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SECTION 1
INTRODUCTION

On behalf of Lockheed Martin Corporation (Lockheed Martin), Tetra Tech, Inc. (Tetra Tech) has
prepared this annual (2022) report detailing Dump Road Area (DRA) and Main Terminal (MT)
groundwater sampling and synoptic groundwater level measurements collected from wells at the
Dump Road Area and Main Terminal within Martin State Airport (MSA) in Middle River,
Maryland (Figure 1-1). This report summarizes groundwater sampling procedures and chemical
analytical results for groundwater samples collected from May through early June 2022. The
objectives of this investigation, conducted in accordance with the 2022 groundwater monitoring

work plan (Tetra Tech, Inc. [Tetra Tech], 2022a), were to:

e provide a current round of groundwater data for selected monitoring wells

e Detter understand the nature and extent of contamination in groundwater including the
effects of operating the groundwater treatment system

e evaluate time-based trends of onsite groundwater plumes
e evaluate the interaction between shallow groundwater and Frog Mortar Creek

e provide information that can be used to update the modeling of shallow groundwater flow
patterns and discharge to Frog Mortar Creek

e Detter understand the groundwater plumes in sufficient detail to update the site conceptual
model

e repair monitoring wells to preserve well integrity
These data, in conjunction with previously collected site data, support numerical modeling of
shallow-groundwater flow-patterns, including those imparted by the groundwater interim remedial
action (IRA) and direct groundwater discharge to Frog Mortar Creek. These data also support
review of the ongoing Dump Road Area groundwater extraction and treatment system that has
been operating since November 2017.
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All groundwater samples were chemically analyzed for volatile organic compounds (VOCs),
semivolatile organic compounds (SVOCSs) including 1,4-dioxane, total metals, and dissolved
metals. Some groundwater samples were also analyzed for total petroleum hydrocarbons
(TPH)-diesel-range organics (DRO) and gasoline-range organics (GRO), hexavalent chromium,

and radium (228 and total alpha radium). This report is organized as follows:

Section 2—Site Background: Briefly summarizes the site background and references
recent reports containing detailed background information related to the project.

Section 3—Investigation Approach and Methodology: Presents the technical approach for
groundwater monitoring and describes the field methodology employed for the
investigation.

Section 4—Results: Presents the investigation results.

Section 5—Summary: Summarizes the investigation findings.

Section 6—References: Cites references used to compile this report.
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SECTION 2
SITE BACKGROUND

Martin State Airport (MSA) is at 701 Wilson Point Road in Middle River, Maryland. It is bounded
by Frog Mortar Creek to the east and Stansbury Creek to the west (Figure 2-1). These creeks
conjoin at the southern boundary of the site and continue south to feed Middle River and
Chesapeake Bay. The Dump Road Area (DRA), in the southeastern portion of MSA, is bounded
by Frog Mortar Creek to the east and the main airport runway to the west. The Main Terminal
(MT) area comprises approximately 280 acres in the northwestern portion of MSA, just east of
Wilson Point Road and Dark Head Cove. The MT area consists of the main terminal building,
aircraft hangars and fueling stations, several taxiways, and the northern portion of the runway.
Figure 2-1 shows the locations of MSA, the DRA, and the MT area.

Lockheed Martin Corporation (Lockheed Martin) has conducted detailed investigations at the
DRA and at the MT since 1999 and 2010, respectively. Lockheed Martin has also conducted
additional investigations at Strawberry Point, Greater Strawberry Point, and Frog Mortar Creek
(Figure 2-1). Investigations of these latter areas are not discussed in this report because they are
being addressed under separate investigation programs.

2.1 DUMP ROAD AREA

Environmental investigations of MSA began in the mid-1980s, when the Maryland Department of
the Environment (MDE) conducted site inspections related to stored drums and a reported
chemical dump. In 1989, MDE conducted a preliminary assessment of MSA that identified fill
areas and ponds, the latter of which were reportedly used from the 1930s through the 1960s to
dispose of spent battery acid, acid-type strippers, and other acidic solutions (MDE, 1989). Detailed
investigations of the DRA began after July 1991, when the Maryland Aviation Administration
(MAA) encountered four buried drums adjacent to Taxiway Tango during trenching to install an
electrical cable (Figure 2-2). Discovery of these drums led to investigation of the surrounding area
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for possible soil and groundwater contamination, as MDE required in its letters of January 6, 1992,
and January 14, 1997, to MAA (MDE, 1992; 1997).

MAA conducted several investigations of the DRA between 1991 and 1998. These studies
identified four areas where subsequent environmental sampling investigations were focused: The
Taxiway Tango Median Area, the Petroleum Hydrocarbon Area (PHA), Pond 1, and the Drum
Area. These early investigation areas are shown in Figure 2-2.

From 1999-2010, Lockheed Martin conducted a remedial investigation (Tetra Tech, Inc., 2012c)
and supplemental fieldwork to further delineate the extent of soil, groundwater, and pond-sediment
chemical contamination that had been indicated by earlier DRA studies. Through geophysical
surveys, membrane-interface probes, test pits, soil borings, and chemical analyses of soil and pond-
sediment samples, the remedial investigation identified large areas of buried fill and debris and
surface and subsurface soil contamination, in and around buried fill material and in pond sediment.
The extent of buried fill and debris at the DRA was estimated to be approximately 25 acres (see
Figure 2-2).

A 2012 review of historical aerial photographs (Tetra Tech, 2013Db) identified and mapped what
appear to be open burning areas, open pits or ponds, soil or debris piles, possible ammunition
bunkers, ground scars, and fill areas (see shaded areas on Figure 2-2). Several of these historical
features coincide with areas of elevated contaminant concentrations in soil and/or groundwater;
these areas were later identified as possible contaminant-source areas and were subsequently
investigated in 2012-2016 (Tetra Tech, 2013a, 2014a-b, 2014d, 2016, 2017, 2018, 2019b).
Groundwater sampling of DRA groundwater monitoring wells has been conducted annually from
2006-2021.

Trichloroethene (TCE) (a metal degreaser) and TCE-degradation daughter-products have been
detected in groundwater throughout the DRA investigation area, with the highest concentrations
appearing in the upper and intermediate regions of the surficial aquifer. TCE has been detected in
DRA groundwater at concentrations ranging from 0.5-490,000 micrograms per liter (ug/L) and is
therefore a primary contaminant of concern in DRA groundwater. The MDE groundwater standard
for TCE is 5pug/L. 1,4-Dioxane, benzene, toluene, xylenes, and several metals (typically
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co-located with chlorinated solvents like TCE) are also considered groundwater chemicals of
concern. TCE-degradation daughter-products (e.g., dichloroethene [DCE], vinyl chloride [VC],
etc.) are typically co-located with TCE at MSA and are considered primary contaminants of

concern in DRA groundwater.

An interim groundwater extraction and treatment system was constructed to address groundwater
impacts in 2017 and is currently operational at the DRA site. This system consists of 16 groundwater
extraction wells, underground piping, and a building that houses components that capture and treat
groundwater containing volatile organic compounds (VOCs), semivolatile organic compounds
(SVOCs), and metals. The wells and underground piping pump groundwater from the surficial
aquifer to the aboveground treatment building, creating a “hydraulic barrier” that captures
groundwater and prevents contaminants from migrating offsite. The treatment building is 60 feet
wide and 170 feet long (10,200 square feet) and is near Frog Mortar Creek in the east central portion
of the DRA (Figure 2-2). Treated groundwater is tested routinely and is subsequently discharged
to Frog Mortar Creek via an MDE permitted outfall. Surface water data collected to date shows a

significant reduction in the magnitude and extent of VOCs detected in surface water.

In 2022, one identified area of elevated concentrations of VOCs, designated Source Area 5, was
the focus of a pilot study to determine the effectiveness of in situ bioremediation (Tetra Tech,
2022b). Field injections were completed in April-May 2022 are currently being monitored per the
approved workplan (Tetra Tech, 2022¢).

Additional details regarding DRA background and history, including details of previous
environmental investigations and discussions of contaminant-source areas at the DRA, are in the
Dump Road Area Characterization of Possible Source Areas Report (Tetra Tech, 2013a) and
Taxiway Tango Soil Characterization Report (Tetra Tech, 2014c¢), and therefore are not repeated
herein. A detailed chronological discussion of investigations at the DRA from 1985-2012 is
provided as Appendix A of the Dump Road Source-Areas Investigation Work Plan (Tetra Tech,
2012a). Recent DRA groundwater sampling results are provided in annual groundwater monitoring

reports (Tetra Tech, 2015, 2016b, 2017, 2019a, 2019b, and 2020a, 2021).
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2.2 MAIN TERMINAL

Previous investigations directly related to the MT area include the Environmental Evaluation
Report for Martin State Airport Main Terminal (Tetra Tech, 2010b) and its addendum (Tetra
Tech, 2010a). These evaluations concentrated on environmental impacts resulting from practices
carried out between 1929-1975, when the Glenn L. Martin Company and Martin Marietta owned
and operated on the property. Possible areas of environmental concern in the MT area were
identified through local and federal library documents, historical aerial photographs, facility
records, museum records, regulatory data, environmental database reviews, interviews with former

employees, and environmental reports and data.

The environmental evaluation identified nine recognized environmental conditions (RECs)?
(RECs #1-9) in the MT area (Tetra Tech, 2010b), along with five potential RECs
(RECs #10-14). The addendum report (Tetra Tech, 2010a) identified eight additional RECs
(RECs #15-22) and provided supplemental details on 10 of 14 initial/possible RECs. Additional
information obtained during development of the addendum report led to upgrading potential
REC #14 to a full REC, because an underground storage tank (UST) had once been located there.
MT area RECs (exclusive of potential RECs #10-13) are shown in Figure 2-3.

A Phase Il environmental site assessment for the MT area was conducted in 2010-2012 (Tetra
Tech, 2012b and 2013c). Soil and groundwater samples were collected and analyzed for possible
organic and inorganic constituents. Twelve shallow-aquifer wells (MT-MW-01S through
MT-MW-12S) were installed around the perimeter of the airport hangars and the airport terminal
building near the identified MT area RECs. Benzene (a petroleum-related VOC) was detected in
groundwater samples collected from well MT-MWO02S in 2011 (50.5 micrograms per liter [ug/L])
and 2012 (87 pg/L); both concentrations exceed the MDE groundwater standard (5 pg/L) for

benzene.

Seven other VOCs (acetone, carbon disulfide, carbon tetrachloride, chloroform, chloromethane,

naphthalene, and toluene) were detected in groundwater samples collected in 2012, but

1Recognized environmental conditions (RECs) are based on the presence or likely presence of hazardous
substances and/or petroleum products under conditions that could indicate a historical, existing, or
potential release to the property’s structures, soil, groundwater, or surface water.
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concentrations of those analytes were below MDE groundwater standards. However,
concentrations of total petroleum hydrocarbons (TPH)-gasoline-range organics (GRO),
TPH-diesel-range organics (DRO), beryllium, nickel, and vanadium exceeded MDE groundwater
standards in several samples. Detected concentrations of semivolatile organic compounds
(SVOCs), including 1,4-dioxane, did not exceed MDE groundwater standards in the 2010-2012

samples.

Groundwater sampling of MT area monitoring wells was conducted annually from 2013-2018.
Sampling is continuing every other year on even years, restricted to monitoring wells MT-MWO01S
and MT-MWO02S, for DRO/GRO analysis only. Benzene concentrations between 10 pg/L and
20 pg/L have been detected at MT-MWO02S between 2013 and 2018, but benzene has not been
detected above 2 pg/L in any other MT well during the same time period. Monitoring wells
MT-03S through MT-12S were abandoned by a Maryland licensed driller in 2020 (Tetra Tech,
2020b).

Additional details regarding the background and history of the MT area, including details of
environmental investigations, REC discussions, and results of groundwater sampling, are available
in several previous documents (Tetra Tech, 2010a-b, 2012b, 2013c-d, 2015, 2016b, 2017, 2018,
2019, and 2020a), and therefore are not repeated herein. Main terminal wells MT-01S and MT-02S

were not sampled in 2021 but were sampled during the 2022 program.

2.3 WELL ABANDONMENT

The Maryland Department of the Environment (MDE) approved the formal abandonment
of 37 monitoring wells in 2020, including 27 wells in the Dump Road Area (DRA) and 10 wells
in the MT area, with work being completed late summer of 2020. Thirty-six wells were formally
abandoned, as well MSA-DMW-04S. This latter well was initially proposed and approved for
abandonment, but Lockheed Martin determined that this well should remain active for future
groundwater monitoring, and it was therefore not abandoned. The 2020 Monitoring Well
Abandonment Report, Martin State Airport (Tetra Tech, 2020b), documents field activities and

submittals required for well abandonment.
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SECTION 3
INVESTIGATION APPROACH AND METHODOLOGY

This section summarizes the 2022 groundwater sampling program for the Dump Road Area (DRA)
and Main Terminal (MT) of Martin State Airport (MSA), performed in accordance with the
approved work plan (Tetra Tech, 2022a). The 2022 investigation also included synoptic
groundwater level measurements at the DRA/MT wells, and laboratory analysis of groundwater
samples collected. The data collected during this investigation augments previous data obtained
from the DRA and MT (between 2003 and 2021).

3.1 SYNOPTIC GROUNDWATER LEVEL MEASUREMENTS

A round of synoptic groundwater level measurements was conducted by a team of two field
scientists on April 20-21, 2022. Static water levels were measured using an electronic, graduated,
water-level meter. The static water level was determined by lowering the meter probe into the well
until an audible tone indicated that the air/water interface had been reached. The water level
relative to the top of the well casing was recorded to the nearest 0.01 foot. Groundwater level

measurement sheets are provided in Appendix A.

3.2 GROUNDWATER SAMPLING

Data collected between 2017 and 2020 were evaluated in the 2021 groundwater monitoring work
plan (Tetra Tech, 2021) to determine if reductions in sampled locations or analytes, while still
meeting the project objectives, was appropriate. Reduction rationale included comparison of
analytical data over the past four years, coupled with any detections of contaminants of concern in
nearby monitoring wells, to evaluate whether previously sampled monitoring points were required.
This evaluation resulted in a reduction from 95 wells in 2020, to 93 wells in 2021, and to 92 wells
in 2022. Therefore, the total number of DRA wells sampled in 2022 was 92, along with the two
wells sampled at MT, bringing the total number of MSA wells sampled to 94.
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Groundwater samples were collected from 92 DRA wells on May 13-June 16, 2022, as part of the
annual monitoring program, while the two MT wells were sampled June 10, 2022 (Figure 3-1).
The four deep wells (MW-27D, MW-29D, MW-30D, and MW-31D) installed in permeable zones
below the surficial aquifer of concern were also sampled as part of this investigation. Table 3-1
summarizes the groundwater sampling program. The following sections describe procedures for
well purging and groundwater sampling, and describe the chemical analyses performed on the
samples collected.

Well purging—Monitoring wells were purged using United States Environmental Protection
Agency (USEPA) low-flow purging techniques before sample collection. Groundwater was
purged using a peristaltic pump fitted with dedicated, disposable high-density polyethylene tubing,
or by using a submersible pump positioned in the center of the well’s saturated screen. The
pumping rate during purging ranged between 100-300 milliliters per minute (mL/min) and was
frequently measured using a graduated cylinder. The purge rate was adjusted to minimize
groundwater drawdown from the initial static water level but was maintained at or below
300 mL/minute.

During groundwater purging, water-level drawdown, and groundwater parameters (including pH
[a measure of acidity and alkalinity], temperature, specific conductance, dissolved oxygen [DO],
oxidation-reduction potential [ORP], and turbidity) were measured and recorded every five to
10 minutes until purging was complete. Data were recorded in the appropriate site-specific
logbook and on low-flow-purge data sheets. Water-quality parameters were measured using an

inline water-quality meter. Turbidity readings were collected using a separate turbidity meter.

Purging was considered complete when one of several scenarios were encountered in the field.
Depending on which condition was encountered first, purging was deemed complete either when
the monitored water-quality parameters stabilized, when three saturated well-casing volumes had
been removed, or when the well had been purged dry. Parameter stabilization was achieved when
three consecutive readings (taken at five-minute intervals) were within £0.1 standard units for pH,
+3% for specific conductance and temperature, £10% for DO and ORP, and less than
10 nephelometric turbidity units (NTUs) for turbidity. If the parameters did not stabilize after three

well volumes had been removed, the condition was noted on the sampling log and the well was
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sampled. If the monitoring well was purged dry, the water level in the well was allowed to recover
a minimum of 80% of its initial static water level before groundwater was sampled. Most wells
stabilized within one hour of purge time; well-specific purging and sampling details are recorded

on the well-purging and sample-record sheets provided in Appendix B.

All purged water from DRA wells was collected in five-gallon buckets and dumped into the sump
inside the MSA treatment plant building at the end of each workday. The water in that sump is
periodically drained into equalization tanks connected to the groundwater treatment system, along
with water obtained from the extraction wells feeding the plant. Purged water from the two MT
wells were collected in five-gallon buckets and placed in one 55-gallon steel drum located on the
approved secondary containment area located at Greater Strawberry Point. Waste documentation
is in Appendix C.

Sample collection—Monitoring wells were sampled after purging using the same dedicated tubing
or submersible pump that had been used during purging. Groundwater samples were collected
using low-flow sampling protocols at the same pumping rate that had been used during well
purging. Groundwater was pumped directly into the appropriate sample containers (for all VOC
samples), or into a certified-clean disposable container supplied by the laboratory that was then
used to pour the collected water directly into the appropriate sample containers. Samples for
dissolved metals and hexavalent chromium analyses were filtered with a 0.45-micron filter and

collected into the appropriate sample containers.

3.3 LABORATORY ANALYSES
Groundwater samples were collected and analyzed by an off-site laboratory using the following

methods (see Table 3-1 for details):

e VOCs plus tentatively identified compounds (TICs), Freon 22 (dichlorodifluoromethane),
and Freon 113 (1,1,2-trichlorotrifluoroethane) by USEPA Method 8260C— (84 wells)

e 1,4-dioxane by USEPA Method 8270C SIM— (84 wells)
e hexavalent chromium by USEPA Method 218.6— (33 wells)

e total and dissolved priority pollutant metals by USEPA Method 6020B— (86 wells)
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e mercury by SW846 Method 7470A— (86 wells)

e total petroleum hydrocarbons (TPH)- gasoline-range organics (GROs) and diesel-range
organics (DROs) by SW846 Method 8015B— (35 shallow wells screened in the upper
surficial-aquifer)

¢ radium-228 and total alpha radium by USEPA 900-series methods— (7 wells in the upper,
intermediate, and lower surficial-aquifers)

Wells selected for sampling and chemical analyses were based on current data needs for the
treatment system monitoring, past sampling results, and optimization of data collection. Radium-
228 and total alpha radium were sampled at seven locations across all aquifer levels to determine
site concentrations of these “emerging contaminants”2 in groundwater. Radium samples were
collected from 7 groundwater-monitoring wells in the DRA. Samples for TPH-GRO and
TPH-DRO analyses were only collected from wells in the upper surficial-aquifer (except for
intermediate well MW-34l1, which was collected in error), because petroleum-related constituents
are less dense than water and are typically found at or near the water table.

Hexavalent chromium was analyzed using USEPA Method 218.6 (ion chromatography), with a
specified detection limit of 0.005 pg/L, a value lower than the method’s published detection limit
(0.20 pg/L).

One trip blank per cooler of VOC samples was collected per day for quality assurance/quality
control (QA/QC) purposes. Matrix-spike and matrix-spike-duplicate samples were collected on a
1:20 basis. Chemical results for this sampling event are discussed in Section 4. A table listing

chemical results for all samples is in Appendix D.

3.4 DOCUMENTATION

A master site logbook was maintained by the field sampling team as an overall record of field
activities. Sample documentation consisted of completed chain-of-custody reports and matrix-
specific sample-log sheets. The chain-of-custody report is an individual laboratory-supplied

standardized form summarizing and documenting pertinent sample information, such as sample

2Emerging contaminants are chemicals not commonly monitored by regulatory agencies, but which have
recently been identified by USEPA or MDE as contaminants that pose possible environmental or public
health risk if present in drinking water supplies or groundwater.
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identification and type, matrix, date and time of collection, preservation, and requested analyses.
Sample custody procedures document sample acquisition and integrity. Chain-of-custody reports
are with the data-validation reports in Appendix E, and full laboratory analytical reports are in

Appendix F.

3.5 EQUIPMENT DECONTAMINATION

Reusable equipment (e.g., water-level meter) was decontaminated before and after each use.

Small, reusable equipment was decontaminated as follows:

e Liquinox® and potable-water wash

e potable-water rinse

o distilled-water rinse

e airdrying

e collecting decontamination solutions for disposal

Decontamination rinsate was first containerized in a five-gallon bucket and then transferred to the
sump inside the MSA groundwater treatment plant. Decontamination water from the Main
Terminal wells was collected and placed with the purge water generated from the MT wells.
Dedicated and/or disposable equipment used for groundwater purging and sampling did not require

decontamination.

3.6 WASTE MANAGEMENT

Investigation-derived waste (IDW) consisting of decontamination-rinsate water, monitoring well
purge water, disposable sampling equipment, and personal protective equipment (PPE) was
generated during groundwater sampling. PPE was brushed off, placed in trash bags, and disposed
of in a designated facility trash receptacle. Disposable equipment was also rinsed off and disposed
of in a facility-approved trash receptacle. Well purge-water and decontamination fluids from the
DRA wells were collected in five-gallon buckets with secondary containment and transferred to
the MSA groundwater treatment plant sump at the end of each workday; 296 gallons of purge
water were generated and dumped into the plant sump over the duration of the investigation. Purge

water from the Main Terminal wells was containerized in one 55-gallon steel drum, characterized
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per the most current waste management plan (Tetra Tech, 2022d), profiled as nonhazardous, and
removed from the site via Clean Harbors to a Lockheed Martin approved disposal facility. The one
drum of MT water was removed from the site on August 19, 2022, to be disposed of at the El
Dorado, AR Clean Harbors facility. Waste documentation is included in Appendix C. At the

writing of this report, the final manifest and certificate of destruction are not yet available.

3.7 GENERAL SAMPLING PROCEDURES, NOMENCLATURE,

AND HANDLING
Each sample received a unique sample identification consisting of the site location, well number,
and six-digit sampling date. For example, a groundwater sample collected on June 6, 2022, from
monitoring well MSA-MW-06 was labeled MSA-MW-06-060322. Trip blanks were labeled with
a “TB” prefix, followed by the blank’s six-digit submittal date (e.g., TB-060322). Field-related
sample-handling considerations include selection of sample containers, preservatives, allowable

holding times, and requested analyses.

Proper chain-of-custody procedures were followed throughout all phases of sample collection and
handling. Empty sample containers were released under signature from the laboratory and accepted
under signature by the sampler or other individual responsible for maintaining custody until the
sample containers were transferred to the sampling team. Groundwater samples were collected in
these containers, released under signature from the sampling team, and then accepted under
signature by the laboratory. Transport containers returning to the laboratory were sealed with
strapping tape and a tamper-resistant custody seal. The custody seal shows the signature of the
individual releasing the transport container, along with the date and time.

3.8 DATA VALIDATION

Data validation involves having an independent (non-laboratory) party review data provided by
the laboratory to ensure that specific criteria have been met. These criteria concern specifications
that are not sample dependent; they specify performance requirements that should be fully under
a laboratory’s control. For data analyses of organic chemicals, specific validation areas include
blanks, performance-evaluation standard materials, and instrument performance checks. For data

analyses involving inorganic chemicals like metals, specific validation areas include blanks,
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calibration standards, calibration verification standards, laboratory control standards, and
interference check standards. The analytical laboratory supplies the chemical data as hard-copy
reports and electronic databases.

Once the investigation was complete, chemical data were validated by Tetra Tech, Inc.
(Tetra Tech) in accordance with established USEPA protocols to assess the reliability and accuracy
of the data. This review was based on the USEPA National Functional Guidelines for Organic
Superfund Methods Data Review (USEPA, 2017a), the National Functional Guidelines for
Inorganic Superfund Methods Data Review (USEPA, 2017b), and the specifics of the analytical

method used. Data validation reports are in Appendix E.

Validation of these data concluded that they are acceptable for their intended uses (i.e., risk
screening and risk assessment), except for data qualified as unreliable (UR flags). The data
qualifiers (i.e., flags) applied to the chemical results during data validation are listed below:

J The analyte is considered present in the sample, but the value is estimated and may not
meet highest accuracy or precision standards. In this program, samples were also
qualified with “J” because quantitation was above the method detection limit but below
the laboratory reporting-limit.

J- The result is an estimated quantity, but the result may be biased low.

NJ  The analyte has been tentatively identified. This qualifier indicates presumptive evidence
of a compound. Special methods may be required to confirm its presence or absence in
future sampling efforts.

U Not detected; the analyte was not detected at the reported value.

UJ  The analyte was not detected. However, the quantitation or detection limit may be
inaccurate or imprecise.

UR The non-detect result is considered qualitatively or quantitatively unreliable.

All data qualifiers are noted in Appendices D, E, and F.
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SECTION 4
RESULTS

This section presents groundwater-elevation data and chemical analysis results for wells in the
Dump Road Area (DRA) and Main Terminal (MT) of Martin State Airport (MSA) between May
and June 2022. These groundwater results are compared against current Maryland Department of
the Environment (MDE) groundwater standards (MDE, 2018) and other pertinent federal/state
standards/criteria (if MDE has not established standards for an analyzed chemical).

At present, MDE has not established an advisory level or standard for 1,4-dioxane in drinking water
or groundwater. Several states (e.g., California, Colorado, Connecticut, Florida, Maine,
Massachusetts, Michigan, and North Carolina) have established drinking water standards or action
levels for 1,4-dioxane. These values range from the Massachusetts Office of Research and Standards
guideline of 0.3 micrograms per liter (ug/L) to Michigan’s residential drinking water criterion of
7.2 ug/L  (Massachusetts Department of Environmental Protection, 2015, and Michigan
Administrative Code R299.44 [Table I-Groundwater: Residential and Nonresidential], 2017,
respectively). USEPA has published a preliminary remedial goal of 6.1 pg/L for 1,4-dioxane in tap
water (USEPA, 2006) and a risk-based regional screening-level of 0.46 pg/L for tap water (USEPA,
2017¢); the latter risk-based value (0.46 pug/L) is used as the comparison criterion to evaluate

1,4-dioxane groundwater concentrations in this report.

Groundwater samples were collected for chemical analyses from 92 DRA monitoring wells and two
MT wells over a period of six weeks (May 13-June 16, 2022). Groundwater levels were measured
on April 20-21, 2022.

Note that since all groundwater well designations at the DRA contain the same “MSA” prefix, this
prefix is omitted in the following discussions to increase readability. In addition, qualifying flags
(e.g., J) associated with analyte concentrations are omitted to increase readability. However, these

data validation flags are shown on applicable Section 4 tables and figures.
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4.1 GROUNDWATER LEVEL DATA

Table 4-1 lists the April 2022 static groundwater depth measurements (feet below ground surface)
and groundwater elevations (feet relative to mean sea level) for sampled MSA wells. Figures 4-1
through 4-3 illustrate the groundwater-elevation contours for the upper, intermediate, and lower
surficial aquifer zones (respectively) at the DRA. Overall, the airport runway and taxiway appear
to form a groundwater divide across the site that is likely a result of their higher ground surface
elevation. East of the taxiway, groundwater generally flows to the south and southeast, towards
Frog Mortar Creek. Localized groundwater patterns are altered and influenced by zones of
enhanced groundwater recharge (the ponds) and enhanced groundwater discharge (the extraction
wells). The groundwater extraction wells are included on the contour figures, but their water
elevations were not used for the contour interpretations because of the likely loss of hydraulic head
within these wells that is typically associated with well efficiency.

The groundwater contours and interpreted groundwater flow patterns for the upper surficial aquifer
are illustrated on Figure 4-1. A groundwater high is located near Pond 1 and Pond 2, where the
lithology consists of clay-rich and less-permeable sediments near the ground surface that result in
lower rates of subsurface infiltration and the creation of a groundwater mound with local radial
flow away from the mound. The groundwater mound becomes an elongated ridge (or local
groundwater divide) downgradient of the ponds to the south and southeast. This mounding also
exists in the intermediate (Figure 4-2) and lower (Figure 4-3) surficial aquifers, suggesting that all

three zones are in hydraulic communication and function as a common aquifer.

The effects of groundwater extraction from the upper surficial aquifer are evident along the
shoreline of Frog Mortar Creek and are also illustrated by the formation of two generalized cones
of depression that lower the groundwater to an elevation below mean sea level. East of the
elongated groundwater ridge caused by the ponds, most groundwater eventually flows into these
cones of depression and is captured by the extraction wells. The drawdown cone east of Pond 2 is
created by extraction wells EW-01S, EW-03S, and EW-05S, and is well defined and marked by a

steep hydraulic gradient.

As stated above, groundwater contours and interpreted groundwater flow patterns for the
intermediate and lower surficial aquifer are illustrated on Figures 4-2 and 4-3, respectively. The
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flow patterns within these intervals are generally similar to that of the upper surficial aquifer,
including the formation of the groundwater ridge caused by the ponds and the cones of depression
caused by the extraction wells. Overall, the hydraulic gradients appear lower in the intermediate
and lower surficial aquifers, which may be related to the higher hydraulic conductivity of

sediments in these zones.

4.2 GROUNDWATER-CHEMICAL DATA

Groundwater samples were collected from the DRA wells to evaluate and confirm the horizontal
and vertical extent of groundwater contamination at the DRA and to evaluate any changes in
groundwater conditions in the groundwater treatment system flow field. Validated groundwater-
chemical data were used to generate a statistical summary table (Table 4-2) and a data summary
table (Table 4-3) that list only detected analytes.

Table 4-3 lists positive detections (or “hits”) generated from these data. Gray shading in Table 4-3
indicates results that exceed analyte-specific screening criteria (MDE groundwater standards or
the Massachusetts advisory level for 1,4-dioxane). Table D-1 in Appendix D summarizes results
for both detects and nondetects but does not list screening criteria. Data-validation reports and
chain-of-custody forms are in Appendix E, and full analytical reports are in Appendix F. Results

of the groundwater-chemical analyses for the DRA are below.

4.2.1 Volatile Organic Compounds

Several volatile organic compounds (VOCs) were detected in groundwater (Table 4-2) during this
sampling event. cis-1,2-Dichloroethene (cis-1,2-DCE), trichloroethene (TCE), and vinyl chloride
(VC) are the most frequently detected constituents. These chlorinated VOCs (cVOCs) were
detected in approximately 76%, 67%, and 64% of the samples collected, respectively (Table 4-2).
The maximum detected concentrations of TCE (20,000 pg/L at MW-541), cis-1,2-DCE
(23,000 pg/L at MW-54S), and VC (6,800 pg/L at DMW-11S;) are several orders of magnitude
(i.e., powers of 10) greater than their groundwater standards (5 pg/L, 70 pg/L, and 2 ug/L,

respectively).

Petroleum-related VOCs (e.g., benzene, toluene, ethylbenzene, and xylenes [BTEX]) were
detected less frequently, ranging from 5% of samples for ethylbenzene to 20% of samples for
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benzene. In general, the maximum BTEX concentrations are lower as compared to concentrations
of the three most frequently detected cVOCs, e.g., the maximum BTEX concentration was for
toluene (6,900 pg/L in MW-545S).

Chlorinated VOCs exceeding groundwater standards in the upper, intermediate, and lower
surficial-aquifer zones are shown in Figures 4-4, 4-5, and 4-6, respectively. The results for the
current round are similar to those of previous groundwater sampling rounds. The lateral and
vertical distributions of cVOCs in groundwater confirm that several source areas contribute to
groundwater contamination at the site (Figures 4-4 through 4-6). These areas include the Taxiway
Tango Median Area (TT Median Area; Source Area 5), the Petroleum Hydrocarbon Area (PHA,;
Source Area 2), Taxiway Tango Area East (TT Area East; Source Area 7), former Pond 3 (Source
Area 6), the Drum Area (DA, Source Area 8), and the area east of Pond 1; see Figure 2-2 for the
locations of these areas.

Taxiway Tango Median Area—The TT Median Area is in the western portion of the DRA near
wells MW-54S/I and DMW-11S (Figures 4-4 through 4-6; Tables 4-2 and 4-3). Historically,
DMW-11S had contained the highest concentrations of cVOCs in this area (up to 52,000 ug/L for
TCE, and up to 53,000 ug/L for cis-1,2-DCE in 2004). Wells MW-54S/I were installed northeast
of wells DMW-115/1, in an area where elevated cVOC concentrations had been detected in the
upper and intermediate surficial-aquifer zones during vertical aquifer-sampling (VAS) in 2013,
and recent sampling has indicated that these wells (MW-54S/1) now have the highest
concentrations in the TT Median Area. Injections for in situ bioremediation of groundwater in the
Taxiway Tango Median Area (Source Area 5) were completed in April-May 2022 per the Dump
Road Area — Source Area 5 In Situ Bioremediation Remedial Action Work Plan (Tetra Tech,
2022b). Source Area 5 comprises approximately 8,800 square feet, and the depth interval of
contaminated groundwater is generally between 10 to 30 feet below ground surface. The goal is to
reduce the TCE concentration in Source Area 5 to less than 50,000 ug/L cleanup level. A baseline
sampling event was conducted in March 2022. DMW-11S/l and MW-54S/1 were also sampled
during the annual sampling event (in June 2022). The wells included in the Dump Road Area —
Source Area 5 In Situ Bioremediation Sampling Plan (Tetra Tech, 2022c¢) include semi-annual and
annual monitoring for five years after the injections. The first semiannual event post-injection is

slated for October 2022. Annual groundwater results are summarized below.
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The TCE concentration in groundwater samples collected from MW-54S in 2022 (12,000 pg/L) is
much less than that detected in the same well last year (50,000 pg/L in 2021), but at deeper well
MW-541, in which TCE was detected at 20,000 pg/L in 2022, TCE had increased slightly from its
2021 value of 19,000 pg/L. Higher TCE concentrations were detected in the upper aquifer at wells
DMW-11S and DMW-111 (1,400 pg/L and 61 pg/L, respectively) in 2022. Note that the TCE
concentrations detected in 2022 are lower than previous maximum concentrations for TCE in this

area (referenced above for 2004). The MDE groundwater standard for TCE is 5 pg/L.

In monitoring wells MW-54S and MW-541, concentrations of carbon tetrachloride (950 pg/L and
7,200 pg/L), chloroform (1,300 pg/L and 1,700 pg/L), toluene (6,900 pg/L and 1,700 pg/L),
cis-1,2-DCE (23,000 pg/L and 5,200 pg/L), and VC (6,400 pg/L [with a nondetect in the
intermediate well in 2022]) also exceed their respective MDE groundwater standards.
Tetrachloroethene (PCE) and trans-1,2-DCE were both nondetect in wells MW-541 and MW-54S.
Exceedances were also observed at DMW-11S and DMW-111I (respectively) for cis-1,2-DCE
(7,200 pg/L and 340 pg/L) and VC (6,800 pg/L and 110 ug/L). Carbon tetrachloride, chloroform,
toluene, cis-1,2-DCE, and VC have MDE groundwater standards of 5 pug/L, 80 pg/L, 1,000 pg/L,
70 pg/L, and 2 pg/L, respectively.

From 2004-2010, TCE concentrations at DMW-11S ranged from 29,000 pg/L to 52,000 pg/L, but
concentrations had declined sharply since 2011, to a low of 1,500 pg/L in 2019. However, the TCE
concentration (58,000 pg/L) detected at DMW-11S in 2020 is the maximum in this area thus far.
Recent data for MW-54S/1, and lower TCE concentrations at DMW-11S/1 in 2021, appear to
indicate that TCE at DMW-11S has migrated downgradient to MW-54S/l; however, MW-54S/1
may simply be an extension of the TCE-source area at the TT Median Area. An elevated TCE
concentration (260,000 micrograms per kilogram) was detected in a shallow soil sample (at 6-
8 feet below ground surface) when MW-54S/l was installed, suggesting that elevated TCE
concentrations detected in this area are an extension of the TT Median Area source area (Tetra
Tech, 2014d).

Petroleum Hydrocarbon Area—This area is in the central portion of the site (Figure 2-2) near
well DMW-09 and Pond 1 (Figures 4-4 through 4-6). Wells DMW-09D and DMW-091, with five

and seven VOC exceedances, respectively, have the highest number of VOC exceedances among
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PHA wells (see Figures 4-4 through 4-6, and Table 4-3). At DMW-09D, TCE (4,000 ug/L),
cis-1,2-DCE (680 pug/L) and VC (78 pg/L) were approximately 800 times, 10 times and 39 times
above their respective criteria (5 pug/L, 70 pg/L, and 2 pg/L). At DMW-09I1, TCE (1,800 pg/L),
cis-1,2-DCE (1,400 pg/L), and VC (550 pg/L) were approximately 360 times, 20 times, and
275 times above their respective criteria. Groundwater sampled from MW-20S, near DMW-09 and
Pond 1, also contained a VC exceedance (5 pg/L) but TCE was below its criterion with a

concentration of 2.5 pg/L.

The benzene concentration at DMW-09S (97 pg/L) is the highest detected during this groundwater
monitoring round (Table 4-2 and Figure 4-7); this concentration is nearly 20 times higher than its
groundwater standard (5 pug/L). Another well (MW-16S) in this area with a benzene exceedance
(6.6 pg/L) is hydraulically downgradient of DMW-09S (Figure 4-1). TCE exceedances (1,800 pg/L,
and 4,000 pg/L) were detected in respective intermediate (DMW-091), and lower (DMW-09D)
surficial aquifer wells at the DMW-09 location, but TCE was not detected there in the shallow
aquifer (at DMW-09S) in 2022. The groundwater sample from monitoring well DMW-09S also
exhibited an elevated concentration of 1,2,4-trimethylbenzene (31 pug/L) which has a screening level
of 5.6 pg/L.

TT Area East—This area is in the central portion of the DRA; wells sampled in this area in 2022
include wells MW-45S and MW-41S/1. Historical aerial photographs indicate that an open burning
area and a pond/pit formerly occupied this area. Groundwater from well MW-45S, installed in the
apparent TCE source-area at TT Area East, had exceedances of 1,2-dichloroethane (1,2-DCA)
[61 pg/L], TCE (2,700 pg/L), VC (1,600 pg/L), and cis-1,2-DCE (2,100 pg/L), and a total cVOC
concentration of 6,720 ug/L. Lower concentrations and exceedances for the same four analytes
(1,2-DCA, TCE, cis-1,2-DCE, and VC) were also detected in MW-41S/1. In addition, benzene
exceedances (32 pg/L and 34 pg/L) of its screening criterion (5 pg/L) were detected at respective
wells MW-41S and MW-41, as well as an exceedance of chlorobenzene (580 ug/L), which has a
groundwater screening level of 100 pg/L, at MW-411. Chlorobenzene (91 pg/L) at MW-41S was

detected below its screening criterion.

Former Pond 3—This area is in the central portion of the DRA, south of Pond 1 (Figure 2-2), at
wells MW-53S/1. Wells MW-53S and MW-531 were installed in the former Pond 3 area, where
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elevated concentrations of cVOCs were detected in the upper and intermediate surficial-aquifer
zones during VAS in 2013. The TCE concentration detected in the upper surficial aquifer at
MW-53S (1.8 pg/L) in 2022 is slightly less than detected in 2021 (2.6 pg/L), but the equal to or
higher than those detected in 2020 (1.8 pg/L), 2019 (1.4 pg/L), and 2018 (1.8 pug/L). The TCE
concentration (6,000 pug/L) detected at MW-531 in 2022 exceeds the screening level (5 pg/L) and
is generally consistent with concentrations detected in previous annual sampling rounds
(4,500 pg/L, 5,100 pg/L, 6,100 pg/L, and 5,600 pg/L in 2021, 2020, 2019, and 2018, respectively).
Groundwater concentrations of TCE in 2022 are much lower than the range of previously detected
TCE concentrations (3,600-490,000 ug/L, during the 2013 VAS) at similar depths. Vinyl chloride
was detected at concentrations above its screening criteria (2 pg/L) at both MW-53S (6.8 pg/L)
and MW-53I (4,300 pg/L).

Drum Area—This area is in the southern portion of the site between wells MW-02/MW-19,
MW-05/DMW-07, and MW-40S/1. It extends downgradient and to the east at wells DMW-04,
DMW-05, and well clusters MW-50S/1/D, and MW-51S/I/D. The highest VOC concentrations in
this area are in the upper surficial aquifer near wells DMW-07S, MW-40S, and DMW-05S; one
or more of the three primary cVOCs (TCE, cis-1,2-DCE, and VC) exceed their respective
groundwater standards in these wells (see Figures 4-4 through 4-6 and Table 4-3). The highest
total cVOC concentrations (33,400 pg/L in 2007) in this area were generally detected at well
DMW-07S. Concentrations of TCE (1,400 pg/L), cis-1,2-DCE (8,400 ug/L), and VC (2,100 pg/L)
at DMW-07S in this round (2022) total 11,900 pg/L; all are exceedances of their respective MDE
groundwater standards (5 pg/L, 70 pg/L, and 2 pg/L).

Area east of Pond 1—This area is in the northeastern portion of the site between Pond 1 and Frog
Mortar Creek. The highest cVOC concentrations are generally near Frog Mortar Creek
(Figures 4-4 through 4-6). In 2022, the TCE concentrations at wells MW-521 (930 pg/L) and MW-
52D (3,700 pg/L) were lower than last year (4,800 pg/L and 7,300 pg/L, respectively), and
generally consistent with levels detected in these wells over several years (2014 through 2020). This
area is east of a wetland and a former pond or pit observed in historical photographs and appears
to be at the lowest drainage point behind the berm that was constructed when the former Limehouse

Cove was filled.
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Groundwater concentrations of TCE, VC, and cis-1,2-DCE were above respective screening
criteria at wells MW-521/D, MW-461/D, and MW-471/D, although concentrations of cis-1,2-DCE
at wells MW-46D and MW-47S/1 were below the screening value. (Note that any results for shown
for both intermediate (1) and deep (D) wells on [intermediate aquifer] Figure 4-5 are included
because the “deep” wells at these locations are also screened in the intermediate aquifer; refer to
Table 4-3 for well-specific aquifer locations.) Previously detected cVOC concentrations (2015—
2021) in this area were more than 100 times their respective MDE groundwater standards. These
concentrations (at the area east of Pond 1) suggest that high cVOC concentrations extend north of
the area currently being monitored at the DRA. Additional wells in this area with notable
concentrations of cVOCs greater than screening levels were DMW-03S (with cis-1,2-DCE [980
pg/L] and VC [3,600 pg/L] concentrations 14 times and 1,800 times their standards, respectively)
and DMW-03I (with cis-1,2-DCE [440 ug/L], TCE [560 ug/L], and VC [240 pg/L] concentrations
ranging from six times (cis-1,2-DCE) to as much as 120 times (VC) higher than their respective
standards [70 pg/L and 2 pg/L]).

Taxiway Tango Area North—TCE and cis-1,2-DCE exceeded their groundwater standards
(5 po/L and 70 pg/L) at several intermediate wells north and west of Pond 2 (Figures 4-4 and 4-5).
TCE exceedances of 2,500 pg/L and 1,600 pg/L were reported north of the pond in wells MW-161
and MW-171 (respectively); cis-1,2-DCE exceedances of 480 pg/L and 270 pg/L (respectively)
were also detected in these wells, as was an exceedance of VC (33 pug/L) at MW-161. An
exceedance of VC (97 ug/L) was also detected north of the pond (and north of MW-161 and MW-
171) at MW-341. Exceedances west of the pond include well MW-42I, with respective TCE,
cis-1,2-DCE, and VC concentrations of 75 pg/L, 990 pug/L, and 210 pg/L. These exceedances
suggest that the groundwater-contaminant plume extends northwest of wells DMW-09S/1/D.

Shoreline wells—Wells MW-46S/1/D through MW-52S/1/D form a northwest—southeast trending
line on the embankment along the Frog Mortar Creek shoreline. TCE exceedances in shoreline
wells range from 24 pg/L (MW-50D) to 3,700 pg/L (MW-52D), with an average concentration
(detects only) of approximately 480 pg/L. TCE concentrations above the MDE groundwater
standard were detected in two-thirds (14 wells) of the 21 shoreline monitoring wells, with one-
fifth (five wells) of these wells having TCE concentrations two orders of magnitude (or 100 times)

higher than the MDE groundwater standard (5 pug/L). These TCE concentrations are similar to
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those detected in shoreline wells in 2016-2021. Over the last nine annual monitoring events (from
2013 to 2021), TCE concentrations in some surficial-aquifer wells along the shoreline have
fluctuated, as indicated by the TCE concentrations detected at well MW-51S over time:

e 2013 - 13,000 pg/L
e 2014 -730 pg/L

e 2015 - 250 pg/L

e 2016 - 160 pg/L

e 2017 -5,500 pg/L
e 2018 - 4,300 pg/L
e 2019 -56 pg/L

e 2020 - 24 ug/L

e 2021-23 gL

e 2022 -59 ug/L

The concentrations of TCE daughter products cis-1,2-DCE and VC trending over time appear
proportional to those of TCE. These trends likely reflect the containment achieved after startup of

the groundwater treatment system.

Deep confined-aquifer wells—VOCs were not detected in the three wells (MW-27D, MW-29D,
and MW-30D) sampled in the deep confined aquifer.

Natural-attenuation assessment parameters and haloacetic acids—No groundwater samples
were collected for natural-attenuation assessment (NAA) parameters or haloacetic acids (HAA) in
2020, 2021, or 2022, as these analyses have been removed from the sampling program. Historical
results for NAA and HAA are included in previous annual monitoring reports.

4.2.2 1,4-Dioxane

In general, 1,4-dioxane levels in high cVOC-concentration areas have decreased from initial
sampling in 2009 to 2022 but tend to fluctuate over time. 1,4-Dioxane was detected in 49% of
groundwater samples collected in 2022 (Table 4-2 and Figure 4-8), less than the 61% detected in
2021, with 2022 concentrations ranging from 1 pug/L (MW-481) to 450 pg/L (MW-45S). The

average of the detected 1,4-dioxane concentrations is 48.85 pg/L. 1,4-Dioxane exceeded its United
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States Environmental Protection Agency (USEPA) 1x10° regional screening level criterion
(0.46 pg/L) inall samples in which it was detected (41 of 84 samples). Higher concentrations occur
primarily in the upper and intermediate surficial-aquifer zones, in wells east of Pond 1 (DMW-03S
[170 pg/L], and MW-52S/I [69 ug/L and 29 ug/L, respectively]). Elevated 1,4-dioxane
concentrations are also present in the TT Area East (MW-45S and DMW-09I [450 pg/L and
100 pg/L, respectively]) and the area downgradient (MW-53S/l [75 pug/L and 140 pg/L,
respectively]). The highest concentration of 1,4-dioxane throughout the site (450 pg/L) was
detected in the TT Area East at MW-45S.

An elevated 1,4-dioxane concentration (130 pg/L) was also reported for MW-16S, north of the
PHA. Substantially lower concentrations of 1,4-dioxane are reported for wells at the Drum Area
plume (the highest concentration in the area was 18 pg/L [DMW-07S]). 1,4-Dioxane was not
detected in the deep confined-aquifer groundwater samples (i.e., MW-27D, MW-29D, and
MW-30D).

4.2.3 Metals

Tables 4-2 and 4-3 summarize descriptive statistics and detections, respectively, of total metals
(unfiltered groundwater samples) and dissolved metals (filtered groundwater samples) in DRA
monitoring wells. Metal concentrations that exceed MDE groundwater standards are listed in
Table 4-3 and shown on Figures 4-9 through 4-13. Eight total metals and seven dissolved metals
were detected at concentrations exceeding groundwater standards in one or more groundwater

samples collected in 2022.

As shown in Table 4-3, the maximum concentrations of cadmium, chromium, and nickel exceed
standards by more than one order of magnitude in both the total and dissolved metals fractions.
Maximum concentrations of arsenic in both the total and dissolved metals fractions (both 19 pg/L
detected at MW-141) are nearly twice its standard of 10 pg/L. Wells DMW-03 and MW-45S
appears to be installed in the respective cadmium and chromium source-areas. Total cadmium
concentrations at MW-45S and DMW-03I during this round (81 pg/L and 800 ug/L, respectively)
are typically several times higher than their historical concentrations were in nearby wells
DMW-01A and DMW-01B. Note that wells DMW-01A/B have not been sampled since 2019.
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Maximum concentrations of total and dissolved nickel (880 pg/L and 850 pg/L, respectively) were
detected in well MW-24S, southwest of Taxiway Tango in the grassy area between Taxiway Tango
and the airport runway. Maximum concentrations of total and dissolved zinc (1,900 pg/L and
2,800 pg/L, respectively) were also detected at MW-24S, with exceedances also detected at
MW-41S (720 pg/L, dissolved and total), MW-45S (830 pg/L, dissolved and total), and at
MW-541 (1000 pg/L and 920 pg/L) for total and dissolved zinc (respectively).

Hexavalent chromium was detected in 11 of 32 samples in which it was analyzed, at concentrations
ranging from 0.013 pg/L to 0.44 pg/L (note that the sample collected at DMW-06S was rejected,
so the total number of samples successfully analyzed for hexavalent chromium was 32). Six
detections exceeded the MDE screening criteria of 0.035 pg/L; exceedances ranged from
0.065 pg/L (MW-14D) to 0.44 pg/L (MW-15D). Most (i.e., four of six) exceedances of hexavalent
chromium were detected in wells screened in the lower surficial aquifer or the deep confined
aquifer. All other metals detected in groundwater samples collected from the deep confined-aquifer
wells (i.e., in wells MW-27D, MW-29D, MW-30D, and MW-31D) were below their respective

available groundwater criteria.

4.2.4 Petroleum Hydrocarbons

Thirty-seven samples from the DRA upper surficial-aquifer and one samples from the intermediate
surficial-aquifer (MW-341) were submitted for total petroleum hydrocarbons (TPH)-diesel-range
organics (DRO) and TPH-gasoline-range organics (GRO) analysis (Table 3-1). As shown in
Table 4-2, sitewide TPH-DRO were detected in 55% of the groundwater samples collected in
2022, at concentrations ranging from 230 ug/L to 320,000 pg/L, whereas TPH-GRO were
detected in 39% of groundwater samples, at concentrations ranging from 54 pg/L to 29,000 pg/L.
TPH-DRO and TPH-GRO exceedances of the groundwater standard (47 pg/L for both) are in
Figure 4-14. The average detected concentration of TPH-DRO is 16,130 pg/L; the highest
concentration reported is for well MW-548S. The average detected concentration of TPH-GRO is
approximately 3,789 pg/L, with the highest concentration reported for 2022 also at well MW-54S.
The previous highest detection of TPH-DRO at MW-54S was 3,800 pg/L in 2017; the concentration
detected in 2022 (320,000 pg/L) is approximately two orders of magnitude greater. TPH-GRO has
been detected on numerous occasions above its 2022 detection (29,000 pg/L), including 94,000
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Ma/L (2018), 67,000 pg/L (2017), and 65,000 pg/L (2019). The 2022 sample log sheet for MW-54S
(Appendix B) reports a high turbidity (1,000 NTU) at the time of sampling, which most likely
influenced the detected concentrations in this well.

One sample from the intermediate aquifer (MW-341) was erroneously submitted to the laboratory
for TPH-DRO and GRO analysis. TPH-GRO was detected at 77 ug/L, a concentration higher than
the groundwater standard of 47 pug/L. TPH-DRO was not detected. Given these results, analyte
characteristics, and site history, continued monitoring for TPH-DRO and GRO in the intermediate

aquifer is not warranted.

Two samples from Main Terminal (MT) were submitted for TPH-DRO/GRO analysis. TPH-GRO
was detected in MT-MW-02S at a concentration of 1,700 pg/L but was not detected in
MT-MW-01S. TPH-DRO was detected at both wells, with detected concentrations of 470 pg/L
(MT-MW-01S) and 7,400 pg/L (MT-MW-02S). The detected concentrations exceeded the
groundwater standard of 47 ug/L.

4.2.5 Radium-228 and Total Alpha Radium

As shown in Table 4-2, radium-228 was detected in six of seven samples, while total alpha radium
was detected in five of seven groundwater samples. Radium-228 concentrations range from
0.667 picocuries per liter (pCi/L) to 17.7 pCi/L. The average detected radium-228 concentration
is 7.28 pCi/L, with the highest radium-228 concentration reported at well DMW-061, screened in
the intermediate surficial aquifer in the southeastern portion of the DRA. The radium-228
concentration at DMW-03I (14.1 pCi/L), east of Pond 1, also exceeded its groundwater standard
(5 pCi/L), as did the concentration at DMW-06D (8.6 pCi/L). Total alpha radium was detected
above the groundwater standard (5 pCi/L) at DMW-61 and was detected just under the standard at
DMW-3I (4.87 pCi/L). All other concentrations of total alpha radium are less than the groundwater
standard (5 pCi/L).
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SECTION 5
SUMMARY

This section summarizes the findings of the 2022 groundwater sampling and analysis program for
the Dump Road Area (DRA) and Main Terminal (MT) of Martin State Airport (MSA), including

groundwater flow directions in the Dump Road Area.

e The airport runway and taxiway are at higher ground surface elevations that form a
site-wide groundwater divide. East of the taxiway, groundwater generally flows to the
south and southeast, towards Frog Mortar Creek.

e The groundwater flow patterns at the Dump Road Area are locally influenced by zones of
enhanced groundwater recharge (the ponds) and enhanced groundwater discharge (the
extraction. The groundwater interim remedial action extraction and treatment system in
the Dump Road Area started operation in November 2017 and has operated continuously
with only a few inactive periods. The extraction wells create cones of depression along the
western shore of Frog Mortar Creek, and the groundwater east of the groundwater ridge
flows towards the 16 extraction wells.

e Concentrations of chlorinated volatile organic compounds (cVOCs) exceed Maryland
Department of the Environment (MDE) groundwater standards throughout much of the
Dump Road Area, and at multiple depths. The two highest trichloroethene (TCE)
concentrations observed in the current sampling round are 12,000 micrograms per liter
(ng/L) and 20,000 pg/L, reported for upper and intermediate surficial-aquifer wells MW-
54S and MW-541 (northwest of MW-45S in the Taxiway Tango median area), respectively.
Multiple sources of chlorinated volatile organic compounds have resulted in in
groundwater plumes that extend to areas north of Pond 2, south to wells MW-40S/1 and
DMW-071, and west to the area between Taxiway Tango and the airport runway.
Concentrations of chlorinated volatile organic compounds in groundwater are consistent
with the 2021 and 2020 groundwater results, with some exceptions. The extraction wells
continue to mitigate plume migration into Frog Mortar Creek.

e Volatile organic compounds (VOCs) were detected in groundwater at concentrations
greater than the Maryland Department of the Environment groundwater standards in
delineated areas north, east, and west of the waste material in the central portion of the
Dump Road Area.

e The semivolatile organic compound (SVOC) 1,4-dioxane was detected primarily in
groundwater samples from the upper and intermediate surficial aquifer zones. 1,4-Dioxane
is co-located in areas that contain the highest concentrations of chlorinated volatile organic
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compounds (west of Taxiway Tango at MW-54S/1/D, east of Taxiway Tango at MW-45S
and at MW-415/1, the area hydraulically downgradient of MW-45S, and near and east of
Pond 1).

e Concentrations of eight total and seven dissolved metals exceed groundwater standards in
one or more surficial-aquifer groundwater samples. Maximum detected concentrations of
cadmium and nickel exceed Maryland Department of the Environment groundwater
standards by more than one order of magnitude.

e Wells DMW-03 and MW-45S are installed in the apparent respective cadmium and
chromium source-areas east of Taxiway Tango. The total cadmium concentration at
MW-45S during this round (800 pg/L) is several times higher than any other cadmium
concentration detected elsewhere during the sampling event. Chromium concentrations
were detected at range of much lower concentrations in 2022 (2.5 pg/L - 110 pg/L) as
compared to the range of concentrations in 2021 (0.21 pg/L — 1,100 pg/L). The measured
dissolved concentration of cadmium is similar to the concentration detected for its total
metals fraction, at 810 pg/L, indicating that these metals are predominately present in their
dissolved states.

e Hexavalent chromium was detected in 11 of the 32 samples in which it was analyzed. Six
detections exceeded the Maryland Department of the Environment groundwater standard
of 0.035 pg/L, detections ranged from 0.013 pg/L to 0.44 pug/L and within the range of
background concentrations.

e Total petroleum hydrocarbons (TPH) diesel-range organics (DRO) and gasoline-range
organics (GRO) were frequently detected in upper surficial-aquifer groundwater samples.
Most concentrations exceed the Maryland Department of the Environment groundwater
standard (47 pg/L). The highest concentrations of TPH-DRO and TPH-GRO detected in
this round (in 2022) were detected at well MW-54S.

e Wells MT-MW-01S and MT-MW-02S were submitted for TPH-DRO/GRO analysis in
2022. TPH-GRO was detected in MT-MW-02S but was not detected in MT-MW-01S,
while TPH-DRO was detected at both wells. The detected concentrations exceeded the
groundwater standard of 47 ug/L.

e Radium-228 and total alpha radium were detected in six and five of seven groundwater
samples in which they were analyzed, respectively. Detected radium-228 concentrations
range from 0.667 picocuries per liter (pCi/L) to 17.7 pCi/L and detected total alpha radium
concentrations range from 0.67 pCi/L to 6.39 pCi/L. Detected concentrations of
radium-228 exceed the groundwater standard (5 pCi/L) in three monitoring wells, while
one total alpha radium concentration exceeded its groundwater standard (also 5 pCi/L).
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Chesapeake Bay

Aerial photograph provided by ESRI's ArcGIS Online World Imagery map service (© 2017 ESRI and its data suppliers).
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MSA — Martin State Airport

UST - Underground Storage Tank

MTN - Main Terminal

REC — Recognized Environmental Condition
MH - Manhole

TT- Tetra Tech

REC # REC Name

REC 1 - Former Fueling Station “A” near Hangar 1

REC 2 - Former Fueling Station “B” near Hangar 6

REC 3 - Former Fueling/De-Fueling Pits
and Fuel Oil USTs at Hangar 1

REC 4 - Hangar 3 Historical Gasoline USTs

REC 5 - Hangar 1 Former Propeller Cleaning Area

REC 6 - Hangar 4 Former Machine Gun
Cleaning/Assembly Area

REC 7 - Missile Engine Test Area c. 1959
(estimated location)

REC 8 - Hangar 2 Heating Room/Boiler

REC 9 - Hangar 4 and 5 Heating/Boiler Rooms

REC 14 - Current MAA Self-Fueling Station and Former
1,000 - gal oil UST

REC 15 - Hangar 6 Former Fuel Oil USTs

REC 16 - Hangar 2 Oil Room

REC 17 - Hangar 2 Solvent Booth

REC 18 - Hangar 2 Radar/shielded Rooms

REC 19 - Hangar 3 Washing Area/Rotating Lift

REC 20 - Hangar 3 Compressor/Motor Room

REC 21 - Hangar 5 Painting/Stripping, and Acid
Neutralization Areas

REC 22 - Hangar 4 Parachute Drying Area
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CONCENTRATIONS OF TRICHLOROETHENE,
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STANDARDS, 2022
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Samples collected April 20-21, 2022.
All results in micrograms per liter (ug/L).
cDCE = cis-1,2-Dichloroethene.

J = Estimated value.

TCE = Trichloroethene.

VC = Vinyl chloride.

Screening Levels:

- cis-1,2-Dichloroethene: 70 pg/L.
- Trichloroethene: 5 pg/L.

- Vinyl chloride: 2 pg/L.
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