures Used to Validate Field Data

The field data package, including field records and measurements acquired by the
sampling team personnel, will be reviewed by the GSI QA Manager, as follows:

» Sampling records and chain-of-custody forms will be reviewed to verify that samples, field
duplicates, and trip blanks were collected at the frequency specified in the QAPP and
were properly prepared, preserved, and submitted to the laboratory.

» Instrument field records will be reviewed for documentation of proper calibration and
maintenance.

+ Chain-of-custody forms will be reviewed for proper completion, signatures of field
personnel and the laboratory sample custodian, and dates.
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9.2.2 Procedures Used to Validate Laboratory Data

Data production will begin with the generation of data results by the analyst and continue
through a multi-level review and validation process. Each step in the review process will
be performed to assure the integrity and validity of the data generated by the
laboratories. Data will be sequentially passed on to the peer review analyst of the staff
chemist, the department supervisor, and finally the data entry personnel. The laboratory
report will be reviewed by the Laboratory QA Manager assigned to the project and then
will be certified by the laboratory manager or designee. Each step in the review process
will be performed to assure the integrity and validity of the date generated by the
laboratories, as follows:

Quality control data (e.g., laboratory duplicates, surrogates, matrix spikes, and matrix
spike duplicates) will be compared to method acceptance criteria. Data considered to
be acceptable will be entered into the laboratory computer system. Data summaries will
be sent to the Laboratory QA Manager for review. If approved, data will be logged into
the project database. Unacceptable data will be appropriately qualified in the project
report. Case narratives will be prepared to include information concerning data falling
outside acceptance limits, and any other anomalous conditions encountered during
sample analysis. Data will be issued after approval by the Laboratory QA Manager.

9.3 Data Reporting

9.3.1 Field Data Reporting

Field data reporting comprises a tabulation of the results of measurements made in the
field (i.e., pH, conductivity, turbidity and temperature readings).

9.3.2 Laboratory Data Reporting

9.3.2.1 STL Houston, the selected indoor air lab, and H&P Mobile Geochemistry

A LIMS will be utilized for generation of laboratory data reports. After data have been
entered and verified as described in Section 9.2 above, a draft report will be generated
for review by the Laboratory QA Manager. Laboratory data reports will consist of sample
results plus the QA/QC data specified below. The following are general requirements for
each sample analyzed by the laboratory:

» The results of each analysis;

* The list of the COCs;

* The method of analysis and the detection limit for each analyte;

» Dates of sample collection, receipt, preparation, and analysis;

» Copy of the chain-of-custody forms signed by the sample custodian;

* A narrative summarizing any QA/QC non-conformances and the corrective action taken;
and

* Alist relating laboratory ID to sample ID.
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The list below describes the information to be provided for analysis of VOCs by GC/MS,
as applicable:

+ Evaluation of holding time, sample preservation, and percent solids;

e Dilutions;

* Results of bromofluorobenzene or decafluorotriphenylphosphine GC/MS tuning;

* Results of initial and continuing calibration;

* Results of blank analyses;

* Results of surrogates spikes, the expected value, control limits, and percent recovery;

* Results of matrix spike/matrix spike duplicate, control limits, expected value, RPD, and
percent recovery;

» Results for laboratory control samples, expected value, control limits, and percent
recovery;

* Results of internal standards;
» Compound identification, quantification, and detection limits; and
* Results of laboratory duplicates.

The laboratory will keep on file, for a period of three years, the following information:

» Sequential measurements readout records,

» Digestion logs,

* Percent solids raw data,

» Raw data calculation worksheets,

+  GC/MS tuning and mass calculations sheets,

» Sample chromatograms,

* Mass spectra data for each sample, and

* Any other data that is associated with the samples analyzed.

After the Laboratory QA Manager has determined that the report summaries and case
narratives meet project requirements, data will be compiled into a report for submittal to
the GSI project manager.

9.3.2.2 PTS

After data have been entered and verified as described in Section 9.2 above, a draft
report will be generated for review by the Laboratory QA Manager. Laboratory data
reports will consist of sample results plus the QA/QC specified in the laboratory SOP
and API or ASTM reference method.

9.4 Third-Party Data Validation

Analytical data will be validated internally by GSI and will not be submitted to a third
party for independent validation. Minimum requirements will be as follows:

» Chain-of-custody documentation associated with samples.
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» A cover sheet listing samples included in the sample data group and a cross-reference
between field and laboratory sample numbers.

» A case narrative describing any analytical problems encountered during analysis of the
sample data group.

+ Tables summarizing analytical results with reporting limits, identification, and
quantification of each parameter.

» Analytical results of quality control samples (i.e., field and laboratory blanks, initial and
continuing calibration verifications, spikes, duplicates, surrogates, laboratory control
samples, ICP interference check samples, chromatograms, and mass spectral data).

10.0 PERFORMANCE AND SYSTEM AUDITS

Performance and system audits will be conducted to verify that sampling and analysis
are performed in accordance with applicable SOPs specified for field and laboratory
activities. The audits of field and laboratory activities include two independent
components: internal and external audits.

10.1 Field Performance and System Audits

10.1.1 Internal Field Audits

10.1.1.1Internal Field Audit Responsibilities

Internal audits of field activities, including sampling and field measurements, will be
conducted by the GSI Project Manager or a designated alternate. Additional team
members may also be present during various phases of the audits. These audits will be
conducted to evaluate performance, verify that procedures are followed, and correct
deficiencies in the execution of field procedures.

10.1.1.2Internal Field Audit Frequency

An internal field audit will be conducted at least once at the beginning of the site sample
collection activities to verify that established procedures are being followed.

10.1.1.3Internal Field Audit Procedures

To verify compliance with established procedures and implementation of appropriate QA
procedures, internal audits will involve the review and examination of the following:
i) field measurement and sampling records, ii) instrument operation and calibration
records, iii) sample collection documentation, iv) sample handling and packaging
procedures, and v) chain-of-custody procedures. Results of field performance audits will
be documented on a field audit checklist. If the first audit reveals significant deficiencies,
one or more follow-up audits will be conducted to verify that QA procedures are
maintained throughout the Vapor Intrusion Study.
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10.1.2 External Field Audits

External field audits will not be conducted during the Vapor Intrusion Study.
10.2 Laboratory Performance and System Audits

10.2.1 Internal Laboratory Audits

10.2.1.1Internal Laboratory Audit Responsibilities

Internal system and performance audits at STL Houston, the selected indoor air lab,
H&P Mobile Geochemistry and PTS will be the responsibility of the respective
Laboratory QA Managers.

10.2.1.2Internal Laboratory Audit Frequency

The internal laboratory system audit will be conducted on an annual basis, and the
internal lab performance audit on a quarterly basis.

10.2.1.3Internal Laboratory Audit Procedures
Performance and systems audits for sampling and analysis operations will include on-
site review of laboratory quality assurance systems and on-site review of equipment for

calibration and measurement techniques.

10.2.2 External Laboratory Audits

External laboratory audits will not be conducted as part of the Vapor Intrusion Study.
11.0 PREVENTIVE MAINTENANCE
11.1 Field Instrument Preventive Maintenance

Field instruments are to be checked and calibrated prior to beginning the field program
and daily before use to verify that instruments are in good working order. Routine
preventive maintenance procedures for field instruments are specified in the relevant
operation manuals.

11.2 Laboratory Instrument Routine Maintenance Activities

As part of the laboratory QA/QC program, a routine preventive maintenance program will
be conducted by the laboratories to minimize the occurrence of instrument failure or
other system malfunction. The laboratory workload will be scheduled to accommodate
planned downtime required to complete routine maintenance procedures. Trained
operators will complete routine maintenance procedures (e.g., changing oven fans,
replacing electronic control boards, changing vacuum pump oil, cleaning, etc.) for
GC/MS instruments. An inventory of spare parts will be maintained to facilitate timely
repair of instruments and minimize downtime.
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When routine maintenance procedures do not correct a problem with instrumentation,
outside repair services will be available on a next day basis. The laboratory will not
maintain test equipment to be used in the maintenance of instrumentation; rather,
service representatives will bring the necessary test equipment for the service call.

Records of preventive maintenance activities for each piece of equipment will be
maintained in Calibration and Maintenance log books assigned to that instrument.
Preventive maintenance performed during the project will be noted in the field logbook
and the instrument Calibration and Maintenance log book.

11.3 Inspection/Acceptance Requirements for Supplies and Consumables

Supplies and spare parts will be maintained for both field and laboratory instruments to
assure timely completion of sample screening and analysis. For field work, critical spare
parts such as batteries will be kept on-site to reduce downtime. Backup instruments and
equipment will be available on-site or within 1 day shipment to avoid delays in the field
schedule. An inventory of spare parts will also be kept on hand in order to complete the
routine maintenance tasks described in Section 11.2.

12.0 PROCEDURES TO ASSESS DATA QUALITY OBJECTIVES
12.1  Accuracy Assessment

In order to evaluate the accuracy of laboratory results, LCSs and MS/MSDs will be
prepared at the frequency shown on Table 2.4 by spiking with VOCs prior to analysis.
For the LCS, the ratio between the measured concentration and the known
concentration in the spiked sample converted to a percentage is equal to the percent
recovery. For MS/MSDs, the difference between the measured concentration in the
spike and the concentration in the native sample is divided by the known spike
concentration to obtain the percent recovery, as follows:

Measured Concentration in Spike Sample — Concentration in Native Sample
Known Spike Concentration

%R = x 100

Daily tabulations for each commonly analyzed organic compound will be maintained on
instrument-specific, matrix-specific, and analyte-specific bases. Control charts of results
obtained from LCS will be maintained for selected organic analytes to track the accuracy
of laboratory data

12.2 Precision Assessment

Spiked samples will be prepared by selecting a sample at random from each sample
shipment received at the laboratory, dividing the sample into equal aliquots, and then
spiking each of the aliquots with a known amount of analyte. The duplicate samples will
then be included in the analytical sample set. The splitting of the sample allows the
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analyst to determine the precision of the preparation and analytical techniques
associated with the duplicate sample. The RPD between the spike and duplicate spike
(or between MS and MSD) will be calculated as follows:

Concentration in Spike 1 - Concentration in Spike 2
0.5(Concentration in Spike 1+ Concentration in Spike 2)

RPD = x 100

12.3 Completeness Assessment

Completeness is the ratio of the number of valid sample results to the total number of
samples analyzed with a specific matrix and/or analysis. After analytical testing, the
percent completeness will be calculated as follows

(number of valid measurements)
(number of measurements planned)

Completeness = x 100

13.0 CORRECTIVE ACTION

Corrective action will be taken to identify, recommend, approve, and implement
measures to remedy unacceptable procedures or out-of-control performances potentially
affecting data quality. Corrective actions may be required for i) non-conformance with
procedures specified by the QAPP, ii) malfunction of sampling or analytical equipment,
or iii) changes in sampling network or frequency. Non-conformances include those
instances of conducting activities outside the requirements of the QAPP (i.e., missing
holding times or detecting blank contamination). Analytical and equipment problems
may occur during sampling, sample handling, sample preparation, or laboratory analysis.
Modifications in the sampling network may result from inaccessible locations or from
inadvertent omissions in sample collection.

Any non-conformance to quality control procedures specified in the QAPP will be
identified, reported, and corrected. If the non-conformance is identified during sample
collection or analysis, corrective action will be implemented immediately by the field
technician or laboratory analyst. If the non-conformance is identified during an
internal/external audit or third-party data validation, corrective action will be implemented
after notification of the GSI Project Manager, and/or the Laboratory Project Manager.
Any corrective actions taken during the course of the Vapor Intrusion Study will be
documented in the final project report described in Section 14 of this QAPP.

13.1 Field Corrective Action

13.1.1 Corrective Action for Procedural Non-Conformances

The GSI Field Operations Manager and Field Technical Staff will be responsible for
reporting suspected technical or QA non-conformances or deficiencies to the GSI
Project Manager. The GSI Project Manager will be responsible for ensuring that any



GSI Job No. G-2882
Issued: 3/2/2007
Page 36 of 39

GROUNDWATER
SERVICES, INC.

necessary corrective actions are implemented. If appropriate, the GSI Project Manager
will suspend additional work depending on the nature of the non-conforming activity until
the corrective action is completed. The GSI Project Manager will ensure that corrective
action for the non-conformance is completed by evaluating and controlling additional
work on non-conforming items, determining appropriate action, and communicating with
concerned persons via telephone, e-mail, or other medium.

13.1.2 Corrective Action for Changes in Sampling Network

The Contractor Field Operations Manager will communicate work plan modifications to
project management for review and approval prior to implementation of significant
modifications to the QAPP. In order to avoid unnecessary project delays, minor field
adjustments (e.g., moving a sampling location less than 25 ft to avoid an obstruction) will
be made at the discretion of the GSI Field Operations Manager and implemented without
prior approval from project management, provided other health and safety
considerations have been addressed (e.g., utility clearance). Such modifications will be
recorded in the field logbook and brought to the prompt attention of project management.
The GSI Project Manager will then review the modification to ensure that the
modification does not compromise project quality assurance objectives. GSI Field
Technical Staff will not initiate work program modifications without prior communication
with the GSI Field Operations Manager.

Significant plan modifications will be implemented only after obtaining the approval of the
GSI Project Manager. Program changes will be documented and copies of the affected
document will be distributed to recipients via e-mail or other medium. The GSI Project
Manager will be responsible for the controlling, tracking, and implementation of the
identified changes. A discussion of field program modifications will be included in the
final project report.

If the proposed modification has the potential to adversely impact attainment of project
QA objectives, the GSI Project Manager will be notified while the sampling crew is still in
the field. Such a situation would result if i) a sampling location were to be eliminated,; ii)
a sampling location were to be moved a significant distance from its designated location
owing to access limitations or obstructions; or iii) sampling frequency were to be
decreased. Possible corrective actions could include i) re-mobilization to collect
additional samples, or ii) evaluation to determine if data already collected were sufficient
to satisfy QA objectives.

If the GSI Project Manager determine that the modification will not adversely impact the
achievement of project QA objectives, no further action will be taken and a summary of
the findings will be included in the final project report. If the modification has the
potential to adversely impact the achievement of project QA objectives, additional
locations will be sampled or additional samples will be collected and the findings
documented in the final project report.
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13.1.3 Field Corrective Action Reports

In all cases in which corrective actions of field procedures are required, a description of
the nature of the problem, an evaluation of the cause, if known, and the action taken will
be prepared by the GSI Field Operations Manager or QA Manager and distributed by e-
mail, U.S. mail, or other appropriate medium. The following topics will be discussed:

* Where did the out-of-control event occur (site, location, etc.)?
*  When did the incident occur and when was it corrected?
* What was the nature of the out-of-control event?

* Who discovered the out-of-control incident, verified the incident, and corrected the
problem?

*  What was the method number and name of the test?

* What was the disposition of the test or control and/or instrument?
» What was the nature of the corrective action?

*  What will be done to prevent the reoccurrence of the problem?

* Why did the incident happen (if scientific explanation is available)?

A copy of the subject control data and other information describing the non-compliant
condition will be included in the final project report. Deficiencies identified during the
data validation and assessment process will also be included in the final project report.

13.2  Laboratory Corrective Action

Data packages prepared by the laboratory will include a discussion of the QC problems
encountered and corrective actions taken. If an out-of-control event or potential out-of-
control event is noted in the laboratory, an investigation and corrective action will be
taken appropriate to the analysis and the event. Laboratory corrective action may be
required if any of the following occur:

* QC data are outside the warning or acceptable windows for precision and accuracy,
« Blanks contain target analytes above acceptable levels,

* Undesirable trends are detected in spike recoveries or RPDs between duplicates,

* Unusual changes in detection limits are noted,

+ Deficiencies are detected by the QA Department during internal or external audits or from
the results of performance evaluation samples, or

* Inquiries concerning data quality are received.

The Laboratory QA Manager will be responsible for implementing laboratory corrective
action. Individual analysts will be responsible for assessing the results from sample
analysis. Results not meeting applicable criteria will be reported to a supervisor who will
recommend a corrective action to be implemented by the section manager, the QC
chemist and the QA/QC Supervisor. The Laboratory QA Manager will be responsible for
ensuring that corrective actions are taken, as appropriate, in the following situations:
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« OQut-of-Control Criteria: An out-of-control situation will exist when a blank,
calibration standard, laboratory control sample, sample replicate, or spike
recovery analysis fails to meet applicable quality control criteria. Corrective action
procedures are often handled at the bench level by the analyst who reviews the
preparation for possible errors, checks the instrument calibration, spike and
calibration mixes, and instrument sensitivity. If the out-of-control situation cannot
be remedied by the analyst, an investigation to determine the cause of the
problem will be undertaken by the analyst and department supervisor, and a
Quality Assurance Action Report will be initiated. Analyses completed during the
out-of-control situation will be repeated after the out-of-control situation has been
corrected. If the problem persists or cannot be identified, the matter will be
referred to the laboratory supervisor, manager and/or QA Department for further
investigation. After resolution, the corrective action procedure will be documented
and filed with the QA Department.

* Warning Criteria: Corrective measures will be implemented when one of the
following two conditions occurs: i) quality assurance data for blanks, laboratory
control samples, sample replicates, or matrix spikes exceed two standard
deviations of applicable limits or ii) a trend or shift is observed for the reference
standard. Provided other criteria are within applicable limits, samples need not be
re-analyzed. A Quality Assurance Corrective Action Report will be initiated by the
analyst and the Laboratory Supervisor, and corrective action will be implemented
prior to analyzing additional samples. If the situation occurs with the next sample
batch, an out-of-control situation exists, and steps outlined above are taken. If
matrix interference is indicated by out-of-control replicate analyses or matrix spike
recovery data, re-analysis of a sample batch is necessary only when other QC
data do not meet applicable specifications.

* Performance Audit: |If the laboratory fails to meet applicable requirements
reviewed during a performance of systems audit, corrective action will be taken.
The QA/QC coordinator will notify the Laboratory Project Manager and the
USEPA QA Manager in the event of a corrective action taken in response to an
audit. Applicable federal and state guidelines and requirements regarding
response to audit findings are observed by laboratory.

13.3  Corrective Action During Data Validation and Data Assessment

The GSI QA Manager will review analytical reports generated by STL Houston, the
selected indoor air lab, H&P Mobile Geochemistry and PTS prior to data use and filing.
Upon receiving data validation or data assessment results, the GSI QA Manager will
identify the need for corrective action and notify concerned persons by telephone, e-
mail, or other appropriate medium. Specified corrective action will be developed to
assure meeting required QA objectives. The GSI Project Manager and the Laboratory
Project Managers will be responsible for implementing corrective actions in the field and
laboratory, respectively. Corrective action required may include re-sampling, collecting
additional samples, or re-measurement of field parameters. The laboratory may be
required to repair or re-calibrate instrumentation, re-inject or re-analyze samples, or
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provide additional raw data. Proposed and implemented corrective actions will be
documented in the final project.

14.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT

The final report for the Vapor Intrusion Study will be the responsibility of the GSI Project
Manager. The final report will contain a section identified as the Project QA Report that
addresses data quality, including the accuracy, precision, and completeness of the data,
results of any performance or system audits, and any corrective action needed or taken
during the project.

14.1  Contents of Project QA Report

The QA report will contain i) results of field and laboratory audits conducted during the
time period covered by the report, ii) an assessment of QA results with respect to data
quality objectives, iii) a summary of corrective actions that may have been implemented,
and iv) results of any corrective action activities. If applicable, references to QAPP
modifications will be highlighted.

14.2 Frequency of QA Reports

The Project QA Report will be prepared on a one-time basis and submitted in
conjunction with the final report for the Vapor Intrusion Study.

15.0 REFERENCES
USEPA, 1994a. Guidance for the Data Quality Objectives Process, U. S. Environmental
Protection Agency.

USEPA, 1994b. National Functional Guidelines for Organic Data Review, U.S. Environmental
Protection Agency, December 1994.

USEPA, 1998. Region 5 RCRA QAPP Instructions, U. S. Environmental Protection Agency.
Revision: April1998.
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TABLE 1.1
ANALYTICAL PARAMETERS AND DATA QUALITY OBJECTIVES FOR WATER

QAPP for Demonstration Plan for Detailed Field Investigation of Vapor Intrusion Processes

Investigation
Analytical Method DQO
CAS MDL RL
Analyte Number Prep. Det. mg/L mg/L mg/L
Volatile Organics
Acetone 67-64-1 5030B 8260B 5.00E-03 2.50E-02 2.50E-02
Benzene 71-43-2 5030B 8260B 3.60E-04 1.00E-03 1.00E-03
Bromodichloromethane 75-27-4 5030B 8260B 1.40E-04 1.00E-03 1.00E-03
Bromoform 75-25-2 5030B 8260B 3.30E-04 1.00E-03 1.00E-03
Bromomethane 74-83-9 5030B 8260B 6.20E-04 1.00E-03 1.00E-03
Carbon disulfide 75-15-0 5030B 8260B 6.60E-04 1.00E-03 1.00E-03
Carbon tetrachloride 56-23-5 5030B 8260B 3.10E-04 1.00E-03 1.00E-03
Chlorobenzene 108-90-7 5030B 8260B 3.40E-04 1.00E-03 1.00E-03
Chloroethane 75-00-3 5030B 8260B 7.80E-04 1.00E-03 1.00E-03
Chloroform 67-66-3 5030B 8260B 3.70E-04 1.00E-03 1.00E-03
Chloromethane 74-87-3 5030B 8260B 3.90E-04 1.00E-03 1.00E-03
Dibromochloromethane 124-48-1 5030B 8260B 5.00E-04 1.00E-03 1.00E-03
Dichloroethane, 1,1- 75-34-3 5030B 8260B 3.60E-04 1.00E-03 1.00E-03
Dichloroethane, 1,2- 107-06-2 5030B 8260B 2.60E-04 1.00E-03 1.00E-03
Dichloroethene, 1,1- 75-35-4 5030B 8260B 3.60E-04 1.00E-03 1.00E-03
Dichloroethene, cis-1,2- 156-59-2 5030B 8260B 3.80E-04 1.00E-03 1.00E-03
Dichloroethene, trans-1,2- 156-60-5 5030B 8260B 4.00E-04 1.00E-03 1.00E-03
Dichloropropane, 1,2- 78-87-5 5030B 8260B 3.30E-04 1.00E-03 1.00E-03
Dichloropropene, cis-1,3- 10061-01-5]f 5030B 8260B 2.30E-04 1.00E-03 1.00E-03
Dichloropropene, trans-1,3- 10061-02-6]f 5030B 8260B 2.60E-04 1.00E-03 1.00E-03
Ethylbenzene 100-41-4 5030B 8260B 3.40E-04 1.00E-03 1.00E-03
Hexanone, 2- 591-78-6 5030B 8260B 9.30E-04 1.00E-02 1.00E-02
Methyl Ethyl Ketone (Butanone, -2) 78-93-3 5030B 8260B 1.30E-03 1.00E-02 1.00E-02
Methyl-2-pentanone, 4- 108-10-1 5030B 8260B 6.50E-04 1.00E-02 1.00E-02
Methylene chloride 75-09-2 5030B 8260B 6.40E-04 5.00E-03 5.00E-03
Styrene 100-42-5 5030B 8260B 2.50E-04 1.00E-03 1.00E-03
Tetrachloroethane, 1,1,2,2- 79-34-5 5030B 8260B 1.80E-04 1.00E-03 1.00E-03
Tetrachloroethene 127-18-4 5030B 8260B 3.50E-04 1.00E-03 1.00E-03
Toluene 108-88-3 5030B 8260B 5.40E-04 1.00E-03 1.00E-03
Trichloroethane, 1,1,1- 71-55-6 5030B 8260B 3.20E-04 1.00E-03 1.00E-03
Trichloroethane, 1,1,2- 79-00-5 5030B 8260B 2.20E-04 1.00E-03 1.00E-03
Trichloroethene 79-01-6 5030B 8260B 3.70E-04 1.00E-03 1.00E-03
Vinyl chloride 75-01-4 5030B 8260B 5.60E-04 1.00E-03 1.00E-03
Xylenes (total) 1330-20-7 5030B 8260B 1.30E-03 2.00E-03 2.00E-03

Notes:

# Investigation DQOs correspond to the reporting limit (RL) for each analyte.

# Method detection limits (MDLs) and reporting limits (RLs) shown are based on data provided by STL Savannah. Analytical methods are
referenced from "Test Methods for Evaluating Solid Wastes, SW-846, Update llI, 3rd edition," December 1996.

# Applicable results will be reported as estimated value between method detection limit (MDL) and the reporting limit (RL).

# Laboratory MDLs are continuously being evaluated and may differ slightly from these values.

# Prep. = Digestion or extraction method. — = No value specified.
Det. = Determinative method for quantitation. NA = Not applicable to this constituent.
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TABLE 1.2
ANALYTICAL PARAMETERS AND LABORATORY REPORTING LIMITS FOR VAPOR

QAPP for Demonstration Plan for Detailed Field Investigation of Vapor Intrusion Processes

Analytical Method 8260 8260 SIM TO-15 TO-15 SIM | TO-15 SIM
Mobile Lab [ Mobile Lab H&P Columbia Columbia
CAS RL RL RL MDL RL
Analyte Number ug/m3 ug/m3 ug/m3 ug/m3 ug/m3
Volatile Organics
Benzene 71-43-2 NA NA 3 0.027 0.1
Bromomethane 74-83-9 NA NA 4 NA NA
Carbon tetrachloride 56-23-5 NA NA 6 0.0016 0.025
Chlorobenzene 108-90-7 NA NA 5 0.0025 0.025
Chloroethane 75-00-3 NA NA 3 0.0026 0.025
Chloroform 67-66-3 NA NA 5 0.024 0.1
Chloromethane 74-87-3 NA NA 2 0.0038 0.025
Dichloroethane, 1,1- 75-34-3 NA NA 4 0.0027 0.025
Dichloroethane, 1,2- 107-06-2 NA NA 4 0.0023 0.025
Dichloroethene, 1,1- 75-35-4 NA NA 4 0.0025 0.025
Dichloroethene, cis-1,2- 156-59-2 1000 5 4 0.0031 0.025
Dichloroethene, trans-1,2- 156-60-5 1000 5 4 0.0029 0.025
Dichloropropane, 1,2- 78-87-5 NA NA 5 0.0025 0.025
Dichloropropene, cis-1,3- 10061-01-5 NA NA 5 0.0019 0.025
Dichloropropene, trans-1,3- 10061-02-6 NA NA 5 NA NA
Ethylbenzene 100-41-4 NA NA 4 0.0025 0.025
Methylene chloride 75-09-2 NA NA 3 0.029 0.1
Styrene 100-42-5 NA NA 4 NA NA
Tetrachloroethane, 1,1,2,2- 79-34-5 NA NA 7 0.0029 0.025
Tetrachloroethene 127-18-4 1000 5 7 0.0024 0.025
Toluene 108-88-3 NA NA 7 0.027 0.1
Trichloroethane, 1,1,1- 71-55-6 NA NA 5 0.0025 0.025
Trichloroethane, 1,1,2- 79-00-5 NA NA 5 0.0027 0.025
Trichloroethene 79-01-6 1000 5 5 0.0025 0.025
Vinyl chloride 75-01-4 1000 5 3 0.0027 0.025
Xylenes (total) 1330-20-7 NA NA 4 NA NA
Notes:

1. Table summarizes proposed analytical methods and data quality objectives (DQOs).
. Investigation DQOs correspond to 2 times the achievable detection level (MDL) or the reporting limit (RL) for each analyte.
. Method detection limits (MDLs) and reporting limits (RLs) shown are based on data provided by selected analytical laboratories.
. Applicable results may be reported as an estimated value between method detection limit (MDL) and the reporting limit (RL).
. Laboratory MDLs are continuously being evaluated and may differ slightly from these values.
. Mobile lab = H&P Mobile Geochemistry, H&P = H&P fixed laboratory, Columbia = Columbia Analytical Services, Inc..
. Prep. = Digestion or extraction method.
Det. = Determinative method for quantitation.
DQO = Data quality objective
NA = Not available

N oA WwN
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TABLE 1.3
ANALYTICAL PARAMETERS FOR SOIL CORES

QAPP for Demonstration Plan for Detailed Field Investigation
of Vapor Intrusion Processes

Analysis Analytical Method

Physical Properties

Intrinsic Permeability AP| RP 40 / ASTM D2434
Porosity, total and air-filled API RP 40
Dry Bulk Density API RP 40/ASTM D4564/ASTM D2937
Volumetric Moisture Content ASTM DD216/ASTM D4959/ ASTM D4643
Fraction Organic Carbon Walkley-Black, EPA 9060

Notes:

1. Physical properties analysis will be performed by PTS Geolabs, Houston, Texas,
in accordance with ASTM and API standards.
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ANALYTICAL PARAMETERS AND DATA QUALITY OBJECTIVES FOR RADON ANALYSIS

QAPP for Demonstration Plan for Detailed Field Investigation
of Vapor Intrusion Processes

Detection Investigation
Limit DQO
Analysis Analytical Method pCi/L pCi/L
Radon
Activated Carbon USEPA #402-R-93-004 079 0.4 0.4
Radon Gas Analysis Mathieu, 1998 0.4 0.4
Radon Gas Extraction Berelson, 1987 NA NA

Notes:

1. Activated carbon analysis will be performed by Accustar Labs, Medway, Massachussetts.

2. Radon gas analysis will be performed by Doug Hammond, University of Southern California.
3. NA = Not applicable to this analysis.
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TABLE 2.1
PRECISION AND ACCURACY OBJECTIVES FOR LABORATORY QC SAMPLES

QAPP for Demonstration Plan for Detailed Field Investigation of Vapor Intrusion Processes

GROUNDWATER
SERVICES, INC.

EPA Data Quality Objectives
Reference QC Precision (% RPD) Accuracy
Parameter Method Sample Type Frequency Agqueous Air Soil Core Agqueous Air Soil Core
1. Volatile Organics Water: 8260B Method Blank 1 per 12 hr of analysis NA NA NA Target Analytes <RL | Target Analytes <RL NA
Air: GC/TO-15 Laboratory Spike and Duplicate 1 per 20 samples See Table 2.2 <35 NA See Table 2.2 65-135% NA
Matrix Spike and Duplicate 1 per 20 samples See Table 2.2 NA NA See Table 2.2 NA NA
2. Intrinsic Permeability API RP 40 / ASTM D2434 |Lab Control Standard NA NA NA NA NA NA NA
3. Porosity APIRP 40 Lab Control Standard NA NA NA NA NA NA +0.02% Pore Volume
4. Bulk Density API RP 40/ASTM D4564 |Lab Control Standard NA NA NA NA NA NA +0.5 of 1 Porosity %
ASTM D2937
5. Volumetric Moisture Content | ASTM DD216/ASTM D4959 [Lab Control Standard NA NA NA NA NA NA NA
ASTM D4643
6. Fraction Organic Carbon Walkley-Black, EPA 9060 |Method Blank NA NA NA NA NA NA +3.0% Method Response Factor
Lab Control Standard and Duplicate NA NA NA % Initial V; NA NA +30% Certified Value

Notes:

1. Precision objectives represent relative percent difference (% RPD) between duplicates.
2. Samples, standards, and quality control (QC) samples analyzed for volatile organics will be spiked with surrogates (see Table 2.3).
3. NA = Precision/accuracy data quality objective not applicable to this QC sample.

RL = Reporting limit.

RPD = Relative percent difference

%R = Percent recovery
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TABLE 2.2
PRECISION AND ACCURACY OBJECTIVES FOR CONSTITUENTS

‘GROUNDWATER
SERVICES, INC.

QAPP for Demonstration Plan for Detailed Field Investigation of Vapor Intrusion Processes:

Altus AFB Site

CAS Analytical Method

Analyte Number Prep. Det Accuracy (%Rec) |Precision (% RPD)

Volatile Organics
Acetone 67-64-1 5030B 8260B 32-164 <50
Benzene (MS) 71-43-2 5030B 8260B 69-128 <30
Bromodichloromethane 75-27-4 5030B 8260B 69-134 <30
Bromoform 75-25-2 5030B 8260B 69-138 <30
Bromomethane 74-83-9 5030B 8260B 22-184 <50
Carbon disulfide 75-15-0 5030B 8260B 55-140 <30
Carbon tetrachloride (MS) 56-23-5 5030B 8260B 67-136 <30
Chlorobenzene (MS) 108-90-7 5030B 8260B 72-126 <30
Chloroethane 75-00-3 5030B 8260B 40-158 <50
Chloroform 67-66-3 5030B 8260B 72-124 <30
Chloromethane 74-87-3 5030B 8260B 40-123 <50
Dibromochloromethane 124-48-1 5030B 8260B 72-132 <30
Dichloroethane, 1,1- 75-34-3 5030B 8260B 41-158 <30
Dichloroethane, 1,2- 107-06-2 5030B 8260B 61-143 <30
Dichloroethene, 1,1- (MS) 75-35-4 5030B 8260B 53-144 <30
Dichloroethene, cis-1,2- 156-59-2 5030B 8260B 57-132 <30
Dichloroethene, trans-1,2- 156-60-6 5030B 8260B 48-149 <30
Dichloropropane, 1,2- 78-87-5 5030B 8260B 74-122 <30
Dichloropropene, cis-1,3- 10061-01-5 5030B 8260B 77127 <30
Dichloropropene, trans-1,3- 10061-02-6 5030B 8260B 73-133 <30
Ethylbenzene 100-41-4 5030B 8260B 76-120 <30
Hexanone, 2- 591-78-6 5030B 8260B 43-158 <30
Methyl ethyl ketone (MEK, 2-Butanone) 78-93-3 5030B 8260B 38-153 <30
Methyl-2-pentanone, 4- (MIBK) 108-10-1 5030B 8260B 46-156 <30
Methylene chloride 75-09-2 5030B 8260B 63-133 <50
Styrene 100-42-5 5030B 8260B 75-123 <30
Tetrachloroethane, 1,1,2,2- 79-34-5 5030B 8260B 61-139 <30
Tetrachloroethene 127-18-4 5030B 8260B 71-129 <30
Toluene (MS) 108-88-3 5030B 8260B 71-129 <30
Trichloroethane, 1,1,1- 71-55-6 5030B 8260B 68-135 <30
Trichloroethane, 1,1,2- 79-00-5 5030B 8260B 70-129 <30
Trichloroethene (MS) 79-01-6 5030B 8260B 70-123 <30
Vinyl chloride 75-01-4 5030B 8260B 50-142 <50
Xylenes (total) 1330-20-7 5030B 8260B 77-121 <30

Notes:

1. Laboratory control limits based upon data provided by STL Savannah.

2. %Rec = Percent recovery.
a = Information is pending.

%RPD = Relative percent difference.
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TABLE 2.3
LABORATORY CONTROL LIMITS FOR SURROGATES IN
ANALYTICAL CONSTITUENTS
QAPP for Demonstration Plan for Detailed Field Investigation of Vapor Intrusion Processes: Altus AFB Site
Laboratory Control Limits
EPA SW-846 for Percent Recovery
Reference Water Air
Analyte Method (%) (%)
Volatile Organics
p-Bromofluorobenzene 8260B/TO-15 70-119 80-120
Dibromofluoromethane 8260B/TO-15 68-129 80-120
Toluene-d8 8260B/TO-15 74-122 80-120
Notes:

1. Control limits based upon historical data provided by STL Savannah and EPA values published in method TO-15.
2. Laboratory procedures will be conducted in accordance with the EPA reference methods shown above.
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TABLE 2.4

REQUIREMENTS FOR FIELD QUALITY ASSURANCE SAMPLES

GROUNDWATER
SERVICES, INC.

QAPP for Demonstration Plan for Detailed Field Investigation of Vapor Intrusion Processes: ESTCP Vapor Intrusion Study

QA Sample Type [Matrix [ Laboratory Analytes Preparation/Collection Method Frequency Data Quality Objectives
Field Duplicates Water Volatile Organics Collect an additional set of 3-40 ml glass vials 1 per 10 samples +30% RPD between duplicates
Air Volatile Organics Collect an additional air sample 1 per 10 samples +30% RPD between duplicates
+30% RPD or 0.5 pCilL,
whichever is larger, difference
Air Radon Collect an additional air sample 1 per 10 samples between duplicates
Matrix Spike Water Volatile Organics Collect 2 additional sets of 3-40 ml glass vials 1 per 20 samples See Table 3.2
and Duplicates
Air Volatile Organics NA NA NA
Field Blanks Water Volatile Organics 3-40 mL glass vials filled with distilled 1 per day when soil Target Parameter
water under field conditionds or water is being sampled Concentrations <RL
Air Volatile Organics Summa Canister or Syringe 1 per sampling event
Trip Blanks Water Volatile Organics 3-40 mL glass vials filled with distilled 1 per shipping container Target Parameter
water in laboratory prior to sampling Concentrations <RL
Air Volatile Organics Summa Canister 1 per mobilization Concentrations <RL
Background Air Radon Collect ambient air sample 1 per sampling location NA
Notes:

1. RL = Reporting limit. NA = Not applicable.
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QAPP for Demonstration Plan for Detailed Field Investigation of Vapor Intrusion Processes: Altus AFB Site

TABLE 3
SAMPLE CONTAINER, PRESERVATION, AND HOLDING TIME REQUIREMENTS

GROUNDWATER
SERVICES, INC.

Maximum Holding Time

Analysis after

Sample | Extraction or Extraction or
Parameter Group Reference Method Sample Container and Preservative Storage | Derivatization Derivatization
Volatile Organics
Water 8260 3 - 40 mL glass vials, HCI to pH<2, headspace free 44+2° C NA 14 days
Air GC/TO-15 Gas tight syringe/Summa canister NA 14 days
Physical Properties (Soils)
Intrinsic Permeability API RP 40 / ASTM D2434 2" X 6" tube per sample, chill 4+2° C NA NA
Porosity, total and air-filled API RP 40 2" X 6" tube per sample, chill 4+2° C NA NA
Dry Bulk Density API RP 40/ASTM D4564/ASTM D2937 2" X 6" tube per sample, chill 4+2° C NA NA
Volumetric Moisture Content ASTM DD216/ASTM D4959/ ASTM D4643 100 grams, chill 4+2° C NA NA
Fraction Organic Carbon Walkley-Black, EPA 9060 100 grams, 4° required 4+2° C NA NA
Radon
Air Mathieu and Berelson Evacuated glass cylinder and Tedlar bag NA s soon as possiblg As soon as possible
Notes:

1. Laboratory procedures will be conducted in accordance with the reference methods specified above.

2. Core samples sent to PTS labs will be shipped on dry ice.

NA = Not applicable to this analysis or matrix.
3. Radon samples will be shipped for analysis immediately after sampling.
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TABLE 4
LABORATORY CONTROL LIMITS FOR INTERNAL STANDARDS:
VOLATILE ORGANICS

QAPP for Demonstration Plan for Detailed Field Investigation of Vapor Intrusion Processes:
Altus AFB Site

Laboratory Control Limits
EPA SW-846 Relative to Calibration Standard
Reference Peak Area Retention

Parameter Method Counts Time
Volatile Organics

Bromochloromethane TO-15 NA +/- 0.5 minutes

1,4-Difluorobenzene TO-15 NA +/- 0.5 minutes

Chlorobenzene-d5 TO-15 NA +/- 0.5 minutes

Notes:

1. Control limits based upon data provided by STL and EPA published limits
2. Laboratory procedures will be conducted in accordance with the EPA reference methods shown above.
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Supplemental Figures for Hill AFB and Altus AFB
Hill AFB RI Figures

Figure 2-3 Extent of TCE in Groundwater and Monitoring Well Location Map (December 2002)

Figure 2-7 Residential Air, Water, and Surface Soil Location Map

Figure 3-9 OU-5 Cross Section Location Map

Figure 3-10 OU-5 Cross Section A-A’

Figure 3-11 OU-5 Cross Section B-B’

Figure 3-12 OU-5 Cross Sections C-C’, D-D’, and E-E’

Figure 3-14 OU-5 Potentiometric Surface and TCE Isoconcentration Map

Figure 4-5 OU-5 Extent of TCE Contamination with Concentration vs Time Graphs for TARS
Plume

Altus AFB RFI Figures
Figure 4.5.1-2 SS-17 Cross-Section Location Map
Figure 4.5.1-3 SS-17 Geologic Cross-Section 5A-5A’
Figure 4.5.1-5 SS-17 Geologic Cross-Section 5C-5C’
Figure 4.5.1-17 SS-17 Groundwater TCE Isoconcentration Map Upper Wells, 2001
Figure 4.5.1-22 SS-17 Groundwater PCE Isoconcentration Map Upper Wells
Figure 4.5.1-20 SS-17 Groundwater DCE Isoconcentration Map Upper Wells
Figure 4.5-2 Group 5 Potentiometric Surface Map, Upper Wells, May 2001
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