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Abstract

Introduction and Objectives

Many successful demonstrations have been conducted on light non-aqueous phase liquid (LNAPL)
removal and plume treatment technologies. Technologies such as bioventing, dual-phase
extraction (DPE)!, air sparging and monitored natural attenuation (MNA) were demonstrated
successfully to show that LNAPL could be removed and benzene, toluene, ethylbenzene, and
xylenes (BTEX) plume migration could be controlled. The expectation was that, unlike chlorinated
solvents, petroleum sites could be closed after a reasonable period of time. However, in the longer
term, many of these sites are still struggling to remove enough free product to meet U.S.
Environmental Protection Agency (EPA) and state requirements of source control (product
mobility) as well as plume treatment and are continuing to face long-term management challenges.
The primary objective of this project is to help the Department of Defense (DoD) and others make
a stronger case for closure of legacy petroleum sites, and expand users’ knowledge of high-impact
methods that can better reveal that actual risk associated with LNAPL presence and therefore help
stakeholders make more informed remediation decisions.

Technology Description

The field demonstration was completed at Naval Air Station (NAS) Fallon located in Fallon,
Nevada. Three methods were implemented to help assess the remaining LNAPL at a petroleum
impacted site and provide guidance for future application at other DoD sites. This included

1) Applying a Natural Source Zone Depletion (NSZD) assessment using Carbon Traps to
demonstrate that LNAPL bodies are not static, permanent contaminant sources but are
biodegrading at the rate of hundreds or thousands of gallons per acre per year.

2) Collecting soil, groundwater and LNAPL samples per the American Petroleum Institute’s
(API) Total Petroleum Hydrocarbon Criteria Working Group (TPH-CWG) residual risk
methodology, applying the Washington State TPH fractionation method, and demonstrating
that the risk associated with weathered hydrocarbons is significantly reduced over time
compared to fresh hydrocarbons.

3) Using historical recovery data to calculate the transmissivity of the LNAPL body to
demonstrate that there is no or very little risk of LNAPL migration.

Performance and Cost Assessment

This project assessed multiple methodologies to better characterize remaining LNAPL at
petroleum impacted sites and the evaluation of the residual risk remaining at these sites. These
tools can be used as a supplement to help transition sites from active to passive recovery or even
transition to site closure. Based on the results of this field investigation, active LNAPL recovery
could potentially be discontinued without changing the low risk profile at the site. Costs were
evaluated to determine what a similar investigation would cost to complete in order to assess the
remaining LNAPL and determine a more cost-effective path forward for a site. As part of the cost
assessment, transition to NSZD/MNA is compared with traditional free product recovery methods
implemented for the recovery and management of LNAPL at impacted sites.

Implementation Issues
This project demonstrated three approaches for assessing residual LNAPL at petroleum impacted
sites after many years of various free product recovery efforts. The project identified best practices

1 Dual-phase extraction refers to the process of simultaneously extracting groundwater, soil vapor and LNAPL.



and guidance regarding the characterization and assessment of residual LNAPL in order to make
more informed decision regarding LNAPL remediation and site management strategies by refining
the conceptual site model (CSM) and evaluating any residual risk. Details on the implementation
of the various methodologies/tools and specific considerations are included in the Supplemental
Guidance document.

Publications: There are no peer-reviewed publications to report.
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Executive Summary

1.0 Introduction

Environmental Security Technology Certification Program (ESTCP) Project Number ER-201582,
Post-Remediation Performance Assessment at a Petroleum Impacted Site, involves the
demonstration and evaluation of multiple methods to assess residual LNAPL remaining at legacy
sites. This executive summary briefly describes the methods being assessed, field activities, data
evaluation and guidance developed in support of this project.

Since the 1990s, SERDP and ESTCP have conducted many demonstrations of light non-aqueous
phase liquid (LNAPL) removal and plume treatment technologies. Technologies, such as
bioventing, dual-phase extraction (DPE)?, air sparging and monitored natural attenuation (MNA),
were demonstrated successfully to show that LNAPL could be removed and benzene, toluene,
ethylbenzene, and xylenes (BTEX) plume migration could be controlled.

These technologies were successfully applied at many sites including Department of Defense
(DoD) sites and considerable free product was removed. The expectation was that unlike
chlorinated solvents, petroleum sites could be closed after a reasonable period of time. However,
in the longer term, many of these sites are still struggling to remove enough free product to meet
U.S. Environmental Protection Agency (EPA) and state requirements of source control (product
mobility) as well as plume treatment and are continuing to face long-term management challenges.
In a recent survey of Navy and Marine Corps site remedial project managers (RPMs), almost one-
third reported continuing remediation and long-term management challenges at petroleum sites.
A review of post-remediation and long-term monitoring (LTM) data and some selective additional
monitoring to evaluate residual risk are needed to accelerate the closure of these sites.

2.0  Objectives

The overall objective of this demonstration is to help the DoD make a stronger case for closure or
transition to passive management of legacy petroleum sites and expand DoD’s knowledge and use
of alternative methods for characterizing LNAPL at petroleum-impacted sites in order to improve
the conceptual site model (CSM) and make more informed decisions regarding remediation and
site management. The technical objective of the demonstration was to implement three methods
to assess remaining LNAPL at DoD petroleum-impacted sites and demonstrate that the weathered
product remaining at these sites pose little or no significant risk. These methods included: i) API
TPH-CWG residual risk methodology using the TPH fraction method; i1) Natural Source Zone
Depletion (NSZD) measurements using Carbon Traps to estimate LNAPL biodegradation rates;
and 1i1) the LNAPL transmissivity of LNAPL bodies using historical recovery data.

2 Dual-phase extraction refers to the process of simultaneously extracting groundwater, soil vapor and LNAPL. This
process typically also results in significant biodegradation due to the vapor extraction aerating soil. The process has
gone by many names including bioslurping and multiphase extraction (MPE). In this report we use the term dual-
phase extraction.



3.0 Technology Description

The field demonstration was completed at Naval Air Station (NAS) Fallon located in Fallon,
Nevada. Three methods were implemented to help assess the remaining LNAPL at a petroleum
impacted site and provide guidance for future application at other DoD sites. This included a
Natural Source Zone Depletion (NSZD) assessment using Carbon Traps to estimate
biodegradation rates, collection and analysis of soil, groundwater and LNAPL samples per the
American Petroleum Institute’s (API) Total Petroleum Hydrocarbon Criteria Working Group
(TPH-CWQG) residual risk methodology using the Washington State TPH fractionation method,
and calculation of transmissivity rates using historical recovery data. A brief summary of each
method is included below.

3.1 TPH-CWG Risk Based Method

The TPH-CWG method treats complex petroleum mixtures as a combination of fractions for
conducting environmental modeling and estimating non-cancer risk. Carcinogenic petroleum
compounds are evaluated separately. This approach can be used within a tiered framework to
estimate human health risk and to calculate risk-based screening levels (RBSLs) for guiding
cleanup decisions.

Since TPH is composed of multiple types of hydrocarbons, the TPH-CWG approach relies on the
analytical separation of petroleum into 13 fractions. The fractions are based on their aliphatic or
aromatic nature and their equivalent carbon (EC) number, a function of boiling point. Additionally,
they have been assigned toxicological and transport parameters, derived from extensive reviews
of data from individual compounds in the fraction or from petroleum mixtures represented within
the fraction. The TPH-CWG fractionation data results, fraction toxicity information, and transport
parameters can be used to perform a risk-based analysis for each fraction present at the site being
evaluated. The hypothetical risk and the resulting soil screening level (i.e., the RBSL) for the
"whole TPH" mixture are calculated by combining the non-cancer risks from individual fractions
weighted by their percent composition within the TPH mixture, meaning the total risk is
apportioned over the different fractions present.

The importance of this method is that it is differentiates between risks posed by fresh petroleum
spills and weathered product. Compared to weathered product, fresh spills typically contain
relatively higher risk factors (i.e., greater fraction of lower molecular weight compounds with
higher vapor pressure, greater fraction of more toxic aromatics, greater proportion of soluble
compounds, and lower proportion of compounds with strong sorption characteristics). By
comparison, weathered product typically contains lower proportion of the more toxic aromatic
fractions, lower soluble fractions, lower volatile fractions, and higher fractions that sorb well to
soil.

The resulting risk based information on the reduced presence of the more toxic fractions and
reduced leachability and volatility characteristics of the weathered fuel product will be placed in
context of the state’s petroleum program. Here, most states have similar rules, with minor
differences, such as thickness of free product allowed in monitoring wells. Some states (e.g.
Massachusetts, Texas, and Washington) created similar TPH risk screening methods based on the
one developed by API’s TPH-CWG.
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3.2 Natural Source Zone Depletion Measurements Using Carbon Traps

NSZD is the reduction in LNAPL mass over time due to natural processes (ITRC, 2018). For
petroleum hydrocarbons, this is primarily driven by biodegradation, and currently-available tools
can measure these biodegradation rates. Petroleum hydrocarbons can biodegrade either
anaerobically or aerobically. At sites dominated by anaerobic processes (i.e., most sites),
hydrocarbons are converted to methane and carbon dioxide. Methane gas bubbles then migrate
upwards in the vadose zone until oxygen is encountered. Here, methane and oxygen react to form
additional carbon dioxide, as well as heat (Garg et al., 2017). Subsequently, NSZD measurements
can be based on either the capture of carbon dioxide at the ground surface, the subsurface oxygen
depletion profile, or measurement of the heat generation.

Monitored Natural Attenuation (MNA) is now an accepted remedial approach for managing
dissolved contaminant plumes in groundwater. However, since 2006 there has been a growing
realization that LNAPL itself is biodegrading at 10 or 100 times the rates previously thought.
Therefore there is a general distinction that NSZD is natural attenuation of the source (actually the
LNAPL in the source) while MNA is the natural attenuation of the plume (Garg et al., 2017).

For this demonstration project, Carbon Traps were utilized to measure the carbon dioxide flux at
the ground surface in order to determine the NSZD rate. Note however, that NSZD rates can also
be determined via other methods: 1) flux chambers to measure CO> flux at the ground surface; ii)
subsurface temperature monitoring (Thermal Monitoring); and iii) vertical subsurface gas profiles
(Gradient Method). The specific measurements as well as measurement locations vary between
methods, however, all can be reduced to units of mass removed per unit area per time. Specifically,
a convenient and widely-used unit is gallons of LNAPL per acre per year.

3.3  Transmissivity Measurements

LNAPL transmissivity is an emerging standard for measuring free product mobility and
recoverability, replacing measuring LNAPL thickness in wells. Transmissivity is defined as the
volume of LNAPL through a unit width of aquifer per unit time per unit drawdown. Transmissivity
can be calculated using ASTM LNAPL Transmissivity Standard ASTM E2856-13 (ASTM,
Method E2856-13). Additional technical guidance can be found in the ITRC LNAPL Updated
Guidance (ITRC, 2018a) and API LNAPL Transmissivity Guidance (API, 2012, Charbeneau et
al., 2016). For this demonstration project, historical free product recovery measurements were
utilized to calculate transmissivity. However, there are multiple methods available to quantify free
product recovery measurements to determine transmissivity rates including Baildown/Slug Test,
Manual Skimming Tests, or Tracer Tests.

Transmissivity rates are dependent on multiple parameters including soil type and properties (e.g.
porosity, conductivity), chemical and physical properties of the LNAPL (e.g. density, viscosity,
composition), LNAPL saturation in the formation, and thickness of the mobile LNAPL. As such,
actual transmissivity measurement provide a much more comprehensive evaluation of product
mobility and recoverability at a site than calculated LNAPL mobility parameters.
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LNAPL transmissivity is now a widely accepted metric for assessing if conventional hydraulic
recovery of LNAPL via pumping, skimming, etc. is practical. Empirical data suggests that LNAPL
transmissivity values below a certain range indicates low recoverability and therefore, the majority
of the LNAPL at a site is in a state of lesser mobile and residual saturation. Based on ITRC’s
LNAPL Guidance (ITRC, 2009a; ITRC, 2018a), LNAPL recovery is considered practicable if
LNAPL transmissivity is greater than a range of 0.1 to 0.8 ft?/day. If transmissivity is less than a
range of 0.1 to 0.8 ft*/day though, LNAPL recovery is not considered practicable.

4.0 Performance Assessment and Guidance

This project assessed multiple methodologies to better characterize remaining LNAPL at
petroleum impacted sites and the evaluation of the residual risk remaining at these sites. The
naturally occurring biodegradation can be determined by measuring the carbon dioxide (COz) flux
and determining the rates of degradation, transmissivity rates can be used to help assess the
recoverability of free product and LNAPL mobility at a site, while TPH fractionation data can be
used to better assess the residual risk of the weathered free product. These tools can be used to
supplement additional lines of evidence to help transition sites from active to passive recovery or
even transition to site closure. Based on the results of this field investigation, active LNAPL
recovery could potentially be discontinued without changing the low risk profile at the site.

5.0 Cost Assessment

As part of the project, costs were evaluated to determine what a similar investigation would cost
in order to assess the residual LNAPL at a site and determine a more cost-effective path forward.
Based on the demonstration, it is estimated that a similar investigation and assessment completed
for a comparable site would be approximately $100,000.

Additionally, transition to NSZD/MNA was compared with traditional free product recovery
methods implemented for the recovery and management of LNAPL at impacted sites. The
assessment included a comparison of implementing of Land Use Controls/Institutional Controls
(LUCS/ICs), transition to MNA with monitoring, and continued Free Product (FP) recovery efforts
via manual methods such as bailing and skimming as well as DPE. The estimated total costs for
the various alternatives compared over a duration of 15 years, range from approximately $500,000
to $4,700,000 including capital and annual O&M costs. Based on these estimated project costs,
transition of a site to a more passive approach could result in significant cost savings over the
lifetime of a project. However, it should be noted that costs are site-specific and depend on many
factors including the current/anticipated land use, regulatory requirements, when a site may be
able to transition, etc. and therefore may vary from the costs presented.

6.0 Implementation Issues

This project demonstrated three approaches for assessing residual LNAPL at petroleum impacted
sites after many years of various free product recovery efforts. The project identified best practices
and guidance regarding the characterization and assessment of residual LNAPL in order to make
more informed decision regarding LNAPL remediation and site management strategies. In general,
these methods could be implemented at most LNAPL impacted sites in order to help refine the CSM
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and evaluate the residual risk posed by the remaining LNAPL at legacy sites. However, it would be
imperative to evaluate specific regulations and regulatory acceptance of various lines of evidence,
analytical methods and analytical results. Details on the implementation of the various
methodologies/tools previously described and specific considerations are included in the
Supplemental Guidance incorporated into Section 6 of the final report.
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1.0 INTRODUCTION

Environmental Security Technology Certification Program (ESTCP) Project Number ER-201582
involves the demonstration of alternative techniques (other than free product thickness
measurements and total TPH concentrations). These include: i) American Petroleum Institute’s
(API) Total Petroleum Hydrocarbon Criteria Working Group (TPH-CWG) method to assess the
residual risk from highly weathered free product; and ii) use of Carbon Traps to measure NSZD
rates, to help the Department of Defense (DoD) make a stronger case for closure of legacy
petroleum sites, or at least cessation of active free product recovery, which hundreds of DoD sites
continue to perform despite the fact that the remaining free product is highly weathered, poses
little risk, and recovery rates may be low.

This document details the field activities conducted at the demonstration site Naval Air Station
(NAS) Fallon Site 2 located in Fallon, Nevada, including the results as well as guidance for the
application of alternative methods to evaluate the residual risk associated with remaining free
product. For the field investigation, soil, groundwater and free product samples were collected
from the site and analyzed using the methodology developed by API’s TPH-CWG. Carbon Traps
were deployed to measure NSZD rates, and transmissivity LNAPL was calculated using historic
free product recovery measurements. This section includes a brief summary of the project
background, objectives, and associated regulatory drivers.

1.1 BACKGROUND

Since the 1990s, the Strategic Environmental Research and Development Program
(SERDP)/ESTCP conducted many demonstrations of light non-aqueous phase liquid (LNAPL)
removal and plume treatment technologies (e.g., Projects ER-30, ER-20, ER-99). Technologies,
such as bioventing, dual-phase extraction, and natural attenuation were demonstrated successfully
to show that LNAPL could be removed and benzene, toluene, ethylbenzene, and xylenes (BTEX)
plume migration could be controlled. Based on that work, these technologies were successfully
applied at many DoD sites. The expectation was that unlike chlorinated solvents, petroleum sites
could be closed after a reasonable period of time in the same way that private underground storage
tank (UST) sites were being closed.

However, in a recent survey of Navy and Marine Corps site remedial project managers (RPMs),
almost one third reported continuing remediation and long-term management challenges at
petroleum sites. Examples are NAS Fallon, Naval Base Kitsap (NBK) Bangor, and Marine Corps
Air Station (MCAS) Yuma. The Air Force and Army are also continuing remediation on petroleum
sites (including LNAPL) for many years. Examples include Eielson Air Force Base and Kirtland
Air Force Base. At Hill AFB, site representatives have been trying to close Site 870 (Patriot Hill
site, ST061) for some time, despite several years of bioventing and LNAPL removal. Not only are
DoD sites continuing to operate passive skimmers for continuing free product recovery, but many
sites are contemplating and/or applying even more sophisticated and aggressive free product
recovery systems, such as dual phase extraction (DPE) at great expense.

At many of these sites, early DoD demonstrations of free product removal technologies, such as
bioventing and DPE, were considered a success and considerable free product was recovered
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during each demonstration and subsequent full-scale application. However, in the longer term,
many of these sites are still struggling to remove enough free product to meet EPA and state
requirements of source control (product mobility) and plume treatment. There are a variety of
reasons for this inability to close petroleum sites, and a review of post-remediation and long-term
monitoring (LTM) data and some selective additional tests to evaluate residual risk are needed to
accelerate the closure of these sites. Three methodologies were utilized and evaluated including
the API TPH-CWG residual risk method, Carbon Traps for quantifying Natural Sources Zone
Depletion rates and calculation of LNAPL transmissivity.

1.2 OBJECTIVE OF THE DEMONSTRATION

The overall objective of this demonstration is to help the DoD make a stronger case for closure or
transition to passive management of legacy petroleum sites and expand DoD’s knowledge and use
of alternative methods for characterize Light Non-Aqueous Phase Liquid (LNAPL) at petroleum
sites in order to improve the conceptual site model (CSM) and make more informed decisions
regarding remediation and site management. The technical objective of the demonstration was to
implement three methods to assess remaining LNAPL at DoD Petroleum sites and demonstrate
that the weathered product remaining at these sites pose little or no significant risk. The methods
were the API TPH-CWG residual risk methodology using the TPH fraction method, Natural
Source Zone Depletion measurements using Carbon Traps and LNAPL transmissivity calculation
using historical recovery data.

1.3 REGULATORY DRIVERS

Historically at LNAPL impacted sites, regulatory agencies have required the removal of LNAPL
to the ‘maximum extent practicable’ as defined by 40 Code of Federal Regulations 40 CFR
§280.64. Often the ‘maximum extent practicable’ (MEP) has been defined as a specific thickness
meriting LNAPL recovery, although the specific definition is left to the regulatory or
implementing agencies. In addition, many states have their own UST programs in place. As a
result, the requirements for closure often vary state to state. For example, the specified thicknesses
may range from less than 0.01 ft to 0.5 ft, or the state may have no specific criteria or reference
MEP. Section 6 includes additional information and a table highlighting some of the differences
in regulations and variability observed between LNAPL recovery limits for select states.

At many DoD sites, early demonstrations of free product removal technologies, such as bioventing
and DPE, were considered a success and considerable free product was recovered during each
demonstration and subsequent full-scale application. However, in the longer term, many of these
sites are still struggling to remove enough free product to meet U.S. Environmental Protection
Agency (EPA) and state requirements of source control and plume treatment.

In addition, , there is now a better understanding of that LNAPL thickness is a poor metric for
understanding the risk at LNAPL sites. The ITRC (2018) states:

“Due to the dependence of in-well LNAPL thickness on geology and variable groundwater
hydraulics, it should not generally be used as a sole metric for recoverability and indication of
migration.”
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“Thickness or concentration data alone may not provide a sound basis for defining the point at
which a cleanup objective is achieved.”

“If a requirement exists to remove LNAPL to a specified thickness, the implementing agency may
assume that any selected removal strategy will be long and costly. This assumption could have a
detrimental impact on the assessment and remediation decision.”

The results of this study are intended to help DOD end users, regulators and other projects
stakeholders expand their knowledge and use of alternative methods beyond LNAPL thickness to
characterizing residual LNAPL and better assess the risk remaining at these LNAPL impacted
legacy sites and therefore make a stronger case for closure or transition from active to passive
recovery.

Specifically, the Nevada Underground Storage Tank (UST) regulations (many states have similar
regulations) require cleanup of releases of contaminants that exceed action levels in soil and
groundwater. Corrective action may be required when action levels for soil are exceeded unless a
site owner or operator completes an evaluation of the site indicating that the contamination does
not cause any current or potential threat to human health or the environment. Based on the Nevada
Administrative Code (NAC) 445A.22735, the establishment of action levels for groundwater
include: (1) the presence of /2 inch or more of free product based on an accuracy of 0.01 ft; (2)
concentrations equal to maximum contaminant levels (MCL) established under the Safe Drinking
Water Act 42 U.S.C. §§ 300f et seq., and 40 C.F.R. Part 141; and (3) the background concentration
if the background concentration is greater than the MCL. Corrective action must be taken when
the action levels for groundwater are exceeded, unless the owner or operator submits a written
request to the Director of the State Department of Conservation and Natural Resources (Director)
(NAC 445A.22725). Based on NAC 445A.22725, the Director may grant the request if the
following are satisfied:

e FEach source of contamination is identified and controlled, or no source remains because of
the age and nature of the release;

e The magnitude and extent of the contamination of the groundwater is known;

e Data are available from at least 3 years of quarterly monitoring or another period specified
by the Division and the data do not show a trend of increasing concentrations of the
contamination;

e A demonstration is made which indicates that natural attenuation is sufficient to reduce
contamination below action levels or prevent migration to a receptor or another point of
demonstration;

e And, the groundwater is not a source of drinking water and is not likely to be a source in
the future because (1) it is economically or technologically impractical to recover the water
for drinking because of depth or location or render the water fit for human consumption,
or (2) a legal restriction or institutional control is in place concerning the use of the
groundwater.
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The Director may also not require corrective action if the owner or operator files a study,
acceptable to the Division, that demonstrates that it is not feasible to achieve the required
remediation standard based on prohibitive cost (NAC 445A.22725).
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2.0 TECHNOLOGY

This section provides a description of the three methods evaluated as part of the demonstration and
presents their advantages and limitations. More information regarding the application and use of
these approaches are include in the Supplemental Guidance presented in Section 6.

2.1 TECHNOLOGY DESCRIPTION

Petroleum releases to the environment can cause safety hazards, ecological harm, adverse human
health effects, and unpleasant appearance and odor of soil and water. Many of DoD’s petroleum
sites are still struggling to remove LNAPL from the subsurface and manage the associated plumes
despite many years of LNAPL recovery with conventional and innovative methods. There are
several technologies used in the private industry to evaluate the residual risk associated with the
remaining LNAPL, product mobility/migration potential, and rates of Natural Source Zone
Depletion. Many of these methods are used to help sites obtain risk-based closure or move away
from active LNAPL recovery to more passive means or MNA. Three of these methods are
described below and include the TPH-CWG risk-based method, Natural Source Zone Depletion
evaluation using Carbon Traps and LNAPL transmissivity measurements.

2.1.1 TPH-CWG Risk Based Method

The TPH-CWG method treats complex petroleum mixtures as a combination of fractions for
conducting environmental modeling and estimating non-cancer risk. Carcinogenic petroleum
compounds are evaluated separately. This approach can be used within a tiered framework to
estimate human health risk and to calculate risk-based screening levels (RBSLs) for guiding
cleanup decisions.

Since TPH is composed of multiple types of hydrocarbons, the TPH-CWG approach relies on the
analytical separation of petroleum into 13 fractions. The fractions are based on their aliphatic or
aromatic nature and their equivalent carbon (EC) number, a function of boiling point. Additionally,
they have been assigned toxicological and transport parameters as a result of extensive reviews of
data from individual compounds in the fraction or from petroleum mixtures represented within the
fraction. The TPH-CWG fractionation data results, fraction toxicity information, and transport
parameters can be used to perform a risk-based analysis for each fraction present at the site being
evaluated. The hypothetical risk and the resulting soil screening level (i.e., the RBSL) for the
"whole TPH" mixture are calculated by combining the non-cancer risks from individual fractions
weighted by their percent composition within the TPH mixture, meaning the total risk is
apportioned over the different fractions present.

The importance of this method is that it differentiates between risks posed by fresh petroleum spills
and weathered product. Compared to weathered product, fresh spills typically contain relatively
higher risk factors. In other words, a greater fraction of lower molecular weight compounds with
higher vapor pressure, greater fraction of more toxic aromatics, greater proportion of soluble
compounds, and lower proportion of compounds with strong sorption characteristics. By
comparison, weathered product typically contains lower proportion of the more toxic aromatic
fractions, lower soluble fractions, lower volatile fractions, and higher fractions that sorb well to
soil.
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The resulting risk based information on the reduced presence of the more toxic fractions and
reduced leachability and volatility characteristics of the weathered fuel product will be placed in
the context of the state’s petroleum program (and most states have similar rules, with minor
differences, such as thickness of free product allowed in monitoring wells). Some states (e.g.
Massachusetts, Texas, and Washington) created similar TPH risk screening methods based on the
one developed by API’s TPH-CWG.

2.1.2 Natural Source Zone Depletion Measurements Using Carbon Traps

Direct methods for documenting contaminant attenuation rates in the field are an important line of
evidence for supporting monitored natural attenuation (MNA), particularly if MNA is being used
to manage an active source. One method that has been recently validated is the use of Carbon Traps
to measure LNAPL degradation rates at petroleum hydrocarbon sites in order to quantify Natural
Source Zone Depletion (NSZD). These are simple and low-cost devices that are installed at grade
and specifically designed to measure natural losses of LNAPL over time (Adamson and Newell,
2014).

Following release, hydrocarbon constituents in LNAPL are subject to various natural attenuation
mechanisms, including biodegradation. CO; is an effective signal of these attenuation processes
because most of the carbon of the carbon present in LNAPL is converted to CO» as an end product
during in situ degradation. This includes methane generated during anaerobic degradation of
petroleum hydrocarbons that is aerobically biodegraded to CO; following migration to the O>-rich
vadose zone. By capturing the CO> generated from these natural processes in the surface-deployed
traps, the time-integrated CO» in the traps can be converted to an equivalent LNAPL loss rate (after
correcting for background CO, flux, or alternatively, using '*C measurements to differentiate
between fossil fuel and non-fossil fuel fractions) (Conrad et al., 1997; Adamson and Newell,
2014).

Carbon Traps are passive adsorption devices deployed
within the shallow ground surface. They are easily
installed (i.e., no special training of personnel), and
minimally invasive. Thus, they can be deployed at
multiple locations at a site to identify areas of high
activity as well as to obtain a site-wide estimate of the
LNAPL loss rate (after correcting for background CO»
generation rates). Figure 2-1 shows a Carbon Trap
deployed at NAS Fallon.

. ,{_;“_

Figure 2-1 — Deployed Carbon
Trap. NAVFAC EXWC ER-
201582.
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2.1.3 Transmissivity Measurements

LNAPL Transmissivity is an emerging standard for : ;
measuring free product mobility and recoverability To=Transmissivity

replacing measured LNAPL thickness in wells. To=Ka"bn We
Transmissivity is defined as the volume of LNAPL
through a unit width of aquifer per unit time per unit

drawdown.  Figure 2-2 includes a schematic LNAPL
showing how transmissivity correlates with LNAPL

well thickness and conductivity. Units for this bn=LNAPL
measurement are length?/time. Transmissivity can Thickness

be calculated using ASTM LNAPL Transmissivity KFI&E#:ULﬂMtY

Standard ASTM E2856-13. Additional technical
guidance can be found in the ITRC LNAPL Updated
Guidance (ITRC, 2018a) and API LNAPL Figure 2-2 — Transmissivity Schematic
Transmissivity Guidance (Charbeneau et al., 2016). (NAVFAC, 2015)

For this demonstration project, historical free product

recovery measurements were utilized to calculate rates of transmissivity. However, there are
multiple methods available to quantify free product recovery measurements for determine
transmissivity rates including baildown/slug test, manual skimming tests, or tracer tests. The
recommended approach is to use historical data if available as this would decrease the costs for
any supplemental investigations.

Transmissivity rates are dependent on multiple parameters including soil type and properties (e.g.
porosity, conductivity), chemical and physical properties of the LNAPL (e.g. density, viscosity,
composition), LNAPL saturation in the formation, and thickness of the mobile LNAPL. As such,
this measurement provides a much more comprehensive evaluation of product mobility and
recoverability at a site.

Based on ITRC’s LNAPL Guidance (ITRC, 2009a), “the practicable limits of LNAPL recovery is
represented by an LNAPL transmissivity of 0.1 to 0.8 ft?/day.” Therefore LNAPL recovery is
considered practicable if transmissivity is greater than 0.1 to 0.8 ft*/day (note the dividing line is
a range, not a single value). If transmissivity is less than 0.1 to 0.8 ft*/day though, LNAPL
recovery is considered not practicable.

2.2 TECHNOLOGY DEVELOPMENT

Since this demonstration did not involve the development of a new technology, but rather an
evaluation of multiple methods to assess the residual free product remaining at a site, a section on
technology development was not included. However, a supplemental guidance detailing the
applicability of the methods and how to implement these technologies and methods at a site has
been developed and is included in Section 6.

2.3  ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY

The section below includes the overarching advantages and limitations of each technology
identified for the demonstration. Additional information includes a table with the advantages and
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limitations of each technology that can be found in the Supplement Guidance provided in Section
6.
Advantages of the technologies include:

e All three technologies provide alternative approaches to evaluating remaining LNAPL at
DoD sites that have had ongoing active remediation for decades. They have the potential
to help the DoD build a risk-based argument to reduce the amount of active remediation
using quantitative methods.

e TPH-CWG Risk Based Method: fingerprints weathered TPH and provides a method for
determining human health risks based on the measured TPH fractions. For this project, the
goal was to determine if residual hydrocarbon in soils posed a risk to hypothetical
construction workers in contact with LNAPL containing soils based on the calculated
Hazard Index (no unacceptable risk if HI<1).

e Natural Source Zone Depletion Measurements using Carbon Traps: provides an estimation
for LNAPL degradation rates for comparison to recovery rates to determine if active
recovery is still necessary or effective.

e Transmissivity Measurements: provide a metric for evaluating LNAPL mobility and
recoverability at a site. Transmissivity can be calculated using a variety of methods
including the use of historical data.

Limitations associated with the technologies include:

e TPH-CWG Risk Based Method: weathering of LNAPL may not be uniform across
matrices. The rates of degradation may be different for the LNAPL in the smear zone,
within the soil, and on the surface of the groundwater, which could result in different levels
of human health risk associated with the remaining LNAPL. Furthermore, an additional
limitation to the method is the necessity of selecting surrogate compounds for each fraction.
This usually results in conservative risk results, better than just TPH alone but still only a
conservative approximation.

e Natural Source Zone Depletion Measurements using Carbon Traps: potential for
background interference with atmospheric COz; resulting estimates can vary spatially and
temporally. There are also specific considerations when deploying Carbon Traps at sites
that must be considered as well in order to minimize any potential bias regarding the CO:
flux.

e Transmissivity — Based on ITRC LNAPL Transmissivity Guidance (ITRC, 2009a),
LNAPL recovery is practical if the transmissivity rate is greater than 0.1 to 0.8 ft*/day and
not practical if rate is less than 0.1 to 0.8 ft*/day. Depending on the site, the observed
transmissivity rate may fall within the 0.1 to 0.8 ft*/day range and need to be further
assessed in order to determine the recoverability and migration potential. Some additional
disadvantages include, but are not limited to, lack of acceptance by certain regulatory
authorities and temporal variability with respect to water level.
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e Although these technologies may be useful for further characterizing the remaining
LNAPL at a site as lines of evidence for building risk-based arguments for closure or
transition to more passive remediation, the ultimate decision regarding the status of the site

and the accepted path forward is to be determined by the project team, stakeholders and
regulators.
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3.0 PERFORMANCE OBJECTIVES

The overall objective of this demonstration is to help the DoD make a stronger case for closure of
legacy petroleum sites, or cessation of active free product recovery and expand DoD’s knowledge
and use of alternative methods for characterizing residual LNAPL and evaluating any remaining
risk at sites in order to make more informed decisions for remediation. The technical objective of
this effort seeks to demonstrate that the weathered product remaining at the demonstration site,
NAS Fallon, poses little or no significant risk including the API TPH-CWG residual risk method
and deploying Carbon Traps to estimate biodegradation rates attributed to NSZD. Table 3-1 below
summarizes the performance objectives established for this project. In addition, average LNAPL
transmissivity values were also calculated using historical data in order to assess free product
recoverability and mobility using historical free product recovery data although this was not
specified as one of the Performance Objectives outlined in the table below.
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3.1 PERFORMANCE  OBJECTIVE: FINGERPRINT THE REMAINING
WEATHERED LNAPL

The first step in the TPH-CWG risk-based method is to fingerprint the LNAPL to differentiate the
percent composition of the various TPH components. Once this data is obtained, an analysis can
be performed to look at the health risks posed by the remaining weathered LNAPL.

3.1.1 Data Requirements

Fingerprinting the residual LNAPL requires LNAPL, groundwater and soil samples to be collected
and shipped to a laboratory for analysis. A total of up to five groundwater samples (including one
duplicate) will be collected from existing groundwater monitoring wells near the free product
plume mapped out in the 2013 investigation but not with measurable product. In addition, samples
will be collected from to three soil cores (up to 7 samples, including 1 duplicate) using direct push
at locations that had high readings during the 2008 Site Characterization and Analysis
Penetrometer System (SCAPS) investigation. One sample of the free product, if present, will also
be collected at the Site for analysis.

3.1.2 Success Criteria

Success of this objective will be determined by the resulting analytical data. If the various samples
are comparable and able to be analyzed by the TPH-CWG risk-based method, then the objective
will be considered successful.

3.2 PERFORMANCE OBJECTIVE: OBTAIN NSZD RATES USING CARBON
TRAPS

Carbon Traps will be used in order to estimate biodegradation rates for the remaining LNAPL and
assess the Natural Source Zone Depletion. NSZD rates are helpful in determining the practicality
of active free product removal.

3.2.1 Data Requirements

Once installed, the Carbon Traps will need to remain deployed for two weeks before being
collected and shipped to a laboratory for analysis where they will be analyzed for total CO, and
14C (to obtain background levels). In order to provide a representative degradation rate at the site,
the traps will be set up around in areas with varying levels of contamination based on historical
data. After laboratory analysis is complete, the CO> concentrations will be corrected by subtracting
the concentration of '*C from the total to correct for background and statistical analysis will be
performed on the data, which will yield an average NSZD rate.

3.2.2 Success Criteria
Using the method described in 3.2.1, the success of this objective will be dependent on installing

the Carbon Traps in locations that will yield a representative degradation rate for the site, which
should be supported by a trend in the individual sample data. If the NSZD rate is calculable and
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considered representative, then the objective will be considered a success, and the rate will be
compared to the recovery rate from the skimmers.

4.0 SITE DESCRIPTION

The following sections provide a brief summary regarding the site location and history, geology
and hydrogeology, as well as the contaminant distribution at the selected demonstration site, Naval
Air Station (NAS) Fallon IR Site 2.

4.1 SITE LOCATION AND HISTORY

NAS Fallon is located approximately 7 miles southeast of Fallon, Nevada as shown in Figure 4-1.
The selected demonstration site IRP Site 2, also known as the New Fuel Farm, at NAS Fallon is
part of the Northern Operable Unit (NOU), which is located in the west central portion of NAS
Fallon as shown in Figure 4-2.

IRP Site 2 was constructed in 1957 to replace the Old Fuel Farm (Site 16), which was taken out of
service in 1963. The New Fuel Farm was initially used to store and dispense petroleum fuels,
including jet propellant (JP)-5, JP-8, diesel, aviation gasoline, and motor vehicle gasoline (KCH,
2014). The site included five former underground storage tanks (USTs), a former tank bottom
disposal area and drainage swale, a former oil/water separator (OWS) and OWS leach field, a truck
washdown area, a loading rack area, and a fuel transfer area. Historic operations and fuel transfer
practices identified in the original RI likely contributed to subsurface contamination at the site
(KCH, 2014). Historical records indicate that up to approximately 85,000 gallons of fuel or fuel
and water mixture were released at IRP Site 2.

IRP Site 2 stores a variety of fuels including JP-8 (about 3.3 million gallons), diesel fuel (about
8,000 gallons), and motor vehicle gasoline (about 12,000 gallons) in three aboveground storage
tanks (ASTs). Storage of aviation gasoline and JP-5 in two USTs with a combined capacity of
100,000 gallons (KCH, 2014). Both of these USTs were removed in April 1992. After the tanks
were removed, a product recovery sump was constructed in the excavation pit, and a
monitoring/recovery well was installed. The excavation was backfilled and capped with plastic
sheeted to promote drainage away from the site (KCH, 2014).

From the early 1990s through 2001, several active free product removal actions were implemented
including dual phase extraction (DPE), periodic removal of product via skimming and installing
of free products recovery trenches. A pilot study was conducted in 2006 to evaluate the
effectiveness of multi-phase extraction (MPE) in removing free product. From 2007 through 2013,
free product was removed from select wells at Site 2 and 4. From 2007 through March 2008,
product was removed on a weekly basis using a portable pump and starting in April 2008,
permanent pumps were deployed in a couple wells and product was continuously recovered. From
August 2008 through March 2011, product was removed on a weekly basis in the western trenches.
From April 2011 through March 2012 free product recovery activities were not conducted at the
site as the pumps were inoperable. Free product recovery activities resumed in April 2012. Since
2007, approximately 7,353 gallons of free product were recovered through November 2013. Since
the 1990s through 2013, approximately 76,000 gallons of free product from Sites 2 and 4 have
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been removed or almost 89 percent of the total estimated volumes released (KCH, 2014). Based
on the 2008 SCAPs survey and 2013 free product measurement event, the footprint of the LNAPL
body was approximately 10 acres.

Free product recovery activities have resumed as of October 2017. As of December 2018,
approximately 1,973 gallons of free product have been recovered (Amec Foster Wheeler, 2018).
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Figure 4-1 — Facility Location Map (KCH, 2014)
[Note: Figure 1-1 from 2014 RI Addendum/FS (KCH, 2014)]
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4.2 SITE GEOLOGY/HYDROGEOLOGY

Sites 2 and 4 are predominately silty and clayey sand in the shallow subsurface; however, other
soil types, including gravel fill, silt, and clay, were also observed. The shallow subsurface at Site
2 is composed mainly of silty fine sand with some clayey sand while Site 4 is underlain by poorly
graded sand with some silt and silty sand, as indicated by cross section C-C’ on Figure 4-3. Figure
4-4 shows the locations of the various geologic cross sections. Clay layers were encountered at
approximately 4 to 6 feet bgs around the eastern and southern perimeter of Site 2, with the thickest
layers along the central and southwest boundary of Sites 2 and 4 (KCH, 2014). Historical geologic
investigations at Sites 2 and 4 by the Oak Ridge National Laboratory (ORNL) concluded that the
upper 17 to 20 feet of the subsurface is part of the Fallon Formation, composed mainly of deltaic
deposits, with occasional paleo-river channels deposited by the Carson River (KCH, 2014).

NAS Fallon is located with the Lahontan Valley groundwater basin where depth to groundwater
is observed between 4 to 12 feet below ground surface (bgs). The primary aquifer of interest at
the site is the shallow aquifer, which is approximately 10 to 18 feet thick. The hydraulic
conductivities observed at NAS Fallon range from 0.19 to 13.17 feet per day. Groundwater in the
shallow aquifer is considered poor quality with high TDS (greater than 10,000 mg/L) and average
arsenic concentrations ranging from 426 to 3,300 pg/L. The shallow aquifer is not currently
utilized for domestic or commercial purposes at NAS Fallon; however, domestic wells have been
installed offsite and may be used as a drinking water source. (KCH, 2014).

Cross section C-C’ (Figure 4-3) indicates the depth at which groundwater was encountered during
the soil investigation and the static groundwater elevation extrapolated from the groundwater
elevation map (Figure 4-5). Depth to groundwater was observed between at 5.7 to 9 feet bgs during
the soil investigation. Ground surface elevations in the northern portion of the site are
approximately 4.5 feet higher than the southern portion. The average hydraulic gradient observed
at Site 2 and 4 is approximately 0.001 ft/day with a general groundwater flow direction to the
southeast (see Figure 4-5). Based on historical aquifer tests conducted as part of the original RI,
the hydraulic conductivities observed at Sites 2 and 4 ranged from 2 to 220 ft/day (KHC, 2014).
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43  CONTAMINANT DISTRIBUTION

A SCAPS investigation was conducted in 2007 at Site 2 and Site 4 to assess the extent of free
product observed at the site. Based on the LIF data, temporary wells were installed to assess the
presence of free product. The average thickness observed in the wells ranged from only a sheen
up to 3 feet of product.

Figure 4-6 shows the LNAPL thickness observed at the site in 2008 as well as the LIF ranges.
The investigation indicated that the majority of soil hydrocarbon contamination and free product
were located near the former tank locations and tank disposal area at Site 2, as well as the former
tank locations in the OWS, leach field area and former AST at Site 4. During this investigation,
free product samples were collected from Sites 2 and 4 to assess the composition of the free
product. Three samples (FA02-57, VT-1, and VT-4) as well as two composite samples were
collected from Site 2 and one composite sample was collected from Site 4. This analysis found
that the product samples contained mostly jet fuel fractions in the Co-Ci3 carbon range with less
than 5 percent observed at the lighter hydrocarbon fractions less than Cg or heavier hydrocarbons
ranges (KCH, 2014).

Based on the results of the SCAPS investigation and as part of the NOU RI Addendum/FS field
investigation, soil borings were completed in 2007 and 2008 to further delineate the extent of soil
contamination and free product at Sites 2 and 4. In addition, up to 35 monitoring wells at Sites 2
and 4 have been monitored for free product levels since 2007 in conjunction with free product
recovery activities. The approximate free product footprints and apparent LNAPL thicknesses
observed at Sites 2 and 4 for 2008 and 2013 are shown in

Figure 4-6 and Figure 4-7. Based on the existing well network, the overall extent of free product
has declined significantly between 2008 and 2013 (KCH, 2014). The area of the LNAPL footprint
in 2013 is about 120,000 ft> or about 2.8 acres.

Soil samples were collected as part of the additional investigation conducted in 2007 and 2008 to
further delineate the extent of contamination and validate the SCAPS results. These samples were
analyzed for VOCs, TPH-p (gasoline range organics (GRO)), TPH-e (including JP-5, diesel range
organics (DRO) and motor oil range organics), and PAHs. Figure 4-8 includes the concentrations
of compounds observed in the soil. Six boring locations had TPH at concentrations greater than
100 mg/kg detected in soil samples between 4.5 to 9.0 ft bgs. The highest concentrations of JP-5
(4,400 mg/kg) was detected at TT02-SB19, and highest GRO concentration (11,000 mg/kg) at
TT02-SB06. Other constituents detected in the soils at Sites 2 and 4 included PAHs and VOCs.
PAHs were detected in 16 of the 40 borings at Sites 2 and 4 with only 3 samples that exceeded
industrial or residential RSLs of 0.15 mg/kg and 0.21 mg/kg respectively. BTEX constituents
were detected in 12 of the 40 boring locations, however none of the concentrations were observed
above the residential or industrial RSLs and only four locations had detections of BTEX and other
VOCs exceeding 1 mg/kg (KCH, 2014).

Groundwater samples were collected in 2007 and 2008 as part of the NOU RI Addendum/FS field
investigation and a small subset of wells were sampled as part of the base wide groundwater
monitoring in 2009, 2010, and 2011. Samples were analyzed for a variety of constituents, which
may have included TPH-e, TPH-p, VOCs, PAHs, TDS, and MNA parameters (anions, alkalinity,
dissolved gases, sulfide, and TOC) in select wells during each event. Figure 4-9 includes the
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analytical results for the groundwater samples collected at Sites 2 and 4 between 2007 and 2011.
Groundwater monitoring was conducted primarily around the perimeter of the source areas to
assess the extent of dissolved fuel-related groundwater contamination and wells with free product
were not sampled (KCH, 2014).

Based on the analytical results from the RI Addendum/FS, only one well, TT02-MWO02, had
detections of PAHs, specifically naphthalene, above the RSL of 0.14 pg/L for drinking water with
concentrations ranging from 0.32 to 0.8 pg/L. Other PAHs were detected in groundwater samples
collected at Sites 2 and 4, however concentrations were below screening levels. Other constituents
detected in groundwater included BTEX, VOCs and TPH although none of the concentrations
exceed applicable screening criteria. The BTEX and VOCs detected tend to be collocated with
the PAH detections in wells TT02-MWO02 and TT-MWO04 at the northern boundary of Site 2.
Detected BTEX and other hydrocarbon related VOCs included ethylbenzene, xylenes,
trimethylbenzenes and alky-substituted benzenes and toluene. The highest concentrations of
BTEX and VOCs were observed in TT02-MWO02 with 1.7 ug/L of ethylbenzene and 9.4 ng/L of
1,2,4-trimethylbenzene in 2007 (KCH, 2014).

TPH-e (JP-5 or DRO) was detected in nine (9) wells in 2007 and three (3) wells in 2008 and 2009
with the highest concentrations observed at TT02-MWO02 ranging from 0.42 to 0.67 mg/L. TPH-
e concentrations in the motor oil range were observed in 5 wells in 2007 and 2008 with detections
as high as 0.61 mg/L at Sites 2 and 4. TPH-p (GRO) was detected in TT02-MWO02 at
concentrations of 0.05 to 0.1 mg/L. Other concentrations of TPH-p in the GRO range were
detected in two wells (TT02-MWO03 and EW-16) (KCH, 2014).

Based on the comparison of groundwater analytical results and screening criteria, the dissolved
phase plume consisting of primarily low-level naphthalene constituents and TPH extends
approximately 1,600 feet from the northern boundary of Site 2 to the southeast of the sites. Only
one well, TT02-MWO02 had groundwater concentrations exceeding applicable screening levels for
only one constituent. The observed groundwater concentrations of BTEX, VOC and TPH at Site
2 and 4 were low even with the presence of free product suggesting that the free product only has
limited impact on surrounding groundwater and that groundwater quality is improving over time
(KCH, 2014).
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5.0 TEST DESIGN

This section provides details regarding the conceptual experimental design, baseline
characterization activities, demonstration design and layout, sampling plan, and data analysis
associated with the technology demonstration performed at NAS Fallon Site 2.

5.1 CONCEPTUAL EXPERIMENTAL DESIGN

The conceptual experimental design associated with the primary objective of this demonstration
project is to demonstrate the application of various methods to help the DoD to make more
informed decisions regarding remediation and management with the potential to build a stronger
case for risk-based closure of a site. For decades, the demonstration site has been performing
ongoing active remediation, and previously collected data is being utilized to target areas of known
contamination. The field activities associated with the demonstration project included collection
of the soil, groundwater and LNAPL samples within the current footprint free product at the site
and deploying Carbon Traps to measure carbon dioxide flux at the site. Soil samples were
collected from three direct push borings. The groundwater samples were collected from existing
groundwater monitoring wells, and the LNAPL sample was collected during one of the ongoing
free product recovery activities. The Carbon Traps were deployed for two weeks before being
collected and shipped off to the lab for analysis.

5.2  BASELINE CHARACTERIZATION

This section provides details regarding available site historical data as well as subsurface clearance
and baseline sampling activities performed prior to commencement of the work at the Site.

5.2.1 Utility Clearance

Standard underground utility clearance activities including utility locate services were performed
at NAS Fallon prior to the start of any intrusive subsurface work at the site. A dig permit was also
obtained prior conducting to any intrusive subsurface field activities to avoid damage to any
existing underground utilities at the site.

5.2.2 Baseline Measurements

Prior to the start of the groundwater and soil sampling activities conducted as part of the
demonstration field investigation, select monitoring wells at NAS Fallon Site 2 were gauged to
confirm the presence of free product using an interphase probe. Several groundwater monitoring
wells located within and on the fringe of the current free product plume were gauged to assess the
presence of free product, and subsequently determine which locations would warrant groundwater
sample collection. If measurable free product was present in a monitoring well, the well was not
selected for groundwater sample collection. Table 5-1 includes the list of the select wells that
were gauged for the presence of free product and their corresponding measurements. Please note
that this is not an all-inclusive list of monitoring wells present at the site.
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Table 5-1 — Baseline Groundwater Monitoring Well Gauging Details

Depth | Depth Free
Monitoring to to ggt?lll Product Comments
Well ID LNAPL | Water (ft ll))gs) Thickness
(ft bgs) | (ft bgs) (ft)
FF2 9.2 9.33 -- 0.13
FF1 -- 8.92 9.39 --
ITSI-6 11.64 11.95 -- 0.31
GTI-9 9.8 10.27 -- 0.47
FF-3 9.53 9.57 -- 0.04
GTI-5 9.47 9.76 -- 0.29
GTI-10 13.78 14.03 -- 0.25
ITSI-4 11.86 12.19 -- 0.33 Strong Odor
GTI-15 -- 9.35 15.32 --
GTI-17 -- 10.14 15.72 --
GTI-34 -- -~ -~ -- Strong Odor
VT-1 -- 10.14 12.34 --
GTI-8 -- 9.03 15.32 --
RW-5A -- 9.28 16.35 -- Sheen
Notes:
ft = feet

LNAPL -= light non aqueous phase liquid

5.3

TREATABILITY OR LABORATORY STUDY RESULTS

A treatability study was not conducted as part of this demonstration project.

5.4

The following sections detail the general design and layout of the components pertinent to the field
demonstration at NAS Fallon Site 2.

5.4.1 Description of Soil and Groundwater Sampling and Required Equipment

The TPH-CWG risk-based method assesses the health risks of LNAPL by analyzing the various
TPH fractions that make up its composition. The purpose of performing this method at Site 2 is to
identify the risks associated with the remaining weathered product. There is a potential for
differing rates of degradation at the site in the various matrices, so collection of both groundwater
and soil samples was conducted. In addition, one LNAPL sample was also collected to evaluate
the TPH fractionation in the free product being recovered from the site. The selected locations for

DESIGN AND LAYOUT OF TECHNOLOGY COMPONENTS

all of the field samples and Carbon Trap deployment locations are shown in
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Figure 5-1. These locations were selected based on the data from the former SCAPS investigation
and the 2013 monitoring data as well as any requirements for each methodology.

Soil samples were collected using direct push technology (DPT) due to the shallow groundwater
and the lithology of NAS Fallon Site 2. Advantages include the smaller size of the DPT rigs, which
allows for sampling in spaces that would be impossible for larger, conventional hollow stem auger
(HSA) rigs; and quicker penetration, allowing for more efficient and economical site
characterization. An additional benefit is that a minimal amount of waste material is produced
when compared to traditional drilling methods. DPT devices may be driven by manual,
mechanical, or hydraulic methods, and may be truck-mounted or stand-alone. A DPT tool string
includes the sample collection tool and extension rods for advancement and retrieval of the sample
tool.

A total of 7 soil samples were collected from 3 soil borings, which includes one duplicate. The
primary concern for collecting grab samples for the fractionation analysis was detecting
concentrations of TPH in vadose zone soil above the water table. Therefore, soil samples were
collected based on the observed presence of gross contamination (staining and odor) just above
the water table at each boring location. Soil sample locations shown in

Figure 5-1 were selected based on the 2008 SCAPS investigation and the 2013 free product
measurements and targeted in areas where apparent free product thickness was historically greater
than one foot.

Figure 4-6 and Figure 4-7 from the previous section show the free product thickness observed at
the site in 2008 and 2013. Historically, groundwater has been encountered while drilling at depths
ranging from approximately 5.7 to 9 feet bgs at the site. The three sample location areas included:

1) Between wells RW-3 and FF-4 (duplicate was collected here);

2) Between wells GTI-6 and GTI-9; and

3) Adjacent to well FF-4.

Five groundwater samples were collected (4 samples and 1 duplicate) from the existing monitoring
wells at Site 2. Groundwater samples were collected using low flow purge methodology from
groundwater wells GTI-17 (duplicate), GTI-15, GTI-8, and RW-5A. These wells were selected
based on their proximity to the free product plume measured in 2013 as well as the TPH
concentrations measured during the 2007 and 2008 investigations. Final groundwater well
locations were determined based on field measurements and presence of free product during the
sampling event. Section 5.6 contains details on the sampling method. Locations of all sampling
locations are displayed in Figure 5-1 below.
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5.4.2 Carbon Trap Activities

Carbon Traps are manufactured and analyzed by E-Flux. For the field demonstration, Carbon
Traps were installed for two weeks at the site during October 2017 and then returned to the vendor
for analysis. In summary, carbon dioxide exiting the ground surface is trapped for a period of 2
weeks, then the carbon trapping material (soda lime) is retrieved and analyzed to determine the
amount of carbon trapped, from which an efflux rate can be calculated (units of pmol/m?/s). An
additional correction is performed to remove any background signal from the decay of natural
organic materials using a '“C analysis. Finally, the carbon dioxide efflux rate from hydrocarbon
degradation is converted to units of gallons per acre per year.

Nine Carbon Traps were deployed following receiver installation and analyzed for this
demonstration. Eight of the traps were installed on the site in the vicinity of the residual free
product footprint, and one was placed in a remote unimpacted location to measure background
CO> concentrations. In order to get a representative degradation rate for the site, the eight on site
traps will be dispersed across a spectrum of low to high LNAPL impacted locations. These
locations are displayed in Figure 5-1. After the Carbon Traps were deployed for 2 weeks, they
were collected and shipped in a dry cooler to E-Flux Laboratories where they were analyzed for
total CO; as well as '*C analysis to correct for carbon flux generated from the decay of natural
organic materials.

5.5 FIELD TESTING

For this demonstration, the field effort was conducted in three primary phases. The first was
performed in October 2017 to deploy Carbon Traps, and this was followed by free product sample
collection in December 2017 in conjunction with ongoing free product recovery activities at the
site. The third field effort conducted in January 2018 was performed to collect soil and
groundwater samples within the residual LNAPL footprint at the site.

5.5.1 Carbon Trap Analysis

For the carbon flux assessment, passive Carbon Traps from E-Flux were deployed at the site to
measure CO» flux from the subsurface. After a two-week deployment period, the Carbon Traps
were then shipped to the E-Flux Analytical laboratory in Fort Collins, Colorado for analysis.

Additional details regarding Carbon Trap analysis and calculation of the equivalent LNAPL NSZD
rate are included with the analytical results in Appendix B.

5.5.2 Soil and Groundwater Analysis

For this demonstration, the field sampling program consisted of soil collection, groundwater and
free product sampling, and TPH fractionation analysis, per the Washington State EPH and VPH
analytical method. The rationale for analyzing these various matrices using this analytical method
is to complete human health risk evaluations of petroleum-impacted sites using the TPH-CWG
risk-based method. This method treats complex petroleum mixtures as a combination of fractions
for estimating non-cancer risk within a tiered framework and to calculate risk-based screening
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levels as well. The TPH-CWG risk-based method has identified 13 fractions which are separated
into different classes by compound type (aliphatic vs. aromatic) and by carbon number.

The Washington State EPH method was designed to measure concentrations of extractable
aliphatic and aromatic petroleum hydrocarbons in water and soil. Additionally, the Washington
State VPH method was designed to measure volatile aliphatic and aromatic petroleum
hydrocarbons in water and soil as well as other volatile constituents and gases. Table 5-2 below
include the various TPH fractions and compounds analyzed in soil and water as part of both
methods.

Table 5-2 — List of Analytes per Washington EPH and VPH Methods

Washington EPH Washington VPH
Method Method
C8-C10 Aliphatics C5-C6 Aliphatics

C10-C12 Aliphatics C6-C8 Aliphatics
C21-C34 Aliphatics C8-C10 Aromatics
C8-C10 Aromatics C10-C12 Aromatics
C10-C12 Aromatics C12-C13 Aromatics
C-12-C16 Aromatics Methyl tert-butyl Ether
C-16-C21 Aromatics Benzene

C21-C34 Aromatics Toluene

Ethylbenzene
m,p-Xylene

o-Xylene

1,2,3 Trimethylbenzene
Naphthalene
1-Methylnaphthalene
n-Pentane

n-Hexane

n-Octane

n-Decane

n-Dodecane

Field parameters including pH, conductivity, dissolved oxygen, oxidation-reduction potential
(ORP), turbidity, and total dissolved solids (TDS) were measured concurrently with collection of
aforementioned groundwater samples. These are standard general water quality parameters used
to assess stability during low flow purging prior to sample collection.

Soil samples were collected using direct push technology (DPT), and groundwater samples were
collected using a low-stress, low-flow groundwater sampling technique. LNAPL samples were
collected during ongoing free product recovery activities at the site.

Additional details on sample collection and analysis are included in Section 5.6.
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5.5.3 IDW Management

Investigation derived water (IDW) generated during the field activities included excess soil
cuttings from direct push core collection, purge water from groundwater sampling, and equipment
decontamination wastes. The IDW was sampled and characterized following field activities.
Disposal and IDW management was completed by NAS Fallon in accordance with local, state and
federal regulations.

5.6 SAMPLING METHODS

As described in Section 5.5, the field sampling was conducted in three events. Table 5-3 includes
the total number of type of samples collected during the field demonstration. Table 5-4 includes
details on the analytical methods for the soil, ground and LNAPL sample collection.

Following the two-week deployment period in October 2017, the Carbon Traps were shipped to
E-Flux’s Analytical Laboratory in Fort Collins, Colorado for analysis. CO> flux was analyzed
using method ASTM 4373-02. Corresponding corrective analyses were performed to understand
contributions of NOM degradation (1*C isotope analysis) to CO flux measurements according to
method ASTM D6686-12.

In December 2018, an LNAPL sample was collected from one well during concurrent free product
recovery activities and submitted for analysis in 40mL VOA vials. The sample was then shipped
on ice to Analytical Resources Laboratory in Tukwila, Washington for analysis.

During the January 2019 field event, groundwater samples were collected via a low flow purging
protocol. Once groundwater parameters stabilized, samples were collected in amber bottles and 40
mL VOA vials for analysis as specified in Table 5-4. Soil cores were collected using DPT, and
samples were taken based on observed gross contamination above the water table. Two samples
from each soil core, plus one duplicate, were submitted to the laboratory in 8 oz glass jars for EPH
analysis. Approximately 5 mg of sample mass was collected in 40 mL VOA vials, and this was
submitted for VPH analysis. The groundwater and soil samples were stored on ice, then shipped
to Analytical Resources Laboratory in Tukwila, Washington for analysis.

Following analysis of the soil samples, two of the remaining bulk soil samples were submitted to
Eurofins Laboratory in Lancaster, Pennsylvania for reanalysis in July 2018. These samples were
reanalyzed for WA EPH and WA VPH method and were also analyzed for VOCs using EPA
Method 8260C and TPH Method 8015B for comparison purposes.
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Table 5-3 — Total Number and Types of Samples Collected.

Component Matrix ATIDO P Analyte Location
Samples
3 boring locations within
TPH (WA | current free product footprint. 2
Soil 7 EPH/VPH | samples collected per boring
method) location in vadose zone just
above the water table.
TPH (WA
EPH/VPH
method) One sample each from existing
. including groundwater monitoring wells
Field e e
Demonstration Groundwater 5 select w1th1n. historical free product
VOCs, footprint; no measurable
Water product present.
Quality
Parameters'
lgzzplizoduct 1 Egg /(\%ﬁ Frolrln current LNAPL recovery
(LNAPL) method) | W
CO; Flux 9 ng and Distributed across the Site.
Notes:

1. Water quality parameters include pH, conductivity dissolved oxygen, ORP, turbidity, and TDS

ESTCP Final Report
ProjectER-201582

34

May 2020




020 W

%3

78S T0Z-yH 109l04g
Joday 1putd JOISH

SnIS[e)) 90139p D), ‘o1qeorjdde jou 1y N ‘wesd 13 oI |

1S9ION.
T1—9989d dex], uoqie)
- QUON sdei] uoqie) g 20— €Lch A INLSY Jy; PUB 20D U1 WSOy 1UAQIO0S
(onewory /oneydiy)
SKEp 1 | 0,9 > 011000 [BIA VOA X T @oﬁozmmwﬁﬁ siskjeuy | jonpoig oo1g
uoneuonoel] Hd.L
(8 01 urw) QY
: 10§ Ul -
D09 > [19qQuy ‘[eIA VOA X I- PrOS T HAA VA
SRR YL 009 HOIN- @ 0g] unw) 70 g pIIoS (onewory
skep pp | 1000 HO ﬁ ﬁ ; ur soneqdiy Hdd VM- | /oneydy) siskfeuy LN
skep 1 | D09 > OHI00 | HPIL) M SSBID X 1 pI[0S uoneuonoel] Hd.l
D09 > 01 ]00)- (Bosrumzog | o SOEWOTY HdH VAL- T
‘183[D) ‘AN SSBID X |- -
SdlL
dd0
“I9)ouu armjerodw |,
Aypenb 19jem 19jowered ApIgin
VN VN VN -hynw e Suisn p[ay oy} —
UL POINSBOW SIOJOWRIR ] Aanonpuo)
od
1d I9)eMPUNOID)
SAe > d - [EIA VOA X ¢ 1B M\ (onewory
P vl ¢>HUDH W 00S “Ioqury I
SKep L | D09 > 03 100D~ AN SSe[D x - | W SORUdIY HAF VAV | oneydiy) sishpeny
SKep L | D9 > 01 [00)- W 00¢ ﬁwon:c,« IOl M uoneuonorl] Hd.L
ul SOIBWOox -
‘NN SSE[D) X [- L son V Hdd VM
ul g, sjudwdaInbay (9d4) pue 9z1s R
SUIPIOH | 9ADBAIISAI | “JdquInu) JouIeIuo)) SPOURIN [EaBA[EUY NAELY X

sisA[euy ddweg 10J SPOYIIAl [BINA[RUY — $-S (B L



5.6.1 Quality Assurance and Quality Control (QA/QC)

The container and preservative requirements are shown in Table 5-4 in Section 5.6. Analytical
methods and reporting limits are listed in Appendix B. Quality assurance sampling included
triplicate blanks, field duplicates, equipment blanks. Calibration of field equipment was conducted
as per manufacturers’ or subcontractors’ recommendations. Calibration of analytical equipment
followed the analytical laboratory’s in-house QA/QC protocols. These details are listed in
Appendix B. The specific methods for calibration, decontamination, and sample documentation
are also presented in Appendix B.

As described in Section 5.6, two soil samples were also reanalyzed to assess the validity of the
initial results. It is important to note, however, that samples were reanalyzed outside of the
standard holding time.

5.6.2 Inspections and Documentation

A NAVFAC EXWC field representative supervised all on site demonstration activities. Field
inspections were performed to verify that all work is in conformance with the approved work plan,
and Site Safety and Health Plan (SSHP) (to be provided by contractor). Inspection of field activities
included but is not limited to the following:

e All DPT locations are abandoned in accordance with all local, state, and federal regulations

e Visual inspection of all equipment being used for the demonstration.

e Health and safety briefing is held daily and appropriate monitoring is performed.

e All field activities including DPT soil sampling, groundwater sampling, Carbon Trap

deployment and air monitoring are documented.

Field documentation consisted of photographic records and observation and testing data sheets.
Relevant aspects of the demonstration project were photographically documented.

The field representative maintained a field copy of the approved demonstration plan and SSHP for
the purposing of documenting any deviations. Copies of all change orders, notes, sketches, and
memoranda will be available for reference.

5.6.3 Decontamination Procedures

All field sampling equipment were properly decontaminated to minimize the potential for exposure
and off-site transport of impacted materials. Such equipment included, but were not limited to
sampling tools, heavy equipment, vehicles, PPE, and various handheld tools.

Equipment decontamination was performed near the sampling location. All employees that
performed equipment decontamination wore appropriate PPE to protect against exposure to
contaminated materials. The level of PPE was equivalent to the level of protection required in the
site exclusion zone.

Field crews and subcontractor personnel performed decontamination of vehicles and equipment
that were used to perform work within controlled work areas. Reusable equipment was
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decontaminated between sampling events using the triple-rinse method (i.e., distilled water,
followed by phosphate-free detergent, and then distilled water). Following equipment
decontamination, employees followed proper personal decontamination procedures. For smaller
equipment, the following steps for decontamination were used during this demonstration:

1. Remove the majority of visible gross contamination in the exclusion zone.

2. Wash equipment in decontamination solution with a scrub brush and/or power wash heavy

equipment.

3. Rinse equipment.

4. Visually inspect for remaining contamination.

5. Follow appropriate personal decontamination steps.

All decontaminated equipment was visually inspected for contamination prior to leaving the site.
Signs of visible contamination included any oily sheen, residue or contaminated soil left on the
equipment. All equipment with visible signs of contamination were discarded or decontaminated
until cleaned. Solid and liquid decontamination waste were separated, containerized, labelled, and
disposed of according to state and federal regulations.

5.7 SAMPLING RESULTS FOR NAS FALLON

The following section includes the analytical results and calculations completed as part of the field
demonstration. All laboratory analytical reports can be found in Appendix B and supplement
calculations in Appendix C and Appendix D. The field forms from the various field efforts, as
well as photographs, have also been included in Appendix E.
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5.7.1 LNAPL Sample Analysis and Results

The following tables, Table 5-5 and Table 5-6, include the analytical results from the LNAPL
TPH Fractionation analysis via Washington State VPH and EPH methods. Only one sample was
collected from the site for LNAPL fractionation analysis on December 7, 2017. The sample was
collected from one of the wells with the greatest amount of free product observed during the free
product recovery activities (ITSI-3). Based on the VPH analytical results, BTEX was not detected
in the sample. Aromatic constituents were only detected in the Cs to Ci3 range and aliphatics only
from C;0-Ci2 range. As for the EPH analysis, aromatic and aliphatic ranges were only detected for
carbon chain ranges Cs-Cio, C10-C12 and Ci2-Ci6. Based on the analytical results, the remaining
product appears to be highly weathered, and the more soluble compounds are not the predominant
constituents present in the residual product.

Table 5-5 —- LNAPL Analytical Results: Volatile Petroleum Hyrdocarbons (VPH) Analysis
at I'TSI-3 (mg/L)
Concentration
(mg/L)
VPH Cs-Cs Aliphatics <4,410U
VPH >C¢-Cg Aliphatics <4,410U
VPH >C;s-Cio Aliphatics <4,410U
VPH >Cjo-Ci2 Aliphatics 49,800 E,D
VPH >Cs-Cj9 Aromatics 15,700 D
VPH >Cj0-Ci2 Aromatics 62,900 D
VPH >C1,-C;3 Aromatics 44,000 D

Analyte

MTBE <441U
Benzene <441 U
Toluene <441 U
Ethylbenzene <441 U
m, p-Xylene <882 U
o-Xylene <441 U
Benzene, 1,2,3-Trimethyl- 2,010 D
Naphthalene 962 D
1-Methylnaphthalene 1,600 D
n-Pentane <441 U
n-Hexane <441U
n-Octane <441 U
n-Decane 2,390 D
n-Dodecane 13,700 D

Notes:

mg/L — milligram per liter

VPH - Volatile Petroleum Hydrocarbon

U — This analyte is not detected above the applicable reporting or detection limit.
D — The reported value is from a dilution
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E — The analyte concentration exceeds the upper limit of the calibration range of the instrument established by the
initial calibration (ICAL)
MTBE — Methyl tert-butyl ether

Table 5-6 — LNAPL Analytical Results: Extractable Petroleum Hydrocarbon (EPH)
Analysis (mg/kg)

Analyte Co?gg/tl:; ton
Cs-Cio Aliphatics 32,000
>C10-Ci2 Aliphatics 262,000
>C12-Ci6 Aliphatics 254,000
>C16-C21 Aliphatics <2,000U
>(C71-C34 Aliphatics <2,000U
Cs-Cio Aromatics 4,080

>C10-C12 Aromatics 24,200
>C12-C16 Aromatics 54,800
>C16-C21 Aromatics <2,000U
>(C,1-C34 Aromatics <2,000U

Notes:

mg/kg — milligram per kilogram

EPH — Extractable Petroleum Hydrocarbon

U — This analyte is not detected above the applicable reporting or detection limit.

Typically, as product weathers, more of the higher molecular weight compounds with lower vapor
pressure/volatility remain while less of the toxic aromatics and more soluble compounds are
present. Table 5-7 below includes the fractions for various hydrocarbon ranges observed in the
LNAPL at NAS Fallon and specific characteristics/properties including vapor pressure and
solubility for both aliphatic and aromatic components. The table also includes the results of the
fraction analysis for NAS Fallon as part of the field demonstration which are discussed in more
detail below. Roughly 80% of the carbon fractions present in the LNAPL sample were aliphatic
compounds as opposed to the lighter more soluble aromatics which were approximately 20%.
Arrows have been included with the table below indicating the effect of weathering on vapor
pressure and solubility properties. Typically, as product weathers, the lighter more volatile
compound degrade more quickly, and the heavier fractions remain. The lighter aromatic
compounds also degrade more quickly that than the aliphatic compounds as indicated by the
arrows adjacent to Table 5-7. The percentages for the carbon chain ranges were calculated by
adding the total TPH for both aliphatic and aromatic carbon chain ranges and calculating the
percentages by dividing each fraction by the total TPH value.
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Table 5-7 — TPH Fractionation Carbon Chain Ranges and Corresponding Properties

(USEPA, 2010)
Solubility (mg/1) Vapor NAS Fallon
Fraction Aliphatics TR S Pressure LNAPL
(atm) Sample OZ
Ce-Cs 54 -- 0.063 ND %
Cs-C1o 0.43 65 0.0063 8% ‘3’55
C10-C12 0.034 25 0.00063 36% %_
C12-Ci6 0.00076 5.8 0.000048 56%
C16-C21 0.0000013 0.65 0.0000011 ND

Figure 5-2 below includes a comparison of the compositional analysis conducted on LNAPL
samples from 2007 and 2017, which were collected within the same vicinity of the free product
footprint. Based on the compositional analysis conducted in 2007, the predominant carbon chain
ranges that were present in both samples are similar; although there is a greater percentage of
higher carbon change ranges present in the most recent sample (2017), indicating continued
weathering of the residual free product at the site. When looking at the carbon chain fractions
present in 2007 versus 2017, the heavy hydrocarbon fraction percentages are increasing, while the
C3-Cs fraction has disappeared between 2007 and 2017, indicating that the product is weathering.
Based on the compositional characterization, a majority of the carbon chain fraction present in the
LNAPL sample collected in 2017 is predominately Ci0-Ci6, while only approximately 8% is
present as Cs-Cio.

Additional figures have been included below comparing the NAS Fallon samples to unweathered
fuel product samples (Geosphere & CH2MHIill, 2006) based on carbon chain range and presence
of aliphatic versus aromatic constituents. Table 5-8 below includes a summary of the various
fractionation data for various unweathered fuel samples and the NAS Fallon sample from 2017.
The sample collected in 2007 was not analyzed for aliphatic and aromatic constituents, only carbon
chain range fractions. It is important to note that the 2007 and 2017 samples were analyzed for
slightly different carbon change ranges than the fuels analyzed, therefore the approximate ranges
and distributions are presented in Figure 5-3, Figure 5-4, and Figure 5-5 and Table 5-8 included
below for comparison purposes.

In Figure 5-3, the NAS Fallon Sample from 2017 did not have carbon chain ranges detected for
Cio or below, compared to the unweathered product samples for a variety of fuels. The various
fuel types that may have previously stored at the site include JP-5, JP-8, diesel, aviation gasoline,
and motor vehicle gasoline. Although, we do not have JP-8 nor JP-5 unweathered data to compare,
JP-5 is similar to that of Jet A which is represented in Figure 5-3, Figure 5-4, and Figure 5-5 and
Table 5-8 below. Figure 5-4, includes a comparison of the aromatic versus aliphatic constituents
present in the various LNAPL samples. The NAS Fallon sample from 2017 is predominantly
represented by aliphatic constituents compared to aromatic constituents and therefore
representative of a non-gasoline fuel.
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Figure 5-5 below includes individual graphs for each LNAPL sample parsing out the distribution
of aliphatic and aromatic compounds by carbon chain range. The sample from NAS Fallon as
previously indicated is predominately aliphatic constituents with a majority in the C12-Ci6 range
which is the same for the aromatic constituents. Based on these results it appears that the LNAPL
at Fallon is continuing to weather as the lighter constituents are degrading and a majority of the
composition is aliphatic constituents.
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2007 LNAPL Characterization
= C3-C8 % Carbon Chain Range (VT-1)

= C8-C9 C3-C8 C8-C9

C25-C34
= C9-C11 1% "\{1%/— 2%

= C11-C13
= C13-C15
= C15-C17
m C17-C19
= C19-C21
m C21-C25
m C25-C34

2017 LNAPL Characterization
% Carbon Chain Range (ITSI-3)

= C6-C8

= C8-C10
= C10-C12
= C12-C16

= C16-C21

Figure 5-2 — Comparison 2007 (top panel) and 2017 (bottom panel) Carbon Chain Ranges
for NAS Fallon Samples with Fresh Product. Note the disappearance of the C3-C8 fraction
between sampling intervals.
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Carbon Chain Fraction Comparisons with NAS Fallon Data

100%
0,
0% mC5-C8
80%
70% m C9-C10
0,
60% = C10-C12
50%
20% = C12-C16
30% mC16-C21
20%
10% mC21-C35
0% [ |

Gasoline Av Gas Diesel Jet A NAS NAS Fallon
Fallon2007 2017

Figure 5-3 — Carbon Chain Fraction Comparison of Unweathered LNAPL Fuel Samples to
NAS Fallon Samples

Aliphatic vs Aromatic Contribution w/NAS Fallon 2017

100%
90%
80%
70%
60%
50% B Aromatic
40%
30% M Aliphatic
20%
10%
0%

Gasoline Av Gas Diesel Jet A NAS Fallon 2017

Figure 5-4 — Aliphatic and Aromatic Contributions of Unweathered LNAPL Fuel Samples
Compared to NAS Fallon Sample
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5.7.2 Groundwater Monitoring Results

The following section includes the field parameters measured during the groundwater monitoring
event, which are presented in Table 5-9, as well as the groundwater analytical results for TPH
Fractionation Analysis via the Washington State VPH and EPH methods in Table 5-10 and
Table 5-11 respectively.

For the volatile analysis, VPH aromatic hydrocarbon chain ranges were detected at high
concentrations for the aromatics compared to the aliphatics for ranges Cs-Cs, Cg-Cio, Ci0-Ci2.
Benzene was only detected in three of the samples with ‘J’ flagged concentrations ranging from 3
to 4 ng/L. Toluene was only detected in two of the sample at a concentration of 7 pg/L.
Ethylbenzene was detected in all samples with concentrations ranging from 6 to 19 ug/L. Only
three of the samples had detections of m,p-xylene with concentrations ranging from 5 to 23 pug/L
and o-xylene was detected in all but one sample with concentrations ranging from 5 to 25 pg/L.
Naphthalene was detected in all samples with concentrations ranging from 11 to 37 ug/L.

Based on the EPH analysis, the greatest concentrations were observed in the carbon chain ranges
from Cs-Cio, C10-Ci2, Ci12-Ci6 for both aliphatic and aromatic compounds. Only one sample,
S2GTI80118 had detection for Ci6-Cz1 aliphatic carbon chain range at concentration of 7 pg/L,
which was ‘J’ flagged. For the aromatic carbon chain range for Ci6-Ca1, all five samples were
detected at ‘J’ flag concentration ranging from 13 to 28 pg/L. Only one sample had a detection in
the C21-Cs4 carbon chain range and only for aromatics at a ‘J’ flagged concentration of 27 ng/L.

Based on the analytical results for volatile analysis of groundwater, none of the samples collected
had detections of BTEX greater than the maximum contaminant levels (MCLs). Table 5-12 below
includes a summary of the groundwater analytical results for VPH analysis and established MCLs
for the select compounds analyzed. The groundwater samples were collected within the historic
residual free product footprint and in wells as close to the measurable free product footprint
observed at the time of sampling. The groundwater wells were selected based on gauging effort
conducted prior to sampling and did not have measurable free product observed at the time of
sampling. Based on the results, the remaining product appears to be highly weathered and the
more soluble, and therefore toxic compounds such as BTEX are not the predominant constituents
present or solubilizing into the groundwater.
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Table 5-9 — Water Quality Parameters

Sample ID Temperature H Conductivity | ORP DO Turbidity | TDS
P °F) p (mS/cm) (mV) | (mg/L) | (NTU) | (g/L)
SZGTI}?;) 65.8 7.85 6.09 -268 0.65 41.9 3.83
S2G”l(“)11117é 63.7 7.86 17.5 -394 0.02 35.8 --
ot 68.9 7.68 3.4 300 | 0.00 | 808 22
S2RW511?3 67.6 8.21 18.4 -405 0.00 54.7 --
Notes:
°F = degrees Fahrenheit
g/L = grams per liter
mg/L = milligrams per liter
mS/cm = milliSiemens per centimeter
mV=millivolts
NTU = nephelometric turbidity units
ORP = oxidation/reduction potential
TDS = total dissolved solids
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Table 5-10 — Volatile Petroleum Hydrocarbon (VPH) Analysis for Groundwater Samples

(ng/L)
S2GTIIS (s}flc;Tns S2GTIN7 | S2GTI17-  S2GTI8 A S2RW5A ﬁfﬁws‘“
0118 (RE)  OUSFD 0118 0118 0118 )
VPHCSGs | _ 5oy <sou | 307 297 317 261 <50U
Aliphatics
VPH>CoCs |7 487 274 265 <50U @ <50U @ <50U
Aliphatics
VPH>Cs-Cio | _ 5y 66 <50U 2] | <50U @ <50U | <50U
Aliphatics
VPH>Cio-Cio | g 174 266 334 <50U 169 127
Aliphatics
VPH>Cs-Cro | g 215 334 352 114 242 201
Aromatics
VPH>Cio-Cio | g 806 777 823 698 1140 794
Aromatics
VPH>C-Cis | 54 536 390 414 607 704 438
Aromatics
MTBE | <50 T<sUu <5 U S5UTTSsUTTTUSsU 50
Benzene 3] 3] <5U <5U 4] <5U <5U
Toluene | <5U | <5U 7 7 S5UTTTS5U 50
Ethylbenzene 17 17 8 9 6 19 18
m, p-Xylene | <10U | <10U 2 23 Z10U 57 2100
o0-Xylene 25 25 13 13 <5U 5 6
Benzene, 1,2,3-
et |50 52 63 64 38 55 57
Naphthalene 32 33 31 32 11 35 26
1_
Methylnaphthal 28 29 27 28 26 37 29
ene
n-Pentane <5U0 <5U0 <5U0 <5U0 <5U0 <5U0 <5U
nHexane | <5U | <50 | <5U S5UTTSsUTSs U 50
nOctane | <5U | <s5U <50 S5UTTSsUTTSs U 50
n-Decane <5U 3] <5U 3] <5U 14 4]
n-Dodecane 53 59 80 86 88 118 51
Notes:

png/L - microgram per liter
VPH - Volatile Petroleum Hydrocarbon
U - This analyte is not detected above the applicable reporting or detection limit.
J - Estimated concentration value detected below the reporting limit.

E - The analyte concentration exceeds the upper limit of the calibration range of the instrument established by the
initial calibration (ICAL)
MTBE — Methyl tert-butyl ether

Sample Reanalyzed
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Table 5-11 — Extractable Petroleum Hydrocarbon (EPH) Analysis for Groundwater

png/L - microgram per liter
EPH - Extractable Petroleum Hydrocarbon
U - This analyte is not detected above the applicable reporting or detection limit.
J - Estimated concentration value detected below the reporting limit.

ESTCP Final Report
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Samples (ug/L)
S2GTII5 S2GTI17- S2GTI17 S2GTIS S2RWS5A
0118 0118 0118-FD 0118 0118
EPH Cs-Cio
Aliprtics| 93 107 124 49 123
EPH >C0-Ci2
Aliphatics | 582 412 486 994 1,460
EPH>Ci2-Cis | 59¢ 275 320 1390 | 2.260
Aliphatics
EPH>Cic-Car | _ygy | <a0U | <40U @ 7] | <40U
Aliphatics
EPH>Coi-Caa | gy | <40U | <40U | <40U @ <40U
Aliphatics
EPHCs-Cio | (g 97 107 291 78
Aromatics
EPH>Ci0-Ci2 | -5 302 308 259 463
Aromatics
EPH>Ci-Cis | 268 264 620 842
Aromatics
EPH>Cie-Cor | gy 177 137 287 277
Aromatics
EPH>Co-Ca | gy <40U | <40U | 27)  <40U
Aromatics
Notes:

May 2020



Table 5-12 — MCLs Compared to Ground Analytical Results

Water - Volatile Petroleum Hydrocarbons Analysis

Sample ID (ng/L)
Benzene | Toluene | ,-hy- m, P~ o
benzene Xylene Xylene
S2GTI150118 3] <5U 17 <10U 25
S2GTI150118 (RE1) 3] <5U 17 <10U 25
S2GTI170118-FD <5U 7 8 22 13
S2GTI17-0118 <5U 7 9 23 13
S2GTI80118 4] <5U 6 <10U <5U
S2RWS5A0118 <5U <5U 19 517 5
S2RWS5A0118 (RET) <5U <5U 18 <10U 6
EPA MCLs (ng/L) 5 700 1,000 10,000%
Notes:

ng/L - microgram per liter

VPH - Volatile Petroleum Hydrocarbon

U - This analyte is not detected above the applicable reporting or detection limit.

J - Estimated concentration value detected below the reporting limit.

E - The analyte concentration exceeds the upper limit of the
calibration range of the instrument established by the initial

calibration (ICAL)

Sample Reanalyzed

MCL - Maximum Contaminant Level

* - Total Xylenes
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5.7.3 Soil Sampling Results

The following section includes analytical results for the soil sample analysis by the TPH
Fractionation Analysis via the Washington State Method for EPH and VPH. The analytical results
from the sample reanalysis for two of the bulk soil samples have also been incorporated into this
section. The two samples, S2NE30118-10 and S2NE30118-10-FD, were reanalyzed in July of
2018 to validate the results of the initial analysis and conduct qualitative evaluation of residual
free product using traditional analytical methods for comparison. However, it should be noted that
these samples were ran outside of the method hold times and were analyzed for Washington State
EPH and VPH Method, VOCs by EPA Method 8260C, and TPH GRO for Cs-Cio, TPH C10-C24,
TPH C24-C36 and Total TPH for comparison purposes.

Based on the VPH analytical results for the 7 soil (including one duplicate), there were no
detectable concentrations of Benzene. Toluene only had one detection at a concentration of 2.25
mg/kg. Ethylbenzene was detected in 5 of the 7 samples collected and concentrations ranged from
1.53 to 33.5 mg/kg. Xylene was detected in 5 of the 7 samples and concentrations ranged from
4.20 to 89.5 mg/kg for m,p-xylene and 2.72 to 47.8 mg/kg for o-xylene respectively. Naphthalene
was detected in all of the samples and concentrations ranged from 4.48 to 69.9 mg/kg. All the
samples had detections in VPH aromatic carbon chain ranges Cs-Cio, Ci0-Ci2 and Ci2-Ci3 as
indicated in Table 5-13 below. For VPH aliphatic carbon chain ranges only two samples had
detections for VPH Cs-Cs which were ‘)’ flagged with concentrations ranging from 9.01 to 13.1
mg/kg. Six of the 7 soil samples had detections for VPH Cs-Cs for Aliphatics with concentrations
ranging from 6.75 J to 139 mg/kg. Three of the samples had detections for VPH Cs-Cio aliphatic
carbon chain range with concentrations ranging from 11.9 J to 259 mg/kg. All the samples had
detections for VPH C;o-Ci2 aliphatic carbon chain range with concentrations ranging from 266 to
5,020 mg/kg. The reanalyzed samples had similar detections for the various constituents, although
the variations observed may be due to the fact that the reanalysis was conducted outside of the
hold time and samples were analyzed from the bulk composite soil samples.

Based on the extractable hydrocarbon (EPH) analytical results, all of the soil samples had
detections for ranges Cs-Cio, C10-C12, C12-Ci6 for both Aliphatics and Aromatics as shown in Table
5-14 below. Only two samples, S2NE20118-10 and S2NE30018-9 had ‘J’ flag detections of EPH
C21-Cs4 for Aliphatics and four samples (S2NE20118-9, S2NE20118-10, S2NE30118-9) with
detections of EPH Cz1-C3s Aromatics. The two samples reanalyzed had detections in the same
carbon chain ranges and EPH C»1-C34 for both Aliphatics and Aromatics were non-detect.
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Table 5-13 — Volatile Petroleum Hydrocarbon (VPH) Results for Soil (mg/kg)
SoNEL | SZNEL | (oo 1SINE2 | oo SINE3 [SINE3 (o,  SINE3
ol1s.g 0118 iie OLI8- T 0118 0118- . 0118-10-
10 10 10 10-FD FD*
VPHCs-Co | <129 | <145 <119 o ) <126 o, <104 ND ND
Aliphatics | U U U ' U ' U | (<126) | (<9.80)
VPH >Cs-Cs <145 8.611J
Aliphatics | 767 U 311 0 921 | 775 139 | 9.85] 6.121
VPH >Cs.Cio | <12.9 9457, <126 <145 <104 688
Aliphatics | U | 1197 gt 29Dy U U 348
VPH >C,0-Cy» 1,860 5,020
Aliphatics | 356D 266D 531D 672D Ep 74D - -
VPH>Co-Cio |y 75.4 205 304D 837D 230 351D 523 413
Aromatics D
VPH >C;9-C1» 1,880 6,200
Aromeso| 658 398 572 847 D o 958D - -
VPH >C1»-C1s 1,130 3,150
Aromai| 406 267 288 407 b o 623D - -
MTBE | <129 <145 <119 <136 <126 <145 <104 ND ND
U U U U U U U | (<0410)  (<0.318)
Bergene | <129 | <145 <119 T<136 <126 <145 <104 ND ND
U U U U U U U | (<0378)  (<0.294)
Toluene | <1-29 <145 <119 7 1<126 <145 <104 ND ND
U U U ' U U U | (<0378) | (<0.294)
<129 <145 ND ND
Ethylbenzene |~ | U 153 | 613 | 129 | 335 2 (<0291) | (<0227)
mpXylene| ST TP 42 117 26 895 524 6570 8.78
oXylene | TP TP am 955 179 478 401 103 7.86
Benzene, 1.2.3-1 456 116 | 216 363 746 133 | 28 - -
Trimethyl-
Naphthalene | 6.27 | 448 935 | 143 | 583 699 = 203 - -
1-
Methylnaphthal | 10.5 | 7.69 | 931 = 163 62 67 25.8 - -
ene
n-Pentane | 1.06J | 3.01 | 143 & 288 @ 176 | 235 @ %04 - -
<129 <145 <126 <145 <1.04
n-Hexane U U 0.644] : 2.28 U U U - -
nOctane | ~ 7 TP 169 581 107 158 208 - -
n-Decane | 16.1 | 17.1 | 43.6 | 66.1  63.7 | 903 | 373 - —
n-Dodecane | 102 709 | 113 | 921 168 162 | 62.7 - -

Notes:
mg/kg - milligram per kilogram
VPH - Volatile Petroleum Hydrocarbon
U - This analyte is not detected above the applicable reporting or detection limit.
J - Estimated concentration value detected below the reporting limit.
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D - The reported value is from a dilution
E - The analyte concentration exceeds the upper limit of the calibration range of the instrument established by the initial
calibration (ICAL)
Reported 'E' value replaced with concentration from dilution
ND - Non-Detect
MTBE — Methyl tert-butyl ether
*Sample Reanalyzed at Eurofins

Table 5-14 — Extractable Petroleum Hydrocarbon (EPH) Results for Soil (mg/kg)

SZNE3

ongl SINEL o oo SINE2 . SINE3 SINE3 SINE3 10

e 018 DINEY onig. DRSS onis- oms- orrs- N

10 10 10 10-FD | 10*

FD*

EPHC:-Cuo | o3 157 195 | 539 | 157 | 122 | 115 - -
Aliphatics

EPH>Ci-Ci2 | e 418 249 | 504 1520 | 1310 @ 1,080 4500 | 3,000
Aliphatics

EPH>CiCis | 510 gg1 434 919 | 2400 | 2120 @ 1590 = 6400 | 4300
Aliphatics

EPH>CieCor | ) 50y 1687 0 195 39 77.4 63.7 45.5 170 | 13017
Aliphatics

EPH >Coi-Cas | <2.53 | <249 | <232 <232 | <222 ND(< ND

Aliphatics | U U u | 200) 03057y U | 190) | (<130)

EPHCs-Cio | ) 6oy 1057 | 2290 | 592 127 | 753 | 7.63 - -
Aromatics

EPH>Cio-C2 | hoa 0 oug | 242 453 | 100 | 677 @ 622 | 680 | 470
Aromatics

EPH>Ci>-Cis | 6 133 93.6 173 328 244 202 1,700 = 1,200
Aromatics

EPH>CioCor | 5 4oy 4 19 | 354 | 544 . 372 303 250 | 180
Aromatics

EPH >Co-Cs | <2.53 | <2.49 <232 <222 ND(< ND(<

Aromatics U U 1931 3.27 1381 U U 25) 11)

Notes:

mg/kg - milligram per kilogram

EPH - Extractable Petroleum Hydrocarbon

U - This analyte is not detected above the applicable reporting or detection limit.
J - Estimated concentration value detected below the reporting limit.

ND - Non-Detect

*Sample Reanalyzed at Eurofins
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The two samples that were reanalyzed to QC purposes were also analyzed for select VOCs using
8260C. Results for select VOCs reanalysis are shown in Table 5-15 below. Benzene, Toluene,
and MTBE were not detected in either sample. Ethylbenzene was detected at concentrations
ranging from 1.2 to 3.2 mg/kg. Naphthalene was detected at concentrations of 6.4 and 9.2 mg/kg
and Total Xylene at 7.3 and 18 mg/kg. Detections were comparable to volatile analyses conducted
via the Washington State VPH method. However, Ethylbenzene was only detected by Method
8260C and xylene concentrations were within the same order of magnitude. Naphthalene was not
analyzed for the Washington State VPH method for the re-analyzed samples.

Table 5-15 — Select Volatile Organic Compound Results for Soil Sample Reanalysis

Soil VOC Analysis - EPA Method 8260C (mg/kg)
g wn
@ o 2 g = §
Sample ID @ S g = = £
N E o P e =
) o = = = 2
E = | & Z 5
2| = 4
ND ND ND
_ %k
S2ZNE30118-10 (<0.031) | (<0063) | > | ¥ | <0031y | 72
ND ND ND
_ _ %k
SZNE3OLIS-10-FD* | 009y | (<0.058) | 2 | 73 | (<0.020) | ©*

Notes:

mg/kg - microgram per kilogram
*Sample Reanalyzed at Eurofins
ND - Non-Detect

VOC - Volatile Organic Compound
MTBE — methyl tert-butyl ether
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The samples that were submitted for reanalysis were also analyzed for Total Petroleum
Hydrocarbons using EPA Method 8015D. Results for TPH reanalysis are shown in Table 5-16
below. TPH-GRO C¢-Cip and TPH Ci0-C20 had detections, whereas TPH Cy4-C3zs were not
detected in the reanalyzed samples. Total TPH observed for the two reanalyzed samples ranged
from 14,000 to 15,000 mg/kg.

Table 5-16 — Total Petroleum Hydrocarbon Results for Soil Sample Reanalysis

Soil - TPH Analysis EPA Method 8015D
(mg/kg)
Sample ID gg)' TPH TPH Total
C10-C24 | >C24-C3e TPH
Cs-C10
S2NE30118-10* 750 14,000 | ND (<260) | 14,000
S2NE30118-10-FD* 1,300 15,000 | ND (<220) | 15,000
Notes:

mg/kg - microgram per kilogram
*Sample Reanalyzed at Eurofins
ND - Non-Detect

TPH - Total Petroleum Hydrocarbon
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5.7.4 Natural Source Zone Depletion Analytical Results

Natural Source Zone Depletion (NSZD) measurements were completed in October 2017 after
successful deployment of nine Carbon Traps. Table 5-17 below includes the CO; flux measured
at each Carbon Trap location and the calculated rate of biodegradation associated with each
location. The average rate of NSZD observed at the site is 173 gal/acre-year. Figure 5-1 from
Section 5.4.1 includes a schematic with the sample locations. The analytical results and
calculations to determine the equivalent biodegradation are included in Appendix B.

Table 5-18 below includes a comparison of free product recovery rates for multiple free product
recovery events to the NSZD rate. Free product removal rates were calculated in gal/acre-year,
and these calculations were conducted by dividing the amount of LNAPL recovered per event by
the duration of recovery and acreage of the free product footprint. This was based on the 2008
SCAPs survey and 2013 free product measurement event (approximately 10 acres). Carbon
dioxide flux analysis revealed that biodegradation is occurring at a rate similar to that of active
free product recovery efforts being conducted at the site. The average free product recovery rate
over the last four recovery events since 2007 is 161 gal/acre-year, and the average rate from the
most recent event is 166 gal/acre-year. In comparison, the NSZD rate is 173 gal/acre-year.

However, based on the most recent free product recovery events conducted at the site, the amount
of free product recovered each quarter was roughly 415 gallons which equates to a rate of recovery
of approximately 166 gal/acre/yr. The rate of recovery for this period is comparable to the previous
recovery period both of which have decreased since the second recovery period as shown in Table
5-18.

Table 5-17 — Carbon Trap Analytic Results Summary

. Equivalent
Modern Ad‘l.u sted Fossil Fuel
. CO2 Flux Fossil Fuel
Location 2 Carbon Based NAPL
(UM/m*-sec) o Carbon
(%) (%) Loss Rate
(1)
(gal/acre-yr)
FANV-R1-CO2-01 0.6 78% 26% 101
FANV-R1-CO2-02 1.1 65% 38% 328
FANV-R1-CO2-03 0.7 71% 32% 175
FANV-R1-CO2-04 0.5 84% 20% 37
FANV-R1-CO2-05 0.7 81% 23% 94
FANV-R1-CO2-07 0.9 77% 27% 154
FANV-R1-CO2-08 1.3 70% 34% 317
FANV-R1-C0O2-09 1.0 77% 27% 177
Average 0.9 75% 28% 173
Background 1.8 96% 8% 5

Notes:
CO; = Carbon Dioxide
uM/m?-sec = micro Molar per meter squared per second
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gal/acre-yr = gallon per acre per year

Table 5-18 — Comparison of Active LNAPL Recovery to Average NSZD Rate Assuming 10
Acre LNAPL Free Product Footprint

LNAPL l'lecovery Rtg)é};i d Duration Rt;r:::al
Ly UL (gallons) BT (gal/acre-yr)
1% (4/07 to 11/08) 2,312 1.56 149
2" (8/09 to 3/11) 3,214 1.56 207
31 (5/12 to 11/13) 1,828 1.48 124
4™ (10/17 to 12/18) 1937 1.17 166
Total 9,290 5.8
Current Recovery Average (gal/acre-yr) 161
Average NSZD Rate (gal/acre-yr) 173
Notes:

gal/acre-year = gallons per acre per year

5.7.5 Transmissivity Calculations

Average transmissivity rates for the LNAPL entire recovery system were calculated over four
active recovery phases conducted at the site since 2007. Transmissivity rates were calculated using
ASTM LNAPL Transmissivity Standard (E2856-13) equation 16 (below) and the free product
recovery data. Transmissivity was calculated for an average across four recovery periods and for
the last FP recovery event in December 2018. Furthermore, transmissivity rates were calculated
based on Sn (drawdown). Detailed calculations with assumptions have been included in Appendix
C.

 Quln (Ba)

T,
T, = W

ASTM E2856 — 13 Eq. 16
o, ( q.16)

where:

T, = LNAPL transmissivity (ft*/day)

Q,, = measured LNAPL recovery rate (ft*/day)
R,; = radius of influence

1, = well radius

Note: the term In(Roi/rw) can be assumed to be 4.6

ITRC guidance (ITRC, 2009) indicates that LNAPL recovery is considered practical if
transmissivity is greater than a range of 0.1 to 0.8 ft*/day and LNAPL is not practically recoverable
if less than a range of 0.1 to 0.8 ft*/day.
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Average transmissivity rates were calculated over four active recovery phases conducted at the site
since 2007. Table 5-19 below includes the transmissivity rates calculated over that last four free
product recovery phases. Based on the calculated LNAPL transmissivity rates and ITRC’s recent
guidance, the average transmissivity observed at NAS Fallon for the four free product recovery
periods conducted over the last decade range from 0.03 to 0.06 ft*/day, lower than the threshold
range of 0.1 to 0.8 ft*/day. Based on the last free product recovery event conducted in December
2018, only eight wells were gauged, and free product was recovered. Table 5-20 below
summarizes the cumulative recovery totals, the average thicknesses observed, and the average
transmissivities calculated for the eight wells.

Looking at the individual wells from the December event, the average transmissivities range from
0.004 ft*/day to 2.43 ft*/day. Compared to the transmissivity threshold range of 0.1 to 0.8 ft*/day
for the eight wells evaluated:

e One well, GTI-1.0 falls above the range of (2.43 ft*/day);

e Two wells, ITSI-4 and ITSI-5, fall within this range (0.15 and 0.17 ft*/day); and

e Five wells are all below this range (0.003 to 0.078 ft*/day).

Figure 5-6 includes the average transmissivity rates calculated for the eight wells overlaying the
free product thicknesses observed in 2008. Although it should be noted that ITSI-4, ITSI-5, and
ITSI-6 are part of the Western Trench so only an average transmissivity for the trench has been
included.

Although product may still be practically recoverable at select wells across the site, the overall
footprint of the residual free product has remained stable. Based on the proximity of the wells
with the greatest free product recovery observed to the fringe of the residual free product footprint,
the mobile free product observed at this location does not appear to pose a risk of migration.
Therefore, active free product recovery may be able to be discontinued or reduced without altering
the low risk profile of the site.

For additional details on evaluating transmissivity, see Section 6.

Table 5-19 — Transmissivity Rates Calculated Over Four Free Product Recovery Phases

LNAPL Recovery | Duration LNAPL Wells in Aver.ag.e .
Period (day) recovered operation Transmissivity
(gal) (ft*/day)

15¢ (4/07 to 11/08) 568 2,312 18 0.06

2nd (8/09 to 3/11) 568 3,214 21 0.03

3rd (5/12 to 11/13) 539 1,828 21 0.05

4th (10/17 to 12/18) 427 1,937 36 0.04
Notes:
ft = feet

gal = gallons
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Table 5-20 — Average Transmissivities for Wells from December 11, 2018 Free Product
Recovery Event

Average
LNAPL Recovery | Duration LNAPL LNAPL Aver.ag.e 5
Well ID . recovered . Transmissivity
Period (day) Thickness )
(gal) (ft*/day)
(ft)
GTI-10 | 4™ (10/17 to 12/18) 427 318 0.25 2.43
GTI-11 | 4™ (10/17 to 12/18) 427 50 1.09 0.028
GTI-5 | 41 (10/17 to 12/18) 427 18 0.62 0.004
GTI-9 | 41 (10/17 to 12/18) 427 9 0.63 0.004
FF-4 4™ (10/17 to 12/18) 427 62 1.01 0.062
ITSI-4 | 4" (10/17 to 12/18) 427 200 0.25 0.15
ITSI-5 | 4% (10/17 to 12/18) 427 113 0.24 0.17
RW-3 | 4% (10/17 to 12/18) 427 123 1.17 0.078
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5.7.6 TPH-CWG Risk Based Method

The following exposure scenarios were evaluated using the TPH-CWG Risk Based Method to
better understand the potential for current and anticipated future use of the site.

e Soil Excavation — This scenario addresses short-term exposure to COCs for construction
workers, such that would be encountered during activities such as underground line
maintenance and installation (https://rais.ornl.gov)

The calculated results for the risk associated with Soil Excavation Exposure are included in Table
5-21 below. The total risk is less than 1 on the Hazard Index. The highest concentrations observed
in the soil boring sample S2NE30118-9 were used for the risk calculations. The RAIS
Contaminated Media (Risk) Calculator was wused to perform the calculations
(https://rais.ornl.gov/cgi-bin/prg/RISK search?select=chem). Surrogates were selected from
ASTDR (ASTDR, 1995-2005).

Calculations and additional details for the risk assessment/analysis are included in Appendix D.
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5.8  SECTION CONCLUSIONS

At NAS Fallon Site 2, Given the current/anticipated land use and there being no known exposure
routes as most of the residual hydrocarbons are present at depths below 8 feet, the residual LNAPL
appears to represent little risk. First, based on the historic LNAPL footprint, the area of measurable
free product has remained stable and reduced overtime, see Figure 4-6 and Figure 4-7. LNAPL
transmissivity rates calculated (Table 5-19 and Table 5-20) also indicate that the product mobility
is low and the rate is continuing to decrease over time. NSZD measurements indicate that LNAPL
is naturally depleting at the site at rates comparable to the active free product recovery methods,
see Table 5-19. Therefore, while LNAPL recovery is possible and ongoing, it is only marginally
practicable to continue recovery as the average recovery system transmissivity and most of the
individual recovery wells has transmissivity below the ITRC transmissivity guidelines..

Based on historical groundwater data, the dissolved phase plume does appear to extend much
beyond the extent of the residual free product footprint and appears to be stable. As discussed in
Section 5.7, the groundwater samples collected within the residual LNAPL footprint for this
demonstration did not have any concentrations of BTEX compounds that were detected above the
MCLs. Benzene, for example, was only detected in two wells at estimated concentrations below
the MCL of 5 pg/L. Table 5-10, Table 5-11, and Table 5-12 include a summary of the
groundwater analytical results and comparison to MCLs.

In addition, the LNAPL in this study appears to be weathered JP-5, posing little risk as presented
in Table 5-7 and Table 5-21, especially for sub-chronic exposure. Also, no detectable benzene or
other BTEX components were observed in the LNAPL. As LNAPL continues to weather, typically
less of the more soluble and more toxic compounds are present while the heavier hydrocarbons
with lower solubility and lower volatility remain. Based on the exposure scenarios evaluated for
the site and using the TPHCWG Method with the highest soil concentrations observed from the
soil sampling event, the total risk was calculated to be less than 1 on the Hazard Index for sub-
chronic exposure.
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6.0 GUIDANCE

This section is intended to provide strategic guidance to managers responsible for petroleum
hydrocarbon impacted sites. Significant and quite detailed technical guidance has been published
by others and is widely available (ITRC, 2018). The intent here is not to duplicate that guidance
but rather to help the user understand what technologies and know-how is available and where it
can be found, and to put that information into a helpful management context.

The emphasis is on LNAPL management, however issues related to dissolved and vapor phase
hydrocarbons will also be discussed. This discussion will be limited to petroleum hydrocarbons
derived from crude oil, petroleum hydrocarbon.?

6.1 LNAPL BASICS

Petroleum hydrocarbons are materials made up of molecules composed entirely of carbon and
hydrogen. Crude oil is predominantly petroleum hydrocarbon and most of the petroleum
hydrocarbons we work with are derivatives of crude oil. The most common petroleum products
we work with are fuels, gasoline, diesel, jet fuels, etc. Other petroleum hydrocarbon products such
as lubricants and hydraulic fluids may be important at some sites. It is important to understand
that the petroleum products we deal with are made up of thousands of individual hydrocarbon
molecules varying in properties such as solubility, vapor pressure, and biodegradability. Figure
6-1 shows the boiling point ranges (based on distillation in the refining process) for some
commonly used petroleum products.

Lubricating Oils (C25-C40) I 800+ °F
Heavy Fuel Oils (C12-C30) I 600-1005°F
NSO ¢
Diesel and Fuel Oils (C11-C20) I 320-750°F
Kerosene and Jet Fuels (C11-C14) I 300-480°F
JP-5/8 Gy
Naphtha (C8-C12) I 210-390°F
Gasoline (C3-C12) I 86-390°F
JP-4« =
0 200 400 600 800 1000

Temperature (°F)

Figure 6-1 — Boiling Point Ranges for Various Petroleum Hydocarbon Products (Data were

adapted from ITRC, 2018)

3 Other LNAPLSs such as vegetable oil and bio diesels exist, but are not addressed here.
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Figure 6-1 includes examples of different petroleum hydrocarbon products as a function of boiling
point and distillation cuts. Distillates are products that are boiled off from crude oil and
decondensed, residuals are products that do not evaporate and are left behind after distillation.

In general, lower boiling point petroleum products are less viscous, more soluble, more
biodegradable, and more volatile than heavier products.

Petroleum products contain two primary groups of petroleum hydrocarbons, aromatics and
aliphatics. Aromatics contain an aromatic ring, benzene is the smallest aromatic, heavier aromatics
can contain many rings and are polycyclic aromatics (PAH). Aliphatics do not contain an aromatic
ring and can consist of straight, branched, or cyclic compounds. The distinction is important,
because although aromatics typically make up well less than half of petroleum products, they are
often the most soluble and toxic fraction. Figure 6-2 shows some typical smaller hydrocarbon
molecules.

Aliphatics

- - H H
| | | H \ H
H-C—C—C—H e c”
H H [ I H™
| | H H H | |
H-C—C—C—C—H -Cc- S
| /N /A | H CI: H “;c /C\
H H HH H 4 H H H
n-Alkane Iso-alkane Cycloalkane
Aromatics
H H
\ /
H H c—c

\ / IC —C C—H
\C — C/ " \c — C/
H \H / \
H H
Benzene Naphthalene

Figure 6-2 — Examples of Smaller Molecular Molecular Weight Aromatic and Aliphatic
Petroleum Hydrocarbons

Non-petroleum hydrocarbons are sometimes added to petroleum products, particularly gasoline.
Some non-petroleum hydrocarbon additives have become environmental problems, most notably
MTBE and related oxygenates, and 1,2-dichloroethane (1,2-DCA). MTBE was a gasoline additive
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mostly used from the early 80s until recently. MTBE is more soluble and tends to migrate further
in groundwater than petroleum hydrocarbons and has been a contaminant requiring remediation at
some sites. 1,2-DCA was an additive to leaded gasoline, for on-road vehicles it was phased out
with lead in the 1980s. Lead continues to be used in some aviation gasolines, however 1,2-DCA
is not typically added. Aviation gasoline more likely contains 1,2-dibromoethane (1,2-DCB). Like
MTBE 1,2-DCE can also be found in groundwater associated with gasoline release; 1,2-DCB may
also but it appears to be a less frequent concern.

When release petroleum hydrocarbons can migrate downward, if sufficient quantity is released it
may encounter and spread out on the water table, sometimes migrating according to the slope of
the surface it spreads out on. Petroleum hydrocarbons are only sparing soluble in water and so
typically most of the material remains in a separate oil phase, being lighter than water it is called
Light Non-Aqueous Phase Liquid (LNAPL). Figure 6-3 illustrates this process.

Unsaturated (Exposed)
Source Zone

Mobile or Residual LNAPL =

Dissolved
Saturated (Submerged) Groundwater |[—» Plume
Source Zone Flow ’.

Figure 6-3 — Example of a Petroleum Hydrocarbon Release and Subsurface Behavior
(ITRC, 2009)
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Many processes can affect petroleum hydrocarbons after release, notably:

LNAPL Migration, migration of the oil phase, this is movement of the LNAPL either
downward to the water table or on the surface of the water table. Migration is defined as
spreading or expanding the area of LNAPL, this is different from mobility discussed below.
Although the LNAPL oil phase migrates under its own head and is not transported by
groundwater in most cases LNAPL migration on the surface of the water table is in the
same direction as groundwater. LNAPL Migration is limited by interfacial tension, the
LNAPL will only migrate so long as there is sufficient pressure within the LNAPL body
to overcome the capillary forces created by water holding it back. As a result, at many
LNAPL sites although significant thicknesses of LNAPL may be measurable in wells
migration is not occurring. At most LNAPL sites LNAPL migration has ceased.

LNAPL Mobility, is movement of LNAPL that may or may not be migration. In order
for LNAPL to be mobile it must be present in a concentration above what is called the
residual capacity of soil. LNAPL can be present below its residual capacity physically this
is in the form of droplets or ganglia of LNAPL not sufficiently continuous to move. The
residual capacity of soil for LNAPL can vary, but is typically in the thousands or tens of
thousands of mg/L. Mobile LNAPL*can enter a monitoring well where it can be measured
and possible extracted or recovered. At most sites where mobile LNAPL is observed it is
not migrating, to migrate LNAPL must exceed its residual capacity at the down gradient
extreme of the plume and must have sufficient head or pressure to drive migration. Most
of the LNAPL sites we work at are old and LNAPL reached its maximum extent years ago
when there was pressure within in the LNAPL body as a result of the release. After
reaching some maximum extent, controlled by capillary pressure the LNAPL body
weathered’ reducing the LNAPL concentration stopping further migration.

Dissolution and Migration in Groundwater, particularly the lighter and aromatic
petroleum hydrocarbons will dissolve at some concentration into groundwater and migrate
with groundwater. Dissolved petroleum hydrocarbons are biodegradable, and this
biodegradation is what usually limits the extent of migration of a dissolved hydrocarbon
plume, as a rule of thumb the dissolved plume rarely extends more than about 200 feet
beyond the LNAPL plume. This dissolution and biodegradation also slowly deplete the
LNAPL mass. At most sites dissolved petroleum hydrocarbon migration has ceased.

Volatilization and Migration in the Vapor Phase, particularly the lighter weight
petroleum hydrocarbons will volatilize from the LNAPL and migrate, primarily as a result
of diffusion, in the vadose zone. At most sites this volatile migration is limited by
biodegradation and vapor phase petroleum hydrocarbons rarely reach the ground surface.
The process also slowly reduces the LNAPL mass.

Biodegradation, already mentioned above is a very important process in understanding
the limited migration and long-term fate of petroleum hydrocarbons in the environment.

4 The term free product is commonly used to refer to mobile LNAPL; in most cases the terms are interchangeable.
5 Weathering is a term that refers to processes including evaporation, dissolution, and biodegradation that change the
LNAPL body and reduce its concentration.

ESTCP Final Report
ProjectER-201582 66 May 2020



Petroleum hydrocarbons are naturally occurring compounds and worldwide it has been
estimated that natural petroleum seeps still account for as much or more release to the
environment as manmade spills (Kvenvolden and Cooper, 2003). As a result, many
naturally occurring organisms have evolved to use petroleum hydrocarbons as a food
source, and over time most petroleum hydrocarbon spills will eventually biodegrade. This
is not to say that in many cases remediation is unnecessary, but rather the natural effects of
biodegradation need to be considered in any remedial strategy. Historic process
understanding indicated that biodegradation only occurs associated with water, the
dissolved fraction in groundwater, and in pore water in the vadose zone, with some
biodegradation occuring at water/oil interfaces. More recent NSZD research indicates that
rapid biodegradation of low-solubility compounds can also occur in the pores directly in
contact with LNAPL (e.g., Garg et al., 2017 for a summary), explaining the high NSZD
rates observed in most LNAPL source zones.

Petroleum hydrocarbons biodegrade either aerobically, in the presence of oxygen, or
aerobically in the absence of oxygen. Aerobic biodegradation in which oxygen is the
oxidant called the electron acceptor usually occurs most rapidly, however significant rates
of anaerobic biodegradation are often observed. Anaerobic biodegradation can occur using
electron acceptors such as nitrate, sulfate, or carbon dioxide. Biodegradation reduces
hydrocarbon mass, and limit dissolved and vapor phase migration. One important
biodegradation process is methanogenesis, an anaerobic process that produces methane.
This occurs in the pore water found in the LNAPL body, the methane is then typically
released to the vadose zone where it encounters oxygen diffusing in from the atmosphere
and biodegrades. This process is responsible for most of the petroleum hydrocarbon mass
reduction at many sites.
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6.2 PETROLEUM HYDROCARBON SITE MANAGEMENT
Petroleum Hydrocarbon site management is driven by a wide variety of factors including:

Risk to Human Health or the Environment, some petroleum constituents are known to be toxic.
This has resulted in standards being set for some of the petroleum hydrocarbon constituents, for
example the USEPA has set a drinking water standard for benzene of 5 pg/L.. Benzene can be
present in gasoline or JP-4 jet fuel in the 1% range, and can result in groundwater concentrations
well in excess of 1,000 pg/L. For an actual risk to occur some route of exposure is required.
Actual expose to LNAPL is rare, more commonly the concern is exposure to its dissolved
components in drinking water, or its vapor constituents in vapor.

LNAPL Recovery the extraction and removal of LNAPL is often done, at times independent of
risk. It is not uncommon for site owners to implement some form of LNAPL recovery whenever
measurable LNAPL (mobile LNAPL) is encountered in monitoring wells. What often happens is
LNAPL recovery for a time, rarely until all measurable LNAPL is removed. This does remove
mass, but unless the LNAPL is migrating®, typically does little to reduce risk.

Historically, implementing agencies have required removal of mobile LNAPL to the maximum
extent practicable based on 40 CFR §280.64. Unfortunately, “extent practicable or practical” is
not defined in the CFR and has been subject to many different interpretations. Some example
endpoints are shown in Table 6-1. The authors do not advocate the application of many of these
endpoints, these are simply exampling of endpoints that have been applied.

Table 6-1 — Example endpoints, or definitions of “to the extent practical which have been
applied.” (Adapted in part from I'TRC, 2018a).

Metric Example Endpoints
LNAPL Transmissivity, a measure of LNAPL Transmissivity < practicable recovery
LNAPL mobility. limit (0.1 to 0.8 ft*/day)
Stable or controlled LNAPL plume LNAPL plume no longer migrating.
Stable dissolved plume Dissolved concentrations no longer migrating.
Relative removal rates compared to Engineered recovery rate similar to or less
natural removal processes. NSZD rate
Water/oil recovery ratio 250 gals:1 gal
Cost of LNAPL recovered $10 to $100/gallon recovered
Decline in r v rat Less than 2 gallons/month.
eclinein recovery rates Less than 10% of initial recovery rates.

Measured LNAPL thickness in a well 0.1 inches to greater than 1 ft

S Usually based on some calculated estimate of
Hydrocarbon concentration in soil . .

residual capacity.

6 Migrating LNAPL does not always represent a risk, but at most sites where LNAPL is migrating some action to stop
the migration is required.
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The authors advocate selection of endpoints that are achievable and risk based. This is not always
consistent with regulations, the authors do not advocate ignoring regulation, to the contrary site
managers must comply with all applicable regulation. However, it has been the authors’
experience that most regulators are open to consideration of risk and many will make exceptions
to normal policy and practice if a risk-based case can be made. Requirements vary from state to
state. Some states do not generally allow measurable LNAPL be left in place such as Washington
Department of Ecology and Montana DEQ. Some states like California have low-threat closure
policy which outline general criteria to be satisfied in order to achieve closure at a site with
presence of LNAPL. Other states like Texas have developed Risk Based LNAPL Management
guidance. Figure 6-4 summarizes the LNAPL recovery requirements of some select states
(NAVFAC EXWC, 2017). The requirements include in Figure 6-4 are necessarily briefly
summarized; actual requirements may vary on a site-specific basis.
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Measurable

Closed Sites with LNAPL Greater Than Measurable Level?

Leval that
Permits Closure if So, Additional Criteria Used?
Menatti, 2010;
CA RAamaowved to exiant | Yea. “LIUIST sites can be clossd i tha reguired leveal of water quality will be attained wihin a NEIWPCLC,
praclicable reagonable pericd of time. California has cleeed esveral aitea with LNAPL." 2008; Lund st
al, 2014
“ea. “A site with reaidual enil contamination of grouncwater contamination above cleanup
FL 0.o1ft target levels can only receive Mo Further Action if there are institutional controls [deed MNEMPCC, 2006
reafrictions) on the proparty.”
HI Yea. “Only if BTEX and PAHE are MD or well below action levals and mo other recaptore.” NEWPCC, 2006
Yea. “Following MAPL recovery activiiss, a site may be closad if product does not return ina
1A <001t mnitoring weall in excess of 0.02 { for 2 pariod of one year.” d NEMFGC, 2006
IL e, Dbtained closures in lllinois with notable MAPL thicknesess, Site-specific basis, easentially Payne, 2016
along the same lines as Massachuselts. wm
Yea. “Mon-Btable MAPL is not presant under curent site conditiona and for the foresesable
MA& fubure, and all NAPL with Micro-Scale Mobility is removad if and fo the extent feasible based Marra, 2014
upon coneidaration of CEM principles.”(*)
M Yea. "“Recovery of all LMAPL with a franemissivity greater than 0.5 ft2/day and that can be Lund et al., 2014
recoverad in 8 cost-sffective and sfficient mannar”
Maimum sxtert . L
MO practicable Yea, “Site-specific critsna. NEWPCC, 2006
MERFPCC,
NG < 001 fit M. “Mo recephors and remaval is iechnically and ecoromically infessible.” 2006; Lund et
al., 2014
. Yea. “If a risk-based analysie was parformed showing no vulnerable receptors and a fate and 008
hv 0.8 inch transport analyais performad ehowing that there was lite potertial for migration.” NEMPCC,
Al Mo Lund et al., 2014
T L.l"_re-:mer:atﬂa Yea “Cloaure can be grai'lbad whan recovarabla NAPL is slill presant if there are no receptors NEMWFCC, 2006
or impractical and tha plume is siable.
uT 1j8-inch Yea. "RBCA-basad approach considered on site-spacific basis.” Manatti, 2010
Yea. “The data ehould support the claim that the technalegies ussd andior ewaliatad are no
lenger effective and that additional recovery is not practicable. i »0.01 ft axists also have to NEMWFCC,
show: a) Aemaining LNAPL and dissoled-phaes constituents are not a risk 1o human health 06 S J
VA <0.04 #t ar the anvironmant, and b) M5Z0 of the LMAPL body and natural attanusation of the dissobwed- 2!]12: Lund at
phase plume are documented aa cocurring at the site and are expectad to further mitigate al 3']111
rigk from thea releass, and c) The areal extent of tha free phase plume at the site is shown to ba !
etable or decreasing”
WA <0.04 ft M. “Ecology won't cloes LUST eites with maasurabls free product”™ NEWMPCC, 2006
Males: "Hon-Stabla MAPL: 2 MAPL with & foolprink that 12 expandng Elerlly of werically by: () migrating slong of wihin & prefamed Now peth; {b) dscharging ar parodcaly
decharging 1o 2 bulkdng, iy, drirking wabar supply wall, or surlace waler body; or () spraading & & bulk lud 1hrough o from subEwmace streta; and MAPL with
WMicro-Soale Mobilty: & MAPL with & faotprint that |s not expanding, but which |5 viskliby present Inthe subsuriaca In sutliclent quentiiss to migrete or polertialy migrets]
35 B sepErate phasa over a short delence end VelbiHy Impect BN excavetion, boring, or menkoring wal, (Marra, 2014).

Figure 6-4 — Summary of LNAPL Recovery Limits for Site Closure for Key Navy States,
(NAVFAC EXWC(, 2017)
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In managing LNAPL remediation, the authors advocate the most cost-effective approach that will
satisfy applicable regulatory requirements. At many sites this can be a demonstration that risk-
based end points have been achieved. On other sites additional remediation may be required. In
situations where regulation requires additional remediation without risk basis the authors
recommend the lowest cost actions that will satisfy regulation.

LNAPL remediation endpoints advocated by the authors include:
e Mandatory or baseline endpoints:

o No unacceptable risk. This is a minimal endpoint; the authors do not ever advocate
ignoring unacceptable risk.

o No LNAPL migration or potential for migration. Although it is possible that a
migrating LNAPL plume does not present risk no further migration means no
further environmental impact and most regulatory agencies and responsible site
owners accept nothing less.

o Compliance with regulatory requirements. Note that the authors have listed this as
a mandatory endpoint, and it is, however we know from experience that many
regulators are open to negotiation and discussion as to what is acceptable. We
recommend setting technical endpoints first and then working with regulators to
achieve the most cost-effective solution possible.

e Practicability endpoints, to be applied only after the baseline endpoints have been
addressed:

o No unacceptable risk may be sufficient, even if LNAPL recovery is possible or
practical, this should always be considered.

o Engineered active remediation does not significantly improve on the removal rates
due to natural processes (NSZD). A rational case can be made that it is not practical
to expend additional remediation dollars if no great improvement on natural rem

o Cost, the cost of LNAPL removal is within a reasonable range, in practice a cost of
$10/gallon of recovered LNAPL is often used, a higher cost of $100/gallon is
sometimes also used. There is a consensus amongst practitioners that higher per
gallon costs are not reasonable. Other cost factors should be considered, for
example at some shallow or small sites the cost of excavation may be less than the
cost of longer-term management. And there is the rare site where the cost of
LNAPL recovery is less than the value of the recovered LNAPL, which can at times
be sold.

6.3 LNAPL SITE MANAGEMENT TOOLS

In this section, we discuss tools recommended to site managers to develop risk-based approaches
to manage and close LNAPL sites. These tools are well described in the literature, particularly in
ITRC and API websites and documents. It is not the intent of the authors to provide the details
that can be found on those sites, rather will direct site managers to those sources through citation.

6.3.1 Natural Source Zone Depletion (NSZD)

NSZD is the sum of various processes that reduce LNAPL mass over time. This is also called
natural attenuation (typically abbreviated as monitored natural attenuation, MNA). Some authors
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distinguish the terms using MNA to refer to processes that occur in groundwater which limit
hydrocarbon plume growth, and NSZD to refer to processes that are expressed in the vadose zone
and tend to be rates that can be used to estimate mass removal over time. We will adhere to that
practice.

MNA is an important to demonstrate dissolved plume stability. Over the past 20 years many
hundreds of petroleum hydrocarbons sites have been studied and with rare exception it has been
demonstrated that dissolved plumes do not migrate more than a hundred feet or so downgradient
of LNAPL plumes, so at most sites LNAPL migration limits dissolved plume migration. Insuring
MNA operation and a stable plume is important to LNAPL site management.

NSZD is the reduction in LNAPL mass over time due to natural processes. For petroleum
hydrocarbons this is primarily biodegradation driven, and the available tools are to measure
biodegradation rates. Petroleum hydrocarbons can biodegrade either anaerobically or aerobically.
When biodegradation is anaerobic at many sites the primary process is methanogenic, the
petroleum hydrocarbons are converted to methane. Methane being gaseous with limited solubility
migrates upwards in the vadose zone until it encounters aerobic conditions where it biodegrades
producing carbon dioxide. Other petroleum hydrocarbon degrading processes, both anaerobic and
aerobic, also produce carbon dioxide. These degradation processes are all heat generating.
Measurement of NSZD depends on the measurement of carbon dioxide production, oxygen
depletion or heat generation. Tools currently available and in use today include:

e Oxygen consumption, the rate of oxygen consumption can be determined from the vertical
distribution of oxygen and other gases in the vadose zone. This was the original NSZD
technique first published by the ITRC in 2009 (ITRC, 2009b). It requires soil vapor
monitoring at various depths and some measure or estimate of oxygen diffusion rates.
While less used than other methods now, it is still in practice and a method to be considered,
particularly at sites where the vapor monitoring points may already exist.

e (Carbon dioxide production can be measured and used to determine petroleum hydrocarbon
biodegradation rates. Techniques include:

o Carbon Traps such as those used at the Fallon site are typically a device placed on
the ground surface that is left in place for a time, typically a few weeks and carbon
dioxide is trapped in a solid hydroxide-based media. The traps are then returned to
a laboratory where the mass of accumulated carbon dioxide is determined.

o Flux chambers can be placed on the ground measuring directly the more or less
instantaneous carbon dioxide flux. This is a shorter-term measurement typically
requiring less time and often providing real time data. A common approach is based
on the Dynamic Closed Chamber (DCC) illustrated in Figure 6-5 below.
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Figure 6-5 — Animation Depicting Dynamic Closed Chamber (DCC) Apparatus and Setup

e Temperature based methods depend on measurements of temperature increases due to
petroleum hydrocarbon biodegradation (Sale et al., 2014; Sale et al., 2018). This can be as
simple as lowering a temperature probe in a well and comparing temperature profiles in
contaminated and uncontaminated locations to a more complex array of temperature probes
continuously monitored (Sweeney and Ririe, 2014).

The measurements vary from technique to technique; however, all can be reduced to some unit of
mass removed per unit area, a very convenient and widely used unit is gallons of LNAPL per acre
per year.

When evaluating NSZD many factors should be considered, a partially important factor is the
background associated with the method, that is for example what would the rate of carbon dioxide
production or temperature profile be without petroleum hydrocarbon biodegradation. A variety of
techniques have been developed to address this background issue, detailing all of them is beyond
the scope of this report, but can be found in the various documents cited. At some sites it is possible
to find a background location, where no contamination has impacted, but at many locations this is
difficult. One particularly creative approach that has been applied to carbon dioxide production is
to analyze the trapped carbon dioxide for '*C content. '*C is a naturally occurring, but unstable
carbon isotope found in atmospheric carbon dioxide, but not in ancient crude petroleum. By
determining the '*C content of the carbon dioxide any effect of the decay of more recent plant-
based material can be deducted leaving carbon dioxide produced by the petroleum hydrocarbons.
Other background considerations relevant to other methods exist and are available in cited
documents.

There are other considerations that need to be given to the interpretation of NSZD data, including
timing (rates may vary seasonally and with water table elevation) and spatial variability. For
example, surface carbon dioxide flux rates often very considerably over short distances, this may
be due to variable degradation rates, it can also be the result of differing underlying soils and the
ability to transmit carbon dioxide vertically. At most sites the measured rates are assumed to be
representative of the footprint of the LNAPL plume, however particularly at deeper sites the gas
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production/consumption or thermal effects can be spread over a larger area. Table 6-2 identifies
some of the pros and cons of the various NSZD measurement methods.

Table 6-2 — Pros and Cons of Various NSZD Measurements and Methods.

Method Pros Cons So.urces of jnore
information

Gradient The original method, Requires multi depth soil Lundegard and
(typically well understood. vapor probes and a measure | Johnson, 2006;
oxygen On sites where soil of estimate of soil vapor Sihota et al., 2011
consumption) vapor probes already diffusivity.

exist it can be low cost.
Carbon Traps Easy to deploy well Can be higher cost per McCoy et al.,

understood method. location than flux chamber or | 2014

Longer term data thermal.

collection reduces

variability.
Flux chambers | Typically, fast and Short term measurements Sihota et al., 2011

lower cost per point. can be subject to higher

Well understood variability, due to factors

method. such as barometric pressure

changes.

Thermal Strong technical basis, | The emerging technique, less | Stockwell, 2015

becoming better well understood and

understood. accepted, but this is

changing.

Before measuring NSZD rates, it is important to consider how the data will be used to support the
site remediation and management strategy. This will often dictate the number of samples required
as well as the frequency of sampling. It should also be noted that NSZD measurements are not
precise and that rates measurements are not accurate as a forecasting tool but rather a tool to help
make site management decisions, often for comparison to what can be achieved with engineered
remediation.

Additional information regarding Natural Source Zone Depletion can be found in ITRC LNAPL
Guidance (ITRC, 2018a).

6.3.2 LNAPL Mobility, Migration Potential and Recoverability

For any site, it is important to understand LNAPL mobility and to determine the potential for
migration. The practicality of LNAPL recovery is related to mobility. LNAPL mobility and
migration are complex processes the intent of this section is to provide an overview of the
principals of LNAPL movement and available tools for assessing LNAPL. More detailed and in-
depth information is available in the resources cited.
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LNAPL sat > residual

LNAPL sat > residual

Condition: LNAPL in wells:
mobile and migrating if
observed to enter wells over
time.

Condition: LNAPL in wells:
mobile, but not migrating.

LNAPL sat
< residual

Condition: No LNAPL in wells

Figure 6-6 - Example of Petroleum Hydrocarbon Release and Subsurface Behavior (ITRC,

2009)

6.3.2.1 LNAPL Mobility

Mobile LNAPL is defined as LNAPL present in soil at concentrations above residual saturation —
it will migrate into a monitoring well and can be measured. However, as discussed below, mobile
LNAPL is not always the proper descriptor of migrating LNAPL.

Ta=Transmissivity
Tn=Hn.b|1 I'u“\f L]

LNAPL

bn=LNAPL
Thickness

Ks=LNAPL
Conductivity

Figure 6-7 — Transmissivity Schematic
(NAVFAC, 2015)

LNAPL Transmissivity has emerging as the
standard for measuring free product mobility
and assessing recoverability it has largely
replaced measurement of LNAPL thickness in
wells”. Transmissivity is defined as the volume
of LNAPL movement through a unit width of
aquifer per unit time per unit drawdown. Units
for this measurement are length?/time.
Transmissivity can be calculated using ASTM
LNAPL Transmissivity Standard (E2856-13).
Additional technical guidance can be found in

7 LNAPL thickness in wells, commonly called free product thickness is still measured at LNAPL sites and has utility,
sometimes as a remedial goal or standard. However, it is not clear that LNAPL thickness does not directly relate to

LNAPL mass, recoverability, or migration potential.
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the ITRC LNAPL Updated Guidance (ITRC, 2018) and API LNAPL Transmissivity and other
Guidance.

Transmissivity rates are dependent on multiple parameters including soil type and properties (e.g.
porosity, conductivity), chemical and physical properties of the LNAPL (E.g. density, viscosity,
composition), LNAPL saturation in the formation, and thickness of the mobile LNAPL. As such,
this measurement provides a much more comprehensive evaluation of product mobility and
recoverability at a site.

LNAPL transmissivity can be measured using a variety of methods including:

e The short term baildown or slug test, LNAPL is removed from a well and the rate of its
recovery measured over time. This is probably the most common technique.

e The manual skimming method is accomplished by achieving steady state LNAPL
recovery at a rate that maintains a consistent drawdown.

e Longterm LNAPL recovery data can be used to determine transmissivity. This can be a
convenient technique on sites where long term LNAPL recovery operations have been in
place and the data are available.

e A less commonly used but effective approach is based on the use of an LNAPL tracer
placed in a well and the rate of tracer disappearance is observed to derive LNAPL
transmissivity.

A discussion of the application of these methods is beyond the scope of this document but there
are many quite good guidance documents available.

Based on ITRC’s LNAPL Transmissivity Guidance (ITRC, 2018a), LNAPL recovery is
considered practical if transmissivity is greater than 0.1 to 0.8 ft*/day, it is not considered practical
at lower transmissivities. Some states have set remedial goals based on transmissivity.

Other techniques including laboratory analysis are available to determine LNAPL mobility. For
example, one test involves a centrifuge test where a centrifugal force of 1,000 times gravity is used
to evaluate product mobility (ASTM D425M). An issue of concern with these laboratory tests is
that they test only a small sample of aquifer material and are less likely to provide useful mobility
data than the field-based transmissivity measurements.

6.3.2.2 LNAPL Recoverability

The ITRC based guidance that LNAPL is recoverable above the transmissivity range of 0.1 to 0.8
ft/day range but not below is widely accepted. This does not mean that LNAPL recovery is always
necessary above that range, as discussed previously if there is no unacceptable risk, and the
LNAPL is not migrating recovery may not be necessary. On the other hand, in some regulatory
jurisdictions there are requirements to recover LNAPL at lower transmissivities. When this is the
case the potential for removing sufficient mass to provide any cost-effective benefit is limited.

Ultimately, the decision to recover or not recovery and the level of effort expended if recovery is
chosen is a cost benefit analysis constrained by regulatory requirements. Technical guidance can
inform that decision.
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6.3.2.3 LNAPL Migration

It is important to understand the migration or potential for migration of an LNAPL plume. Most
of the LNAPL plumes encountered at DoD sites have long past the potential for mobility, however
plumes with new or ongoing LNAPL releases do have the potential to migrate.

LNAPL migrates after release until capillary forces stop the migration. Over time as LNAPL
weathers and concentrations are reduced the potential for migration is reduced, so that at most
since once migration stops it will not restart. There are exceptions, for example LNAPL has a
lower residual saturation and is therefore mobile at lower concentrations in unsaturated soil than
in saturated soil. As a result, at some sites and under some conditions a falling water table can
make immobile LNAPL mobile.®

Tools available to determine LNAPL migration and migration potential include:

6.3.3

O

O

Historic plume data when available is the most definitive tool. There are a number of
approaches to evaluating plume data:

Extent of LNAPL and dissolved phase plume, if these are stable or being reduced
over time this is clear evidence of no migration.

Declining transmissivity and/or LNAPL thickness (less effective than
transmissivity) in wells over time, particularly when coupled with a stable extent.
Measured mobile LNAPL in wells over a smaller area than evidence of history
LNAPL migration is a very effective means of evaluating the lack of migration. At
many sites the maximum historic extent of LNAPL migration can only be known
through observation of LNAPL concentrations in soil down gradient of the existing
mobile LNAPL plume. This can be determined by means such as soil samples
showing high LNAPL concentrations, LIF probing showing LNAPL presence
downgradient of existing LNAPL, and even observations of strong hydrocarbon
odors or texture in soil samples collected down gradient of the LNAPL Plume.

Lower LNAPL transmissivity near the down gradient extent of the LNAPL plume can be
evidence of limited migration, high LNAPL transmissivity near the downgradient extent
of the LNAPL plume can be evidence of potential for migration.

The API (1998) has published a technique to determine the critical LNAPL thickness above
which spreading or migration can occur and below which the LNAPL will not migrate.

Risk Assessment

LNAPL can create a number of risks, Figure 6-8 illustrates most of these.

8 This is most likely to occur at sites where during the migratory phase of plume development migration was halted
by a rising water table, then when the water table falls to or below its former level migration may restart. This is not
common and depends on trapped LNAPL below the water table at concentrations below the saturated residual capacity
and above the unsaturated residual capacity.
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Figure 6-8 — Possible Exposure Routes Associated with LNAPL (ITRC, 2018b)

At most DoD sites the exposure routes of greatest concern are groundwater, soil exposure and
vapor intrusion, but the other risks should be considered. Explosive risk from vapors are rare as
petroleum hydrocarbons typically biodegrade before becoming problematic in buildings. At some
sites methane generated as the result of anaerobic degradation of LNAPL constituents has been
raised as a concern. ASTM (E2993 — 16) has published guidance for assessing this risk, but the
actual risk at most petroleum hydrocarbon sites has been found to be quite low. Migration to
surface water, in the form of sheens, can occur but is rare at DoD sites and will not be addressed
here.

Vapor intrusion can be a risk, however due to the biodegradability of LNAPL constituents the risk
is lower than for comparably volatile chlorinated solvents. As a rule of thumb ITRC guidance
suggests vapor intrusion may be a risk if LNAPL is present within about 15 to 20 feet of a structure.
This is rate at DoD sites, and many DoD LNAPLs are heavier products containing little of the
VOC:s such as benzene that are of vapor intrusion concern.

Risk based on exposure to contaminated soil or groundwater is the concern that drives remediation
at most DoD LNAPL sites. Risk of exposure to individual petroleum hydrocarbon compounds
such as benzene or naphthalene can be managed using conventional risk assessment techniques.
However, since LNAPLs are a mixture of many different petroleum hydrocarbons, most of which
are never individually quantified as a mixture assessing chemical risk can be more challenging.
Fortunately, many regulatory agencies recognize this and base cleanup standards on individual
compounds, such as the drinking water MCL for benzene.
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Most regulatory agencies do not require address the LNAPL material as a whole, however some
do require total petroleum hydrocarbon (TPH) analysis and some even set cleanup standards for
soil or groundwater based on TPH. This is not risk based, however there is an approach originally
published by the TPH working group to estimate risk associated with TPH. The method basically
involves analyzing different TPH fractions, aromatic and aliphatic based on carbon number and
then assigning risk to these individual categories based on the assumption of some surrogate
compound representative of the fraction. This approach though not as quantitatively risk based as
setting standards for individual hydrocarbons can represent a significant improvement on simple
TPH standards.

Gasoline Middle Distillates

<1% 2-3% <1%

<15%

~— 85% R o7%

= PAH =BTEX, MTBE, etc. Other TPH

*Figure modified from https://clu-in.org/confitio/cra6/prez/crabppt.ppt

Figure 6-9 — Comparison of Gasoline and Middle Distillates Petroleum Hydrocarbon
Component Distribution. These data indicate that most petroleum hydrocarbons in
LNAPL are not identified and not of toxic concern (Data adapted from Brewer, 2009).

Since the original TPH working group method was published in 1999 other versions of the
method have been adopted, for example the state of Massachusetts has an approach that is widely
used as do the states of Texas and Alaska. The ITRC has recently published guidance updating
the approach (ITRC, 2018b).

If compounds other than those typically analyzed with known risk factors are to be considered in
a remedial strategy the TPH working group approach to estimating risk is recommended. Many
of the compounds of greatest risk are only present in relatively low concentrations in LNAPL,
this method takes that into account.

6.4 Resources

LNAPL site management requires reliance on many tools and underlying guidance documents.
In this report our objective is to inform site managers of the state of the practice for LNAPL site
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management and the tools available that site managers should be aware of and consider using.
Table 6-3 lists many of the resources that can be accessed for technical guidance and support.

Table 6-3 — Resources for Technical Guidance and Support

Source Applications Link or full citation
APT has a resource center with links | https://www.api.org/oil-and-natural-
to may useful tools gas/environment/clean-water/ground-
water/Inapl
LNAPL Transmissivity Workbook: A | https://www.api.org/~/media/4762%?2
Tool for Baildown Test Analysis OLNAPL%20Tn%20wkbk%20Baildo
wn%?20userguide%20Apr2016%20(2)
pdf
LNAPL Distribution and Recovery https://www.api.org/oil-and-natural-
Model (LDRM) gas/environment/clean-water/ground-
water/Inapl/Idrm
API Evaluating Hydrocarbon Removal https://www.api.org/oil-and-natural-
From Source Zones And Its Effect gas/environment/clean-water/ground-
On Dissolved Plume Longevity And | water/Inapl/evaluating-hydrocarbon-
Concentration removal
Interactive LNAPL Guide https://www.api.org/oil-and-natural-
gas/environment/clean-water/ground-
water/Inapl/interactive-guide
Methods For Determining Inputs To | https://www.api.org/oil-and-natural-
Environmental Petroleum gas/environment/clean-water/ground-
Hydrocarbon Mobility And Recovery | water/Inapl/mobility-recovery
Models
ASTM E2856 - 13 Standard Guide for https://www.astm.org/Standards/E285
Estimation of LNAPL Transmissivity | 6.htm
ITRC LNAPL Site Management: LCSM https://Inapl-3.itrcweb.org
Evolution, Decision Process, and
Remedial Technologies
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7.0 COST ASSESSMENT

This section provides an overview of relevant costs associated with the demonstration project and
conducting an assessment and evaluation of residual LNAPL at a site as well as a discussion of
the potential costs benefits from implementing these methodologies and further characterizing
residual LNAPL. As part of the cost assessment, transition to NSZD/MNA is compared with
traditional free product recovery methods implemented for the recovery and management of
LNAPL at impacted sites. The costs that are unique to this technology demonstration include the
sampling and analysis for the TPH-CWG (or equivalent) risk-based method, the installation and
analysis of the Carbon Traps and determination of transmissivity rates using historical free product
recovery data. In addition, as part of the cost assessment, various alternatives including transition
to NSZD/MNA is compared with traditional free product recovery methods implemented for the
recovery and management of LNAPL at impacted sites. Associated costs are provided in Sections
7.1 and 7.2 below. This assessment includes comparison of implementing of LUCs/ICs, transition
to MNA with monitoring, and continued FP recovery efforts via manual method such as bailing
and skimming as well as DPE. Transition of a site to a more passive approach could result in
significant cost savings over the lifetime of a project.

7.1 COST MODEL

The approximate costs to complete the assessment and evaluation of residual LNAPL at a site
based on this demonstration and field effort are summarized Table 7-1 on the following page.
Depending on site conditions as well as the size of the residual free product footprint, these costs
may vary.
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Table 7-1 — Cost Model for Additional Characterization of Weathered LNAPL

Cost Element LD G l?urmg Costs
Demonstration
Baseline Misc. Materials/Field Equipment LS $750
Characterization Labor 36 $5.400
(Gauging and . :
Sampling) Shipping LS $200
Carbon T Materials + Analysis LS $20,000
arbon Traps
Deployment Lapor‘ 20 $3,000
Shipping LS $100
Field S i LNAPL 2 $800
ield Sampling
Analytical Costs We‘lter 10 54,000
Soil 10 $6,000
. Utility Locate - Subcontract LS $2.000
Drilling Cost .
riHing Losts Drillings Costs LS $5,000
. Characterization and Standard
Waste Disposal Disposal LS $2.000
O&M N/A -- --
Data Analysis &
Risk Calculations Labor LS $50,000
Total $99,250

7.2  COST DRIVERS

Depending on the lithology and depth to impacted soil, DPT may not be a viable drilling method
for soil sample collection. Therefore, soil sample costs may increase depending on the type of
drill rig that can access the site. However, if future soil sampling or well installation is planned,
costs may be reduced by collecting additional samples during ongoing site characterization for
TPH Fractionation Analysis.

Other cost drivers include the size of the free product footprint and the deployment of Carbon
Traps. Ata minimum, 5 Carbon Traps should be deployed in order to get a representative average
flux across the site. However, depending on the size of the footprint, more Carbon Traps may be
required therefore increasing the overall cost for deployment and analysis.

Similarly, depending on the size of the site, the number of samples to analyze for TPH Fraction
Analysis for soil and groundwater may vary in order to get a representative date set. The level of
effort for sample collection and analytical costs will depend on the number samples to be collected.

Additional details regarding the implementation of these methods and specific considerations for
each method are discussed in more detail in the supplemental guidance.
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7.3  COST ANALYSIS

As part of the cost analysis and assessment transition to NSZD/MNA is compared with traditional
free product recovery methods implemented for the recovery and management of LNAPL at
impacted sites. The assessment includes a comparison of implementing of LUCs/ICs, transition
to MNA with monitoring, and continued FP recovery efforts via manual method such as bailing
and skimming as well as DPE.

Cost estimates for NSZD/MNA are based on this demonstration. For comparison purposes, cost
estimates for manual free product recovery and dual phase extraction (DPE) with flushing for a
hypothetical site (Section 7.3.1) are based on current costs and estimates from NAS Fallon
including Appendix H of the RI Addendum/FS from 2014. Table 7-2 below presents a summary
of the costs comparison between three free product recovery technologies. For costs comparison
purposes, annual costs including long-term monitoring and reporting costs, residual waste
management, 5-Year Reviews, Remedial Action Completion reports, decommissioning/site
closure costs have not been included as many of these costs will be approximately the same for
each alternative assessed and will not significantly impact the costs savings potentially realized by
demonstrating lines of evidence to support transition from active or passive recovery methods to
NSZD/MNA.

Based on the cost comparison for a site with impacted with a 10-acre residual LNAPL footprint
that is characterized as a low risk site where the free product is no longer migrating and has low
mobility, the dissolved phased plume is stable and residual free product is naturally degrading as
described in Section 7.3.1, transition to NSZD/MNA would result in significant cost savings.
Depending on when a site is able to transition to NSZD/MNA and cease free product recovery
activities, the potential annual costs savings may be on the order of $150,000 to $300,000.
However, it should be noted that costs are site specific and depend on many factors including the
current/anticipated land use, regulatory requirements, when a site may be able to transition, etc.
and therefore may vary from the costs presented in the section below.

Table 7-2 — Cost Comparision Summary

Annual
Capital Total Cost | Timeframe
Technology 0&M
($K) (SK) ($K) (years)
1 - LUCs + NSZD/MNA Eval 100 25 475 15
2 - NSZD/MNA Eval + Monitoring 100 100 1,000 15
3 - Bi-weekly FP Recovery +
NSZD/MNA Eval 163 151 2,428 15
4 - DPE + Bi-weekly FP Recovery +
NSZD/MNA Eval 921 151-302 4,696 15
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7.3.1 Cost Comparison Details and Assumptions

The hypothetical site for this analysis is based on the field demonstration and has the following
characteristics:
e 10-acre residual LNAPL footprint at legacy site
e Mobile NAPL (free product) present, however, not migrating (no expanding LNAPL
footprint)
Dissolved phase plume is stable and not migrating
Current land use is industrial and LUCs are in place
Depth to GW is 7-10 ft bgs
Monitoring wells and free product recovery wells exist
No PVl risk

For cost comparison purposes four alternatives were compared over 15 years of implementation.
This duration is based on historical free product recovery activities that have continued for many
years at legacy sites in order to meet regulatory requirements or recovery of free product to the
maximum extent practicable. It is assumed that all alternatives assessed will eventually transition
to NSZD/MNA as part of the site management strategy and will require additional
characterization/assessment in order to established multiple lines of evidence that may be required
to transition a site. Table 7-3 below includes annual costs summaries for each alternative as
described.

The first alternative is Land Use Controls/Institutional Controls (LUCs/ICs) in place after
completing the NZSD/MNA evaluation. The estimated cost for LUCs/ICs with NSZD/MNA
evaluation for the base case is $475,000 for an estimated duration of 15 years and that the site has
demonstrated various lines of evidence to transition to NSZD/MNA in order to meet site
restoration requirements. For this alternative, it is assumed that additional characterization and
residual risk evaluation demonstrated that the residual LNAPL poses little to no risk to receptors,
NSZD is occurring at rates comparable to current free product recovery rates, and transmissivity
measurements are equal to or less than 0.1 to 0.8 ft*day. Only IC Inspections & Review were
incorporated into the annual O&M, no and other LTM and reporting costs have not been included
as previously discussed.

The second alternative is NSZD/MNA with monitoring for an estimated duration of 15 years and
that the site has demonstrated various lines of evidence to transition to NSZD/MNA with MNA
monitoring in order to meet site restoration requirements. For this alternative, it is assumed that
additional characterization and residual risk evaluation demonstrated that the residual LNAPL
poses little to no risk to receptors, NSZD is occurring at rates comparable to current free product
recovery rates, and transmissivity measurements are equal to or less than 0.1 to 0.8 ft*/day. MNA
monitoring is assumed to be required and continued at a frequency of once for the first 5 years,
biannually for the next 5 years, and every 5 years thereafter. No additional O&M or LTM costs
were included. The estimated cost over 15 year is $1 million.

The third alternative evaluated for cost purposes was bi-weekly free product recovery using
manual bailing/skimming techniques for 15 years and then transitional to NSZD/MNA.
Assumptions for this alternative include:
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Bi-weekly bailing/skimming methods using manual or automated systems

14 wells have free product present at thicknesses greater than 0.5”

FP recovery activities estimated to continue for 15 years.

Site will transition to NSZD/MNA

The estimated cost for the bi-weekly free product recovery over 15 years is $2.4 million.

The fourth alternative evaluated for costs purposes was dual phase extraction with flushing
including manual free product recovery for a duration of 15 years and then transition to
NSZD/MNA. Assumptions for this cost alternative include:

e Dual Phase Extraction with flushing will be conducted for 10 years

e DPE system will include 10 injection wells and 25 extraction wells

e FP recovery using manual recovery methods will be conducted in wells not included in DPE

that have free product present above 0.5”
e Manual free product recovery will continue in wells that have not met regulatory
requirements for free product for 5 years following DPE

The estimated cost for the bi-weekly free product recovery over 15 years is $4.7 million.

Based on this cost analysis, transition of a site to a more passive approach could result in significant
cost savings over the lifetime of a project. Especially if the site is able to transition to a passive
approach with monitoring or to implementation of LUCs/ICs or potentially even closure based on
regulations and site-specific remediation goals.
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8.0 IMPLEMENTATION ISSUES

A variety of strategies were evaluated in this effort to better understand potential risks associated with
the presence of LNAPL at legacy petroleum sites. Details on the implementation of these
methodologies/tools and specific considerations are included in Section 6 of this document. In general,
these methods could be implemented at most LNAPL impacted sites in order to help refine the CSM
and evaluate any residual risk posed by the remaining LNAPL.

Due to the investigative nature of this work, there were no significant implementation issues
encountered. However, in the event similar efforts are to be conducted at other legacy petroleum sites,
some important considerations were evaluated:

1.) To better elucidate potential risks and exposure pathways from residual LNAPL, careful
judgement must be taken to ensure representative soil and groundwater samples are collected.

2.) Determine whether historical free product recovery data is sufficient to calculate
transmissivity or whether field measurements will be required to perform these calculations.

3.) Evaluate specific regulations and regulatory acceptance of analytical methods prior to
conducting additional characterization in order to ensure the adequacy of the analytical results.
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Appendix A: Points of Contact

. Organization
Point of Contact Name Eomail AT
Name
Address
i : . . Principal

Jovan Popovic NAVFAC EXWC jovan.popovic@navy.mil Investigator
Jennifer Segura | NAVFAC EXWC jennifer.segura@navy.mil Co- Pri‘ncipal

' ' Investigator

Travis Lewis NAVFAC EXWC travis.b.lewis@navy.mil Co-Principal

Investigator

Charles Newell

GSI Environmental

cjnewell@gsi-net.com

Project Partner

Poonam Kulkarni

GSI Environmental

prkulkarni@gsi-net.com

Project Partner

Andrea Leeson

ESTCP

andrea.leeson.civ@mail.mil

Project Sponsor
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Appendix B: Analytical Results and QA/QC
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13280 Toal TPH i 14,000 s & L} &0
Tha B e wish Dol fraal. Tha s fipbe s S bimited 1o D
b falofy ciitide of Ba holdng tme.
Wigt Chemistry SM 2540 G337 L] % L "
“LMolsturs Cale
i1 Moblive i e [E0i (L1 050 1
Wiy e rag fserits the ks R waghlof Be sarpe alai cvan dping ef
108 - 105 dugiees Cabilin. The froslue il ieseted b oh an
e~ e hm ] Eocie
Sample Comments
The ansfyats for boiling point ss 10y B bl )
it el
Laboratory Sample Analysls Recond
CAT  pmalyaks W Mttt Trisld  Buichd Acalysia Anubyst DHketizn
Ko, Dite e Tiesa Fasctizr
1S  ETEX MTEE Maghthslens Sha'v-0a8 ST i 17 ECPONT 3k, Ofanie 2553 Patrick T Hares 458 54
OEET4  OCAMS - Bul Sei Preg SWWHLH SIEEA Modlfed 1 M EMISHE5S OFHGE018 12349 Apsbicka B byt Al
Dedd WS HL Bul Sampa Frep SNVGLHE SIOAEE Mol fed IS ES OFHSa01a 1218 Armslecia K. Jayras i
10500 TPH-GRO sells G810 SWWEAH 30150 Fare 4, 1 THAOSA 84 OTEEr1e 214 Jurwive G Gifln -]
Juma 2005
01150 O - Bulk Sal Prep SWWB4H SIEEA Modifed 1 M aMISHE5S OFHGE018 1217 Apsbicka B byt Al
14100 WA EPH CaD Sal ECY 97502 ¥ad EPH 1 THAS0NSA OTEAr 18 2eEd iprey Lahi ]
14100 WA EPH CaD Sal ECY 975012 ¥ad EPH 1 THAS0INSA OTEarie 2153 My Lishi P
Ooded WA~ WPH sl ECY 97502 Weé WPH i 1HZ1 1AGES Offaianie &8 hil ez i Rcadl 002
oA WA WPH ol ECY 975012 Wl VPH 1 16114088 orELa0ie 1510 Hllctushiri B Faasi i1 ]
150 Ci0-Cd, w438 SWWEAH 30150 Fare 4, 1 1HA0 100584 orEvraie 1T13 Tirr®uy bl E ek il
Juma 2005
11215 W EPH Sedl Extraslion ECY 97502 ¥ad EPH 1 THAS0INSA OTEFAA018 OEnid Brad by ' v aral i
133 Miciowwres Ex - TPH mnges E-bas B8 i 1820100558, OFMZENI018 08D Bradiay Wi v arlawvean
DT  Bilko Gal Fractomilon WA EEOT freadifed 1 THAS0NSA OTEEA018 1235 E dhwirn Ovlie
170 O - Bulk Sol Prep (WPH) SWW-B48 GG Modfed 1 A ENDSE5S OFf@a01a 118 Arskecka B Saytas LT
G111 Mosbire S 25 G- 1007 1 1ENENLE OFHGE018 1icsE ‘il & Sofreabal 1
ot e Cale
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bl s P e ey Pl i 1 e e 1 P o Ak i e el e awiadiey
Sample Description:  S2NE30118-10 Soll NAVFAC EXWC
HNAVFAC EXWC ELLE Sample £ SW aT03185
ELLE Group #: 1365358
Projact Mams: HNAVFAC EXWC ER-201582 Matri=: Sodl
Supmital DateTime: aFH&2018 10:00
Coliection Dabe/Time: 017312018 11255
S0GF WWFI1-02
A Pl ved By Recermd Ha Farcaivisd
Deabiretinzn Lt el Lissit o
ﬁT Amalys hame CAS Mo Hhﬂ Limir Dtectbon Clu an i afon OF
GC Patrodaum SW-E4E B0150 Revd, mek makg =gy makg
Hydrocarbons Jung 2003
1EE0 Ci0Se Ll ] L ELE L] 0
10 CeCE na WO 200 Fr &0 0
A0 Total TRH na LB 200 400 &0 0
T Fraseireg e wim ol il T de fiphe s b0 binithed 1o O
mbominfy cuteds of Ba holding tma
Laboratory Sample Analysls Record

CAT  Aaalysis K Mt hod Teisid  Butcnd Anaiyuis Anabyst Dketicn
-3 Date aned| T Factor
1ED  CilC3d, wERdAs EWWaRas B01E0 Fore 4, i 1HITOIGHA OTSEaie 1518 Tirroy b Erviek -]

Jura 2005
13EE  Misvwina Ex - TPH mhges Syv-pas 3548 s THIOTOIS0A, ONZ32018 O8d Bradiay W' ¥ irilavieaf i
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i e e S arwraes Pl e T Ol P T i i e el s i iy

Sample Description:  S2HE318-10-FD Soll HavFAC EXWC
HEAVFAC EXWEC ELLE Sample £ SWaT0S108
ELLE Group &: 1366358
Project Namsa: HAVFAC EXWC ER-201582 Matriz: Soll

Suomital DateTime: O7H&2018 10:00
Coliection DateiTime: 012152018 12:00

SDGH: WVFI1-03FD
Dy Diny Dry

EAT Dry Deatarctinsn Uit of Lissit o
ha Acalysin hame CAS Nesbel  fagan Limit (Dt o Chu en i aten OF
GCMS Volatlles SW-E45 B260C Uy ugng =g uang
1185 Bandeis Tlakd WD 0 v 0 E208
11685  Elindbafzehs T0-d14 1,200 8 v 0 E208
115 Wl Tamary Butyl Ethel RLEERIT WD 0 v 0 E208
TGS Maph Db fa -20a &880 8 v 0 E208
115 Toksada 108-88-5 WO 8 v 0 E208
115 Eylene [Tobal) 1RA0-D0T T.5300 8 v 0 E208

Tl ol v wih nol . Thie safigphe s Submited 1o e

bufatofy cutisds of T holdng e
G Volatlies SW-B45 BD15D Rev.d, meds kg H kg

Jung 2003

10560 TPH-GRO sall CE-G10 L 1,500 il k-] ] 188 07

T Frolieg tifr wis nal . The clianl v notiled and Be

Saln fmporied
G Petrodsum ECY 37-602 WA EPH g kg H kg
Hydrocarbons
14100 RS ECd Akphtk L 5080 ) a4 110 0
0 RO D Aol L &TD 5.5 11 n B
100 RS- Akphli L & 300 ) a4 110 0
0 RCINEE Aol L 1,200 5.5 11 n B
100 RS Akphtl L 13 J ] 150 130 0
14100 =EED Aol b [T 180 11 e F 4 5
10 RCTLCA Alphitk L WD 133 2} -] 0
00 RC21-03 Aol L WD i1 ] n B

T Fosielirg Giera sas ol ol The sampds sas submithed 1o D

mboslofy cutisa of B halding tme
G Petrodsum ECY 37-602 WA VPH g kg H kg
Hydrocarbons
5888  Bardeis Tlakd WD [, TP Bl 508 Fap ]
(Efss  CEO8 Aliphatic Hyd oo ibons na WD sl S & ITETE
5888 CA-GE Aliphatic Hydroos ibons L &i2 J 318 2 el Fap ]
5888 CA-G10 Alghal: HySrocarbams L B4 355 2 el Fap ]
eS8 A0 Arerrmilic Hysrooarbon na &5 ] ir2 i &&7 5T
5888  Elinlbaftens T0-d14 WD fo=T Bl 508 Fap ]
588 Myl thulyl aBier RLEERIT WD kg Bl 508 Fap ]
5888  Tolusaha 108-88-5 WD [, TP Bl 508 Fap ]
5888 o-Kyler T 7.8 PR ] Bl 508 Fap ]
5888, p-Xyhafors 17080251 BTE [FE- 5] 12 i Fap ]

Tha Pk Gt sris ol il The safgle s submified ko B
b et fp cutede of B holdng e
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i s e e vy Pl T O e Do b e el s i adiey

Sample Description:  S2NE3N18-10-FD Soll HAVFALC EXWC
HNAVFAC EXWC ELLE Sample £: SW aT03186
ELLE Group &: 1365358
Projact Hams: HNAVFAC EXWC ER-201582 Matri= Sodl
Suomital DateTime: O7H&2015 10:00
Coliegtion DabaiTime: 0153172015 1200
S00GH: WWFI1-03FD
Dy Diry Dry
AT Dry Dhrtisctinsn Ui of Lissi o
s Acalysb Warme CAS Nosbe!  fegon Limir Dt ics Ll an H afon oOF
GC Petrodsum SW-B4E BO15D Rev.d, makg mgkg =gy mgkg
Hydrocarbons Junig 2003
1EM0 CilD2é L 18,000 T 220 1]
B L WD T 220 1] L]
1330 Total TPH L 18,000 T 220 1]
Tha Fokdifeg Girem e nol el Th tafiede st sibmmed 1o D
mbofatnfy ciitids of Ta holding e
Wiat Chemistry SM 2540 G-153T = % % =
“aMolsturs Cale
D311 Mobbiee L 10 [l ] oL ] 050 i
ekl fe nag it the ks 0 waighl of Te safmple alef cvan dfying et
103 - 108 degiess Cabdi Thi fomiluse fesull iesoted b oh ah
- ] B
Sample Comments
The ety b b Bollifg Bonl s i 1o afaBer bl S
[L =
Laboratery Sample Analysls Recond
CAT  Acalywes hame el Trisid  Balchd Acalysia Anaysa Dikstizn
1HEE  BTEX MTEE, Maghthslehs Ele-Bd8 00 i O BT ARA o1 0diE Padrick T Hafas =i ]
DEETE OO - Bul Scll Preg VLA SRS Modfled 1 1 HIDISHEES oG 1230 Apmslecda F. Sirgtas LT
DEET4 OO - Bul Scll Preg WA SIGEE Modfled 2 1 HIDISHEES oG 1230 Apmslecda F. Sirgtas LT
Dedad  (OCMWS HL Bull Sampla Prep VLA SRS Modfled 1 1 HIDISHEES OG0T 123 Apmslecda F. Sirgtas LT
10500 TPH-ORO solls C8C10 WA 30150 Fare d, i THISA W84 TSN 20Ed Jorairry G Gifln s 07
Juria 2003
01150 13C - Bulk Bol Prep B4 S5 Modfled 1 1 HIDISHEES OFGE1E 123 Apmslecda F. Sirgtas LT
14100 WA EPH Dol Sal ECY 97502 Wb EFH i THIE0ESA, oFEaniE s e Lahi B
14100 WA EPH Dol Sal ECY 97502 Wb EFH i THIE0ESA, O 213 A Lahi i
DSEE Wi~ WPH sl EGY 97502 Wb VPH i THIT 1A084 OFfSianie 1iid hichuslrs [ Raasi AT
DEdE Wi~ WPH sl EGY 97502 Wb VPH i 18I 18088 oS 15Ed el [ Rxasi E47T T
130 CiO-CDd, w8 SW-B4E 30150 Fore 4, i THI1DEE8A, OFETEiE &8 TirraSy d Ermvick ]
Juria 2003
11215 WA EPH Solls Extrasion ECY 97502 Wb EFH i THIE0ESA, OFTAGN1E DEDd Bridiay ' W arlauvresn i
13k Miciowirm Exl - TPH fmnges ENW-pa 3548 i THI 0G5S, OFTAGN1E DEDd Bridiay W' v arlauresn i
DAY Bk Gel Frectomton B 30T resifled 1 THIE0ESA, OTEEEN1E 133 Edhwin Oviz i
8170 00 - Bulk Bol Prep (VPH) B4 S5 Modfled 1 1 HIDISHEES OFEENiE 123 Apmslecda F. Sirgtas LT
11 Mobbiee B 250 G- 1007 i THIDENNGEE OFfidEnie s Wliliarn O Sacfres bal i
WAt ne ke
“=Thi bl waitd Loerd b B aval i bof 2 e Sral e
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Sampls Danau'q:ﬂnn: SINESNN 18-10-FD Saoll HAVFAC EXWC
HAVFAC EXWC ELLFE Sample £: SW aTD3187
ELLE Group #: 1565958
Pl'ﬂjﬂd Hama: HAVFAC EXOWC ER-201582 Matriz: Soll
Suomitial DateTime: OTHE2018 10000
Callegtion Dabaimime: 1312018 12200
SDGH MWFI1-DEFD
A Foncalvied As Raceived Ad Racalvid
[T Lt ef Lissit of
ﬁT Acalysi hamwe CAS Nosbe ‘;"_E'.""" Limir [ Qusntitaton OF
GC Petrodaum SW-E4E BO15D Rev.d, mahkg mg'kg E=glig kg
Hydrocarbions Juns 2003
A0 C0-LD4 fui & 500 a0l 4000 530 &0
AR RCDACEE fui WD a0l 4000 530 &0
A28 Tetal TRH i & 500 a0 4000 530 &0
Tha Foksifeg v e ol ol The te freke s Sl bmited 1o D
of T e
Laborabory Sample Analysls Record

CAT  Amalysis Hams Masttrcet Teiad  Baichd Aaalysila Anakyt Dilstisn
hc [Ipay - Fachur
1280 CAD-C24, w3438 SW-B48 B0NED Red, 1 1EATIE0A OTSLENTE 1424 Tirruty B Errvick 50

Jura 200%
13304 Wiciowire Esl - TPH fanges B4R 3548 2 1EATIE0A OTAGNE DEDO Bradhey i Vanlevessn 1

ESTCP Final Report
Project ER-201582 104 May 2020



= eurofins

Lancaster Laboratories
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Quality Control Summary

Client Hame: MAVFAC EXWC Group Numper. 1266258

Reponed: DRTR22018 14:53

Mabsbe GO rreay recl e rapeeiiesd F s Masant sargbe o sle-sgec e GO saimp s ware el submfied |60 Dase sfuafion, o wtale and la
Batedt vl @ LOBLCED was paibzimed nbeus ofhefesa & peclied o T el

&l incigarnic inkial Calirslion and Continuing Calibrsiion Blanis mal scceptabin mathod oilens s olfefsiss noted on e Analyih Regor

Analysis Karme

Baeh fufnber Ol ENITAAA,
Eafraim

Ehpiliere e

Mty Tadtmsy Butyl Etfer
Mg Hihaber

T ol i ol

Eyberim | Total)

Buateh puimber 182058 184
TPH-GRD ol CE-C0

Buteh nuimbae S0 100348
C0-Ca

wllal

Tutal TFH

Etch muinber 1205001688
b | T T L
w51 0E1E Aot
Pl HETE At
PO HE1E Ao mite
pid | Wity QLT
P IBEI Aot
g W TR T
ot B T TS

Eutch muinbes 1E0T00308
S-S
wllal
Total TPH

Eatch mumber 1837 158084
Eafraim

CE08 Alip e Hydiocaition
CAuCE Aliphale Hydiocaiboni
CEC10 Adiphall: Hysreoaito
Elfvpilviricens
Dyl ity bt

Toluar

o-Xylaim

i p-X vl

- Camsice of specTicadon

Method Blank
Fansail. oL LD L3
uahy ug/hg up'g ugfg
Barmphs furnbais) 0700184, G700 88
WD 25 100 =0
WO 50 1080 .1}
WD 28 100 =0
WD 50 100 20
WD 50 100 =0
WO 50 100 =0
g mgfng g kg
Barmple fumber|s] 0706184, G700 88
WD (i oa 10
Barmphs furnbais] 0706184, G700 88
WD an &n 12
WD an 1] 12
WD an & 12
Sarrple frorbeai|s ) 07 (78S G008
WD 10 | 80
WD s ] L11]
WD 10 | 80
WD 10 | 80
WO a1 & A
WD 20 &0 80
WO -1 12 i
WD 20 &0 80
Barmphs furmbais) 0709185 970087
WO an &n i2
WD an &n 12
WO an -1i] 12
Sarraple rurnbei ) OF G188, 5700188
WD 0330 iR L] 0580
WO 180 500 500
WD 0550 i ] 508
WD 0560 208 508
WO 00470 [iRE ] 0580
WD 00530 LR L] 0580
WO 030 iR L] 0580
WD 08510 iR L] 0580
WD iTET ] 0200 108

"-This limitwas used in Fe evaluaton of the final result for the biank

[1) The resul for ome or both delerminafions was less than free times the LOG.
(21 The unspiied resull was more than four s the splice added.

[3) The surmogabe spike amount was less than the LOD.
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Client Mame: NAVFAC EXWC
Reponed: D8/O22018 14:53

Quality Control Summary

Group Mumider: 1566258

Method Blank (continued)
Analysi Kame Faznhl oL LD Lo
it g ek kg
Bat=h it TE211A8E Sarnple fosrmbers] 070188 GT000 &8
CBC 0 ddiphal ke Hydrooa o WD 0560 200 5080
CBC 0 orml e Hydino il WD 036 1.08 508
LOSILCSD
Analysi Kame LGS S pilen LS LGS Spdha LGED LEE LD LCBACED RPD RPD
Patitd Cone B dad =0 RREC  WREC Lirmita LT
up'ky ughkg ugdkg vty
Bateh fusimiber 0 EN0TAAA, Barriphe faarnbeny) 070084 G700
Eafibaim 1080 e 1003 1073 08 ) 107 TT-13H '] 20
Etfrplhaiitens 1000 'RE R 1003 107148 i i TH-12 1 20
Wattyi Teftafy Bubyl St 1000 U5 45 1000 e Tr ] 100 73125 m 0
M il e 1000 'ealk: ] 1003 e 85 e i [~ S ] & 20
Tl ol 1000 oo 1003 1014 ] i 113 '] 20
Kb | Tovkal ) =000 1 B3 S0 A0 % 1] 1] TB-134 ] 28
'y kg sk meg
Baleh musimber 1820588 184, Barriphe rurnbeny) 0700084 G700
TPH-GRO sol GE-CH0 11 1134 11 112 L] i -1 1 50
'y kg sk meg
Bateh musimiber 1E30100388 Barmple fumnbeny) 0700084 G001
Total TPH 153 T30 44 ] &T.118
Bateh musimiber 1 E30500188 Barmple fumnbeny) 070008 G001
Pl ANE 1D Akt 40 i am il T T 137 5 50
A RE 1D At 40 X am ] T -} B ] B L]
Pl A2E 18 Aliphatic Bl B.EE -Nir] L1 B B3 LR 2 50
wlA2E 18 Aot 2 10030 12 0.5 B2 B2 FERE ] 5 50
BT Alphuats iz 1043 12 108 &T B Er-111 2 50
Pl BE A emitc 01 103 .o | . il 8 1 214y & L]
wl-C 54 Aliphat: 20 18 20 182 ] a1 Bi.134 1 50
wl-C 54 At 321 Rk < | S0 5 ' LRk 2 50
Bateh musimiber 1 E30T00308 Barmple fumbeny) 0700085 GT00IET
Total TPH 153 1185 BT &T.118
Bantch ruimier 183118004, Sarraphe fsrmbeia) OT0E0SS G700 a8
Eafibaim 253 1 25% k. il v Ti-130 1 50
CEOf Aliphate Hydiocaibon 5. 458 508 452 e} e To-130 2 50
CACE Aliphate Hydiocaibon 258 i 255 T4 il B2 Ti-130 5 L]
- Cagfside of specficaion
"~This limit was used n Fe evaluaion of the final result for the biank
[1) The resulk for ome or both delerminaions was less than five times the LOGQ.
[2) The unspiied result was more than four times. the spike aaddesd.
[3) The surrogate spike amount was less than the LOD.
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Quality Control Summary

Rl

-t e s

Cllert Mame: MAVFAC EXWC Group Numider. 1968258
Fepored: 020272018 1453
LCSILCSD {continued)
Analysis Blarme LGS &l LES LESE Splka LSS0 LCE LCE LESALCED
Aadvid Cone hddad Come WREC  WREG Limita
=gy mgkg mgikg g
CEC10 Alphilh: Hydrooniiesin e . 258 253 il i Ti-130
Efhpeitene Pl o T2 254 25 il 'E] T-130
W Doy Ety] wd bt pd T A 258 25 ia 2] T-130
Toluwar b1 i 284 25 ] i3 Ti-130
-dylare L i 258 28 in i T30
T, it b ol 10 455 510 4538 £ ' B 130
Bateh fuinbed 182115088 Barmiphe fmirnbend ] D708 B4 9700 B
CECT0 Akphille Hydioom i ] . 155 253 III 'E] 130
CECT 0 Aol b oo fiafn TET i) 2157 M ET BT 130
% 1 . 1 L ]
Bateh fuainibed 1EAME000EH Bamphe irnbend ] 07080 &8 97001 8
Bz iatu e gl5 B4 100 £0-101
MSIMSD
Urmgiond | IEPE) = e sample vied i comjuieion with D el b s
Analyshs Harrm Uien pibusdd WS Spika 2] MED Spihn MED -] S0 HEMED
Cone Aadcbad Cone Bdded Cone e e L bt
Batch s 1H20100088 Barmphs fosrnbai]s ] 0700184 G700 188 UNESPH WP
Total TFH TOTEE A1 133 DTS =118 [ ET-115
Batch numer  1E0T00G08 Sampls mambaia] 07 0S5 ST00IET UNSPE 9700185
Total TFH [l 133 TEE 8 =1343 13 ET-115
Laboratory Duplicate
B giowred] | B | = T sanipha cses! i cenjunclof sth T dusicata
Anuipys Me—a B Come D Corme DwiP FeD DUPF BRPD Max
gy =gty
Bateh furmbeed. 100100384, Eafphs numbar)s ) 9700784 DR001 88 BRG0P0
i i 1071008 il L] 1 F.i
wE T WO MO 1] a
Tzt TPH 1072511 VDRS4S 1 a
Bateh rurmbed. TEFOE00TEA, Eafphs numbar)s ) 9700784 DR001 88 BRG0P0

'~ Cufiside of specficaion

"'-Thiz limit was wsed ik e evakestion of the final result for the bank

(1) The resulk for ome or both delerminafions was less than free tmes the LCG.
[2) The unspiioed resull was more than four tiees: the spike added.

[3) The sumogabs spike amount wears less than the LOD.
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Client Mame: MAVFAC EXWC
Repored: DR022018 14:53

Guality Control Summary

Group Numier. 1966255

Laboratory Duplicate |{continued)
Baiground [ERIG) = B [E ] =1 Tha I
Anaiyes Ne— B Com: D Cans D R DIUP RPD Max
ek =gy
w21 0012 Aliphtic SaET B SEaT M 4 =
Wl 0512 Erormie = 7T & =
212018 Aliphiatic 4017 83 i) I e 2 .
wI12-018 Arormic 128047 110747 7 -
wE18-CF Aliphtic ] 143 02 &1 .
e [ Ry T T T B 17RO i1 =
w105 Aliphatic WO MO 1) =
e Wy TR WO MO 1) =
Babes furmbaed. 1207 00E0A Eafmpha rumieris ) 9700188, 07NET BRD DP0Onas
i b Ea 981338 Digd 0 & i
pi= e WD MO TR i
Teial TFPH S88.08 D188 45 & i
= k]
Baled Aiurmbad. 1 EI0ENOIMLE Eafmpha numBasta) 97007184 0700188 BHG DP0O84
omalare ] 241 3 -1
Surmrogate Quality Control
EusTos e wisch afe K ol tha 35 aia # Lirt bt i

tribined o dilslion of carwise roled on B S s Repen.
Anahyils Mame: BTEX, WTEE. Maphiilera

Baitesh rusinbea (01 E0T 344

D#rormduorasabam 1 2-Deiiiroaluned Tolsre<H L et
SR LD SR LOD WRee LOD Sies LOD
[l [ 1] ivghgl (gl

s T T2 @) BE 240 (3] TE 24 (3]
Ui B -] D81 (3 BE I (3 BE 80 [E) -] ]
= ur 250 (39 T D503 ] 2501 (%) 1 Q5
LE& 4 D50 (&) D4 DB (E) BE i T -] BE3§5]
L350 04 35D E) L) 250 (3 ar = el ] W 250 (3
Liits TE110 T1-138 BE-118 119

Analyubts Mame TRPEGRO sols CEC10
Batech rusinbee 182058 104
Tilmohoh
LT ]
[ H]

] [ T

= Cufside of specficafon

“-Thiz limit was used 7 e evakeaton of the firal resull for the Hank

{1) The resul for o or both delsrminatons was less than free tmes the LOQ.
[2) The unspiiosd resul was more than four tmes the spike sdded.

(31 The sumogabe spike amount was less than the LOD.
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Envnmental Analysis Report

B e oo ome. s P e 0 ] i e n o Dol L - e i i sy

Quality Control Summary

Client Mame: MAVFAC EXONC Group Mumber. 1866255
Repored: D80220138 14:53

Surrogate Quality Condrol |continued)

s Togae ferwar i wisch i ol s O3 win [ [T
aEribubed to dilslon of cherstse reled on B Sk Papei

Anabyats Mame TRPHORO seil CB-C1D
Batch fraimier 182058184

Tillaokod mre-*
SR LOD
|rghg)
R 105 EE
Eeami 'k h T e
L ur h T
L0 [ 105
Lirits 5142

Anilyubs Mame O 05N, »02-58
Batch frsinibest 1820100348

Chirolmesr Ortwirphard
SR LOD SR LOD
|rghg) [ ]

OO &S £ A 18 18 &)
00 & L S §. N 111 18 (%)
Edunnh 110 03 10 03k
Duw AT A 1 18 &)
LCE 138 0358 111 ]
[ 412* 183 18 18 {E)
Lirits S 5T abEE

Anilyibi Mama Wil EPH Dol Sall
Batch frsinibes 1820500188

Lol 1 achies iochnbssn
SR LOD e LOD
|rghg) (g

FRTIET 00 s k| EITET]
PRl T UE T -1 abig
= a3 a8 - F 20
oue L8 2043 T2 40 (3
LisE - 1 a8 a2 28
LiED 5 2 a5 20
Lirits Z-115 R KN

Anilyubs Mame O 05N, #0258
Batch frsnibest 1820700308

"- Cufiside of specficadon

“*-This limit was used n e evakadon of the final resulk for the biank

[1) The nesul for ome or both deierminaions was less than five times the LCGQ.
[2) The unspilvsd resull was more than four tmes the splke added.

[3) The surmogabes splke amownt waes: less than the LOD.
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9.0 Appendix C: Transmissivity Calculations

Transmissivity rates were calculated using ASTM LNAPL Transmissivity Standard (E2856-13)
Equation 16 (applied under Section 8.3 Data Analysis — Long-Term Recovery System Data)..
Average transmissivity rates were calculated over four active recovery phases conducted at the site
since 2007. In addition, average transmissivity rates for select individual wells where product was
recovered during the last free product recovery event in 2018 during the 4" active FP recovery
phase were calculated as well. The equations, assumptions and detailed calculations are included
below.

Lo (32

—— W’ (ASTM E2856 — 13 Eq.16
o, ( q.16)

Where:

T, = LNAPL transmissivity (ft*/day)

Q,, = measured LNAPL recovery rate (ft*/day)

R,; = radius of influence

1, = well radius

Sp, = LNAPL drawdown (ft)

Note: the term In(Roi/rw) can be assumed to be 4.6 (ASTM E2856-13 Section 8.3.1.5)

9.1 References:

ASTM Standard Guide for Estimation of LNAPL Transmissivity ASTM E2856 - 13

Calculations continued on next page.
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9.2 Average Transmissivity Calculations for Free Product Recovery Periods
Example Calculation — 4th Free Product Recovery Event (10/17 to 12/18)

Qnln (%) 0.020 (ft3/gal> * (4.6)
- 2TSy, - 2 * (0.4 ft)

T, = 0.04 ft?/day

Assumptions:

Q,, = the average free product recovery per well over the entire free product recovery event.

Note: Qn was calculated based on the total cumulative amount of free product recovered during
the entire free product recovery event divided by the total duration and the average number of
wells in operation during the active free product recovery phase. Please see detailed calculation
and table below.

3 3
LNAPL (gal) = 0.13368056 <ft gal) 1973 (gal) = 0.13368056 (ft gal)
On = t (days) x avg. # of wells - 427 (days) * (30)

3
= 0.020 (ft

day)

In (?): 4.6 (based on ASTM Standard E2856-13 guidance)

s, = drawdown determined from difference between LNAPL thickness from start of free product
recovery period to end. Please see the table include below with the average drawdowns determined
for each FP recovery period.

Tabulated Results
LNAPL Recovery | Duration r:ijé:;% d Wells in Qn s In(Roi/rw) (ftgcllla )
Period (day) (zal) operation | (ft}/day) | " y
15¢ (4/07 to 11/08) 568 2,312 18 0.030 |04 4.6 0.06
24 (8/09 to 3/11) 568 3,214 21 0.036 | 1.0 4.6 0.03
374 (5/12 to 11/13) 539 1,828 21 0.022 0.3 4.6 0.05
4t (10/17 to 12/18) 427 1,937 30 0.020 |04 4.6 0.04
ESTCP Final Report
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9.3 Average Transmissivity for Select Wells During December 11, 2018 Recovery Event
Example Calculation - Well GTI-10

Qnln (5—;1) 0.099 (ft3/gal> % (4.6)
=~ 2ms,  2m+(0.03ft)

T, = 2.426 ft?/day

Assumptions:

= the average free product recovery per well over the entire 4" free product recovery event.
n g p yp p Yy

Note: Qn was calculated based on the total cumulative amount of free product recovered for each
well during the entire 4" free product recovery event divided by the total duration. Please see
detailed calculation and table below.

t3 £3
LNAPL (gal) * 0.13368056 (f gal) 318(gal)*0.13368056<f gal)

On = t (days) - 427 (days)

_ ft
= 0.099< day

In (?): 4.6 (based on ASTM Standard E2856-13 guidance)

s, = drawdown determined from difference between LNAPL thickness from start of 4" free
product recovery period and average lower thickness observed for each well through December
11,2018. Please see the table below with the average drawdowns determined for each well during
the 4" Free Product Recovery Event.
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Tabulated Results

Well LNAPL Recovery | Duration r&cN()é::](: d Qn . In(Roi/rw) Tn
Period (day) (gal) (ft3/day) (ft*/day)
GTI-10 | 4™ (10/17 to 12/18) 427 318 0.099 |0.03 4.6 2.426
GTI-11 | 4™ (10/17 to 12/18) 427 50 0.016 |0.40 4.6 0.028
GTI-5 | 4% (10/17 to 12/18) 427 18 0.006 | 1.11 4.6 0.004
GTI-9 | 4% (10/17 to 12/18) 427 9 0.003 | 0.59 4.6 0.004
FF-4 | 4™(10/17 to 12/18) 427 62 0.020 |0.23 4.6 0.062
ITSI-4 | 4% (10/17 to 12/18) 427 200 0.063 | 0.31 4.6 0.148
ITSI-5 | 4™ (10/17 to 12/18) 427 113 0.035 |0.15 4.6 0.173
RW-3 | 4% (10/17 to 12/18) 427 123 0.038 |0.36 4.6 0.078
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10.0 Appendix D: Risk Calculations

The following calculations were derived from Jacobs (1999) and The Risk Assessment
Information System Guidebook (https://rais.ornl.gov/tools/rais chemical risk guide.html).

Equation 1:
HQ = ﬂ
RfD
Equation 2:
Hirora = ) HO
Where

HI = Total hazard for a specific exposure pathway
HQ = Hazard quotient for COC

CDI = Chronic daily intake

RfD = Oral reference dose for the toxicant

Calculations for Excavation Workers (Soil; subchronic)

CDI for incidental ingestion of soil (non-carcinogenic; Equation 3):

-B
myg 20 days 330 my 1077 kg
CSD”[—JXEFEW[ xEDEWU year)XIRSEW . =RBA=| — 2

kg year ay 1 my

col (mofkg-day) =

& 50111 - ing 365 days

ATEW'a[—year = year)]xawew (B0 kg)

CDI for inhalation of particulates emitted from soil (non-carcinogenic; Equation 4):

+

1 1
3 3
I I
WF_|—| PEF, |°—

g 20 days 8 hours 1 day
CSU”{EJXEFBW[ year xEDEW [1 year)xETeW day : 24 hours )

365 days
AT o a [WKEDEW [1 year)J

Col

3=
ew-soil-nc-inh (mgfm )_

Dermal exposure (non-carcinogenic; Equation 5):

2 £
mg 20 days 3527 cm 0.3 mg 107 ko
CSD”[—]XEFBW[ Tt =ED,,, (1 year)=8A_ Tay <AF 7 |<ABSy=| = o

kg cm

CDlgyy spilne-der (mgfkg—day)= 365 days
Alew-a [ year *EDg,, (1 year)JXBWEW (B0 k)
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Incidental ingestion of soil (carcinogenic; Equation 6):

-B
myg 20 days 330 my 1077 kg
Csoil[EJxEFew[ oo =ED_, (1 vear)xIRS_ Ty =REAX T

ol

ew-sail-ca-ing (movkg-day) =
AT

365 days
B

=LT (70 years:I] B, (B0 k)

Inhalation of particulates emitted from soil (carcinogenic; Equation 7):

1 1
+

my 20 days 3 hours 1 day 3 3
CSC‘”[E}EFEW[ year xEDE\N(1 Year)XETEW day |20 hours)” W, r;_g PEF,, r:_g

3=
CDlowy sakca-inh [pgfm ]_ 365 days

1 my
AT ————=LT[70
EW[ oar years)]x[WUUHQJ

Dermal exposure (carcinogenic; Equation 8):

2 e
g 20 days 3527 cm 03 my 107 ky
Csun[k—g]‘EFew [—Year <ED_,, (1 year)xSA_ ~ <AF, — *ABS x| — o

Dl ; (mgfkg-day)=
ew-soil-ca-der
365 days
AT, [Ye—aryxu (70 years)]xawew (80 kg

References:

Jacobs, B., 1999. Guidance for Conducting Risk Assessments and Related Risk Activities for the
DOE-ORO Environmental Management Program. BJC/OR-271, Oak Ridge, TN.

The Risk Assessment Information System.
https://rais.ornl.gov/tools/rais_chemical risk guide.html. Accessed January 28, 2020.
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11.0 Appendix E: Field Reports and Photographs

e BROADBENT DAILY REPORT

Page s of !

Project: _AAS A llom Project No.: _Ae ~p2 - /50

Field Representative(s): Mm Day: %#E—Eﬁ?__ Date: ,‘,.{fg-j’;a-

Time Onsite: From: J$5¥ To: ;/9C ; From: Tax: : From: Ta:
=~ Signed HASP o Safety Glasses = Hard Hat _Ac Steel Toe Boots 4~ Safety Vest
____ UST Emergency System Shut-off Switches Located £ Proper Gloves ___ Dmum Count
___ Proper Level of Barricading _ Other PPE (describe)

Weather: ,&MM L, coet

Equipment In Use: _ a4

Wisitors:

TIME: WORK DESCRIPTION:
730 AR T quds
I Aerwe - Frrs 1 D pA5cE  mp  oEgruss aulre. PAT)

22 HEET vy MEE E\TEpan) AV AN, dud  HEE ATmemmans
{ GrmeTvede ,#;,f:uszﬁ?u;.,_}
L) At A7 TN SyE . rag eaTE S ET Y RCieA it

—_—  Sriw ¥, S7E wAvie
i e Tt ,ifzﬂ-#’&‘f? Py f#‘?}h’kﬂ% P R N T
o W2 P 2

o -

i : o i L .-..-.-!'.fi-_..-.-... el =
L fta e {6’-;: A éﬁﬁ&-‘n&r:, e ) ém'-‘r..u (Hasfogs o uy ‘Fﬂﬁfm, ::'
'&M{-ﬁf Fﬁ '.‘:"{'_..l': pted
L5 =T~

ezl 0 NFE S 00 B
_.._,-‘1
, 7 e
Signature: r “ [
Fevigion 1015507
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eBmMBBENT i
Page of
Project: Fallon ~ A4S SitL Project No.: Jip - 0L—17D
Field Representative(s): orer b . J Day: : Date: 'f@{ug
Time Onsite:  From: pgee To ; From: Ta: ; From: Te:
Signed HASP Safety Glasses ~ Hard Hat o Safety Toe Boots . Safety Vest
UST Emergency System Shut- off Switches Located Proper Gloves Drum Count
I Prnper Level of Barricading e Other PPE (describe)
Weather:
Equipment in Use:
l_‘ul'isitu rs:
CALIBRATION LOG
Auto  Temp: 42,9  FF Conductivity: &, ée mSfem  DO: g2 mgfl
Flow Cal. pH: Yoo ORP: Zgg my Turbidity: e,e.  NTU
Cell: Drift  Temp.: 25,5 Conductivity: 4,32 mS/cm DO: L.gr mgfl
Check pH: L, 26 ORP: - ) Turbidity: 3. > NTU
TIME: WORK DESCRIPTION:

_Ok00 _Spp tnat  secuplity

081C Step by e atroy wieada | A eoadtm ent

oFrs e spe L.
08 % st welK bo  [deadtty  Loells
Of ke i wpttr fewe! mﬂiu}tmnd-j
o9uZ Jamg [} T-le

S5y _ég-mvr ﬁ-ﬂ-m{.uu P Bl &

TR Beatn ﬂgmh‘-m Gn-8

dizy _ﬁﬂm_iunnlrh A -5 4

ot

Rewisien! 037 L&'I017

Signature: M
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e BROADBENT

DAILY REPORT
A

Page s of

Project: M DS At

Project MNo.; _‘/éﬂ oy

Field Representative(s):

e : Day:

Lnkes

Time Qnsite;

From: g23d To:

Date: 3 / {}_'E

: From: To: ;f Frorm: To:

JC Signed HASP

___ Proper Level of Barricading

)< Safety Glasses 4L Hard Hat
LUIST Emergency System Shut-off Switches Located
___ Other PPE (describe)

AL safety Toe Boots .  Safety Vest
e Proper Gloves Drum Count

Weather: g/

Equipment in Use: Zweey aerd .I{F'F’gm .

Visitors: Tieghds  Eedss Sotetey 7 v

CALIBRATION LOG
PID:  Fresh Air: ppm Span: ppm
TIME:

WORK DESCRIPTION:

B SawplE  ME - |

£ e o AE -
/o5t S LT A E -
s e g E T T

LIsP  5EPmols AE-3

Baslgon D18/ 300T

Signature: f%ﬁgg’
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GROUNDWATER MONITORING SITE SHEET

e BHEABBENT Page of

Project: MAS m Project Mo.: se=~02~139 Date: ;;/sd/,:f
Field Representative: iﬂuiﬁ-ﬂﬁq / YRS Elevation;
Formation recharge rate is historically; High Low (circle onel
W. L. Indicator [D #: Oil'Water Interface ID #: iList #5 af all equip used.)
WELL ID RECORD WELL GAUGING RECORD LAB ANALYSES
= =l f=—3 E —
sf 33| 5|l & 2 | B2 % €
g B iz B 3F| 9| § % |z5S| & | _%
Poorgy Bl i
JRINIBIEED LR B
o ~ 4 - | - |oes) 2o 3 933 i
S+ FF-| 2 o T |egsy — - 817 %9
ITs1-¢ - ¥ 1 - = |ogsa 11BY oB] Vg8 -
GT/-9 - Y = = | 0fes Q.02 55F 10,37 =
FF-3 H 4 - |- |et1# 953 0.04 957 -
6T~ |~ s = | 524 943 o029 936 | -
GTi-lo {*‘z-,,-,ﬁ g | - - |0925 B vg 025 ez -
TTsf- 4 — | 4 | - — |6t 1B .33 1249 —
G'If- s | Y - - |09z -~ - 1935 5.2
6-11' -t T | ¥ - fosg"| = T ey b7
¥ z - fopg | ~ — @04 jz.2
GTf-¢ 3 H ~ M+ - = 4oz (532
Rw-£5 Yy | & @~ 1226 428  gheen 925 (625
* Device used to measure LNAPL thickness: Bailer Oil"Water Interface Meter {eircle one)
If bailer used, note bailer dimensions (inches): Entry Diameter Chamber Diameter
Signature: M Revision: 1/24/2012
ESTCP Final Report
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e BROADBENT

GROUNDWATER SAMPLING DATA SHEET

Page of
Project: Ajas Fadlen, ~ Project No.: f.-'ﬁf‘; 1 %) Date: F
Field Representative: /a1 Singe ¢ (cafias /éf,,;.—,f,_, }péﬁ,, 1 Start Time: 5472 End Time: & 3
welllD: G771 5~ { Total Time {minutes): d
|PURGE EQUIPMENT
(AMOUNT USED) ____ Disp. Bailer 130V Pump __¥ Flaw cell Oiher/IDR:
| Peristaltic Pump Water Level
i Disp. Tubing Tubing _i Peristaltic Pump Indicator Other/iDg:
_ﬁ_ Dil"Water Intreface Probe ____ 13V Pump _____ Farrous harn Kit Ak afinity Kit
WELL HEAD INTEGRITY {cap, lock, vault, etc.] Comments: i
Good Imiprovement Needed (eircle one)
FURGING/SAMPLING METHOD  Predetermined Well Volume  /Tow-Flght  Other: |cirlce ong)
PREDETERMINED WELL VOLUME [T = LOW-FLOW
Casing Diamater | Unit Voleme (galfft) [orcle one) - Preyious Low-Flow Purge Rete: {gpm}
1" | (0.04) 1.35" | (0.08) 2| (@17 3" (0.38 Other: Tatal Well Degth (a): e T -2 ]
4" |{e66) & | (1500 8"|(2s0h 12"[{581__"I(__) a ] b Initial Depth to Water (b): ‘5_",. 35 (e}
Total Well Depth {a): [ftl H Pump In-teke Depth = b + (a-b}/2: £2 ,-3£ )
Initial Dapth to Water [b): e} = ¥ Z | Maximum Allowable Drawdown = [a-b)/8: 5 75 [ft)
Watar Calumn Height [WEH] = |2 - b): {ft) = Low-Flow Purge Rate: 7 { {gpm)]
‘Water Column Valume [WCV) = WCH x Unit violume: lgalh| | Comments:
Three Casing Valumes = WOV x 3: lgal H
Fivee Casing Violumes = WCV x &; fgly v H “owe flaw parge mubr shoais be withis mepe of inrrvmens used bt showd ot
Fump Daepth {if pump wsed): {Fth Facewd 0L75 gam, Drawsiown chous sor sxceed Mnsmam Alswobie Drvweams.

GROUNDWATER STABILIZATION PARAMETER

RECORD

STABILIZATION PARAMETERS ADDITIONAL PARAMETERS
Time Curnulative |Temperature [ pH & Conductivi] %D one DO Turbidity TOS Comments
(24:00] | Valume {gal] A £0.36°F #01pH | [mSfem) EL mv] {mg /L) INTU] {efL}
[ fool | & [ sc. 9| - [7.7%] - |ewyg | - |-239| 2.36 | 43.2 | ez
(ore grs |5/ |782) 009 |€.21| ey |[-25C | log | 4L ¥ 1.90
tert | | NGt |t |ZPY |02 | 6./2 |l |m26T | 25 | 477 | G
O L4 ¥ oz |33 |eoo oy ot |-267 [toz | o |3.35
| /t/ta -5 |oF |25y |00/ |Gl |k |-2e% | /.72 2o |37
A‘B’ J25 lerg oy |45 |00 |02 |oge |-2& | e [4.7 | 383
RARD = 200K %
etz tiabiised Pacanmen, - = |
PURGE COMPLETION RECORD _‘L Low Flow & Parameters Stable  __ 3 Casing Volumes & Paramatess Stable 5 Casing Velurmes
Other:
SAMPLE COLLECTION RECORD GEOCHEMICAL PARAMETERS
 Dapth to Water at sampling: _ 4+ /5 im) Parameter Tirne MM!M
Sample Collected Via: ___ Disp. Bailer _fl)adh:ite-d Pump Tubing Ferrous Iron {mg/L) .-"’f
:.&Di:p. Pump Tubing  Other: - Alkasinity (mgfL] / ' 0N
Sample |10: Sample Collection Time: /X0 {24:00) Other: J,,-f‘f
Containgrs i VOA [ % preservedor_ unpreserved] _ Liter Amber MEMD AMALYTICAL
2 Other: V0 b Al ____Drher: J}El/_ other:  EPH J”VP‘{;
_ Othee: _=|':I|hur: MTBE ____ Orther:
Slgnature:M Rewision: 3/16/2017
ESTCP Final Report
131 May 2020
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e BROADBENT

GROUNDWATER SAMPLING DATA SHEET

Page of
Project: }J A< MM Project No.: ez =130 Date: Wgr_ _
Field Representative: g\rﬂm / /giuh StartTime: ecu End Time: /92
WelllD:  &v (- ;5 Total Time (minutes): 51~
[PURGE EQUIPMENT
{AMOUNT USED) ___ Disp. Baller 13V Pump 4 Fiow cot Othae/iON:
Paratalt: Pump Water Leve!
I o, Tuting L Tubing K persaticpumo ﬂ Incicator Omer/iON:
Ol Water Intreface Probe 12V Pump Farrous lorn Kit Alkalnity Kit
WELL HEAD INTEGRITY (cap, lock, vault, etc) Commaents:
Goed Improvement Needed feircle one)
PURGING/SAMPLING METHOD  Predetermined Well Volume  Low-Flow  Other: (cirkn ona)
PREDETERMINED WELL VOLUME
Casing Dameter | Unit Volume (33,71) (circle one) ]
1°110.04) 125°| (008} 2*|(037) 3°[{0.38 Other: i W
4" 10.65) 6" |{150) & |{260] 12"|(sE1__*|(__) . b | et Depth 1o Water o Se/Y m
Total Wel Depth (a]: n} l Pump in-take Dapth = b + {a-b)/2: SE4 z (R
initial Depth to Water (b): ] X, | Maximun Alowable Drawdown = (ab)/8: 2,73 (R
Wister Column Helght (WCH) = {a - b): JEN— Low-Flow Purge Rate: .08 )
Wister Columa Volume [WCV) = WEH x Urit Volume: (gal) Comenants:
Thiree Casing Violumes = WV x 3: —_— lgan
Five Casing Volumes = WOV x 5: R 1 | FLovae Soss FUDE FEIR BAo it B ST AARE o BT PEATE wied u® v el
Pump Depth (if pump used): _Il't]L v [#rored 0 13 pam Droadoms wiaadd 100 £r0ned Mannan Aeiti Msetes
GROUNDWATER STABILIZATION PARAMETER RECORD
STABILIZATION PARAMETERS ADDITIONAL PARAMETERS
Time | Cumulative |Temperature] a aH & uctiviy]  ware Onp Do Turbidity Comments
{24:00) | voluma fgal)] () £0.36 °F 20.1pH | (mSfem) | 3% i img/t} INTU)
AO) 2o | v 2% - Y2z | = -0 loo% lz4s o
Wid $3F _ _Yo.¥ |35t |00/ ey |utr |-233 |2.990 |7b./
Yo ¥ | 3.9 lol [3.9% 009 1280 |rw0.7-v0/ |935 (30,5
0L B A% L Dy D Pe|pof i_%’ .3 | 258 2o |48
Mo i b | oo |95 |owl 222 247 |18% |o.eo2 3(%..-...4.’
A b0 P.0 {393 loez J2/ ) |50F ¥242 loo2 |13 €
s 659 |od 7.0 o003 /ite |23 |-3Fe looo |3%te
25 o5, & |24 7y loer-le¥ |4/7 [ lppo |7ev |
W75 e3> o &7 |eeor |2t |3Y 34T o vy |34
V74 - itz oo 17.32 lo#? /7.3 12231372 lo32 |%.v
il dy fow |7¥te |02l WP |asF| 3P |ovo |35.9
w23 | |45 |62 les B¥e| peo |75 |oxa |39y |0 |50 war0  sogs e~ e
Proviow Seabikoed Parameters
PURGE COMPLETION RECORD ) Low Flow & Parameters Stable 3 Casing Volumes & Parameters Stable 5 Casing Volumes
Other:
SAMPLE COLLECTION RECORD GEOCHEMICAL PARAMETERS
Depth to Water at Sampling: _ /0.4 m Parameter Time Messurement
Sample Coflected Via: ____ Oisp. Balier _ Dudicated Pump Tubing Ferrous lren (mgh)
0o, rump Tubieg  Other:  Aalinity (mg/) I N
Samplein: 22L& |3 - plIR /Fpunm Coliection Time: __/(23 _(2:00) Cthar
Containers ___VOA {___ preservedor _ unpreserved) _ Litar Amiber REQUESTED ANALYTICAL
__ Other: ____ Other: oTEX Other: Sk
........ Other. e — MTBE Other:
Signature: Ravision: 3/16/2017
ESTCP Final Report
Project ER-201582 132 May 2020



e BROADBENT

GROUNDWATER SAMPLING DATA SHEET

Page of
Project: Project No.:  ,ifps —r s Date: f,}x'g,ﬂ /{’3’
Field Representative: f‘m £ 1’.:_,]/ f rdfpd Start Time: A7z End Time: [2Ld
Well ID: a1 % Total Time (minutes):
PURGE EQUIPMENT
[AMOUNT USED) ___ Disp Bailer _ 130% Pumg 0 powee Dt/ ID1E:
Perstaltic Pump Waber Lewal
15 bisp. Tubing _ L Tuting ¥ penistaitic Pump __ Indicster Other/\D¥.
__r};_ DilWanar inireface Probe 13V Pump __ Ferrous lom KR _ Alkaimary Kn
WELL HEAD INTEGRITY {cap, lock, wault, #te,) Comments:
Good Improvement Needed feirgle anel
PURGING/SAMPLING METHOD  Precetermancd Well volume  Low-Flow  Other |cirkca one]
PREDETERMINED WELL VOLUME | LOW-FLOW
Casing Diamater | Uré Volume (gal/#] foincle ane) Prignd s Los-Fline? Puings Rate: [gpm)
1°[ jaoa) 125" | 0.08) 2| (D7) 3" | (038 Other: b Tatal Well Depth [a): 35'{3-‘_, (i)
4" | 0.66) 6| [1%0] 8% |{2E0] 12*|[s81_ | a initial Depth to Water [b]: _Eyg ¥t
Teqal Well Depth [a): ] Pumg in-1ake Depth = b & (a-b1f2: £ 24‘.?’ [t
Initial Depth to Water [B]: ] - - | Masimum ARcwabie Drawdown = 808 g9 IR
Water Colummn Hedght {WCH) = [a - B]: iftl Law-Flow Purge Rate: 2.1 {gpn] |
Water Column olume WOV = WiCH x Unit Valumss: 1gall Camments:
Three Casing Vialumes = WOV x 3: 1eall
Five Casing Vaolumas = WV x 5: gall TLawe e purpe ron thaid be wirhen revge f MImwrese) uses Bat sheves pod
Pump Depth (i pump used]: —— [t) £ed ILTY pam Drowsosst daald asr o nsed Sécubrum diksegbis fis sisan,
GROUNDWATER STABILIZATION PARAMETER RECORD
STABILIZATION PARAMETERS ADDNTIOMNAL PARAMETERS
Tiene Cumulstive (Temperature] & | pH | & [ronductivi]  seen ORF [iTs] Turhidity 0% Comments
24:00) | Veshume (gal) {'F +0.35 °F w4 pe | (mSfom) £ v | (mgi) [NTU) el
w0 | 7 1ed 3 | —TFe | - |3w? | - et |ede | 47 |23y | sdeem om
_éE‘lf f 69 e 233 oo 1355 |49% F3vy 220 | By |20 |pargesd
e | 9.0 bz 331095 154 /o] (-3 | gwp |afele |21 :i
f206 L &?; g, 230 |po L |37 _g,_g-q -Fe |peoa |E2F - 2020
rZoy | /-0 L 2.0 Vg lpot |39 [029 |-3es | @0e [Ty [2-20
[ [~ AT tlm%
Jrroseoun toted s Fammrtes 1 - [
FURGE COMPLETION RECORD _,hl.:--mmrﬁ Parameters Stable 3 Casing Volumes & Parameters Stable  _ 5 Casing ¥aolumes
Diths:
SAMPLE COLLECTION RECORD GEQCHEMICAL PARAMETERS
Dapth to Wales at 5 {[4) ':"'Ef (53] Farameter Tine Rdeasuremaent
Sample Collected Vik: _ Disp Bailer _ Dedicated Pump Tubing Forrous lrom |mefL) N
=L_ Désp. Pump Tubing  Ogher: Alkcalinity {maiL)
Samplain:_&1 - & T g-pi) & Sarnple Cobection Time: 121§ j20:00) iher:
Containers _F_wOA (B preserved or _ unpreserved) _ Liter Amber REQLESTED ANALYTICAL
2 oter Sodml Ambrr Ot BTEX gther:  EPW PH
__ (Dthes - ____Diher: MTBE - QOther:
Signature;’./g o M Aevision: 3/16/2017
ESTCP Final Report
Project ER-201582 133 May 2020



e BROADBENT

GROUNDWATER SAMPLING DATA SHEET

Page of _
Project:  AAYS Ladion ProjectNo.:  fg-e2-/3p Date: , /¢ V=
Fleld Representative: S‘Llwu__aﬁi__ /‘;ﬁ_&?{’i Start Time: yond) End Time: :r; a2
Well 1D: J.;'_Lu o A Total Time (minutes): 29
[PURGE EQUIPMENT
(AROLUNT USED) __ Disp. Bailer 120V Pumg _{ Flove Cell CtherfiD:
Peristaltic Pump WEbEr Lénvel
(% _ Disn, Tubing & Tubirg __f Peristaltie Pump _ wadicatsr Othorfing:
_ | oilpwater Intrafice Prabe ___ 12 Pumrp Ferrous lorm Kit __ lkslirity it
WELL HEAD INTEGRITY (cap, lock, wa i, ate.) Comments:
Goad Improvement Needed feircle onel
PURGING/SAMPLING METHOD  Predetermined Well Volume  Low-Fiow  Other: [zirlee ore)
PREDETERMINED WELL WOLUME . LOW-FLOW
Casing Diameter | Unit Vobume (galft) feirele ane) Previced Lowe-Flow Punge Bate: lignm]
1% | (00ap 125° | pooey 2% | (017 37| (038 Otker Tatal Well Degth [a): i
4% | pOBEN 67 | {1.50] 8| (ied) 1x*|{sBa_ "|{__ ) a ] b Iritial Depth to Water [): ?, 28 [t
Testal Wil Depth a): ot B Pump in-take Depth = b # {2-blf2- P Py
Inittal Depth fo Water &) ) E—Ex | Madmum Alowabie Drawdawn = [rhﬂl:ii‘-_j—" [¥t]
‘Water Column Height {WOH) = [a - b i) B Low-Flow Purge Rate: _Iﬁu,lﬂ:"' [gpm)
‘Water Column Walume (WCV) = WEH x Uinit Yolume: [gal}) = Comments:
Thwee Casing Vakemes = WOV & 3: fial} H
Fhem Casing Violumas = WOV « 5 lgalh - “fuePese e sal ¢ shavd be s ronge of strumen L sand bur dboude nat
Pump Depth (i pumip used): e} ¥ o erceed 035 gam. Drowsioun caski 45T sscens Ao Alswoble Brevedsen
GROUNDWATER STABILIZATION PARAMETER RECORD
STABILIZATIOMN FARAMETERS ADDITIONAL PARSMETERS
Time | C Temp o & pH 8 onductiviy R CRp po Turhidity Camments
(24:00) | vabume {gal) I°FI #0.36 °F t0.1pH | [mSfem| EE ] [Fid) (L) |NTu]
e3e o [Zh3 | - [fu| - [/AY | - FFs |ons [Ci.0
2 4T | (295 |04 [Biel .07 |r7. 9 |vsl |-um9 |00 |f3. 9
M3 pir ot |FI¥ (o0 /%0 |48 |-YoD |owd [ez.
21> GF it [Feo [pov [jpn |l |41 |00 [sw.0
A bl |ox R g e | “or lpse |s9
y=% L AR |pe TR | pom ;5':3 5§1{ -4nd |laoa |st.de
ri1 edy  |g.o 9| a0 [T frF | o0d 53]
233 | A el fpoz- IEgale ol [Bd |05 |- love [593
SAPD = 2ay T
P revicius Skabilived Perameters
PURGE COMPLETION RECORD ’.;,'E Low Flow & Faramaters Stable 3 Casing Volumes & Parsmeters Stable S Casing Volames
___ Other:
SAMPLE COLLECTION RECORD GECQCHEMICAL PARAMETERS
Deprth to Water at Samipling g,68 [i14] Parameter Time Measurement
Sample Collected Via: __ Disp Baller _ Dedicated Pump Tubing | Farrous bron |mElL)
_F Disp. Punp Tubing  Other Alkalinifty {mgfL)
Samiple ID; sample Collection Time: /35 i {2a:-00) Gther:
Containers _"LADA {_pf preserved or___ unpreserved] ___ Uitar Ambar REQUESTED ANALYTICAL
L mw __Othar: BTEX ___ Citier:
____ Othar dther: MTBE . Cither:
EEHEMrM Resision: 3162017
ESTCP Final Report
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=
prosect nave: /NS Facion

BROADBENT & ASSOCIATES, INC.
ENGINEERING, WATER RESOURCES & ENVIROMNMENTAL

LITHOLOGIC AND MONITOR WELL CONSTRUCTION LOG

SITE ADDRESS:

PROJECT NUMBER: /(¢ 0 ). ~ (3D

LOGGEDBY: __ DO €YV DL mA

DIAMETER: SCREEN SLOT SIZE:

SAND SIZE:

DATE: _j_éil X start: /2§ DRILLNG COMPANY: _(“ASCANE  DRILER: RA-RLA S AAS

pemm | MONTOR weLL REMARKS &
poen mmﬁ_ BAMPLE D ) #“" .p-’ f s Q\‘% e
zzs | I ity Geaur i
i A
v—_- m
— - ﬁﬁé 5-#-1:/( -+
H— &
o T elaey “r
A .'L_ i - ] AR
- {;{77 Saud b
2] - -
-?.ﬂr_ﬁ + o w | L {{“"? 1
_ y] M, Sans o
%5‘-: i
-] ) il breded Seuct o
TOTAL BORING DEFTH: /{0 PAGENC: _1__OF _1 ¥ ESTMATED GROUND WATER DEPTH:
ESTCP Final Report
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[ —4 BROADBENT & ASSOCIATES, INC.
- = e — —— LITHOLOGIC AND MONITOR WELL CONSTRUCTION LOG
prosecT name: A oa)  SITE ADDRESS:
PrROJECT MMBER: /-0 2. = /3D DWAMETER:  SCREEN SLOT SIZE: BAND BIZE:
LOGGEDBY: __ “wme o [ua g
oate: {7 /1% sTART: 0/ Cr  DRiunG company: CASCATE T pRiwes: BARLAL AN
wewo: AE- 2 sTop: SO S0 DRILLING METHOD: [ (ZECT FASH sampLe meTHoD:
DEPTH | MCHITOR WELL
FEE Mw_lﬂt BAMPLE D FO fﬁ o M@“ . q"-%% REMARKS 4
et AT | T Ry Gosve Closn tASEY
— Eé;,,,-l
] 1 e
|—_ 5|' II'I":I? jrit,uir
J_n-l__ 1 . - 4
- i
i fooa =7 £
.l; ] . i - . S B
4—_ IW
= af ?‘{f Send! &
T+ — = ‘
S - -
] i Sy Sand &
g
ﬂIE. ” 5.*:1;;- e
= . A
TOTAL BORING DEPTH: _/[) PAGENG: 1 OF _1 ¥ ESTIMATED GROUND WATER DEFTH:
ESTCP Final Report

Project ER-201582 136 May 2020



LITHOLOGIC AND MONITOR WELL CONSTRUCTION LOG
SITE ADORESS:

prosecT Nusser:_[LL-02- 132 DIMETER: ____ SCREEN SLOT SIZE: SAND SIZE:

Loooeosy: _Soteciofm

owve _(/3t/ 1 starr: 02 oruune comeany: CASCADE"  DRUER RARZAGALS

wewo: AJE- [ stor:__ /710 oriLunG METHOD: D108 PUsi  SAMPLE METHOD:

AOMITON WELL
iy Imm::i £AMMLE © PO f‘. o f L Q\ﬁ% RS &

X4 B Gedyeey Saenns (CobD Ride) |

] le

il 6"‘%

] M
g'}{__; - o e o fklga '_4-?‘2;{..& Sawl 4
o3 - ? lerily lafed Saik S 1.4 S

&

"]: ,&w

] 1 5 /19 sl .
f.t?—_ . SR g

N 9.4 fedcie-
3 . j,{ i

— P

] 1
TOTAL BORING DEPTH: /O PAGENO: 1 OF _1 ¥ ESTIMATED GROUNO WATER DEPTH:
ESTCP Final Report
137 May 2020
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Field Motes

Project: Weather: Sunny

Date; 01/30/2018 Temperature: 50

Location: Tank Farm Site 2, NAS Fallon Precipitation: None

Summary of Field Activities: Gauging wells and collecting Wind: 0 -5 mph
| zroundwater samples from wells without product. Humidity: low

Field Personnel: Travis Lewis (NAVFAC EXW(C)

Time In/Out: MName: Compary/Affiliation:

0800/13:45 Aaron Sonerholm Broadbent & Associates

Ryle Yopps
Samples Collected: Groundwater without product
Field Notes:

0830: Tailgate meeting to disucss safety concerns with handling groundwater samples and acid

Preservatives in zample vials.

0843: Located all proposed GW zampling wells

0830: Setup equipment for GW gauging and decon.

0833: Gauge FF2; Depth to product: 820 fi; Depth to water: 9.33ft; Product thickness: 0.13 fi

* Too much product at FF2

0905: Gauge FF1; Depth to water: 8.92 ft; Total Depth: 9.39 ft; Water thickness: 0.47 ft

* Not encugh water for sample collection

0913: Gange ITSI-6; Depth to product: 11.64; Depth to water: 11.95; Product thickness: 0.31 ft

* Too much product at ITSI-6

0023: Gauge GTI-9; Depth to product: 9.8 fi; depth to water: 10.27 #; Product thickness: 0.47 ft

* Too much product at GTI-2

* Per correspondence with Jennifer Sepura a new set of sroundwater wells were propozed for zauging.

00835: Gauge FF-3; Depth to product: 9.33 ft; depth to water: 9.57 #; Product thickness: 0.04 ft

¥ Some produoct in well but it would require a bailer to extract prior to sampling. We did not

| have a bailer on-site.

0840: Gauge GTI-3; Depth to product: 9.47 ft; depth to water: 9.76 f; Product thickness: 0.29 ft

* Too much product at GTI-5

0943: Gauge GTI-10; Depth to product: 13.78 ft; depth to water: 14.03 ft; Product thickness: 0.23 ft

* Too much product at GTI-10

0950; Gauge ITSI-4; Depth to product: 11.86 ft; depth to water: 12.19 ft; Product thickness: 0.23 ft

* Too much product at ITSI-4

1000: Gauge GTI-15; Depth to water: 9.35 fi; Total Depth of well: 13.32 fi; Water Thickness: 397 f

* GTI-15 was selected for sampling

ESTCP Final Report
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Field Notes

Project:
Date: 01302018
Location: Tank Farm Site 2; WAS Fallon

Field Motes Contimued:

GTI-13: UTM (0351964; 4363878)

Low flow purge using HARTBA Meter (U52) and Bamat Portable Sampler (parastatic pump)

1010: Purse mmtiated till 3 consecutive readings showed stable parameters for: pH. temperature,

OFP, TD3. DO, EC, and turbidity

* 1.5 ft drawdown from purging well

10:20: Groumdwater samples collected from GTI-15 using (29 300 ml amber bottles (no preservative), and

{2 50 ml VOA vials (vath acid preservative)

10:35: Gauge GTI-17; Depth to water: 10.14 ft; Total depth of well: 1572 ft; Water thickmess: 5 38 ft

* (7ood candidate well zelected for sampling

1045: GTI-34 had verv strong odor (same as [TSI-4)

1046: Gange VT-1; Depth to water 10.14 f- Total depth of well: 12 34 ft; Water thiclmess: 22 ft

* Good candidate well for sampling

1050: Collect srommdwater from GTI-17: UTA (0351996; 4365883)

Low flow purge of GTI-17 till 3 consecutive readings showed stable parameters

* 7 quarts of water had to be pureed to achieve stable parameters (drawdown 1.75 ff)

1120: Collectzd sroundwater samples from GTI-17 m (2] 300 ml amber bottles (no preservatrve), and

{2) 50 ml VOA vials (with acid preservative)

* Dplicate samples were taken at GTI-17 using (2 300 ml amber bottles and (21 30 ml VOA vials

MOTE: When sausins GTI-17 after collecting sroundwater sample some product was noted by the noise

ing from the gauge. It iz possible that product may have been drawn into well during purge.

* Per comespondence with Jennifer Seoura a new =t of proundwater wells were propozed for gausing.

1145: Gange GTI-8; Depth to water: %03 ft; Total depth: 1333 ft- Water thiclmess: 629 ft

* Well was selected for sroundwater sampling

* GTI-2 sample location UTMS (0351811 4365913)

1200: Low flow purge till parameters stabilized

1215: Groundwater samples collected along with 1 field blank.

* Eheen was obzerved in groundwater well.

1230: Gange BW-34: Depth to water: 928 ft; Total Depth of well: 1633 ft; Water thiclmess: 7.13 ft

* Little sheen was observed in well; however location was selected for sroundwater sampling

1235: Purge well BW-3A till sroumdwater parameters stabilized.

1245: Collectad sroundwater samples using (23 300 ml amber bottles and {2) VOA vials

* 1230: Ome equipment blank was collected by runmineg D water through the Teflon tubing (2 500 ml

| amber bottles.

1310: Equipment decontamination and purge water consolidation.

1345: Dropped off a 5-zallon bucket of purse water at the storage shed located on site. Permiszion to

Leave purge water bucket (zealed and labeled) by Steve Bonaker,

Completed By

ESTCP Final Report
Project ER-201582 147 May 2020



Naval Air Station Fallon Nevada
Photography Pass for Official
and Unofficial Photography

Unofficial Photography -- Photography for personal purposcs not for publication

Per NASINST 5512.M unofficial photography is allowed with the consent of the Commanding Officer in non-restricted
areas. Personnel wishing to take photographs must be briefed on prohibited restricted and non-restricted areas and
acknowledge such briefing by signing below.

Prohibited - No photography is allowed

*Electronic Warfare Range

*Communication spaces and cryptographic equipment
*Ground ¢lectronics transmitter and receiver sites

* Aircraft interiors and / or open panels

Bestricted - Photography allowed with specific permission from the division or department head responsible for the
particular area. Coordination with visiting squadron duty officer is required for photographing air wing aircraft. A
physical escort from the responsible command is required for photography in restricted areas,

*All arcas and buildings within the fenced flight line, bombing ranges, liquid oxygen plant, ground electronics, fuel
farm, tower cab and TRACON facility, Naval Strike and Air Warfare headquarters and Fleet training buildings (inside),
weapons compound and magazine, armory and EOD building #424

*Any physical security facilitics, procedures or personnel

Non-restricted -- All other arcas not specified as prohibited or restricted are open for photography
Official Photography -- Photography by DoD personnel in direct mission suppont

Official photography may be conducted by DoD» personnel but must remain within the confines of supporting their
specific mission. All requirements pertaining to restricted photography apply to official photographers.

Media -- All personnel working for a media outlet or photography which will be given or sold to an accredited media
outlet

All accredited media, or persons photographing with intent of distribution to a media outlet will be escorted by a
representative from the Public Affairs Office.

Appiicants Narc TR “

oXArFepX ol "30-[T

PAO Representativ

JrL\m 0‘1/01/2“3

Photo pass activ
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Deployed Carbon Trap
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Deployed Carbon Trap

Deployed Carbon Trap
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