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1. Introduction and Scope

The Virginia Department of Environmental Quality (DEQ) oversees the investigation and
characterization of discharges from home heating oil tanks. Remediation of home heating oil
discharges is a defined activity of the DEQ Petroleum Program. The degree and extent of
remediation required following a petroleum release in Virginia is based upon risks to human
health and the environment posed by that release. The central question to address is under what
circumstances do petroleum vapors from a subsurface heating oil discharge remediated under the

DEQ Petroleum Program potentially pose an unacceptable risk to the residents?

The primary objective of the PVI Study is a scientifically-defensible answer to the question:
To what degree do heating oil vapors emanating from a discharge from heating oil storage tank
discharges remediated under the DEQ Petroleum Program pose an unacceptable risk to residents
at the stated risk thresholds'? To achieve this objective, data was collected at a number of
residences in the DEQ Home Heating Oil (HHO) program where investigation, characterization,
remediation of home heating oil storage tank discharges were completed. The field study was
designed to determine what constituent(s) are of significant concern for PVI due to the release of
#2 diesel fuel and may be viewed as drivers of risk to human health (Secondary Objective 1).
Further, various methods to assess the potential for human health risk were evaluated for

applicability to the spill scenarios associated with home heating oil storage tank discharges.

An additional secondary objective of the PVI Study is to determine the site-specific variables
that most strongly influence the advancement of vapor concentrations above potential risk
threshold levels to residents (Secondary Objective 2). These variables were limited to easily-
identifiable and previously documented characteristics of the HHO program cases including
local geology or soil type and the severity of the spill. Physiographic region served as a
reasonable variable for the former. Severity of the spill was addressed through the site category
designation used in the DEQ HHO program. Each case receives one of four categories based
severity and extent of contamination and risks from the discharge as a means to define the scope
of work for a given case. The characteristics of the four categories defined in the 2014 DEQ

guidance document are summarized below:

! Excess lifetime cancer risk of one in one million; Risk from exposure to non-carcinogens exceeds 1



e No Further Action (NFA): An NFA decision generally is appropriate at sites where
the area is served by public water, the leaking tank has been out of service for an
extended period and is not believed to be contributing product to the environment,
and there is no reason to expect any impact(s) to receptor(s).

e Category 1: Category 1 heating oil sites pose a low risk to receptors. If an impacted
receptor has not been identified at the time the discharge is reported and if DEQ has
decided that the NFA category is not appropriate, the heating oil tank discharge will
start as a Category 1 site. Category 1 cases require limited field work and are
typically involve an out-of-service heating oil tank that is still in place.

e Category 2: Discharges at Category 2 heating oil tank sites are believed to present a
threat to receptors such as drinking water supplies or a surface water body. Limited
soil excavation, free product removal and vapor mitigation may be performed at
Category 2 sites. Remediation of Category 2 cases typically involve excavation of the
UST and soil surrounding the UST. Sites also may be placed into Category 2 if
petroleum vapors are present in non-living space structures (e.g. crawl spaces) and it
is believed that the Category 2 scope of work guidelines for limited soil removal with
ventilation of the crawl space will adequately protect human health.

e (Category 3: Discharges at Category 3 heating oil tank sites have impacted or present
a high probability to impact a receptor including drinking water supplies, surface
water bodies, or other receptors. The Case Manager may require initial abatement, an
appropriate site characterization, and, if warranted, the development and
implementation of a Corrective Action Plan. Sites requiring more than three
monitoring wells or more than four quarters of ground water monitoring or free
product removal should be placed in or moved to Category 3. Excavation of the UST
and soil surrounding the discharge is typically one component of the remediation of a

Category 3 case.

As noted in the DEQ HHO program guidance document, Category 1 cases may transition to
Category 2 if DEQ staff believe a receptor is at a moderate degree of risk. If an imminent threat
or high probability to impact a receptor is found, Category 1 or 2 cases may be moved to a

Category 3 heating oil discharge so that a more detailed characterization may occur.



The purpose of this final report is to address project objectives and to provide answers to
these questions pertaining to the risk of PVI at sites within the HHO program administered by
DEQ. The project began in early February 2017 with the first three months devoted to the
sampling plan, evaluating reports, and developing field and laboratory PVI-related methods in
support of the objectives. A pilot study was initiated in May 2017 with a focus on the sampling
of local cases in the DEQ program located in Montgomery and Roanoke Counties and was
completed in July 2017. The field investigation involved the collection of soil gas samples in the
immediate vicinity of the former underground storage tank (UST) where heating oil was
previously stored. Field activities continued during August 2017 through June 2018. The results
of this soil gas sampling and analysis for petroleum-derived volatile organic compound (VOC)
and semi-volatile organic compound (SVOC) concentrations are documented in this report. A

summary of finding and recommendations are provided in the concluding section.

2. Approach and Methods

The primary objective of the field investigation was the collection of soil gas samples at each
PVI study site. Laboratory analysis of samples enabled determination of soil gas composition
and quantification of the concentrations of benzene, toluene, ethyl-benzene, m+p-xylene, o-
xylene, and naphthalene (BTEXN) and TPH. Recently-published technical guidance produced
by the U.S. EPA (2014) recommends soil gas sampling as an approach for screening petroleum-
contaminated sites before proceeding with a VI investigation using sub-slab sampling or indoor
air sampling. In addition, ITRC (2014) also identifies soil gas sampling as an initial
investigative step at sites where petroleum VI is a potential concern. The Massachusetts
Department of Environmental Protection (MADEP) which developed the VPH/EPH Guidance
(MADEP 2002) recently modified VI guidance in favor of soil gas sampling and analysis of
individual petroleum-derived VOC/SVOCs. Analysis of soil gas applies to any residual or
mobile sources of VOC/SVOC:s including soil, groundwater or product (e.g., LNAPL).

2.1.Site Selection and Sampling Plan

The initial primary task of the PVI Study was to devise and execute a sampling plan for the
selection of sites for the field investigation. The DEQ program database was filtered to eliminate

commercial and industrial cases as potential study sites. At the start of the project there were



5,936 residential heating oil UST release cases on record at DEQ since 2008 (Table 1). These
cases represented that population from which a random sample was determined for the field
investigation. Table 1 provides the distribution of all cases by DEQ Category within each DEQ
regional office. Blue Ridge include both the previously split offices (Roanoke and Lynchburg).
It is useful to note that some DEQ regional offices span more than one Physiographic Region in

Virginia. The distribution of cases by Physiographic Region is addressed later in this section.

Within the population of residential cases, 4.6% of the total were listed as “No Further
Action” (272 NFA Cases). The remaining subset of the population were grouped by DEQ
Category (i.e., Categories 1, 2 and 3). Within this group of non-NFA cases, 5,316 cases were
listed as “Closed” (5,664 or 93.7%) with the remaining cases listed as “Open” (348). Overall,
Category 2 cases comprised 56% of all non-NFA cases and Categories 1 and 3 accounted for
34% and 10%, respectively. However, the distribution of categories varied by DEQ region. For
example, the DEQ Tidewater Region oversees the most Category 3 cases, which comprise 34%
of all cases in this regional office. As confirmed through this investigation, the number of
Category 3 cases in the DEQ Tidewater Region reflects hydrogeological conditions (e.g.,

shallow water table) that are typical of the Hampton Roads area of Virginia.

A stratified sampling design plan was conducted to determine the test sites for this study.
Previous studies that require homeowner’s response and permission to conduct testing on their
land suggest that over-sampling is required because only a fraction of homeowner return
attempts at communication or agree to participate in this type of study. It was also determined
after examining a sample of reports that not all home heating oil release sites would be amenable
as study sites. For example, the placement of some tanks around homes, or under structures
leaves some sites inaccessible for our testing methods. Based on an unknown amount of
compliance with homeowners and the inaccessibility of some sites it was determined to generate

a random sample of 400 with a target of between 40 and 48 sites.



Table 1. Number of Residential Heating Oil Sites by DEQ Region (2008 to February 2017)

DEQ Region

DEQ Category

Blue Ridge | Northern | Piedmont | Southwest | Tidewater | Valley Total
Category 1 163 477 1,094 3 126 67 1,930
Category 2 1,310 179 1,146 24 252 252 3,163
Category 3 93 54 175 11 197 41 571
Subtotals 1,566 710 2,415 38 575 360 5,664
NFA 11 171 63 0 21 6 272
Totals 1,577 881 2,478 38 596 366 5,936

NFA = No Further Action

An initial step was to determine a statistically-significant sample population that reflects the
uneven geographic distribution of DEQ cases throughout the state. Given the potential
variability in soil type and related conditions in the various regions, physiographic region was
also considered to identify study sites. For the purpose of this investigation, cases were
geographically designated by physiographic region (Valley and Ridge, Piedmont, and Coastal
Plain). The Blue Ridge Mountain and Appalachian Plateau physiographic regions were included
with the Valley and Ridge physiographic region. In addition, cases were categorized based on
DEQ Category (i.e., Categories 1, 2 and 3). With the cases assigned to strata (i.e., physiographic
regions), two possible sampling designs were proportionate and disproportionate stratified

random sampling. The latter approach is thought to reduce the risk of falsely rejecting the null



hypothesis by oversampling sites with a higher potential for impact. In this case, the sample size

of each stratum is not necessarily proportionate to the population size of the stratum.

A hybrid of the two approaches (i.e., proportionate and disproportionate) was used to create
the random sample. A Neyman Allocation for a population weighted stratified random sampling

plan was run using the statistical program R (www.r-project.org/). For 50% of the sample

(N=200), proportional population weighting was given to each physiographic region for the
random sample. For the other 50%, DEQ category was incorporated as a variable. To account
for the potential higher impact at Category 3 cases, a sampling plan using N=200 was run
assuming a higher variability for Category 3 cases with rankings of 1 assigned to Categories 1
and 2, 10 being assigned to Category 3 cases of each region. The two groups were combined to

yield 400 total cases (Table 2).

Table 2. Random Sample of Heating Oil Cases by Region and Category (N=400).

Physiographic Category 1 Category 2 Category 3 Total % of Total
Region

Valley & Ridge 4 20 9 33 8%
Piedmont 76 130 25 231 58%
Coastal Plain 46 53 37 136 34%
Total 126 203 71 400 100%
% of Total 31% 51% 18% 100%
“Cases located in the Blue Ridge Physiographic Region are included under Valley & Ridge

Figure 1 is a map showing the distribution of the 400 cases selected by random sample

(Table 2) and the five physiographic regions of Virginia. The randomly-sampled sites are

clustered around urban and metropolitan areas in Virginia, reflecting the distribution of

population. It is noted that the weighting of Category 3 sites in 50% of the sample did not result

in a heavy skewing away from the proportional population weighting of sites. The 10:1 ratio

noted above is log-based, approximately equivalent to a 3:1 weighting.




Homeowners were contacted by letter explaining the nature and scope of the PVI study and
seeking their interest and permission to participate. Approximately 20% of the letters were not
delivered by the U.S. Postal Service and returned for various reasons. Approximately 70
responses were received either through direct contact by telephone or by email correspondence.
After examining the site investigation reports and determining suitability as a PVI study site, 15
cases were selected in Montgomery and Roanoke Counties for the pilot study and 46 cases were
selected as suitable for the investigation following completion of the pilot phase. The number of

pilot study cases by DEQ Category was 2 in Category 1, 9 in Category 2, and 4 in Category 3.

Cases in the NFA category were not included in the initial random sample of 400 cases but
were considered in a separate random sample. Of the 272 cases listed in the NFA category, only
7 cases were located outside of the Coastal Plain and Piedmont Physiographic Regions. A
random sample of 100 cases were selected from the remaining 265 NFA cases. The 100 cases
were weighted 36:64 between the Coastal Plain and Piedmont Physiographic Regions,
respectively, to reflect the distribution of the 265 cases. Approximately 14 responses were
received from which 10 cases were evaluated through site investigation. Two the respondents
called to indicated their unwillingness to participate in the study. The other two cases were not
included as field study sites because the former UST area was not accessible to soil probes due to
renovation or additions to the homes. The distribution of the ten NFA cases included in the PVI
study by physiographic regions adequately reflected the distribution noted in the total population
(40% Coastal Plain and 60% Piedmont Physiographic Regions). Eight of the ten NFA cases

were located in Northern Virginia.

Table 3 lists the PVI study sites by DEQ Category which includes the NFA study sites and
the distribution of Pilot Study sites by DEQ Category. Figure 2 is a map showing the
distribution of all study sites among the three major physiographic regions. The distribution of
the 46 cases evaluated through field investigation by DEQ Category and by the three major
physiographic regions honored the targeted distribution of the sample population. For the latter,
the minimum required number of cases for each of the three physiographic region were satisfied
based on 40 as the minimum total number of sites. The percentages of Category 1 and 2 sites
were slightly lower than those found in the total population of residential cases while the number

of Category 3 sites (14) exceeded the target range of 8 to 10 cases.



Table 3. PVI Study Sites by Region and Category.

Physiographic Category 1 Category 2 Category 3 Subtotals NFA
Region

Valley & Ridge 1 3 4 8 0
Piedmont 7 11 5 23 6
Coastal Plain 2 6 7 15 4
Subtotals 10 20 16 46 10
Pilot 2 9 4 15 0
The Pilot study consisted of 15 cases in Montgomery and Roanoke Counties. The PVI study
consisted of 10 cases listed as No Further Action (NFA) and 46 cases (non-NFA) listed by
DEQ Category.

One important factor influencing site selection is the reliance of volunteer participation. It is
reasonable to surmise that the larger percentage of Category 3 sites investigated in the PVI study
may reflect a higher response rate based on potential concerns and perceptions of the individual
homeowners. Closed cases constituted 42 of the 46 PVI study sites or 91.3% of sites. This
percentage of closes cases reasonably reflects the percentage of closes cases (93.7%) noted in the

total population of the DEQ program.

2.2. Sampling Methodology
2.2.1. Field Methods

The primary method to evaluate the potential for PVI was the collection of soil gas samples
outside of dwellings at each study site. Soil gas probes were installed in the vicinity of the
documented location of the site USTs. Site Characterization Reports served as an invaluable
resource in determining the location of soil gas sampling and specifically the former UST area at
study site. In general, at least two soil gas probes were installed in the UST area in immediate
proximity to the residential dwellings. However, an adaptive approach was employed for

determining the number and location of soil gas samples based on site conditions (e.g.,




underground utilities). Although U.S. EPA (2014) recommends collecting soil gas samples from
at least two discrete depths when investigating the potential for VI, the sample collection strategy
was limited to one depth, typically 4 to 6 feet below ground surface, because of the relatively
shallow depth of the USTs. In addition, a background soil gas sample was collected as a control

at each site unless conditions prevented the installation of a soil gas probe.

Installation of temporary soil gas probes was initiated using AMS 5/8-in Tile Probe
Extensions to create a small-diameter borehole depth. The tile probe was pushed into the ground
by hand in soft soil or driven to depth using a slide hammer. The temporary soil gas probe
consisted of an AMS GVP Retract-A-Tip connected to AMS GVP Extensions (5/8-inch x 3-ft
stainless steel hollow threaded rods). Teflon tubing (OD: Y4 in.) was connected to the soil probe
and extended to ground surface through the hollow probe shaft. Soil gas samples were collected
using portable, battery-operated, hand-held SKC vacuum pumps (AirCheck XR5000). During
the pilot study, flow rates were varied from 25 to 100 cm®/min, but at the majority of sites,
samples were collected using a flow rate of 35 cm*/min. Sampling flow rates were measured

using a Dwyer Variable Area 65 mm glass flowmeter.

Split-flow samples were collected at a minimum of one soil gas probe at each site (i.e., a split
in the tubing above ground). Soil gas was passed through stainless steel gas sampling cartridges
containing either Tenax™ TA adsorbing polymer or Carbopack™ adsorbing polymer.
Carbopack™ sampling tubes were generally used at split-flow samples. Sampling duration
ranged from 15 to 30 minutes depending on the flow. For the target flow rate of 35 cm?/min, a

standard sampling duration of 30 minutes was used to allow capture 1,000 cm?® of air.

At each site, field notes were collected including information on the type of structure
(basement, crawl space, etc.) and the location of the soil gas probes in relation to the building.
Depth below ground surface and horizontal distances from the structure and contaminant source
were carefully recorded. Lateral drains, vegetation, and other potential surface or subsurface
conduits for vapors were identified and noted. At a limited number of sites, gas samples were
collected in the crawl spaces below homes or in drains at sites where these features were
identified as potential conduits of vapor migration. In these cases, ambient air samples were also

collected as a control and as comparison to crawl space samples.



2.2.2. Laboratory Methods
Samples were collected in stainless steel cartridges containing Tenax® TA (purchased pre-
packed and unconditioned from Sigma Aldrich), an adsorbent suitable for the analysis of C7-Cas
organic compounds with low to moderate polarity (generally spanning the range of BTEXN and
diesel range organics) [EPA TO-17]. Prior to sample collection, cartridges were pre-conditioned

at 300°C for 4 hours under 100 cm*/min of pure N2. Sample analysis and quantification protocols

were modeled off of EPA Method TO-17.

Samples were thermally desorbed from cartridges at 300°C with 230 cm®/min of helium for
five minutes. Prior to heating, water was purged from samples for 10 seconds under the same
flow; longer purge times were found to result in the loss of the more volatile BTEX components.
During this time, a measured fraction (typically ~10%) of the desorbed organic compounds were
cryogenically concentrated at -95 °C on a short length of deactivated silica (0.53 mm ID). After
desorption, the cryogenic trap was immediately heated to the starting temperature of the gas
chromatograph for analysis by gas chromatography/mass spectrometry (GC/MS, 7890/5977;
Agilent Technologies, Inc.). The analytes were separated by a non-polar capillary column (Rxi-
Sms, 30m x 0.25um x 0.25 mm; Restek Corporation) with starting temperature of 35°C (4 min
hold) and a ramped temperature profile up to 300°C (15°C/min, final hold of 5 min). Analytes
were detected by electron impact MS (Agilent Technologies 5977B) scanning a mass range of 33
to 350 at a scan speed of 3.125 u/s (8.1 Hz). Only a fraction of desorbed sample was actually
analyzed (“analyzed fraction”), while the remainder was purged from the system to avoid
oversaturating the mass spectrometer detector. The analyzed fraction was passed through a
liquid-nitrogen-cooled cryo-trap for pre-concentration, and ranged from 1% to 20% depending
on sample volumes and concentrations; this fraction was measured (DryCal Definer 220 Low;

Mesa Labs) and used to convert measured analyte mass into sampled (on-tube) analyte mass.

Mass spectrometer signal was converted into analyte mass using multi-point calibration of
authentic standards for BTEXN. Calibrants were loaded onto tubes by injecting 1-3 pL liquid
standards into a stainless steel tee upstream of an adsorbent cartridge and purging through the
cartridge for 5 minutes with pure N2. This approach was validated by injection of n-alkanes
spanning C7-Cso, analysis of which showed efficient transfer and collection of analytes across the
full volatility range of interest. Multi-point calibrations consistent of analytes at 5 or more

concentrations, spanning two orders of magnitude in mass and generally bracketing the range of

10



signal observed of collected samples. Any time the mass spectrometer was re-tuned (e.g., due to
loss of sensitivity or instrument maintenance), a multi-point calibration was conducted to
constrain the sensitivity of that tune period. Within a tune period, drifts in sensitivity were
monitored and corrected for through the daily injection of a calibrant with known concentration;
this “tracking standard” was found to correct for instrument drift to within 10% for most of the
experiment (30% in pilot study). Analyte mass was calculated based on the response factor
determined by calibration, corrected for drifts in instrument sensitivity, and converted to sampled

concentrations based on sample volume and “analyzed fraction.”

In addition to BTEXN components, which were calibrated by authentic standards, we report
combined mass of constituents in several ranges, e.g., “diesel range organics” or “total petroleum
hydrocarbons” (i.e., TPH). We report here: Co and Cio aromatics, which were quantified with
ion m/z 120 and 134 (respectively) and calibrated using o-xylene (corrected for differences in
mass spectrometric fragmentation patterns); Cs-Cs vapor phase hydrocarbons, which were
quantified as the total ion signal in the retention time window before octane (which likely
underestimates Cs-Ce contribution) calibrated using the total ion response factor for octane; Co-
Ci2 vapor phase hydrocarbons, which were quantified as the total ion signal in the retention time
window between nonane and dodecane calibrated using the total ion response factor for decane;
and Co-Cis “extractable petroleum hydrocarbons” (EPH), which were quantified as the total ion
signal in the retention time window between nonane and octadecane calibrated using the total ion
response factor for tetradecane. Note that these binned species based on total ion signal do not
distinguish between hydrocarbons and other present compounds (e.g., oxygenates formed

through biological decomposition).

Instrument calibration and correction for drifts in sensitivity was conducted by the regular
introduction of standards. A BTEX standard (Supelco, 200 pg/mL in methanol) and n-C7 to n-
C30 alkane standard (Supelco, 1,000 pg/mL in hexane) were diluted in methylene dichloride to
produce a 5-point standard curve. Each standard was injected into Tenax® TA tube with a flow
rate of around 70 ccm for 3 minutes. Analysis of standards followed the same GC/MS program
used for samples. BTEXN were all calibrated using authentic standards (i.e., introduction of
known concentrations of each analyte of interest). Total petroleum hydrocarbon (TPH) was
calculated from the integrated total ion signal between the retention times of n-nonane

(Co alkane) and n-tricosane (C23 alkane), which spans the approximate range of diesel fuel.
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Calibration of TPH was conducted using the total ion signal of n-tetradecane (Ci4 alkane), which

is roughly in the middle of the TPH range.

To track the change in sensitivity of the MS instruments, a standard with known
concentration was analyzed approximately every 10 samples. The standard used for this purpose
was a concentration of the calibrant approximately in the middle of the multi-point calibration
curve. Dilute heating oil #2 (1% by volume in methylene chlorine) was also intermittently used
to monitor instrument sensitivity. Drops in sensitivity over time were fitted with an exponential
decay that corrected for instrument drifts to within 20% error on average; this uncertainty is
somewhat higher (~25%) for the initial pilot period, and somewhat lower (~15%) for the non-
pilot samples. For compounds calibrated by authentic standards (BTEXN), this source of
uncertainty is expected to dominate other sources of error (e.g., scatter in the calibration curve,
which is < 10%), so overall precision and accuracy uncertainties are roughly 20%. For TPH, the
use of a surrogate standard (n-C14) in this case is expected to introduce additional uncertainty,

overall, uncertainty in precision remains dominated by drifts in instrument sensitivity (20%).

Intermittently, analyzed sampled were re-analyzed to measure carryover between samples,
which was found to be negligible except in the case of naphthalene. Blanks and re-analyzed
samples showed naphthalene concentrations on the order of 0.5 ug/m?®; the average background
was subtracted from reported naphthalene concentrations, but concentrations below 1 ug/m?

should nevertheless be considered to be near the level of detection.
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3. Results

Summary statistics for TPH and BTEXN concentrations in soil gas samples collected in
the UST areas of the PVI and NFA Study Sites are presented in Table 4. Individual
characteristics of the 46 PVI Study Sites are documented in Tables 5, 6, and 7 for cases located
in Valley and Ridge, Piedmont, and Coastal Plain Physiographic Regions, respectively. Table 8
lists individual characteristics of the ten NFA PVI Study Sites. Maximum TPH, benzene, and
naphthalene soil vapor concentrations of soil gas samples collected in the UST area of each site
are included in Tables 5 through 8. Also included in these tables are site characteristics
including building type and details from the Site Characterization Reports such as UST size, time
since tank removal, replacement, or clean out. The last column (NAPL) of the tables is designed
to indicate if the residence was impacted by oil either penetrating the building or present as free
product in monitoring wells located on the property. Site Characterization Reports were the

source of this information.

Tables 5 through 8 are located at the end of this section. The Results and Discussion
sections will refer to Figures 3 through 22 located at the end of this report. The sites are
identified with a letter (V, P, or C) indicating the Valley and Ridge, Piedmont, and Coastal Plain
Physiographic Regions, respectively, and a number (e.g., V1, V2, etc.). The sites were
numbered in the order by date of the sampling event. No Further Action sites are also identified
using a letter (N) and a number. Soil gas sampling was repeated at two sites; one Valley and
Ridge (V4) and one Piedmont (P10) to address the question of reproducibility of data. For these
cases, the first sampling event was labeled with the letter A and the second event with the letter

B (e.g., V4A and V4B).

3.1. Summary of Pilot Study

The pilot study included 21 site visits involving collection of soil gas samples at 15 sites
during April through July 2017. Some of the return visits were conducted as training for
graduate students in August. Results of the pilot study were summarized in a preliminary project
report submitted to DEQ in December 2017 and revised in January 2018. A summary of results
of the pilot study were presented to DEQ at the meeting of the Petroleum Program in Richmond
on September 19, 2017.

13



One outcome of the pilot study was the generation of data addressing Secondary
Objective 1. TPH concentrations in soil gas ranged over four orders of magnitude. Benzene and
ethylbezene were detected above target exterior soil gas concentrations noted in the VISL
Calculator (EPA 2015a), 12 and 37 pg/m?, respectively, in only a small fraction of samples.
Naphthalene was detected more consistently above the target exterior soil gas concentration of
1.8 mg/m® (EPA 2015a) in soil gas samples. These results suggested that these constituents

could be of significant concern for PVI and potential drivers of risk to human health.

In preparation for field sampling ahead of the pilot study, methods for investigating PVI
were compared. Field guidance from a number of state regulatory agencies was reviewed
including New Jersey, Hawaii, Arizona and California, and the USEPA. In every case, an
exclusive focus was collection of VOC/SVOC soil gas concentrations. There were no
requirements for the collection of additional data pertaining to characteristics of the impacted
soil (e.g., TOC, soil pH and moisture content). Evaluation of numerous Site Characterization
Reports for HHO cases contained no such data. Site-specific hydrogeology or soil profiles were
contained in these reports. Results of TPH-DRO concentration of soil samples in the release area

or excavation pit were included in all reports.

As a result, data collection at field sites focused on the collection of soil gas samples to
address the primary and secondary objectives. The need for a defensible random sampling of
HHO cases with a sufficient number of samples to reasonably represent all DEQ Categories
within the three major Physiographic Regions of Virginia served as an additional driver for
focusing on the collection of soil gas samples, This approach was summarized and presented at

the DEQ Petroleum Program meeting in Richmond on September 19, 2017.

3.2. Soil Vapor Concentrations

Table 4 provides the mean, median, and maximum concentrations of TPH and BTEXN
in soil gas samples collected in the UST areas. These data include all PVI study sites classified
as either Category 1, 2, 3, or NFA cases located in the three major physiographic regions. Pilot
study results are not included in Table 4 (see Preliminary Project Report, December 2017).
These results do not incorporate the concentrations observed in background samples. A total of

218 soil gas samples were analyzed in the UST areas. The mean number of soil gas samples
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collected at each site was 4.7 with a minimum of three samples per site including two samples in

the UST area and one background.

TPH concentrations ranged from no detection to a maximum of 687,000 pg/m?>.
Approximately 96% of the samples were above detection (100 pg/m®). TPH concentrations
exceeded 140,000 pg/m? in the UST areas with proximity to homes (3.3 ft or less) at 1 of 20
Category 2 study sites and 4 of 16 Category 3 study sites’. Benzene was the least frequently
detected of the BTEXN compounds (38%) compared to the TEXN compounds which were
detected in 86% to 93% of samples in the UST areas. Relative to the compound-specific human-
health-based risk levels for indoor air, only the maximum concentrations of benzene,
ethylbenzene, and naphthalene were significant. However, elevated concentrations of

ethylbenzene were only observed at two sites.

Table 4. Summary Statistics for Soil Gas Concentrations of TPH and BTEXN in Soil Gas
Samples Collected in UST Areas Across All Heating Oil Categories.

Soil Gas Concentration (ug/m*)

TPH Benzene | Toluene | Ethylbenz. | m+p-Xylene | o-Xylene | Naphthalene

Mean 36,551 2.00 96.5 8.63 18.8 12.5 21.6
Median 2,958 0.00 1.57 0.73 1.72 0.87 1.28
Maximum | 687,000 68.3 7,877 785 1,514 913 1,094

Overall, these results provided a more complete data set for addressing Secondary
Objective 1. Given this outcome and for the purpose of this report, results and discussion will
focus on TPH, naphthalene, and benzene. As previously stated, the random sampling of DEQ

cases was stratified by incorporating physiographic region and DEQ Category (1 through 3).

2 Subslab soil gas screening level TPH concentration (140,000 ug/m?) in Brewer et al. (2013).
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The random sampling of NFA cases was treated separately. Therefore, the results are presented
in terms of physiographic region and DEQ Category with NFA sampling sites treated as a

separate group. Other factors including building type, time between tank removal/clean out and
soil gas sampling, documented presence of oil, and other factors will be presented and discussed

in the next sections of the report.

3.3.Physiographic Region and DEQ Category

Figures 3, 4, and 5 are box and whisker plots using maximum concentrations of soil gas
collected in the UST areas and background concentrations of TPH, naphthalene, and benzene,
respectively. For each plot, data are sorted by the three physiographic regions. The aim of these
plots is to depict the distribution of data along with the mean and median values. Mean
background concentrations of TPH, naphthalene, and benzene were consistently less compared
to mean concentrations in the UST area in all three physiographic regions. Median background
concentrations of TPH, naphthalene, and benzene were consistently less compared to median
concentrations in the UST area with one exception. Coastal Plain sites exhibited the largest
background TPH concentrations such the median value was slightly greater than the median TPH
concentration in the UST area. This result is thought to reflect several factors. One is the
shallow depth to the water table in the Tidewater relative to other regions which necessitated a
shallow sampling depth. At a number of sites, background TPH concentrations consisted of
monoterpenes which are derived from plants and not a petroleum source. In addition, multiple
background samples showed elevated TPH concentrations in soil gas collected at a single
Coastal Plain site where monitoring wells indicated the presence of NAPL. Eliminating results
from this site, the median background TPH concentration is well below the UST median at

Coastal Plain sites.

In general, greater variation of TPH and naphthalene concentrations in the UST areas was
observed in the Valley and Ridge and Coastal Plain Physiographic Regions compared to the
Piedmont Physiographic Region. Mean TPH and naphthalene concentrations in the UST areas
were also greater in the Valley and Ridge and Coastal Plain Physiographic Regions compared to
mean TPH and naphthalene concentrations in the Piedmont Physiographic Region. In contrast,
the mean benzene concentrations in the UST areas were less in the Valley and Ridge and Coastal

Plain Physiographic Regions compared to mean benzene concentration in the Piedmont
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Physiographic Region. Median benzene concentrations in the UST areas only showed minor

variations between physiographic regions.

Figures 6, 7, and 8 show the range of TPH concentrations by rank in soil gas samples
collected in the UST areas located in the Valley and Ridge, Piedmont, and Coastal Plain
Physiographic Regions, respectively. The bar graphs are color-coded by DEQ Category. Repeat
samples are designated with a pattern fill. The results show TPH concentrations above a
threshold of 140,000 pg/m? are limited to four Category 3 sites and Category 2 site. Otherwise,
TPH concentrations observed at all other Category 2 sites and all Category 1 sites in the three

physiographic regions were relatively low.

Figures 9, 10 and 11 show the range of naphthalene concentrations by rank in soil gas
samples collected in the UST areas located in the Valley and Ridge, Piedmont, and Coastal Plain
Physiographic Regions, respectively. Soil gas concentrations of naphthalene exceeded the EPA
screening level (2.8 ug/m?) in the UST areas of every Category 3 site except one, in 6 of 20
Category 2 sites, and 4 of 10 Category 1 sites. Elevated naphthalene concentrations above a
threshold of 10.4 pg/m? were observed at seven Category 3 sites, three Category 2 sites, and two
Category 1 sites®. Brewer et al. (2013) describe the most scientifically-defensible subslab soil
gas screening level for naphthalene (72 pg/m?). Naphthalene concentrations above 72 pg/m?
were observed at one Category 1 site (Piedmont Physiographic Region), two Category 2 sites
(Valley and Ridge and Coastal Plain Physiographic Regions), and three Category 3 sites (two

Coastal Plain sites and one Piedmont)®.

Figures 12, 13, and 14 show the range of benzene concentrations by rank in soil gas
samples collected in the UST areas located in the Valley and Ridge, Piedmont, and Coastal Plain
Physiographic Regions, respectively. Elevated benzene soil gas concentrations above the EPA
screening level of 12 ug/m® were only observed at two Category 3 sites; one site located in the
Piedmont Physiographic Region and one site located in the Coastal Plain Physiographic Region.
No samples exceed the screening level for benzene (310 ug/m?) estimated in Brewer et al.

(2013).

3 Subslab soil gas screening level naphthalene concentration (10.4 pg/m?) in Lahvis (2018).
4 Subslab soil gas screening level naphthalene concentration (72 ug/m?) in Brewer et al. (2013).
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3.4.No Further Action Sites

Figures 15, 16, and 17 show the range of TPH, naphthalene, and benzene concentrations,
respectively, by rank in soil gas samples collected in the UST areas measured at NFA sites.
Although TPH concentrations were generally low (<16,000 pug/m?) and at or below TPH
concentrations observed at most Piedmont and Coastal Plain sites, two Piedmont sites exhibited
TPH concentrations above a threshold of 140,000 ug/m?®. An elevated level of naphthalene
above a concentration threshold of 2.8 pg/m? was observed at four NFA sites. An elevated
naphthalene concentration above a threshold of 10.4 pg/m’ was observed at two Piedmont NFA
sites, one of which was above the screening level concentration of 72 ug/m>. Benzene
concentrations at all NFA sites were generally below values observed at other PVI study sites.
Benzene and naphthalene were not detected in soil gas samples in the UST areas at seven and

four sites, respectively.
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Table 5. Valley and Ridge Physiographic Region PVI Study Sites.

Site Characteristics Sample Adjacent to Dwelling
Soil Gas Concentration (ug/m?)
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20122308 2 Y B 550 50 N N/A 1913 5.5 0.5 311,000 8.3 475 N
20122231 2 Y B 300 NR Y 8 1948 5.5 1.0 57,000 2.4 1.4 N
20142338 3 Y B 550 210 Y 1163 5.0 1.0 5,900 5.8 4.97 N
20162264A%* 3 Y B 550 65 Y 8 528 53 1.7 123,000 7.7 10.8 Y-B
20162264B* 3 Y B 550 65 Y 8 549 5.3 1.7 22,000 0 4.08 Y-B
20112079 3 Y B 550 125 Y 12 2506 5.7 0.8 31,000 1.45 8.04 N
20172038 3 Y B 1,500 | NR Y 8 401 5.6 0.5 19,000 0 17 N
20122193 2 Y CS 550 140 Y 9 2060 2.5 1.5 4,800 0 6.74 N
20152413 1 Y B 550 75 N N/A 827 6.0 2.0 490 0 0.12 N

NR = Not Reported; N/A = Not Applicable

"Building Type: B = Basement; CS = Crawl Space; S = Slab

’Time: Time since tank removal or pump out (days)

SNAPL: N =No; Y-B = Yes, oil present in building; Y-W = Yes, free product present in monitoring wells
*Indicates the same site (20162264) but two sampling events (A = July 26, 2017 and B = August 16, 2017)




Table 6. Piedmont Physiographic Region PVI Study Sites.

Site Characteristics Sample Adjacent to Dwelling
Soil Gas Concentration (ug/m?)
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20152319 2 Y B 1,000 750 Y 10 869 4.9 5.7 3,900 2.79 0.89 N
20142376 2 Y B 550 300 Y 13 1190 4.2 1.3 1,600 7.76 0.96 N
20152435 2 Y B 300 50 Y 10 511 4.9 1.0 1,100 0 1.2 N
20097124 3 Y B 750 150 Y 10 3087 5.2 1.9 8,900 2.54 3.31 N
20142394 2 Y B 500 275 Y 15 1227 4.0 5.2 32,000 6.68 2.47 N
20156135 2 Y CS 550 NR Y 10 848 0.9 4.1 29,000 4.82 10.0 N
20146061 2 Y B 550 500 Y 10 1358 5.0 1.2 17,000 2.52 9 N
20156134 1 Y B 550 28 Y 9 884 5.2 1.6 12,000 1.02 33 N
20156059 3 N B 550 394 Y 10 1022 4.5 4.2 281,000 68.3 BD Y-B
20163113A%* 3 N B 300 NR Y 11 669 4.6 0.9 293000 34.8 24.8 Y-W
20163113B* 3 N B 300 NR Y 11 724 4.6 0.9 427000 0 77.6 Y-W
20124137 1 Y B 280 16 N N/A 2198 2.6 1.0 7300 3.75 1.29 N
20124212 2 Y B 280 22 Y 8 2110 5.0 4.3 2200 3.45 1.28 N
20144275 2 Y CS NR 840 Y NR 1347 6.0 0.8 252 6.83 0.32 N
20144415 1 Y B 1,500 NR N N/A 1227 3.7 1.0 18000 1.09 1.78 N
20124030 2 Y B 550 303 Y 9 2208 5.0 1.7 1.9 0.75 1.17 N
20094134 1 Y B 550 35 N N/A 3306 6.0 1.2 36000 1.75 104 N
20134061 3 Y B 550 220 Y 13 1887 33 1.5 6700 3.12 14.1 N
20132080 2 Y B 500 110 Y 12 1852 3.1 2.3 3900 0 1.12 N
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20163176 1 Y CS | 1,000 | 1265 N N/A 798 43 1.0 29000 0 10.8 N
20093071 1 Y B NR NR N N/A 3433 3.8 2.2 3200 0 0.79 N
20134244 1 Y B 550 388 N N/A 2004 5.1 1.0 4100 0.74 2.08 N
20084740 2 Y CS 300 50 Y 8 3610 3.7 1.0 23000 5.74 14.1 N
20164303 3 Y CS 300 280 Y 10 819 4.5 1.5 90000 0 54.5 Y-B

NR = Not Reported; N/A = Not Applicable

"Building Type: B = Basement; CS = Crawl Space; S = Slab

’Time: Time since tank removal or pump out (days)

SNAPL: N = No; Y-B = Yes, oil present in building; Y-W = Yes, free product present in monitoring wells

*Indicates the same site (20163113) but two sampling events (A = October 6, 2017 and B = November 30, 2017)
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Table 7. Coastal Plain Physiographic Region PVI Study Sites.

Site Characteristics

Sample Adjacent to Dwelling

Soil Gas Concentration (ug/m?)
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20153154 | 2 Y B NR 52 N | NA 921 50 1.0 77,000 0 82.2 N

20124298 | 2 Y cS | 275 | NR Y 13 2146 | 5.6 1.0 4,000 476 2.19 N

20094442 | 1 Y cs | 550 150 | N | NA | 3095 | 53 1.0 986 3.7 2.39 N
20124502 | 3 Y cS | 500 | 385 Y 8 2059 | 5.5 0.9 1,200 0 9.37 Y-W

20144156 | 2 Y cs | 300 25 Y 8 1588 | 4.4 1.0 341 0.09 2.76 N
20145107 | 3 Y S | 1,000 | 200 Y 7 1528 | 5.0 30 115,000 6.35 54.8 Y-W
20145049 | 3 N S 500 156 | Y 6 1623 | 5.0 33 688,000 67.76 1,094 | Y-W
20145104 | 3 N S 275 96 Y 12 1442 | 47 33 431,000 1.06 752 Y-W

20124391 | 3 Y B | 275 124 | Y 6 2918 | 5.7 4.0 1,600 221 9.54 N

20165220 | 1 Y CcS | 550 | 550 | N | NA 715 2.8 0.9 1,100 0 3.64 N
20135043 | 3 N S 500 95 Y 6 1967 | 4.3 2.5 895 0 4.57 Y-W

20145110 | 3 N CS | NR | NR N | NA | 1590 | 3.9 1.3 1,400 0 747 N

20105157 | 2 Y S 275 124 Y 2940 | 3.0 13 4,800 0 136 N

20145018 | 2 Y s |1.000] 62 | Y 1760 | 5.0 1.0 7,900 0 2.38 N

20105161 | 2 Y CcS | NR 180 | Y 2026 | 43 6.8 6,200 0 1.86 N

NR = Not Reported; N/A = Not Applicable
"Building Type: B = Basement; CS = Crawl Space; S = Slab
’Time = Time since tank removal or pump out (days)
SNAPL: N = No; Y-B = Yes, oil present in building; Y-W = Yes, free product present in monitoring wells




Table 8. PVI Study Sites in the No Further Action Category.

Site Characteristics

Sample Adjacent to Dwelling

Soil Gas Concentration (ug/m?)
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20103153 | NFA Y B NR NR NR NR 3102 5.0 1.1 1,100 0 0.83 N
20143080 | NFA Y CS 550 NR Y NR 1688 3.3 1.0 234,000 0 113 N
20123172 | NFA Y B 550 NR Y NR 2260 3.8 0.6 6,400 1.53 13.8 N
20123084 | NFA Y B 500 NR NR NR 2399 4.3 2.0 2,000 0 5.42 N
20175155 | NFA Y S NR NR N N/A 556 2.5 7.0 1,500 0 0.77 N
20114435 | NFA Y S 550 NR N N/A 2603 2.7 1.0 5,500 0 0.56 N
20153038 | NFA Y B 550 NR N N/A 1408 3.0 1.6 4,400 1.34 2.36 N
20153028 | NFA Y CS 550 NR N N/A 1415 1.5 1.3 205,000 3.55 0.4 N
20103300 | NFA Y CS NR NR NR NR 2963 4.2 0.7 15,000 0 6.66 N
20113081 | NFA Y B 550 NR Y NR 2791 4.0 0.7 9500 0 1.43 N

NR = Not Reported; N/A = Not Applicable
'Building Type: B = Basement; CS = Crawl Space; S = Slab
’Time = Time since soil sample was collected (days)
SNAPL: N = No; Y-B = Yes, oil present in building; Y-W = Yes, free product present in monitoring wells
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4. Analysis of Results

4.1. TPH Concentrations and BTEXN Concentrations

Relationships between soil gas composition and key constituents of concern is a subject
of on-going research. Figure 18 is a plot of all TPH concentrations in soil gas collected in the
UST areas at all Category 1, 2, 3, or NFA sites versus naphthalene concentrations. Overall, the
plot suggests a positive correlation between TPH and naphthalene concentrations. The
correlation is weak for naphthalene concentrations < 10 pg/m? but improves from R? = 0.56
using all data to R? = .76 for naphthalene concentrations greater than 10 pug/m®. Scatter plots of
TPH and BTEX concentrations using the study data did not reveal any strong correlations. The
positive correlation between TPH and naphthalene soil gas concentrations observed in the data is
a useful finding for consideration of risk at other sites. For example, these results could be used
to estimate naphthalene levels in soil gas after measuring the TPH concentration in a soil gas

sample.

4.2. Attenuation Time and TPH Concentrations

For the purpose of this analysis, attenuation time is defined as time (days) between tank
removal/clean out and soil gas sampling. The plot of TPH concentration as a function of
attenuation time (Figure 19) reveals no discernable trend and suggests other factors are more
relevant. Further, this operational definition for attenuation time used here may underestimate
the duration of time at some sites where the UST was no longer in use and oil was not
replenished in close time proximity to tank removal or clean out. Critical unavailable data are
the volume or mass or residual oil remaining in the subsurface either in the soil phase (immobile)

or present as free product.

4.3. Building Type and TPH Concentrations

Building types in the Valley and Ridge and Piedmont Physiographic Regions were either
basements or crawl space (81% and 19%, respectively). Residences in the Coastal Plain
Physiographic Region were primarily either slab or crawl space constructed (47% each). This
skewed distribution between building type in the Commonwealth reflects a number of factors

such as soil type and the year-round shallow water table observed in the Tidewater area of
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coastal regions. Compiling data from all sites, there appears to be no relationship between TPH
concentrations and building type (Figure 20). The concentration ranges and patterns seen in the
data for each building type are nearly identical. Similar to attenuation time, there results suggest

that other factors are more relevant.

4.4. Impacts of Separate Phase Oil and TPH Concentrations

To assess the relationship between the presence of a separate oil phase and TPH
concentrations, plots of TPH concentrations are reconstituted in rank order for each DEQ
Category in Figures 21, 22, and 23 (Category 1, 2, and 3, respectively). As shown in Figure 21,
a wide range of TPH concentrations were observed at Category 1 sites. Unfortunately, there was
no clear trend between the TPH concentrations and site variables including TPH soil
concentrations or volume of fluid removed from the tank. Only one tank was replaced at the 12
Category 1 sites investigated. Otherwise, the original tanks were decommissioned below
ground. It may useful to reiterate that soil gas samples were typically collected between
buildings and decommissioned USTs at Category 1 sites. The positioning of soil gas probes
adjacent to residences was designed to identify the potential for PVI and was not necessarily
designed to measure TPH and BTEXN concentrations in oil-contaminated soil that may be

present below decommissioned USTs at these Category 1 sites.

A plot of TPH concentrations Category 2 sites (Figures 22) confirms previously-stated
results that TPH levels at these sites are relatively low. In contrast to the Category 1 sites, all of
the Category 2 sites had USTs removed. Unlike Category 3 sites, Category 2 should not be
impacted by the presence of residual oil in the subsurface. The relatively low TPH

concentrations confirms this assumption.

Figure 23 indicates that while elevated TPH concentrations were not observed at all
Category 3 cases, the majority of sites that experienced impacts to groundwater or where oil
directly penetrated into or below residences are associated with the largest TPH vapor
concentrations. Three of the six sites impacted by a separate oil phase or free product on the
water table showed TPH concentrations above 140,000 pg/m? including one Piedmont site. In
all three cases the water table was relatively shallow placing the free product in proximity to the
soil probes. Only one of four sites where oil had previously impacted either the basement or

crawl space showed TPH concentrations at or above 140,000 pg/m?>.
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4.5. Analysis of Risk and Primary Objective

Models for PVI risk, including the EPA VISL Calculator, are based on a back-calculated
soil gas concentration that is the ratio of the indoor air goal and the attenuation factor (AF)
(Brewer et al. 2013). The AF can differ between models, reflecting selection and estimated
Indoor Air Exchange Rate and Contaminant Mass Flux Rate. The greater the AF, the larger the
screening level concentration (i.e., less conservative). Brewer et al. (2013) utilized the AF value
used by the state of Hawaii (0.001) which results in larger, less conservative soil gas screening
levels compared to the EPA VISL method. As a result, the subslab soil gas screening level for
the common model for PVI is indirectly proportional to the AF.

As previously noted, the VISL Calculator (EPA 2015a) provides target soil gas
concentrations for BTEXN compounds based on a soil vapor-to-indoor air AF of 0.03. Brewer
et al. (2013) published example subslab soil gas screening levels for BTEXN compounds and
C5-C8 aliphatic, C9-C18 aliphatic, and C9-C16 aromatic carbon ranges based on a target excess
cancer risk of 1076 and a target Hazard Quotient of 1.0 and an AF of 0.001. Brewer et al. (2013)
presented example indoor air and soil vapor screening levels for TPH based on default carbon
range compositions for gasolines and middle distillates. Lahvis (2018) recently published a
summary of soil gas data from petroleum sites with a particular focus on vertical screening

distances for TPH and naphthalene.

Independent of the sensitivity of screening levels to the AF, a significant complicating
factor is the applicability of the standard PVI conceptual model to the home heating oil problem.
The standard PVI conceptual model assumes the subslab soil gas and subsequent flux is uniform
and beneath the entire slab of the residence. In the case of home heating oil, only a small
fraction of HHO cases have either a light non-aqueous phase liquid (LNAPL) of oil on the water
table or dissolved petroleum hydrocarbon compounds in groundwater present beneath the slab.
Instead, HHO cases are typified by residual soil contamination adjacent to the dwelling. In the
vast majority of cases, even with measureable levels of TPH and BTEXN, the soil gas is
predisposed to diffuse vertically upward to the atmosphere and less likely to penetrate the
residence through lateral migration. In addition, the proximity of the spill to the atmosphere is

beneficial to enhance aerobic biodegradation through a resupply of oxygen from the atmosphere.

26



As a result, current models for calculating PVI risk are applicable to only a few HHO
cases. The one exception is sites where a residual LNAPL is confirmed to be present in
monitoring well screened at the water table. For these cases, the vertical distance between the
building slab and the LNAPL is a critical factor is assessing PVI risk. Based on the results of an
extensive field study of soil gas concentrations at petroleum sites, Lahvis (2018) reported vertical
screening distances for naphthalene are generally <3 ft compared to 15 ft for gasoline-derived
LNAPL sources where BTEX is the risk driver. However, Lahvis (2018) also concluded that
vertical screening distances for TPH generally exceed 15 ft. Although the sampling locations
relative to building slab and depth of samples were not provided, this study lends support to PVI
risk for LNAPL sites.

5. Summary of Findings and Recommendations

Secondary Objective 1. TPH and naphthalene appear as the only contaminants of concern
for the potential for PVI. Results of this study suggest a positive correlation between TPH and
naphthalene soil gas concentrations particularly when elevated concentrations of naphthalene are
present (>10 ng/m®). Overall, risk levels of benzene and ethylbenzene are a subject of concern at
only a few sites. Detectable levels of toluene, m+p-xylene, and o-xylene were present in soil gas
samples but not at concentrations that constitute a risk to human health when evaluating health-
based risk by individual constituents. In terms of frequency of cases with elevated TPH
concentrations in soil gas samples (>140,000 pg/m?), just under 10% of the cases investigated

showed evidence for potential for PVI based on the conventional model for vapor intrusion

through the building slab.

Secondary Objective 2. No one single factor appears to be an indicator of elevated TPH and
naphthalene in soil gas in the former UST area. Several factors have been identified and are
summarized below. With the exception of Coastal Plain sites, particularly in the Tidewater area
of Virginia, the influence of physiographic region was not clearly delineated in the results.
Compared to physiographic region, DEQ Category appears to be a stronger indicator for the
potential for elevated soil gas concentrations. In particular, Category 3 cases located in the
Tidewater area of the Coastal Plain with LNAPL present are indicative of sites where potential

PVl is the greatest concern.
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Two of the ten NFA cases (20%) showed elevated TPH concentrations in soil gas samples
(>140,000 pg/m?). One of these two NFA cases, showed elevated naphthalene in soil gas in the
former UST area (>72 ug/m?). The two NFA cases were located in the Piedmont. One UST was
removed by the owner (20143080) at a site with no indications of a release. For the other case
(20153028) the UST had to be close in place due to site conditions. TPH and naphthalene
concentrations in soil gas samples at the remaining eight sites were relatively low compared to
results of the Category-based study sites. However, the low sample size is problematic to draw
adequate conclusions. The low sample size was due to the low response rate from homeowners
contacted at NFA sites. Another complicating factor was the limited documentation associated
with NFA cases, resulting in considerable uncertainty about the location of the former UST area

and any action taken to address the spill.

Primary Objective. Screening-level risk levels are ill-defined for target exterior soil gas
concentrations. Although indoor air concentrations are available for the calculation of
carcinogenic risk, the risk of exterior soil gas adjacent to the home is dependent on an assumed
attenuation factor, which is operationally-defined as the ratio of indoor air concentration and soil
gas concentration of any compound. For example, the VISL Calculator (EPA 2015a) employs an
attenuation factor of 0.030. An attenuation factor of 0.030 implies an acceptable exterior soil gas
concentration 33 times greater than the interior risk-based concentration. Because attenuation
factors must be estimated or assumed, the findings in this report are not based on absolute
concentration levels for TPH or BTEXN. Instead, we are focusing findings and
recommendations relative to characteristics of sites where TPH and naphthalene concentrations
are elevated and may pose a potential for PVI and subsequently the potential for risk to human

health. However, we make no presumption on or calculation of risk in this report.
The following is a summary of key findings and recommendations:

5.1. Free Product in Groundwater (Category 3). Shallow water table conditions prevalent
in the Tidewater area or elsewhere combined with free product present in monitoring
wells are an indicator for the potential for PVI. Further, results suggest this combination
is not limited to the Tidewater area as evidenced by high vapor phase TPH

concentrations at a Piedmont site with impacted groundwater and a shallow water table.
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Recommendation 1: Inventory Category 3 sites where monitoring wells have been
installed and free product has been observed. Direct environmental consultants to
confirm the absence or presence of free product. At sites where free product is present
and within an unacceptable distance from the residence (<6 ft) conduct soil gas surveys to

determine the potential for PVI including sub-slab sampling.

5.2. Poor Correlation between Soil Vapor Concentrations with Reported TPH
Concentrations in Soil Samples. The presence of elevated soil gas concentrations
indicated residual contamination remains in the former UST areas. However, there was
no apparent correlation between soil vapor concentrations obtained in this investigations
and the TPH concentrations in soil documented in Site Characterization Reports. For the
latter this includes both TPH soil concentrations of pre-remediation samples and samples
collected in conjunction with removal of USTs. This outcome likely reflects inherent

heterogeneity in the distribution of released oil in soil in proximity to former USTs.

Recommendation 2: Consider a more consistent approach to collection of soil samples
prior to and during UST removal and how TPH concentrations in soils are factored into
decision-making at new cases. In particular, collecting samples to determine the level of
petroleum (i.e., TPH) in potentially impacted soils during excavation and the removal of
USTs and surrounding soil may be beneficial in assessing the potential for PVI and the

effectiveness of remediation.

The following is recommended for further study:

5.3. Potential Impacts to Indoor Air Quality. Although the objectives of this study were
achieved, the penetration of petroleum vapors into homes and the potential impact to
indoor air quality should be further examined. While it is possible that attenuation of
vapors is preventing such impacts, the results of this study demonstrate soil gas
concentrations above TPH and naphthalene screening levels if site-specific attenuation

factors are insufficient.

Recommendation 3: It would be prudent to collect and analyze sub-slab and side-slab
samples combined with indoor air samples at a subset of study sites. Specifically, sub-

slab and side-slab samples would be collected prior to removal of USTs of a Category 2
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and 3 sites to evaluate potential impacts before and after remediation. Because indoor
air studies are complicated by VOC sources inside homes, collection of sub-slab and

side-slab samples would provide more compelling answers to the question of PVI risk.

Although this recommendation is likely beyond the scope of DEQ to consider for further
study, advances in technology should be integrated where possible to address PVI potential. For

example:

5.4. Improved understanding of petroleum vapor attenuation. A well-established
attenuation mechanism at petroleum-contaminated sites is biodegradation. Resources
and time are an inhibitor for a broad study, but the presence of an active and robust
population of BTEXN-degrading bacteria may be the best indicator of protection of

human health in the soil adjacent to homes.

Recommendation 4: Using novel but cost-effective microbial tools, evaluate microbial
biomarkers in soil from a subset of sites evaluated in this study. This may prove to be the
most important and useful moving forward to prevent potential PVI and for the protection

of human health.
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7. Figures

Categories
O Cat 1
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Figure 1. Distribution of Residential DEQ Home Heating Oil Cases Selected Through Random Sampling (N = 400).
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Figure 2. Distribution of Petroleum Vapor Intrusion Study Sites by DEQ Category. NFA refers to the category No Further Action.

Pilot refers to the pilot study conducted at sites located in Montgomery and Roanoke Counties.
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Figure 3. Box plots of soil gas TPH concentrations sorted by the three major physiographic
regions of samples collected at soil gas probes located in UST areas and samples collected in
background locations. V&R = Valley and Ridge. Pied = Piedmont. Coast = Coastal Plain. B =
Background. T = UST area. Off-scale values are 311,000 (Valley and Ridge — Tank), 293,000
(Piedmont — Tank), 427,000 (Piedmont — Tank), 431,000 (Coastal — Tank), and 688,000 (Coastal
— Tank).
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Figure 4. Box plots of soil gas naphthalene concentrations sorted by the three major
physiographic regions of samples collected at soil gas probes located in UST areas and samples
collected in background locations. V&R = Valley and Ridge. Pied = Piedmont. Coast = Coastal
Plain. B = Background. T = UST area. Off-scale values are 475 (Valley and Ridge — Tank), 752
(Coastal — Tank), and 1,094 (Coastal — Tank).
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Figure 5. Box plots of soil gas benzene concentrations sorted by the three major physiographic
regions of samples collected at soil gas probes located in UST areas and samples collected in
background locations. V&R = Valley and Ridge. Pied = Piedmont. Coast = Coastal Plain. B =
Background. T = UST area. Off-scale values are 34.8 (Piedmont — Tank) and 68.3 (Piedmont —
Tank).
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Figure 6. Range of TPH concentrations (ug/m?) in soil gas collected in the UST Area at sites
located in the Valley & Ridge physiographic region. Repeat samples (V4A and V4B) were
collected during two separate site trips at Site V4.

ID Casq # ID Cast #

V1 20122308 V5 20112079
V2 20122231 V6 20172038
V3 20142338 V7 20122193
V4 20162264 V8 20152413
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Figure 7. Range of TPH concentrations (pg/m?) in soil gas collected in the UST Area at sites
located in the Piedmont physiographic region. Repeat samples (P10A and P10B) were collected
during two separate site trips at Site P10.

ID Casst #

P1 20152319
P2 20142376
P3 20152435
P4 20097124
P5 20142394
P6 20156135

ID Casst # ID Case # ID Case #
P7 20146061 P13 20144275 P19 20163176
P8 20156134 P14 20144415 P20 20093071
P9 20156059 P15 20124030 P21 20134244
P10 20163113 P16 20094134 P22 20084740
P11 20124137 P17 20134061 P23 20164303
P12 20124212 P18 20132080
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Figure 8. Range of TPH concentrations (pg/m?) in soil gas collected in the UST Area at sites
located in the Coastal Plain physiographic region.

ID Case # ID Case # ID Case #

Cl 20153154 Cé 20145107 Cl1 20135043
C2 20124298 C7 20145049 C12 20145110
C3 20094442 C8 20145104 C13 20105157
C4 20124502 C9 20124391 Cl4 20145018
C5 20144156 C10 20165220 C15 20105161
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Figure 9. Range of naphthalene concentrations (ng/m?) in soil gas collected in the UST Area at
sites located in the Valley & Ridge physiographic region. Repeat samples (V4A and V4B) were

collected during two separate site trips at Site V4.

ID Case #

V1 20122308
V2 20122231
V3 20142338
V4 20162264

ID Case #

V5 20112079
V6 20172038
V7 20122193
V8 20152413
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Figure 10. Range of naphthalene concentrations (ng/m?) in soil gas collected in the UST Area at
sites located in the Piedmont physiographic region. Repeat samples (P10A and P10B) were
collected during two separate site trips at Site P10.

ID Casst # ID Casst # ID Case # ID Case #
P1 20152319 P7 20146061 P13 20144275 P19 20163176
P2 20142376 P8 20156134 P14 20144415 P20 20093071
P3 20152435 P9 20156059 P15 20124030 P21 20134244
P4 20097124 P10 20163113 P16 20094134 P22 20084740
P5 20142394 P11 20124137 P17 20134061 P23 20164303
P6 20156135 P12 20124212 P18 20132080
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Figure 11. Range of naphthalene concentrations (ng/m?) in soil gas collected in the UST Area at
sites located in the Coastal Plain physiographic region.

ID Cassd #

Cl 20153154
C2 20124298
C3 20094442
C4 20124502
C5 20144156

ID Caset # ID Case #
C6 20145107 cul 20135043
C7 20145049 C12 20145110
C8 20145104 C13 20105157
C9 20124391 C14 20145018
C10 20165220 C15 20105161
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Figure 12. Range of benzene concentrations (pg/m?) in soil gas collected in the UST Area at

10
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sites located in the Valley & Ridge physiographic region. Repeat samples (V4A and V4B) were

collected during two separate site trips at Site V4.

ID Cassd #

V1 20122308
V2 20122231
V3 20142338
V4 20162264

ID Caset #

V5 20112079
V6 20172038
V7 20122193
V8 20152413
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Figure 13. Range of benzene concentrations (ug/m?) in soil gas collected in the UST Area at

sites located in the Piedmont physiographic region. Repeat samples (P10A and P10B) were
collected during two separate site trips at Site P10.

ID Cass #

P1 20152319
P2 20142376
P3 20152435
P4 20097124
P5 20142394
P6 20156135

ID Caset # ID Case # ID Case #
P7 20146061 P13 20144275 P19 20163176
P8 20156134 P14 20144415 P20 20093071
P9 20156059 P15 20124030 P21 20134244
P10 20163113 P16 20094134 P22 20084740
P11 20124137 P17 20134061 P23 20164303
P12 20124212 P18 20132080
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Figure 14. Range of benzene concentrations (ug/m?) in soil gas collected in the UST Area at
sites located in the Coastal Plain physiographic region.

ID Cassd # ID Caset # ID Case #

Cl 20153154 C6 20145107 cul 20135043
C2 20124298 C7 20145049 C12 20145110
C3 20094442 C8 20145104 C13 20105157
C4 20124502 C9 20124391 C14 20145018
C5 20144156 C10 20165220 C15 20105161
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Figure 15. Range of TPH concentrations (ug/m?) in soil gas collected in the UST Area at No
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Further Action sites sorted by physiographic region.

ID Cassd #

N1 20103153
N2 20143080
N3 20123172
N4 20123084
N5 20175155

ID Caset #

N6 20114435
N7 20153038
N8 20153028
N9 20103300
N10 20113081
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Figure 16. Range of naphthalene concentrations (ng/m?) in soil gas collected in the UST Area at

No Further Action sites sorted by physiographic region.

ID Case # ID Case #

N1 20103153 N6 20114435
N2 20143080 N7 20153038
N3 20123172 N8 20153028
N4 20123084 N9 20103300
N5 20175155 N10 20113081
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Figure 17. Range of benzene concentrations (pug/m?) in soil gas collected in the UST Area at No
Further Action sites sorted by physiographic region.

ID Case # ID Case #

N1 20103153 N6 20114435
N2 20143080 N7 20153038
N3 20123172 N8 20153028
N4 20123084 N9 20103300
N5 20175155 N10 20113081
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Figure 18. Comparison of TPH and naphthalene concentrations in soil gas collected in the UST

Area sorted by DEQ category.
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Figure 19. TPH concentrations in soil gas collected in the UST Area sorted by the three major
physiographic regions as function of attenuation time, defined as the time (days) between when
the UST was either removed, replaced, or cleaned out and when soil gas samples were collected.
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Figure 20. TPH concentrations (ug/m?) in soil gas collected in the UST Area sorted by building type.
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Figure 21. TPH concentrations (ug/m®) in soil gas collected in the UST Area at Category 1
sites. The UST at Site P8 was replaced. Otherwise, USTs were not removed and were cleaned

out at each of the remaining sites.

ID Case # ID Case #
V8 20152413 P11 20124137
C3 20094442 P8 20156134
C10 20165220 P14 20144415
P20 20093071 P19 20163176
P21 20134244 P16 20094134
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Figure 22. TPH concentrations (ug/m?) in soil gas collected in the UST Area at Category 2
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sites. USTs were removed at each site.

ID Cast #

P15 20124030
P13 20144275
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P3 20152435
P2 20142376
P12 20124212
P1 20152319
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ID Cast # ID Case #
P18 20132080 p22 20084740
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P7 20146061

P6

P5

V2

C1

V1
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Figure 23. TPH concentrations (ug/m?) in soil gas collected in the UST Area at Category 3
sites. USTs were removed at each site.

ID Case # ID Case #
clu1 20135043 V5 20112079
C4 20124502 P23 20164303
C12 20145110 C6 20145107
C9 20124391 V4 20162264
V3 20142338 P9 20156059
P17 20134061 P10 20163113
P4 20097124 C8 20145104
V6 20172038 C7 20145049
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Soil Vapor Site Log
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Soil Vapor Site Log
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Soil Vapor Site Log
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Soil Vapor Site Log
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Sampie ID Tube # Depth Q {ccm) | Start End Time | Pump # Tube #
(ft) Time
®§ U50-i- - AT [DEB3Y al"{" 100 10 <240 } 3
MRALL-AT oy [R'NY | 35 (2010 | 9D | & 3
M50- BG BIES (21" | 100 | [2:da | 7 | 7
®- A0 A-HATIBRPR0 |52 100 |20 [ 4,300 % (4
BO-H-L-ATPRAT0S (53" |5 (240 300 | S 7

Useful information: Stainless steel probe 7'3". 214 probe + retractable tip is 6°8".

Notes: Dot natollodion diEiCutE




Soil Vapor Site Log

Case# |20ll0 - ZZ@?
Address A0S Mclp{e, Ave Max TPLLDRO
OIS nslowr gy
Category B
Date OI /,_’ / | ,_7 ;unc:ntratiun
t
Time H:00 pm =
Weather | 72°F '
Sampie ID | Tube # Depth | Q (ccm) | Start End Time |Pump# | Tube #
(ft) Time
505 pasHale |~ | 5O | Hig | 4y | 1 >
es-p [Pasd [ ~L' | 00 g M | o | T
S Ipamis |~ | RS (WA [ #5) | Y% 4

Useful information: Stainless steel probe 7°3”. 214 probe + retractable tip is 6°8”.

Notes:




Soil Vapor Site Log

caso# | SO~ 71413 Site Sketch l 8;3;?:’5‘?&'7
Address | 17D Sum\{ RN Sunni ® 5420 %G~ |
Eiskon =
Category {
e | 7/13)2.Q17 T BT
Time TGRS e g‘"—l‘i'
Weather .Ln;\’?“"\é)_:&‘o\bove_ Sl 4] | J
] \_ S i
Max TPH-DRO |
. : Asplhow I+ her
xr_g &
Concentration
Depth
Sample | Tube D Depth | Q (cc/min) Start Time |EndTime |Pump# |Tube# ‘Dlﬁ“
ID ()
10:5 :20
oz G | o g wer’ [ 2 (2] -
5o~ , . — L0
-t BB 0 | 100 |euO:36 | S | 77 [1'Y
B ) : i 4
oe BRUD[LER] 100 |((.2¢|11" 58| 43|§3|

People present

Additional Notes




Soil Vapor Site Log

Case# |Q0I5- AAYH
Address | 1Z- MOWTOUN e Max TPH-DRO
NV Y

P— = ) X D BDI-a
e | A [14/2617 T
e %0 o x =
Weather | 15°F 5% % H

3DinHoy

ey
72 Mouwntan Feak [D
Drive |

| I’ Mountaun
R ‘\\f \”/k B lii ok Dave
q [F 3R] J/
[E——— | 0. e ]
Sample ID Tube # 'Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time

@glz.-l-H-AT Boxiio W10" [1oo (w50 [2a0 | 9 | 4
72-2-L-AT [paszay (110" (35 [ 1190 [12:20 | | 3

-1 lpagysy  |1'D" | 10O | N5 |12 A

=
@ 2-3-HAlRwazd [N 17| 100 |05 [12:35 | 2 |%
T2 -LAlRuss [T (25 (1205 [1035 | &

Useful information: Stainless steel probe 7°3". 214 probe + retractable tip is 6°8”.

Nates: Easy orokee instaliotion



Soil Vapor Site LLog

20\5-23\9

Case#
Address | T1'S Ridrland Dy, Max TPH-DRO
L\/V\Cy\\gl.l\rﬂ
|B] -
Category 2 BO\ 3
Concentration | 72 000
Date | 9/K /2017
Depth ('
Time 1%:00
Weather | 76°F S % R
?)D\V\HS
1; 7110% /
g 715 RicWand Dr Gravs
i &«
w3
LANTSLAED
| Grsr D Bl 5] o) AR e
. st Drivenday
¥ 7330 (Rotma by v 277"
Sample ID Tube # Depth Q (ccm) | Start | End Time | Pump # Tube #
(ft) Time
®[_ TUS-|H-aT| B>29L3L Yo' | \OD  [12:23 | 13:83 \ v/
M5-2-L-KY | B29705 Y'io" 35 12:23 13:5% 2 3
@[ Tus-3- WAy B4 Yy 100 12:30 | 14:00 Y Y
215 -Y- L-p] BLBYGS g | 35 1230 | M:00 5 a2
@) us-ae  |maawas | W [ 0D | 1237 | w07 . -1

Useful information: Stainless steel probe 7°3”. 214 probe + retractable tip is 6°8",

Notes:




Soil Vapor Site Log

o

R -

Case # Z0W1-237.,
Address |[3\77 Teass Tenuce Max TPH-DRO
2e dford
1D 504
Category 2 —
Concentration | Y472, 900
Date q/"f/ZoI?
Depth 3
Time 15:30
Weather | Partly Cloudy
T2°F 5574
2177 Teass Tevvace
?g Celov Im
[ 18'2"
g 15 E =
[
over Lo PP ™
“ po&v‘o\b:\ -[ - @ @.‘[‘
" P R
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time
3177-1-H  |®25239 92" | oo |is:ug  [w:le \ ik
3177-2-L | B2BYI W2t [ 35 (M8 |8 2 &
3\77-%y  |BZBYSO 78" | \ov  |15:55 | W:25 4 7
3177-3-H-AT| 828293 q'3 RO [0 | w0 s Y
377-U-L-ar 825322 |43 | 100 | iur |53 l 7'
3)77- Ambient] 329 (80 — | Y00 WoiZ8 | \b:45

Useful information: Stainless steel probe 7°3". 214 probe + retractable tip is 6’8",

Notes: @ g (e b Gony Feonn Fouwndaton

@ 15 YW away Jow Toundadion

@ Wead ek

gedving 100 Gy OR

b&\na\r‘w\g ‘(\omﬁﬁ\\l\J in sp\'e\— Flows,




Soil Vapor Site Log

Case# | 00T~ TIH
Address | Y49 O‘Ei{bﬂa"w?“ Max TPH-DRO
n :
Category ijtc‘g‘ = o 35"'{/”7
Do 217 Concentration | 3§ 00
e |30 LA R L
Weather |DR°F 49°% H
Dintg  Sunny
» B 7
. | t+akon O,
13 014 onis -
: !
3 oeck v o e
; ]
= 'S © 8G
(@] ] Q-
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time
fie
H49-\-H Ragaa 5" [I00  |1B= aaa | ! v
HHA-1-1 |masipn 52" | 3S 12123 | A 3
YA-2-H [®atta  [BH" |[pO [12:03 [12:3% tf 71
M9-2-1 Ipaguza. P |35 1003 |33 | 5 3
Wo-pg BagHIS H'9" D5 (125 (15 | 7 | 7

Useful information: Stainless steel probe 7'3". 214 probe + retractable tip is 6’8",

Notes: il soil - £4 Svl nsiallotion

Noduwval  Soul - difficult installation




Soil Vapor Site Log

Case# | JOIN- 2394
Address |l ViS’fgL Lane Max TPH-DRO
Lunctnour g = 5370
Category Q - _
Date 9 (&‘ “7 Concentration | 32 (OO0
7 Depth (o'
Time ‘-‘ﬂaopm
Weather
At
XR'g4
/ /6'[0/ .
@. |
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time
W--H feasin [H'G” [ 100 |58 |2:a% | | 4
Wo-r Ragz1S [H'6° | 35 [ :S% (9% | 2 3
w-2-H [R29%3] | H' |00 309 [2:39 | 4 7'
L |epsarg | 4 (100 (209 (232 | & | F
-G [PasdTs [2'3 [ 3D [3:80 [2:59 | T 7

Useful information: Stainless steel probe 7°3”. 214 probe + retractable tip is 6’8"

Notes:




Soil Vapor Site Log

Case#
Address | 51 AXSTn N b Max TPH-DRO
D
Category _
, T Concentration

pae | 9/ f20l]

tme | H%0 pm

Weather

Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time

5432~ ~Hilogy gl | ] W0 (47 507
SHax- -l fbfa&W’J— faiS

Useful information: Stainless steel probe 7°3". 214 probe + retractable tip is 6°8".

Notes:




Soil Vapor Site Log
Case# |26/5- bI2C

Address  |0R1% Jarmans Coe Rd Max TPH-DRO
Crozet  tPiedmont)
Category | “2 ° >3- O
Concentration
Date | 10/5 [aDiT S
Depth (0!
Time l | i 15

Weather | Parfiohchonds

"

7'n" @ ‘]../l':?"
136" @ =710

3
\ Bont
dcor
. —1

Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time

EBIS- 1 -H-AT| R8T M"Y w100 &Y oY H
MR- LAIRRRY (M b3 ] W | D

R1F--H-ATRS 224 (H'Y™ M 100 (11239 [19:05 7

-3-cATlRui |45 (LS (1735 (w0 | F A

~/|(n N |ee

(IE-BO 2a%emS | 23 MO 139 o9 ‘

Useful information: Stainless steel probe 7°3”. 214 probe + retractable tip is 6’8",

Noles: AifFicutt prode nsrallation



Soil Vapor Site Log

case# |30 -(eOlel
Address  [5773a Woayland Dr. Max TPH-DRO
Oozet  (Piedmont) T -
Category ) P _ S-| L‘.’S
— (051207 Concentration | H, SO'O
Time |2:L,5 om Depth (1-5
Weather paﬂ'“’ﬁ dw‘j"h
57352 wa\ﬁ\cmd Drive
wM\and
Dnve
[ Front dtor }1"‘1“ L \L
e @I'J_ QY a
& | k N 7 isq
‘ H
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
{ft) Time
SBLI-H Ry [D W 100 [jaiB] e | B 7
301 Baguda | D b 3B sy [vaa | 4 3
TN Had0 [ 4 0o Jjigp 130 | T | 7
50a--L [pogsy | M€ L 35 lpop [0 | & | R
0- Bl [Bagdsg | AN 00 1105 | %5 l 4

Useful information: Stainless steel probe 7°3”. 214 probe + retractable tip is 6’8",

Notes: Eosy proke INStaliotion




Soil Vapor Site Log

Cased | ZoI5— 4 12Y

Address |213 we\\inq\ron Place
Cuoriotiesville (9)

Category /

Date /o /% / /7

fme 2145 An

Weather

Max TPH-DRO
D 33-01
Concentration | [(z, UCU
Depth ’7!

——

512 Wellinan ©)

Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time
vy 1 p {
513-1-H  |B3s4 R'Q W W0 |2'50es 370 | | 7]
Si3-i-L Rasdes  |5'2" {L 35 |z:50em %20 g s
512-2-H | B284¢Y | D' |4 \W |2:51mm | 2127 | & | 4
5iz-2-L |B25337| Q! L % |257 | 2227 4 2

Useful information: Stainless steel probe 7'3". 214 probe + retractable tip is 6’8",

Nofes: gank S%N in ground  quolcwoid Qecesd




Soil Vapor Site Log

Case# Zol & - 605?
Address | 270 Vermiva P, FP——
0&&1*/0/—@/;./46,‘ VH’ ‘
Category 2 D S~1-4
Date /6 / = /1 - Concentration zg{ 4/05
tme | 4:40 pm i cH
Weather
" ) vermiva Pl
@/ —5|su
1100 Virmin ol b
S Pduor
Drvady v
Sample 1D T“be#: Depth | Q (cem) | Start End Time |Pump# | Tube#
() Time :
0 [BM53  |AD" oo (490 5120 | 2 T
0wl 1HEss | T6" | % |4 (5020 l g
et [Roag 1 | w6 (45 (5w | 4 |
e 63y (VY | 25 (40 (90b | 5 | 3
0lp- Bty [epsned | 10" | oo [500 |50 | 7 | 7

Useful information: Stainless steel probe 7°3”. 214 probe + retractable tip is 6°8".

Notes: - AGOMATICS ()




Soil Vapor Site Log

Case # Ao~ 33
ress o117 Twrner Road ——
Add 6voad Qun med-mmﬂ = Max TPH-DRO
Caeooy | 5 Concentrat LQéﬁ;— H,70
oncentration
Date | 10]le/30VT — %”'30’04’, 100
Time 230 aim —
Weather CQS' 2 f: low Hum|d|'|“a
clear
) pr"/ C)Gnms{
AV
-’.’.‘
z‘ - @ T
@ =
Drivabion ® |30’
j@ ' [}
JTumé"ﬂd @
Sample ID | Tube # Depth | Q (ccm) | Start End Time | Pump# | Tube#
{ft) Time
5101-1-4 B28%18 | 471" M 100 |50 A0 \ ik
sul-vl RA%423 LHT L % ORB0 90 | 2 ¢
Sh1-2-4 R 94" 1H 10 889 9229 4 7
g1n-2-L Jpord10 [ MM L 5 899 (9299 5 | 3
5107-BG Ben0 [5° W0 (105 435 | 7 | 4
gi1-3-H(Basdale | W we” (30 Ry 1 | 7
51131 pasied [N VS 4 w1 | Q2 | B

Useful information: Stainless steel probe 7'3". 214 probe + retractable tip is 6 ‘8",

Notes: pigse\ olefactor)- AT sill operotional, Hayer of avavel encountered.



Soil Vapor Site Log

Case# | 2012 - HI37]
Address 23\% Rd'( £) Max TPH-DRO
Category | D .
Date 10 “ C‘I 2001 Concentration
Time 30D P Bt
Weather [clears¥Y T5°p
[
i 20\ Rl.sdﬂr RJ. e
— Gas =
) meker b
| 5
T 1\
©
1
q‘i
7
Sample ID | Tube # Depth | Q (ccm) | Start End Time | Pump # Tube #
() Time
OH-H  [AdL | 2'T" | /00 [53S | 355 4
Gol-i-L  |[Aamen [T 35 (&35 | &85 3
P2 H [pagH» |2 | /00 |3:35 | 4105 7
01--L magua | A'1" |35 [3:35 | 405 %
WPI-B6  Pasyy (119" | /60 1340 | 4a0O 7

Useful information: Stainless steel probe 7'3". 214 probe + retractable tip is 6°8".

Notes: veyry tough o install




Soil Vapor Site Log

Case# |2012-4ala
Address | 74 \?qde,r . Max TPH-DRO
Richmond  (P) p
Category ol S .
Dot O/ 1200 oncentration
e Depth
Woeather
1
onp Rydr Rd
|
Sample ID Tube # I(?:)apth Q {ccm) _Srltart End Time | Pump # Tube #
d-v-H s | B {100 [WH0 |5 ID | i
gL ey |5 35 [HHMO (510 |+ | H
-l MU | 50 (395 g4 s | 4 [ H
B-S-H Bou7 |5 | V00 ok 15:3 ) 5 | 7
WA Ao |5 |35 (19 sa | 7 | )

Useful information: Stainless steel probe 7°3". 214 probe + retractable tip is 6'8".

Notes:




Soil Vapor Site Log

Case# | 20|4-47S
Address | 129 Dwoyne Ln. Max TPH-DRC
Ridwnond  (P)
Category - :
Date 6114 12017 Concentration
Tre (000 om Depth
Weather
‘ g |
y
1’ | |
%«-—————’——!@ 0 3124 Dwm@ne Ln
o =)
Ditv 5 }\3‘(9"
| *
B ]
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump# Tube #
: ‘ (ft) Time
BH pasd | U [0 | 7'
WAL Mgy | b |35 2 |3
9-01 |pag3s | ' [100 4 17
DAL 9293 | (o 55 5 1%
P9 [pRus | L |35 7|4

Useful information: Stainless steel probe 7°3”. 214 probe + retractable tip is 6’8",

Notes: (3) wgs st auohe




o

Soil Vapor Site Log

Case# | QO -HAIS

Address |45 Old Mill
Admond  (P)

Category |

Date 10 /20 J30vy

Time 10:00

Weather

Max TPH-DRO
D
Concentration
Depth
L‘i b(l
|

’;f C’l"tc’a"“’&t’( flower
?§L 15 Old Mill
drivewa o\d
\%\ — Mill
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time
-i-Hlepoaq (WY [ 100 |J0:al [ID51 |\ | 7
5-1-1 7o (WM 135S o2l [1sl | 2 3
Y5-2-H_ RaSxa |38 | 100 |j0ag [10:54 | 4 7
H5-3-L BRRY6S 38" 5‘5 j0:291 1059 5 R
B-Be B A (26" 100 [ 1033t on | T 4

Useful information: Stainless steel probe 7'3”, 214 probe + retractable lip is 6’8"

Notes:




Soil Vapor Site Log

Case# | JOIQ - 4D30
Address | 40O we%#(ham Max TPH-DRO
R\c,\f\mbnd (P\ D
Category P |
Concentration
Date 10/20]2017
Depth
Time i1:52
Weather

OO westham Pmuk

e

' gt -ZD @;"i ?"{o' ﬁ?\azs}'
)f[(” dec -E . [/

(rnised) ,\\ |

ereee T WM“LQ

\
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time

HOO-H R [ D' [ 1oe | — | 30min]| |/ .
YO1-L (Hadsy | B | 38 HIPIE
Hn-0-# | BAMS0 | 4D | 3S { q |7
D-9-@ [ty | 4R | 3S S 5 | %
400 -5-L |[B55% | H0" | 45 — |&Omin| T | 7

Useful information: Stainless steel probe 7'3". 214 probe + retractable tip is 6'8"
Notes:
FWouwld nok gt high flow
Arvmaties (3)



Soil Vapor Site Log

Caset | 2009~ 413
Address 3413 Siexro Rd. Max TPH-DRO
Richmond (P) D
Category \ | :
_ Concentration
Date 1Gl1a0(ao\7] .
Depth
Time 2 HS
Weather
FAVS Sierra. Ko
q“
H
| oz
Afll_lll l I ’ '
P Stone. DV‘\Vﬂ/OCb&
RORAN
J?éi ’
Sampie ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time
A1 |DWHGT | ' | 100 30 / 7
ad1n-1- 1 | BHIBUD % 2 | 5
ba13-2-H_| RI5203 [0d Y 1!
9i3-2-1 | A3IqY 29 ) |
891900 |Ba8u | Y | 35 v | 7]

Useful information: Stainless steef probe 7°3". 214 probe + retractable tip is 6'8”.

Notes: 1) nad weder droplets i 1e@ion ’\'U\O'\V\%




Soil Vapor Site Log

Case # ALOV3- YOl
Address | L River Rd - Max TPH-DRO
Richmend (P) D
Category 2 . -
oncentration
Weather
g( g12 River Rd. R*,éﬁ‘"
=
7 ddephore ] '~ ~
) 1{ driveiv ok
Sample ID Tube # Depth Q (cem) | Start End Time | Pump # Tube #
{ft) Time
-tH | B2Fe38 |3'4" |00 | —~ |30 | 1 | T
Mo--L [DASAA [3r [35 | \ 12 |¥
ot B0 |54 | 105 1[4
Wa-9-L (BBHSS |34 | 2> 2 13
gR-3 |Bagdy |35 135S | & | o 117

Useful information: Stainless steel probe 7'3". 214 probe + retractable tip is 6'8”.

Notes: yjorter tolbole especially high at Hnis site




Soil Vapor Site

Log 20i3~ 2080

Case #
Address | TH Oak Ridge Rdl Max TPH-DRO
Appomattox  (P) p
Category 2
Concentration
Date 16 jal 2017
Depth
Time 100
Weather
A b6 e 1% '
wal \)E 4 ,, Ta'Y" Back.
—IF 60\- ]
- covport| |
POTO TH9 Ook Q\dcj-e%
L
Riae
4
‘L Front
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time
T4q-1-w 182218 | 31" | j00 | — | 30 /
L Bty [ 3N (35 1 — | 30mim 3
THET=H 4705 —
Vi P R AT |
749-Bo gy | 3 |35 | — [%0wn ¥
Hi-Bink oAy |odobie| 0 1£2:50 | jwl

Useful information: Stainless steel probe 7'3". 214 probe + retractable tip is 6'8".

mtg_s_a@&#wmn

Boaement sits on bedrock

in spreadsint




Soil Vapor Site Log

Case# 12015~ 3i5HY
Address | £0Y MQrhmer Ave Max TPH-DRO
Fourg, VA p
Category 2 : .
Date “/05/'_1 Concentration | s IIDOO
Time ié:}o — 10
Weather d
cloud
29 ;prmz.xmc
3F
| ]
0* Ttouse
. ,,—’
iy’ [* 35 [1 -
L] Poreh T
G';—_\ —_—
Sample ID Tube # Depth Q (cem) | Start End Time | Pump # Tube #
(ft) Time :
enax | JA Bz531 | 0" | 33 | 00:DD |4BeiSw| 2 10
carvo | 1B CARBO 70" | 33 [00:00 [19:00 Y 3
Tenax| 2A B2%8334 | 70" | 33 Joo 00 {15:00 | H 7
cavbo| 28 CARBO 70" 33 00:00 |19:00 i 3
back - 3 B2giss [ 8% | 33 | 00:00 |is:00 9
3mund

Useful information: Stainless steel probe 7'3". 214 probe + retractable tip is 6°8”.

Notes:




ufilihes

Soil Vapor Site Log

Case# |70(2z - 429
Address | ¥ 200 Ta7 Lingtonby Max TPH-DRO
Richyond, ¥ m
Category VA
. \ijOLl/iT Concentration | 23, 500
Time 10:00 Depth >
Weather 55° CH’JUdj
2'n’
\’ Al .
' i
Residence
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft} Time
1A R24z2g |51 [ 33 {oo:0p |15:00 5
B B2532 4 157" | 33 |o0:py |30:00 l 3
1A 1B79ss3 |5'9" | 33 00:00 [ 15:00 4 $
2B B2ss5€ {59 [ 33 [to:08 |3tes | 7 [}
—F— — = =< | -9%

Useful information: Stainless steel probe 7'3", 214 probe + retractable tip is 6'8”.

Notes:




PRt

Soil Vapor Site Log

Case # 2009- U4y 2
Address | 22.0f £¢cex Dd Max TPH-DRO
Richmond , vA =
Category 1 ‘
Concentration | 5,5 &1
Date hjou /i
T Depth TRTR
Time ) BV
Weather 55»} C\UUdy
B %3
1" "
(45" i
= .
S {0 y sc‘retwrgb;"_l___ﬂ__ﬂ___
\ l'i house
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
Tenaox (ft) Time TURINg
iA B 25103 |5'Y4" | 33 00:00 |]5:00 5 1
(3 BZ9x0 |s5'y" | 33 00:00 | 3000 } 3
24 [ BZ9709 | 56" | 3% [o00:0d | i5:00 | -y '
2B BZ2€3175 { 5°" | 33 00:00 | 3000 T i0
3 B15293 | 3 33 | 00:00 | 3p:0D ) a

Useful information: Stainless steel probe 7°3". 214 probe + retractable tip is 6°8".

Notes:



Soil Vapor Site Log

Case# wlz- L/g@?_
Address | U125 RODKINS Pa Max TPH-DRO
Lo nd, vA -
Category | 3
o o H/DB/]'! Concentration \ip'SZG
a
Depth ' "
tme |3V Hs
Weath L,
‘eather E\TF, ‘?Z
#3 =
130"
- ﬂl‘ #\'] 10" | B
70N
[r ‘USII"
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time TUbing
A 829322 |[s’g" | 32 [o0:po  |i5:00 5 1
18 Blg4io 5'¢" | 32 00:00 30:00 | 3
LA B2gHZb |5'L” | 33 |o0wdD |)5:00 | Y 'S
b B283%9 | 5°b" | 33 | 00:00 |30 | 7 i0
bo.ck J B2g4d42. | §f 32 00-00 | 3000 7 q
(arouf\‘\

Useful information: Stainless steel probe 7'3”. 214 probe + retractable tip is 6’8"
Notes:




7o

Soil Vapor Site Log

Case # Zole — 22
Address | 517 Turne, &A. Max TPH-DRO
Rroad By, VA
D
Category | 2 — Pred ment
Concentration
Date /{20017
Depth
Time /208y
Weather | &L0°F - 1-3?’%‘ Clrads
Pan-//7 5{747
7
- AC
O
!
. %
.
. /ﬁ.
r_'—  ys!
Ve g - -—-‘[‘
Sample ID Tube # Depth Q (cecm) | Start End Time | Pump # Tube #
(ft) Time
B11-MewBG| BLZEYZY | A 2% I12:06 | [Z2:2¢4 =y 7
571-%¢-20| BZY560 | 5 22 12:27 | 12:57 & g
511-3T-2p| B23465 | 5 2% /2:27 | 12:57 % 7
577- 2¢ B2ZYsgl | B 23 r2:qy | -4 / '~
517-2T | B25/17 |5 %3 /2:94 | /4 A 3
SU7-17 | B28Y// 3 %% l1:07 | /:32 2 7
5717—-1c | BZY4s70 | 3 29 1:02 | 1: %z Lf g

Useful information: Stainless steel probe 7'3". 214 probe + retractable tip is 6’8",

Notes:



Soil Vapor Site Log

Case # 20ty 5113
Address | 577 Tarne, KA. Max TPH-DRO
Broad fun, VA
D
Category 2~ PedwipyT
Concentration
Date /)20 (17
Depth
Time
Weather
Ser Shaet 2.
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
{ft) Time
CUI LT3 N 22) y el T L7577
2\ e-15<C | BT 4812 | OS5 L ol 1ell TN
S 1AK%
gz ]
511-31-19 »25%29 | &5 %2 7N 5 7
S1-Z-15 | B24¥592 | & 33 /ol /:3/ ? 9

Notes:

— o
15 miftutes
Useful information: Stainless steel probe 7°3”. 214 probe + refractable tip is 6’8"
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Soil Vapor Site Log

Case#: Lol§ - 4156

Address:

COASTAL

2' ﬁ Q k Slelqg ﬁ“ﬂﬂ QE:'VL . &'J\M()ﬂ'(

Category #: )

Date: 93/38% /Aa[g

Site Sketch |

<o0 \oa k. —

Time: 4> 90
Weather:
m . 4’(00'3 oF
Max TPH-DRO
iD=
Concentration = Additional Notes |
Depth = on | BG \nole

Tank Removed? = Y

Uaed \aand oooer

1 sphit Slow, 3 RG, no ambient

Excavation Dimensions - o oefactory
N —

sample ID Tube ID Depth (ft) Q (c¢/min) Start Time End Time
gﬂé;;,;( s>l ars” | 28 Lag | s
T s ae T s | sios
3\;)21:;“3‘:1' 82553 4/7” "’ zf_ Y § .20
AR FNYPANT R skt | BIS

I
\,
D

25 8

27

7T

4:¢




e |

1"-"!-

9.0
\ annw\.duj
- —ah—"
..i. w ..._ mE \2
W QLE— ¢

K :.ff..L._._mv MO[|9 buud 70H%
a




Near fanic

Soil Vapor Site

Log

Site Sketch
Case #: ;D\'—\- 5!0 ! R woter ing é\ | S’I'CVHV\S P+ |
\ved |
Address: OOA‘SF A’ L \_ﬂqu E'
Sterlt ! gt Concrere 2 5
Category #: 3:““;‘-\-“(23 Emﬂ SQ\IQZ_ " CC.ar..:s.
Date: ﬁtzg Z 2013 E‘TDD d
e )
Time: 41@ 00 cvm m./c
Gyras 32 pnduct
Weather: v, . G
sonny,  70-1B F (25¢)
Max TPH-DRO
ID= + removes,
Concentration = Additionai Notes |
Depth = Ambient olr sample 4nken.

Tank Removed? =

Y

Excavation Dimensions =

Stone Backfill? =

28G's | Amb

| BG w] Whand opaer,sotit w) Cavkopack
electvicity alu:? ﬂrigrd- it wosed Jolole ON

®

Depth (ft) Rock Encountered? = : g)\EF‘lC’(Oﬂ.ﬂOV\ @
Sample ID Tube ID Depth (ft) Q {cc/min) Start Time End Time
== $24513 W |28 onm
(-1-C PMNAS '3 30 on v j0:20 1090
[2&)
j-2-7 25320 O 2% onm , :
Amoient |2 I0:21 | 10:5]
I=3-T
32 AL 2% on .
-4-T 828424 5 2% pnm ,
: AL
iy £, 457 024
YO e | AT |Bonk 049 | w9




BG

Soil Vapor Site Log

Case #: %_OI[} *—M 504‘)
Constal

Address:

2999 QOakley Hall Roal firewout)]

Site Sketch |

oy

Category #: 2, @ @‘
Date: 3/29 I_;,ali N 3""..? '’ 4"
@ ' *l‘(l:[ X
Time: {3 :),QJ#__ t-__.,
Weather: 300 %atla’ Hall 24
Supag, 20 Hy W &
Max TPH-DRO /o oak iy 2
ID =
Concentration = Additional Notes |
Depth = ZBG,! phand augel‘ecJ, 8 Mw(m
Tank Removed? = LV\DWT\'QQQ uex M‘\SFCL*\OV\
Excavation Dimensions = O\C‘?Od'ora @
Stone Backfill? =
Depth (ft) Rock Encountered? =
Sampie ID Tube ID Depth (ft) Q {cc/min) Start Time End Time
Beoo- 1-T |B28464 2¢ ™
2‘ L‘l\ m 12230 1200
3o |-C  (BakCyy 23 o
0271 2503 | 2'9" | 2g o nig | 1:0S
3000-3-C |®zHz4Z | |
2000-3-T |25 4"y Z9onm YA 17
‘ -d._ \ .
WO-9-T |p2g278 |5y | 250 | 12




over

+anik

auqa

Soil Vapor Site Log

Case #: _QU—‘-

5io4

Site Sketch |

Excavation Dimensions =

Stone Backfili? =

Depth {ft) Rock Encountered? =

w3

Address: COASTAL /(\:, *
20 0o C4 sy ;
Category #: ?) Wﬂw 33 / o __w_u:

' ’ @h" -
Date: ; ]2a IZO!?) (, @ ( -
Time: 2) . ?_O Pm e B - o - 3

120 Oslo C+.
Weather: . . :
Max TPH-DRO 419510 COUH-
iD=
Concentration = Additional Notes |
Depth = 281, © Augered. 4 ambient

Tank Removed? = 7 L@ Ol@(%dOW (b‘*(mnm 'b"lUbfqu- May be

Srom prex (OUR Sitel

Sample ID Tube ID Depth {ft) Q {cc/min) Start Time End Time

i2o-1 -7 | B2BY\3 oy 2%onm |

a0-1-C | B2AS®L | 2] 3:35 | 4:0S
BG

209-T B2IHL 1']" 2% onm 3:H0 410
$G

20-3-T |BAT0S | yrgn | 2%mem | 2047 Y47

120-3- € [B2uHDd

20-4-T | BL3HSL ! (g £00n ¥ %83 423

10-5-T 1o 75310 | 2dmm | 407 -,




Soil Vapor Site Log

cset_ 900 - 4291

Address [0 Woddlgnd 1;0\\ " Max TPH-DRO
| Pehtraoy P JC Pt -
Category 5 :
Date S)a3 /950\% Concentration
Time (o om Depth
Wesather [<29° C,yer@ hism ;cﬂ‘
oin_
ape AN
-
rSampIe ID Tube # Ei)gpth Q(ccm) _?It;r; End Time | Pump # Tube # bz
s D\U-PE] 18339 [2'3" |55 | ) 2 | = | 0s
ROH-Ba-2 | PO 1937 | | [(@:4Y = | =
(DR | [Bg%378 351\ bor = |
"QDM’@\'Z—%:‘L““) FS«H@H“ ‘v/ 0 ~—7 ~7
How-2-\ | M| D'Y 032 |
@3 Jpot-aa [psse 1o 5[ 0F B NE
et BOA [BasATS | vA 'S

Useful information: Stainless steel probe 7'3". 214 probe + retractable tipis 6'8”,

Holas \'S n ’ *\ \ N R t
M?\ngl’f K&\Lkwxg\% e CORNON O\ ‘006. mr\mlf%&
Tubes W o oW Yo Hest o\‘\m’r\\( ¢ drillngy



Soil Vapor Site Log

comt DO ] 4
Address |00\ MoOMlond fAve | 5 Max TPH-DRO
Virgnior Beasn § -
Category \ .
Cancentration
bae | 5 [aH[201% —
mme | 35 =
M T1OF C
Weather m_“ T CX‘:‘\S? )
WO\ Marylord Ave (oo |
m 1o5% D _Iég” s
f"—ef‘w*‘y?wl
Camss')
G
Sample |D Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time
D% eloaiflons [ 304007 18'0" | 26 907 [A43 | > 3
20940, 0L e N B |18 [958 | 2 4

(Oi-1-2 L1 T L0 3S 14D 90 ¢ 3
Lol [po¥eAT[32" [3S | 4.,c]005
WA Beya T — 123 (929 7 19

Useful information: Stainless steel probe 7°3”. 214 probe + retractable tipis6'8".
Notes: W%%LWWW -90r®§@,reﬁeglwc0 G

- | Lor T wmin be-ForeSmPh‘?(
C/\CN SVEY o\ﬂé-— S0me \DO\‘-\*\"WO\{.‘: Wy V& O, W s WI%\(\



Soil Vapor Site Log

Case # ) - {0 $3

Address 4202 (eowtdly (fub Wax TPH-DRO
| Grele B

Categary

_ 3? - Concentration

o 77T

Time /- sC i

Weather QUWI“‘a' ) lbfc

hovse 4252 Comty Uih Gile

End Time

Sample!D | Tube# gtt)epth Q {ccm) ?ltart Pump # Tube #
a-ve-|adno 110" 35S 12200 (B30 | ) ]
WEA- |4 | atsto o|H" &4 [Wd3

052~ 137 [ b4 7 41Y" 1215 d%

k)2 -T| 123 ¢ 3T |0 " PAGIAIALY

V5L ieyszas (110" Ve

Ho-A [pgnugeT] — 50— | = | 9t

Useful information: Stainless steel probe 7°3". 214 probe + retractable tip is 6'8".

Notes; (2T2SViEA al
C\a\l\g WJY dl\’

A= aoyent

proves oy pulling v for \ min betore Samp'\'lf\j




Soil Vapor Site Log

Case ## AO\A . 5\ \ O
Address |Uo D5 Miles Signdis)ad Max TPHDRO
VA Beoch C .
Category 3 ‘
Date = / a L{ /‘Q G\ % Concentration
Time 2.2l pm S
Weather |SUNNY 10W BV F 'S
| A M el
3 R ‘
& a4 7 Fowtf toed '
g pab
= prively .
= Vi
- Vb0t
W i
B g
Sample ID Tube # Depth Q (ccm) | Start Ejnd Time | Pump # Tube #
(ft) Time -
ds-eo ) 894 CT) IS | g5 | oeug [ 4270 | 5 ¥
Hote-1-) 1839708 T | H'O%] et ) Senn [ g
Lf[ﬂ‘iﬁ'\_z Baa<qlc | F}igi: / 7/2%3/ HAL® 7/ Q!L
W32 {9837/ V 1 suy] oy / .
LA Bt Th 1) — .ol

Useful information: Stainless steel probe 7'3". 214 probe + retractable tip is 6'8",

Notes: (ekteshed) oMl exce 0t



Soil Vapor Site Log

Case # 20l2-21720

Address | (8L Grunde Lewe
Fas Uhand, . VA

Category | — A/F#

Date {,/5 / )9

Time 2 /7 pw

Weather ﬁusf«clg U.-lwa}a

2l

bax TPH-DRO

D

Caoncentration

Depth

Basenén ]

"I L

S A

) 6452 Gl Lome
8"
(Bo[— ——

[

%o Oy

x  \PmReey | —— Grande Lane
B iy E— ) o S
e——
bG'IMS? f?’b”
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time

OR-11T gk gy | BBy (239 309 € | 4
1p3€2-[-2C| 824024 | 474 2329 | 4:09 | 7 P,
680-be (222 | )PV (e8] | 3y | 9
bp02~> | 2296} 3’9" ;:('p;) 2] | o

y4
}/5,5

Zo-Pk

Useful information: Stainless steel probe 7°3". 214 probe + retractable tip is 6°8".

Notes: Dowt puow Har [0 codran ,f- UsST.

Rbrundled Fo bonck geod € 20.770)

44’/@»; Sounded ~ W’%’



Soll Vapor Site Log

Case# 12912-30%%
Address |1€o] Twisting Trex Max TPH-DRO
Lowne , Meclean . VA
Category | — A/FH m
Concentration
Date {6/ /3
Depth
Time 4: 0b M
Weather | Mstly  Uowdy 245&41@4,7[
34T
- "S'I@ i_q@:'?‘ @ v
A
4
sa!anrius}‘f
6— Twisting Tree Lame
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time
Se) =1 |B28432 |3")1" | 35 | §ug)| 44| T | 9
1Sol-)"1C | BaRIAD | £'47 g: 17| 4:49| > |/o
ko-L” 27| B2831S | 474" g:15 | 416 | b 5
8o)- 56| B9 kIR | M| ] g ¢
ol -A | 5y | = | ¢ Jaf | ex] ¢ | g

Useful information: Stainless steel probe 7°3", 214 probe + retractable tip is 6'8”,

N i
otes #

/}/M e

~129
4
/53R



:¢>a-/c:>l‘,f,,1 {

3

Soil Vapor Site Log

Useful information: Stainless steel probe F3”. 214 probe + retractable tip is 6’8",

Notes:

A Pty

Case # 20/4— - 208V
Address | 2400 Bawlsqeni Gt. Max TPH-DRO
Bepton D
Category | — A/FA-
Concentration
Date 06/,7/2./9
Depth
Time 9:1) am
Weather | Meyrly  Clowhey Basevilant
& G.
]
;:r] ¥ B2400
® 71
X . 2 o
b4 1ve
o
&— barlgpets (.
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump# Tube #
(ft) Time
2¢0°-86 | B2339% | D)) | 3¢ | 1€ | jo.0x] | ¥
2400q [IT| 28457 | 3'47 9:49 | jo(o 2 »)
doo-] 20| BYShYV | 3°4” 9:¥o | yo:fp| &7 | Y
2400-2 | p28294 | 3" | 4:4¥| el 4 9
qpau



Soil Vapor Site Log

Case # )—0[0'5’&3
Address | 2068 Petersborngh Max TPH-DRO
Srvect J Hﬂd:d&\ .
D

Caegoy | — p/FR -
— o‘/. 7 /:-of 2 Eonchentratmn
Time T’?*‘ 49 aun .
Weather 'h-:-l l:a(t«-b; Upwelsy, P secnin /

*2b0%

v ¥ T WWB%
JE Ix  Ix [swaded Crvesk
® Q@
re «
af, [ %
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time

2008 -B6 |B%243 | V67| 3 | ¥ipel| g3 | |

468~V 1TI328302 | 8’ i:9) | 4237
248120 PSR | ¢” (:9] | 1y
bt -2 | 623414 | 437 vl s o

Usefuf information: Stainless steel probe 7'3". 214 probe + retractable tip is 6’8",
Notes: 4' A

01%

20 ?%



Soil Vapor Site Log

pase# &03137/
Address |49 keult fomn Max TPH-DRO
. (et , (oatet , VA | D
Category ) -
) ; Concentration
Date 0§/s? / 3f§ -
Time |52 po i
Weather | $wavy , >4oe @M
T L ¥ oGS /
Pardadk [~ Ta7 B
Kettle, Riwm l . fa 13— X RG
C,w,,, i&L{ h'@ m
\ew.,.ss’}
Sample ID Tube # I(:i)”t()apth Q (ccm) _?It;r; End Time | Pump # Tube # z ‘92
N Tes- il
Robd b [BIX43s 13°2" | 3¢ y0) 23] | [ | 2 ‘
R0 - (7| BR4YS | 3') 0" 2 (999 ] v | & }2,,,4
ov1-p-201 Pt | 3')0” 20 | o03) | ) | J-
So-@A 88318 | < | N | 398 i3 5 19

Useful information: Stainless steel probe 7°3". 214 probe + retractable tip is 6°8”

Notes:

A

Alos



Soil Vapor Site Log

Nofes:

A = Alaym.

Case # ),o/b-—g”‘
Address 28293 West Gilpetad Max TPH-DRO
th g 49 D

Category |

Dafs l./ /).oﬁ Concentration |

‘ > 07, Depth

.'ﬁme | 4—:06?"'

Weather | Swwie | 25°C

Weater | Sumg . 26 OrowlSpast

&-

Wast (leied

l-l—itﬂnww

XB[:’
Sample ID Tube # gspth Q (ccm) _?It:; End Time | Pump # Tube # Zaz
3093-A BB | - | 3 [ 4) [4:4)] 5 [ &
1929385 | Bag4y | 2°4” 40 | 4:2) i
3929-1-(T| B234]0 | 4% Gk | 4:xt Y [= }/‘?-6
3093~ 120 Bas70 | 44 gb | 4:5b | S |2
M2 dWee (40| ¥ || gppe] (| ) |29
A

33295 Aok 523300 | — 69| 4ets | g

30 i
Useful information: Stainless steel probe 7°3". 214 probe + retractable tip is 68"



Soil Vapor Site Log

Co
o
° ]
gf’f’“'

Case # ?ﬂB._ 424
Address (27 Relston Pood , Max TPH-DRO
Py mavel =
Category ,
Concentration
Date OE/L),/MIQ
; Depth
Time -5
Weather | Meuly J»f’/“&i
e
O T et ped
#2o] \\
— I ~
I N $R2
bnck
Sample ID | Tube # Depth | Q (ccm) ‘Start End Time |Pump# | Tube#
(ft) | Time
207-BG-0/B28415 | 37)/ | 3S |eoy |33 | & | 7
20]-1-1C [ Baaey | 41| P09 | f2:39 ] 2 3
x1-1-27 [BKIS} | &4 09l ey | ¢ |
pel-2 [ pwgeh | O VO o | 4 ] 4

%
297

‘]M“

8.5

Useful information: Stainless steel probe 7'3". 214 probe + retractable tip is 6°8"

Notes:

4 4tovm



g xe

xa° v




Soil Vapor Site Log

Case # 2008~ 47 4o
Address | [90S Faye  Srveet - Max TPH-DRO
E d v\mL D
Category 1
Concentration
Date o(/,; /)_.,rf’
Depth
Time 2 (9
Weather 5\,\““3 , A ¢
— $ressT f?agz Strast
ety
© XM Il’“h
Ofx
#}ouf IEI
X ,36.,
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube # b2 7
(ft) Time - ‘

oS pralB260] | 77| 3% 1229 | 589 5 | 9 |3
looS-1-1C ) p24sb) | 374" 228 | 3:e]| 2 d }“*7
109§~ }-3T| BORANE | 374" 289 |33 & | 3
008=3 |pa¥4s) 126" | I logo| 3:jo) § |7 1>

Useful information: Stainless steel probe 7°3”. 214 probe + retractable tip is 6°8"

Notes:

Al wm

4_135
"¢



Soil Vapor Site Log

Case# | 20/b~ 42302
1235 N Cormund NR.
Address 9 ael,/\lgrr’l, hoorf d'q Max TPH-DRO
Cat'egurjr p. D
Concentration
oae | 0b/15/2a18 —
Time ; - (F) i
Weather | Sunan ':2':?# g
: ¢ C(&m\sm(,e,
groved |
[
];6] X N C/OH&M
ol wi) kfi'wcs? Pood
C)o - Sample ID Tube # gspth Q (cecm) %trir; End Time | Pump # Tube # 0 .%
T pas-be 1BA9831 |4 | ax 3o | 4w | € 2 [9.86
E pIS-1-CB2¢sbo | 3R" | 1 [ 4ios) 4ue | U | ) 1203
pst-7 Bk | 39" 00 430 | ) | jo
7 /12i8y (RIS T0} | 48" b: 02| 440 20
bos-BA g6} | €= |V | 4io8| gy] | |
(>~ 25C-h% 1B R4l | YY" 4 G-4 29.9
33-C | $%4a3%5 | — f:2 | L3 | S e

Useful information: Stainless steel probe 7°3". 214 probe + retractable tip is 6'8”".
Notes: A - AWBM ouv
C ~ Grawispas



Soil Vapor Site Log

Case # Z0/ - 4425
Address 19595 |Abcmendin Max TPH-DRC
' — D
Category % ~ NFA .
Dot - , ; e Concentration
05/4/2‘: ' Depth
Time & 4-&
—wﬁ-l#—\v(zrﬁéﬁ—wmmn
Weather {UM .‘5 Y OO + C’ /sfd
’W_ e

|

Westvaath  Laing

Sample ID | Tube # epth |Q{ccm) | S End Time |P Tube

ampl u gt)pt {ccm) Tit:lret nd Ti umg# ube # z’ 0
§05 B& | B2€222 | 173Y | 3€ | q:0x | 4.3 ; 4 | /2%
guS-i-1c | pa4s98 | 373" =1 | 9:4 & I 9 % P
Iay-1-21 | Ra¥H4 | ¥ Tt | g:6f 3 [0
W5-) | Ra¥4uC | 2f0"] W 7:1@, Tyl 4 2
§245-3 B34S | >'g” 9:20| 9:%0] 2 Y

Useful information: Stainless steel probe 7°3". 214 probe + retractable tip is 6'8".

Mot ek Yopr used o rRLNFLI oed winee, Ao towes o o proe.



Soll Vapor Site Log

Address [7721 f\tffj'!-& Avernil, Max TPH-DRO
Neorfolk D
Category 2
Concentration
Date b/ 14 [20/% -
Depth
Time 12 ¢ /7
Weather S!uv\yy P l& “C/
YT —
& :‘_,-I'i”
x|® 4 772]
i }
Avgyle  Avame
w,ﬂll\r’?ﬂ \X%el
Sample ID Tube # [-)epth Q (ccm) | Start End Time | Pump# Tube # .
(®) Time OuA
1721 b6 | BaB36 (BN | MK | ppaaf | w:€4] | | 3 |20
T12-1-1c | p4ST0 | 4 2:29| pq| ¢ 7 },0.7
12210-1-27 | 828404 | § 22 | k9] 2 | /o ,
T2)-2 [B2%33q [ PA"| |, | v el /| Lp O]

Useful information: Stainless steel probe 7'3". 214 probe + retractable tip is 68"

Notesi I g



Soil Vapor Site Log
Case# | 2014 —xo I
Address (21 S Fairwatty D Max TPH-DRO
Rorefol D
Category 2
- 6 : Concentration
te
0b/d4 /> Dooth
Time 2 ’2
Weather gwmj, S8 % S ]Q‘!:)
B& o ©
-’I'y ;ist—
® X
; ==
#
divgreq T
\l/ S ey Drive
Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube # 01
(ft) Time
21\- b6 [BX4To | y/g¥ | 3C 2K | 2°85C | ) | ) JS
Ril-i-t¢ | h2404% | & [ 2:5L | 3-4% Z2 |1 })_0‘7/
2t -1-27 | B8 | g 23 [ 3| f | 9 -
-2 | 8252ty 149" L (see] gue| | ¢ |27

Useful information: Stainless steel probe 7'3”. 214 probe + retractable tip is 6°8".

Notes: 54“/,/4 z- Rz

12cafal le —14}0 WMQ/ elesesf 4rhty necee gl



Soil Vapor Site Log

Case # 2,0[9-?{&[
Address | 3S08 N Cmstline Hax TPH-DRO
Deve . Vi na bead D
Category 3
Date y /ru /le Concentration
Depth
Time
Weather g,,.,_w 197 ¢C (Mdgimuz
#20a(p
Y Nerasibing. Priva
(o pom Sample ID | Tube # ggpth Q (ccm) %t;;t End Time | Pump# | Tube # iz 2,
o 35042 BAbgo | (' | 35 | gy] iy 7 [
o fzm'l-—)c R4Syt | >'8" 4| 459 1°_ L5
of- [-2T1 0TS | '8 Sy ARV 2
~ isSoq_—-L BxCazo |47 | 47 | &) G |27
PV | — | 35 | g | &:,1 —
Jou-A | busTe | ¢3)] 60 ¢ |-

Useful information: Stainless steel probe 7’3”.\ 214 probe + retractable tip is 6'8”.

'l

Notes: k(ﬁ’f“



Soil Vapor Site Log

Case # M/7' [wivg
ess | 4Rt (613 fax TPH-
Addfess ,. Cveenrie Max TPH-DRO
%‘-‘ s Dr‘z¢ D
Category Vé.
Dt NF’A Concentration
= ‘
ob fre/>I§ Depth J
Time Sz ¥ p
Weather S'WW\:‘, 3 1?90' /
#b]} ,
£
vg
Q
L | X
dyie
ey
Sample ID Tube # Depth Q (ccm) | Start End Time Pump# Tube #
(ft) Time
b3~ j-1C
Lk BL2EL | sip 1 o) | b3V
66- (=37 | p)$I8 [ 2| brod| b)y

Useful information: Stainless steel probe 7'3". 214 probe + retractable tip is 68",
Notes: 9 l l 'y wiet
P




Soil Vapor Site Log

Cased | Q0I5-RO3%

Address |[5060 Augustine Ave
"-Fredw(‘,\«gam )

Category !\’[“‘:‘A- )

Date (o/30/201%

me | 9:00 oum

Weather | R1°F (B3%H
DUNN

Max TPH-DRO
D
Concentration
Depth

bosement

>
£
g

| 500 Au%msﬁ"‘ﬂ Ave

P

Sample ID Tube # Depth Q (ccm) | Start End Time | Pump # Tube #
(ft) Time
o i 3 ' W
2050120 ]1@5 N T 3I 35 | 30mi LM
500-1-25845707 2 | | J 1 o |
Q0.X100-2 Tra5%0 T 26" |V 7 |7
900- A |egrumn | — [ — 3 19

Useful information: Stainless steel probe 7°3". 214 probe + retractable lip is 68"

Notes:

No \o%‘s . \omeowner yuarned us alood hi%\f\ woder s ble




Soil Vapor Site Log
Case# | Q015-302%

Address | 720f Olde Ldi{’l”Cl’ n Max TPH-DRO
songhad MG
\J
cor | N =
2% | 6/20/a018 o
e | 11:30am =

Weather (SO°F @% H | bCf‘DeIY\-@'Tt

Ao U@F

1201 Olde Lanter wWo
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Useful information: Stainless steel probe 7°3". 214 probe + retractable tip is 6'8”.
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Useful information: Stainless steef

Notes:

probe 7°3". 214 probe + retractable tip is 6'8”
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Useful information: Stainless steel probe 7°3". 214 probe + retractable tip is 6'8".
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