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GLOSSARY

1,4-dioxane — A clear, flammable volatile organic compound mainly used as an industrial
solvent or solvent stabilizer in a variety of manufacturing processes, including electronics,
metal finishing, fabric cleaning, pharmaceuticals, herbicides, pesticides, antifreeze, and paper.
It is also found in household products such as detergents, shampoos, body lotions, dishwashing
soap, and cosmetics. It does not break down naturally in the environment, so it tends to linger
in soil and groundwater for a very long time.

Anaerobic reductive dechlorination — A natural breakdown or treatment process in which
anaerobic bacteria (i.e., bacteria that do not require oxygen) remove chlorine from chlorinated
compounds (such as trichloroethene). Once all possible chlorine atoms are taken away, a
chemical called ‘ethene’ is formed, which is not harmful to human health or the environment.

Applicable or relevant and appropriate requirements (ARARs) — Environmental cleanup
standards and requirements (federal and state laws and regulations) that must be attained upon
completion of remedial actions subject to the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA).

Aquifer — An underground layer of rock, sand, silt, or clay that contains water in sufficient
amounts to serve as sources of groundwater for wells and springs.

Bioaugmentation — A treatment technology in which specialized bacteria that consume
organic compounds are added to the subsurface. Chemicals and/or nutrients are often added to
promote biological activity.

Biodegradation — A natural process whereby naturally occurring bacteria decompose or
break down contaminants or chemicals.

Biostimulation — A treatment technology in which chemicals and/or nutrients are added to the
subsurface to increase the activity of naturally occurring bacteria that consume organic
compounds.

Bulk density — A soil property defined as “the mass of a soil sample” divided by “the volume
of the soil and its pore spaces (open spaces between sediment particles, or ‘bubbles’ and cracks
in rock) and void spaces.” The bulk density of a soil can change depending on the degree of
compaction. More compaction results in a higher bulk density value.

Chemical of concern (COC) — Chemicals that are identified by a regulatory agency (such as
EPA or a state environmental agency) that are found at concentrations higher than those
considered to be safe, and must be cleaned up and/or monitored.

Chemical of potential concern (COPC) — Chemicals identified during a remedial
investigation (RI) that are at concentrations that have the potential to harm human health and/or
the environment.
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Coagulation — In wastewater treatment, the promotion of the settling of fine suspended
particles by the addition of chemicals.

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
— Commonly called Superfund, a federal law enacted in 1980 and amended in 1986 by the
Superfund Amendments and Reauthorization Act to address remediation of abandoned
hazardous waste sites.

Consent Order — A legally enforceable agreement between an environmental regulator and a
responsible party.

Containment — A technology that prevents the movement of contaminants from a site but
does not necessarily treat or remove the contaminants.

Dechlorination — The breakdown process of a chlorinated organic compound that
contaminates soil and groundwater. This process removes chlorine atoms from the chemical
during biological degradation. For example, the complete dechlorination of trichloroethene
(TCE) creates ethene.

Dense non-aqueous phase liquids (DNAPLs) — An accumulation of liquid chemicals, like
solvents, in the ground that are denser than water, and tend to sink. Dense non-aqueous phase
liquids are difficult to remove and can be an ongoing source of groundwater contamination.

Drawdown — A lowering of the water table of an unconfined aquifer or the potentiometric
surface of a confined aquifer by pumping groundwater from wells. The drawdown is the
vertical distance between the original water level and the new water level in the well.

Effective porosity — A measure of the pore spaces (open spaces between sediment particles,
or “bubbles” and cracks in rock) that are interconnected in the subsurface, and that effectively
allow fluids to flow through the rock or sediment. Because some of the pores are dead end, and
some of the groundwater will cling on to the sediment or rock surfaces and not drain, the
“effective porosity” is less than the “total porosity.”

Ex situ — Away from the original location or place where pollutants are found; in this report,
ex situ means on-site and at the surface, but not in place.

Feasibility study (FS) — A report presenting the development, analysis, comparison, and
selection of cleanup alternatives.

Fines — Very small solid particles that slowly settle out of water.

Flocculation — In wastewater treatment, the formation of clusters of fine suspended particles
to improve settling using gentle mixing. This step typically follows coagulation.

Fraction of organic carbon — The measure of the total weight of organic carbon in a soil
sample relative to the total weight of the soil sample.

Groundwater — Water found beneath the ground surface that fills open spaces between
particles such as sand, soil, and gravel, or that fills cracks and fractures in rock.



7914 TETRA TECH: LOCKHEED MARTIN, MARTIN STATE AIRPORT, DRA SITE, INTERIM REMEDIAL ACTION, FS FOR GROUNDWATER PAGE xiii

Human health risk assessment (HHRA) — A study that evaluates the harmful effects and
risks from eating, breathing or touching a chemical (current and future).

Hydraulic conductivity — The rate at which water can move through a permeable medium,
like an aquifer.

Hydraulic gradient — The slope of the water table (in an unconfined aquifer) or
potentiometric surface (in a confined aquifer) that controls the general direction of where
groundwater flows (e.g., groundwater flows from high elevations to lower elevations).

In situ — In this report, in situ means on-site and in place.

In situ enhanced bioremediation — A treatment technology in which chemicals and/or
nutrients are added to groundwater in situ (as opposed to extracted groundwater) to increase the
activity of naturally occurring bacteria that consume and degrade organic compounds.
Bioaugmentation is often included if the naturally occurring bacteria are not present in
sufficient quantity to breakdown the compounds.

Maximum contaminant level (MCL) — The highest level (concentration) of a chemical
allowed in drinking water, set by the EPA.

Model domain — The modeling area of interest (with boundaries defined by the model’s
boundary conditions).

National Oil and Hazardous Substances Pollution Contingency Plan (NCP) — The federal
government’s plan for responding to oil spills and hazardous substance releases.

Net present worth (NPW) — A present worth analysis evaluates costs over a specific period
of time by discounting all future costs to a common base year. It represents the amount of
money that, if invested in the base year and dispersed as needed, would be sufficient to cover
all costs associated with the remedial action over its planned life. Net present worth considers
both capital (construction) and annual (such as maintenance and labor) costs.

Permeable reactive barrier (PRB) — Reactive materials placed in the subsurface (by
trenching or drilling) to catch contaminated groundwater and change contaminants, as they pass
through the barrier, into less harmful, environmentally acceptable products.

Plume — A body of contaminated groundwater moving away from its source. The movement
of contaminants is influenced by such factors as local groundwater flow patterns, aquifer
characteristics, and the nature and type of contaminant.

Potentiometric surface — The imaginary surface for an aquifer representing the level to
which water will rise in a well installed within that aquifer. The water table represents the
potentiometric surface of an unconfined aquifer while the potentiometric surface of a confined
aquifer (one that is capped by a less permeable layer) may rise above the actual top of the
aquifer.
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Preliminary remediation goal (PRG) —Contaminant concentration goals for soil, sediment,
water, and air, listed by land use option, that are considered to be protective to human health
and the environment. Customarily used at Superfund, Federal Facilities, Brownfield and RCRA
sites, and complies with all ARARs. Preliminary remediation goals serve as a target during the
initial development, analysis and selection of cleanup alternatives.

Pumping test — A test that is conducted to determine groundwater or well characteristics that
involves the removal/pumping of groundwater from a well or other extraction point and
measuring the resultant drop in water levels.

Remedial action — The actual construction or implementation phase of the selected remedial
alternative.

Remedial action objectives (RAOs) — Objectives that specify contaminants to be cleaned up,
the level of cleanup, the area and media of cleanup, and the time required to achieve cleanup to
protect human health and the environment.

Remedial investigation — An in-depth study of a site that gathers data needed to determine
the nature and extent of contamination, assess risk to human health and the environment,
establish cleanup criteria, identify preliminary remedial action alternatives, and provide a
technical and cost analysis of the alternatives.

Remediation — The process of correcting and/or cleaning up environmental contamination.
Remediation involves taking action to reduce, isolate, or remove contamination from
environmental media (e.g., soil, air, groundwater, surface water), with the goal protecting
human health and the environment.

Residual — A modeling term that represents the difference between the model-computed and
field measured values (like hydraulic head or groundwater flow rate).

Retardation — A chemical and physical reaction in the subsurface that changes the average
speed of movement of some kinds of contaminant plumes, so that the plume travels much
slower than groundwater. Retardation is primarily due to adsorption of contaminants to soil and
natural organic material that effectively holds contaminants back, and limits its ability to move
at the same speed as the groundwater.

Slug test — A test that is conducted to determine hydraulic conductivity that involves the
sudden addition or removal of a known volume (typically a large cylinder) from a well and
measuring the resultant change in water level.

Soil-water partition coefficient — A measure of how much a chemical clings (sorbs) to soil
versus how much dissolves in the surrounding water. Expressed as a ratio of “the amount of
chemical that adsorbs to soil solids” to “the amount that dissolves in water” (in liters per
kilogram [L/kg]).

Sorb, sorption — A chemical process where water-borne contaminants adhere or bond to solid
particles, effectively removing the contaminants from water; also referred to as adsorption.
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Specific yield — The ratio of the volume of water that an aquifer will yield (give up) to the
volume of rock or sediment when it is allowed to drain under the force of gravity. The specific
yield is a property of unconfined aquifers.

Storativity — The amount of water an aquifer releases from (or takes into) storage (per unit
area per unit change in hydraulic head), for example, when water is pumped from a well.

Steady-state model — A model of an aquifer system that is in equilibrium (or in balance) with
respect to groundwater that flows into and out of the model areas of interest. In a steady-state
model simulation, the groundwater head and flux conditions do not change over time.

Stratigraphy — The study and classification of rock layers using their physical and
geochemical characteristics, and geologic age.

Supernatant — Water that remains after solids settle out from a mixture of solids and water.

Total porosity — A measure of the total volume of pore spaces (open spaces between
sediment particles, or “bubbles” and cracks in rock) in the subsurface that can contain
groundwater. Because some of the pores are dead ends, and some of the groundwater will cling
on to the sediment or rock surfaces and not drain, the “total porosity” is greater than the
“effective porosity.”

Transient model (time-dependent) — A model of an aquifer system that is not in equilibrium
with respect to groundwater that flows into and out of the model area of interest. In a transient-
state model simulation, the groundwater head and flux conditions are changing over time.

Trichloroethene (also known as TCE or trichloroethylene) — A nonflammable, colorless
liquid chemical with a slightly sweet odor, commonly used as a industrial solvent and metal
degreaser. Trichloroethene is also used in household and consumer products such as typewriter
correction fluid, paint removers, adhesives, and spot removers.

Vapor intrusion — The movement (migration) of chemical vapors from under the ground into
overlying buildings.

Volatile organic compounds (VOCs) — A group of chemicals (organic compounds) that will
vaporize or evaporate at room temperature into the atmosphere. They often have a sharp smell
and can come from many products such as office equipment, adhesives, carpeting, upholstery,
paints, petroleum products, solvents, and cleaning products. Trichloroethene is an example of a
VOC.

Zero-valent iron (ZVI) — A type of pure iron, typically in the form of small particles, used in
the construction of subsurface reactive walls to treat and reduce the levels of contamination in
groundwater.
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Executive Summary

Tetra Tech, Inc. has prepared this Interim Remedial Action - Feasibility Study for the

Groundwater Operable Unit at the Dump Road Area Site at Martin State Airport, Middle

River, Maryland for Lockheed Martin Corporation. Martin State Airport is located at 701

Wilson Point Road in Middle River, Maryland, and is bounded by Frog Mortar Creek to the

east and Stansbury Creek to the west. Both creeks join Chesapeake Bay at the southern side of

the airport. The Dump Road Area Site is located in the southeast portion of the airport and is

bounded by Frog Mortar Creek to the east and the main airport runway to the west

(Figure ES-1).

The purpose of the Feasibility Study is to evaluate technologies for the interim remediation of

groundwater at the site, with the primary goal of minimizing off-site migration of

contaminants. The extensive treatment of areas of the site with high concentrations of

contaminants in groundwater is not a primary goal of this remedial action and will be further

addressed in future documents. Additional investigations for several areas of the site with high

concentrations of contaminants are planned for 2012.

As part of this evaluation, an interim remedial action is recommended. Following approval of

the Feasibility Study and subsequent Proposed Plan, Lockheed Martin Corporation will

implement the recommended interim remedial action.

Groundwater remedial actions in addition to those presented in this Feasibility Study may be

considered along with final remedies for the contaminated soil and waste material in the final

Feasibility Study for the Dump Road Area Site; these will be based on existing site data and the

additional data to be collected in 2012.

Environmental issues with the Dump Road Area Site were originally discovered in July 1991.

As part of the investigations of these environmental issues, more than 540 groundwater samples

have been collected from 85 permanent monitoring wells and 125 temporary monitoring wells

and more than 320 soil samples have been collected from approximately 180 borings and 65
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test pits or trenches. These sample collection activities, and associated geophysical

investigations, identified waste material (and associated soil and groundwater contamination) at

the Dump Road Area Site over an area of approximately 25 acres. These investigations are

detailed in the Remedial Investigation Report for this site (Tetra Tech, 2010b).

Soil contamination at the site includes volatile organic compounds, semivolatile organic

compounds, polychlorinated biphenyls, and metals. The soil contamination and associated

waste material will be addressed in a separate Feasibility Study.

This Feasibility Study is based on groundwater sampling results from 2007 through 2009. Over

200 groundwater samples were collected during this time period. The results of these samples

show significant contamination at various depth intervals throughout the Dump Road Area Site.

The contaminated aquifer is divided into upper (from the ground surface to an elevation 15 feet

below mean sea level), intermediate (from 15 feet below to 45 feet below mean sea level), and

deep (from 45 feet below to 73 feet below mean sea level) zones. The deep zone is underlain by

a very competent clay layer (see report Section 1.2.3.2).

The following is a summary of the nature and extent of the contamination in groundwater (for

selected contaminants) at the Dump Road Area Site:

 Concentrations of chlorinated volatile organic compounds (such as trichloroethene,
cis-1,2-dichloroethene, and vinyl chloride) exceeded federal and Maryland groundwater
standards throughout a large portion of the investigation area and at multiple depths.
Figure ES-2 shows the groundwater trichloroethene concentrations at various depth
intervals; the other chlorinated volatile organic compounds listed above follow similar
patterns.

 The compound 1,4-dioxane was primarily detected in groundwater samples from the
upper and intermediate surficial aquifer zones. It is generally present in areas containing
the highest concentrations of chlorinated volatile organic compounds. Figure ES-3
shows the groundwater 1,4-dioxane concentrations at various depth intervals.

 Concentrations of cadmium exceeded the Maryland groundwater standards in
20 percent of samples, and the greatest concentrations of cadmium are associated with
high levels of volatile organic compounds in the intermediate surficial aquifer.

 Petroleum-related compounds such as benzene were detected less frequently and at
lower concentrations with respect to groundwater standards than the chlorinated volatile
organic compounds.
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For more information on site groundwater contaminants, see report Section 1.2.5.

Chemicals of concern in groundwater, which include the chemicals listed above, were selected

based primarily on the human health risk assessment prepared as part of the Remedial

Investigation Report (see report Section 1.2.7.1). A preliminary remediation goal was then

developed for each of these contaminants. Preliminary remediation goals that are protective of

human health were selected from among Maryland Groundwater Cleanup Criteria, United

States Environmental Protection Agency drinking water standards, or risk-based criteria. The

groundwater contaminants of concern are presented in Section 2.1, and their respective

preliminary remediation goals are presented in Section 2.4 and Table 2-4 of this Feasibility

Study.

In order to determine the basis for selecting the appropriate interim remedial action for

groundwater, objectives for the interim remedial action were developed. These Remedial

Action Objectives for the interim remedial action for groundwater are listed below:

Remedial
Action
Objective

Description

1 Prevent lateral migration of contaminated groundwater toward Frog
Mortar Creek at concentrations that would cause exceedance of ambient
water quality criteria or risk-based criteria.

2 Prevent human exposure (including via showering, drinking, and
irrigation) to groundwater containing chemical of concern concentrations
greater than preliminary remediation goals.

3 Prevent exposure of industrial workers and construction workers to
volatile organic compounds resulting from vapor intrusion into buildings
that cause unacceptable risk.

After identifying the Remedial Action Objectives, the evaluation of interim remedial

alternatives for groundwater was conducted (see Section 3.1 of the Feasibility Study). Initially,

a total of 22 process options, separated into 7 general response actions categories, were

considered. The general response action categories included no action, limited action,

containment, removal, in situ treatment, ex situ treatment, and disposal (see Table 3-1 of the

Feasibility Study for more information).
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A detailed screening of the process options was conducted and the remaining options were

combined into the following six remedial alternatives to be further evaluated:

 Alternative G-1 — No action.

 Alternative G-2 — Hydraulic control by extraction, ex situ treatment of groundwater,
discharge to publicly owned treatment works/surface water, monitoring, and land use
controls.

 Alternative G-3 — Hydraulic control by extraction, ex situ treatment of groundwater,
reinjection of groundwater, discharge to publicly owned treatment works/surface water,
monitoring, and land use controls.

 Alternative G-4 — Hydraulic control by extraction, extraction in high concentration
areas, ex situ treatment of groundwater, reinjection of groundwater, discharge to
publicly owned treatment works/surface water monitoring, and land use controls.

 Alternative G-5 — Hydraulic control by extraction, ex situ treatment of groundwater, in
situ bioremediation of high concentration areas, discharge to publicly owned treatment
works/surface water, monitoring, and land use controls.

 Alternative G-6 — Zero-valent iron permeable reactive barrier, monitoring, and land
use controls.

Alternative G-1 was developed and analyzed as a baseline against which the other alternatives

could be compared.

Alternative G-2 was developed as a base case with hydraulic control of the plume only (to

minimize off-site migration of contaminants). Extracted groundwater is then treated to remove

contaminants prior to discharge. Groundwater contaminants upgradient of the extraction wells

will eventually flow to the extraction wells, but the design does not incorporate acceleration of

the overall groundwater cleanup.

Alternative G-3 is an enhanced version of Alternative G-2, in that some of the treated

groundwater will be amended with an electron-donor compound and then reinjected upgradient

of the high concentration areas to promote biological remediation. The treatment system in this

alternative is sized for a larger flow rate to address the potential for flexibility in future

operations, including the final site groundwater remedy.

Alternative G-4 is a more aggressive extraction and treatment approach that includes extraction

and treatment of highly contaminated groundwater from the high concentration areas, and
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reinjection of treated groundwater (with amendments to promote biological activity). Treating

additional groundwater may reduce the time required to restore groundwater quality.

Alternative G-5 is similar to Alternative G-4 in that highly contaminated groundwater in the high

concentration areas is treated. However, in Alternative G-5, highly contaminated groundwater in

the high concentration areas is treated in situ by enhanced bioremediation to reduce the time to

restore groundwater quality, and extracted groundwater is not reinjected. The treatment system in

this alternative is also sized for a larger flow rate to permit flexibility in future operations.

Alternative G-6 uses a permeable reactive barrier for passive treatment of groundwater

contaminants instead of a groundwater extraction and treatment system. A description and

detailed analysis of these alternatives are presented in Sections 4.2.1 through 4.2.6 of the

Feasibility Study. The key features of each alternative are summarized in Table 4-1 of the

document.

A detailed evaluation of each alternative was conducted with respect to the following

evaluation criteria: Overall Protection of Human Health and the Environment; Compliance with

Applicable, or Relevant and Appropriate Requirements; Long-Term Effectiveness and

Permanence; Reduction of Toxicity, Mobility, or Volume of Contaminants through Treatment;

Short-Term Effectiveness; Implementability; Sustainability; and Cost (see report Sections 4.2.1

through 4.2.6). A comparison of the alternatives based on these criteria was then completed

(see Table 5-1 of the Feasibility Study).

Based on this evaluation, Alternative G-3 (hydraulic control by extraction, ex situ treatment of

groundwater, reinjection of groundwater in high concentration areas, discharge to publicly owned

treatment works/surface water, monitoring, and land use controls) was selected as the interim

remedial action for groundwater at the Dump Road Area Site. This alternative meets the interim

remedial action requirement in that it provides containment to minimize off-site migration of

trichloroethene, 1,4-dioxane, and cadmium. It also provides additional groundwater treatment

capacity so that the groundwater extraction system can be expanded in the future, particularly

after the soil and landfill waste have been remediated.

Future expansion of this alternative could include groundwater recirculation and in situ

bioremediation in the high concentration areas to provide some destruction of chlorinated
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volatile organic compounds, and such expansion could be designed for implementation in

conjunction with the soil/landfill waste remedy. This alternative is economical and provides

both effective treatment of all chemicals of concern and operational flexibility. The general site

layout for Alternative G-3 is shown in Figure ES-4. More details on the criteria for selection

are included in Section 5.3 of the report.

As part of Lockheed Martin Corporation’s “Go Green” program, sustainability was a factor in

selecting the recommended remedial alternative, and sustainability practices will be included in

the design, installation, and operation of the interim remedial action for groundwater.

Sustainability practices in general are those that consider economic and natural resources,

ecology, human health and safety, quality of life, and reduction of the overall environmental

“footprint”. Details on these practices as they relate to this Feasibility Study are included in

Section 5.4 of the report.

The interim remedial action-groundwater feasibility study was presented and submitted to the

on site stakeholders for their review: the Maryland Aviation Administration and the Maryland

Air National Guard. Comments from these stakeholders were incorporated in this revised

report.
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Section 1

Introduction

1.1 REPORT PURPOSE AND ORGANIZATION

1.1.1 Purpose

Tetra Tech, Inc. (Tetra Tech) has prepared this Interim Remedial Action - Feasibility Study (FS)

for the Groundwater Operable Unit at the Dump Road Area (DRA) Site at Martin State Airport

(MSA), Middle River, Maryland (Groundwater FS herein) for Lockheed Martin Corporation

(Lockheed Martin) to evaluate alternatives for an interim remedial action, primarily considering

containment of contaminated groundwater at the DRA Site. Containment alternatives that

include limited source area treatment are also evaluated. This FS is not a comprehensive

evaluation of groundwater remediation across the entire DRA Site, as intensive source

treatment is not a primary consideration.

A comprehensive evaluation of groundwater remedies will be included in a separate FS, along

with remedies for contaminated soil and landfill waste associated with this site. The FS for the

contaminated soil and landfill waste, as well as the comprehensive evaluation of the site

groundwater, will be completed in consultation with the current property owner [Maryland

Aviation Authority (MAA)] and tenant [Maryland Air National Guard (MDANG)]. Additional

investigations in several areas of the site containing high concentrations of contaminants are

planned for 2012, and will be used in the preparation of the separate FS.

This document was prepared following the requirements for a feasibility study as outlined in

the United States Environmental Protection Agency’s (EPA) National Oil and Hazardous

Pollution Contingency Plan (NCP). Although the site does not fall under the federal

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), the

NCP process was nevertheless followed in this feasibility study to provide information in a

recognized format and to fully evaluate options to properly contain groundwater contamination

caused by waste disposed at the DRA Site. The FS process is aimed at gathering and evaluating
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information sufficient to select an appropriate interim remedial action for DRA Site

groundwater. This Groundwater FS establishes remedial action objectives (RAOs) and cleanup

goals and screens remedial action technologies that may be suitable for addressing areas of

groundwater at the DRA Site with contaminant concentrations greater than cleanup goals. It

assembles, evaluates, and compares several remedial action alternatives for such groundwater,

and then recommends one of these as the best interim remedial action for the DRA Site.

This Groundwater FS was prepared for review and approval by the Maryland Department of

the Environment (MDE) and is subject to the regulatory requirements of Maryland’s Hazardous

Substance Response Plan (Code of Maryland Regulations Title 26, Subtitle 14). Maryland’s

Hazardous Substance Response Plan grants MDE the authority to choose how a cleanup will be

performed.

This Groundwater FS is based on data collected during a series of investigations conducted from

1992 to 2010 and on the results and conclusions of the remedial investigation (RI) report,

including the human health and ecological risk assessments (Tetra Tech, 2010b). In this

Groundwater FS report, the results of previous investigations and risk assessments are used to

develop and evaluate potential remedial action alternatives that will permanently and

significantly reduce risks to human health and the environment that have been identified at the

site. The proposed alternatives provide cost-effective and sustainable methods to mitigate the

risks identified in the human health and ecological risk assessments.

The interim remedial action selected will be designed and implemented so that it does not

interfere with future parallel soil and landfill waste remediation projects at this site. The design

of the groundwater containment system includes flexibility to treat additional groundwater if site

conditions should change in the future. Lockheed Martin will implement the preferred interim

remedial action subsequent to MDE concurrence with this Groundwater FS.

1.1.2 Report Organization

This Groundwater FS is organized to meet the general format requirements specified in EPA’s

remedial investigation/feasibility study guidance document (EPA, 1988). This FS report is

organized as follows:
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Section 1.0: Introduction - Describes the purpose of the Groundwater FS, the site
background, and summarizes the findings of previous site investigations and risk
assessments.

Section 2.0: Remedial Action Objectives and General Response Actions - Provides
remedial action objectives, chemicals of concern (COCs), environmental media of concern,
applicable or relevant and appropriate requirements (ARARs) and other guidance criteria,
groundwater cleanup goals and associated general response actions (GRAs), and estimates
of the volumes of contaminated groundwater and mass of contaminants.

Section 3.0: Technology Screening and Process Options - Describes a two-tiered process
for screening potentially applicable groundwater remediation technologies and assembling
them into remedial action alternatives.

Section 4.0: Assembly and Detailed Analysis of Remedial Action Alternatives - Describes
evaluation criteria and detailed analyses of the groundwater interim remedial action
alternatives, in accordance with the CERCLA process. This section also makes
optimization recommendations to enhance the sustainability of the selected interim
remedial action.

Section 5.0: Comparative Analysis of Remedial Action Alternatives - Compares
groundwater remedial action alternatives on a criterion-by-criterion basis and selects the
recommended alternative.

Section 6.0: Future Actions - Summarizes future activities to address environmental issues
at the DRA Site.

Section 7.0: References - Lists documents used to prepare this Groundwater FS.

Appendix A presents selected figures and tables from the MSA RI report (Tetra Tech, 2010b).

Appendix B is the groundwater modeling report. Appendix C contains volume computations of

groundwater contaminants identified at the site at concentrations greater than cleanup goals.

Appendix D describes the screening of remediation technologies and process options.

Appendix E presents preliminary design calculations and detailed process descriptions for

interim remedial action alternatives. Appendix F presents cost estimates for the remedial action

alternatives.

1.2 SITE BACKGROUND

The following subsections provide background information about the DRA Site. Figure 1-1 is a

general location map; Figure 1-2 is a site map showing general site features. Figure 1-3 shows

the main site features (such as areas of concern where previous investigations were conducted),

and Figure 1-4 shows site monitoring well locations.
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1.2.1 Site Description

Martin State Airport is located at 701 Wilson Point Road in Middle River, Maryland, and is

bounded by Frog Mortar Creek to the east and Stansbury Creek to the west (Figure 1-2). Both

creeks join Chesapeake Bay at the southern side of the airport. The DRA Site is on the

southeast portion of MSA and is bounded by Frog Mortar Creek to the east and Taxiway Tango

and the main airport runway to the west.

Martin State Airport was owned and operated by the Glenn L. Martin Company (a predecessor

firm of Martin Marietta Corporation) from approximately 1929–1975. Runways and hangars

were built in 1939–1940. The Glenn L. Martin Company consolidated with American Marietta

Corporation in September 1961 to form Martin Marietta Corporation. Lockheed Corporation

and Martin Marietta merged in 1996 to form Lockheed Martin Corporation. In July 1955, the

MDANG began leasing the property from the Glenn L. Martin Company. In September 1975,

the MAA purchased the land now used as the airfield.

Environmental issues associated with the DRA Site were initially identified in July 1991, when

MAA encountered four drums adjacent to Taxiway Tango during trenching to install an

electrical cable. These drums were subsequently disposed of off-site. Discovery of these buried

drums led to investigation of the surrounding area for possible soil and groundwater

contamination. These investigations also showed that the DRA Site had been used as a landfill

for wastes associated with aircraft manufacturing.

1.2.2 Previous Investigations

The Maryland Aviation Administration (1991–1997) and Lockheed Martin (1998–2009)

performed 20 site investigations and/or sampling events to outline the extent of environmental

contamination at the DRA Site. The early investigations identified four areas of concern (see

Figure 1-3):

 Taxiway Tango Median Anomaly  Drum Area

 Two ponds  Petroleum Hydrocarbon Area

They were identified as areas of concern based on earlier analyses of soil samples and

observations of debris and waste material found at these locations. Site investigations included
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monitoring well installation, soil and groundwater sampling, test pit excavations, and

geophysical surveys. These investigations also identified the extent of historical landfilling and

waste disposal. More than 540 groundwater samples were collected from approximately

85 permanent monitoring wells, 125 temporary monitoring wells, and temporary groundwater

sampling points. More than 324 soil samples were collected from approximately 180 borings

and 65 test pits or trenches. The results of these investigations are summarized in reports listed

in Section 7, References, below.

An RI was conducted to refine the lateral and vertical extent of landfill material to support the

remedial design for the landfill area and to quantify subsurface contaminant mass for groundwater

remediation. Fieldwork for the RI was performed in late 2009, and the RI report was completed

in May 2010 (Tetra Tech, 2010b). A secondary objective of the RI was to identify the northern

extent of groundwater contamination. The RI provides an evaluation of the nature and extent of

environmental contamination at the DRA Site and includes a human health risk assessment

(HHRA) and an ecological risk assessment (ERA). The results of the RI are used in this

Groundwater FS to establish current environmental conditions and to help choose an appropriate

remedial action. Select figures and tables from the RI are included in Appendix A to supplement

this Groundwater FS.

1.2.3 Geology and Hydrogeology

1.2.3.1 Regional Geology and Hydrogeology

Martin State Airport is on the Western Shore of Chesapeake Bay and situated within the

westernmost portion of the Coastal Plain Physiographic Province. Geologic mapping of

Baltimore County shows that the site is underlain by the Potomac Group, a lower Cretaceous

age inter-bedded gravel, sand, silt, and clay unit ranging from 0 to 800 feet thick. The Potomac

Group at the site consists of three units (from the top down, and thus from the youngest to

oldest): the Patapsco Formation, the Arundel Clay, and the Patuxent Formation. Potomac

Group sediments were deposited in a river delta environment (Hansen, 1969).

The Patapsco Formation, the formation of primary interest in this investigation, is composed

primarily of silty sands, fine-grained to medium-grained sands, silty clays, clayey silts, and

plastic clay characteristic of back swamps and floodplain deposits. The Arundel Clay is
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composed of dark gray and maroon lignitic clays ranging between 25 to 200 feet thick beneath

the site. The Arundel Clay probably acts as an impermeable barrier to the downward movement

of any constituents found in the overlying groundwater. Below the Arundel Formation is the

Patuxent Formation. It is a multi-aquifer unit, due to various inter-bedded sand and silt/clay

layers and the rapid changes of deposited material types over short distances (Glaser, 1969).

1.2.3.2 Dump Road Area Site Geology and Hydrogeology

Previous and recent investigations at the DRA Site indicate that the subsurface is characterized

by inter-bedded zones of heterogeneous sand, silt, and clay deposits from the Patapsco

Formation. Figure 1-5 depicts a generalized cross-section of the surficial aquifer at the DRA

Site. Boring logs and cross-sections across the site indicate the presence of relatively

continuous layers of sand and gravel that are locally separated by silts and clays. These shallow

permeable zones form the surficial aquifer. Both regional information (Andreasen, 2007; Fleck

and Vroblesky, 1996; Chapelle, 1985) and recent deep borings at the DRA Site indicate the

presence of a thick clay unit approximately 120 feet below the site, which may be the top of the

Arundel Formation.

The hydrogeologic system beneath MSA consists of relatively continuous zones of sand and

gravel that provide the primary pathways for groundwater flow and contaminant transport.

These zones are interlayered with zones of lower permeability sediments, resulting in a

relatively complex stratigraphic sequence. Water enters these units [primarily via natural

infiltration of precipitation (i.e., recharge)] through the shallow fill materials, and then reaches

the water table. From there, the groundwater migrates along various pathways depending on

location, with some of the groundwater flowing vertically downward to recharge units below

the water table. Eventually, almost all of the groundwater flows laterally through permeable

zones, and discharges to estuaries surrounding the peninsula on which MSA is located. In the

Dump Road Area, the estuary of relevance is Frog Mortar Creek. Site data indicate that the

surficial aquifer is divided into three hydraulically connected monitoring zones: upper

(shallow), intermediate, and lower (deep).

The surficial aquifer is underlain at approximately 75 to 85 feet below mean sea level (msl) by

a relatively thick clay unit that acts as a basal confining unit. Cross-sections of the surficial
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aquifer are presented along various transects in Appendix A. Deep borings at the site indicate

the presence of deeper sand zones, which are confined above and below by clay units. These

are most likely from the Arundel Formation, which is a regionally extensive, thick, dense, clay

confining unit.

Frog Mortar Creek is influenced by tidal fluctuations with average amplitudes of approximately

1.2 feet, and thus a tidal range of about 2.4 feet. In the upper zone, water level recordings

indicate that tidal fluctuation amplitudes decrease to less than 0.1 foot within a few hundred

feet from Frog Mortar Creek. This damping effect is most likely due to the relatively high

storage coefficient of the water table aquifer, in which primary storage space just above the

water table can readily fill and drain. In the intermediate and lower zones, tidal fluctuations

diminish less rapidly with distance from Frog Mortar Creek because of the semi-confined or

confined conditions in these zones. Much less damping of tidal variation occurs under these

conditions because the aquifer units are fully saturated and under artesian pressure.

Groundwater flow in the upper zone is generally to the east toward Frog Mortar Creek. A

similar flow direction is seen in the intermediate and lower zones. At monitoring well clusters,

the concurrently measured water levels for a given cluster indicate that groundwater vertical

head differences in the surficial aquifer are generally downward in the upland areas and upward

near Frog Mortar Creek.

Slug tests at the site yielded hydraulic conductivity estimates ranging from 5 to 20 feet/day in

sand zones to 0.01 to 0.2 feet/day in clay zones (Tetra Tech, 2004). Pumping tests were

performed in both the upper and intermediate zones of the surficial aquifer. Intermediate zone

pumping tests indicate an average horizontal hydraulic conductivity ranging from 42 to

140 feet/day, with a mean of 68 feet/day (Tetra Tech, 2010a). No pumping tests have been

performed in the lower zone. Figures 4-4 through 4-14 in the RI report (see Appendix A) show

geologic cross-sections that illustrate the lithologic characteristics of the subsurface.

1.2.3.3 Surface Water Hydrology

The eastern, southern, and western boundaries of MSA are bordered by Frog Mortar Creek and

Stansbury Creek, which are wide, brackish, tidal tributaries of the middle Chesapeake Bay.

Surface water runoff from MSA enters these creeks via localized gullies in the eastern and
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western undeveloped portions of the site, or via storm sewers that drain the airport runway,

taxiways, and developed portions of the facility. In the DRA, six drainage areas direct flow

from the runway, taxiways, and wooded areas and discharge to Frog Mortar Creek on the east

side of MSA.

Two small ponds and adjacent pond margin wetlands are in the DRA, and a storm water

management pond is near the Fire Pump House in the western portion of MSA. These ponds

and wetlands are contained in each drainage area and do not discharge to Frog Mortar Creek.

Comparisons of the pond water surface elevations to the groundwater table elevation suggest

that the ponds are not well connected to the surficial aquifer. Additional investigations are

being undertaken in 2012 to determine the level of hydaulic connection between the surface

water and groundwater, and to evaluate the potential effect groundwater withdrawal may have

on the water level in the ponds.

A site-wide wetlands identification and mapping study has been prepared by the MAA.

1.2.4 Nature and Extent of Contamination — Soil

Chemical analyses of numerous soil samples and several pond sediment samples indicate the

presence of volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs),

polychlorinated biphenyls (PCBs), and several metals in soil and pond bottom sediment at

concentrations exceeding EPA human health and ecological risk-based screening levels and

MDE soil cleanup standards. The primary VOCs detected in soil and pond sediment samples

are trichloroethene (TCE), TCE degradation products such as cis-1,2-dichloroethene (DCE) and

vinyl chloride, and benzene, toluene, ethylbenzene, and xylenes (BTEX). Semivolatile organic

compounds detected in soil and sediment include polynuclear aromatic hydrocarbons (PAHs),

which are a group of compounds derived from the combustion of materials. Metals detected in

soil and pond sediment at the site include antimony, arsenic, cadmium, copper, chromium, lead,

mercury, nickel, and zinc.

A detailed description of the nature and extent of soil contamination at the site is provided in the

RI report (Tetra Tech, 2010b). Remedial action for soil at the DRA Site will be addressed later

in a separate report, which will evaluate appropriate remedial technologies such as soil

excavation, capping, and consolidation.
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1.2.5 Nature and Extent of Contamination — Groundwater

Groundwater sampling results evaluated in this section consist of data from three sampling

events in 2007, 2008, and 2009. Analyses of these samples focus on contaminants that had been

frequently detected during previous sampling events, specifically VOCs, 1,4-dioxane, and total

and dissolved metals. Analyses for perchlorate and hexavalent chromium were also performed

on a subset of the samples.

As with site soils, contaminants detected in groundwater are common to aircraft manufacturing.

The 2007 and 2008 sampling events included all installed wells. In 2009, six newly installed

wells and a subset of existing wells were sampled. Upper surficial aquifer well samples were

analyzed in 2009 for total petroleum hydrocarbons (TPH), diesel range organics (DRO), and

gasoline range organics (GRO). The maximum contaminant concentrations detected in each

aquifer zone are shown in Table 1-1. Selected wells were also analyzed for natural attenuation

parameters such as:

 alkalinity  anions

 chemical oxygen demand  total organic carbon

 dissolved gasses (methane, ethane,
ethene, hydrogen, oxygen, and
carbon dioxide)

Up to 200 groundwater samples were collected between 2007 to 2009 for the upper,

intermediate, and lower surficial aquifers and deep confined aquifer. The nature and extent of

groundwater contamination is described in the RI report (Tetra Tech, 2010b). Tables and

figures summarizing analytical results from the RI are included in Appendix A. The extent of

TCE, cis-1,2-DCE, vinyl chloride, and 1,4-dioxane in each surficial aquifer zone is shown in

Figures 1-6, 1-7, 1-8, and 1-9, respectively. As presented in the RI report, the nature and extent

of COCs are summarized below:

 Concentrations of chlorinated volatile organic compounds (cVOCs) (such as TCE and
cis-1,2-DCE) exceeded federal and Maryland groundwater standards throughout an area
of approximately 30 acres and at multiple depths. Multiple cVOC sources at the site
have resulted in cVOC-contaminated groundwater extending to areas north of Pond 2
and south to wells DMW6I and DMW7I (see RI Figures 5-14 through 5-17 in
Appendix A).
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 Concentrations of cVOCs in groundwater have generally decreased as compared to the
2004 analytical results. Reductions of TCE concentrations and high concentrations of
the chemical daughter products cis-1,2-DCE, vinyl chloride, and ethene indicate that
TCE degradation has occurred at the site and may continue.

 The compound 1,4-dioxane was detected primarily in groundwater samples from the
upper and intermediate surficial aquifer zones. It is generally collocated in areas with
the highest concentrations of cVOCs, primarily near and east of Pond 1 (see RI
Figures 5-23 and 5-24 in Appendix A).

 Concentrations of cadmium exceeded the maximum contaminant level (MCL) in
20 percent of samples, and the greatest concentrations of cadmium are associated with
high levels of VOCs in the intermediate surficial aquifer at wells DMW1A, DMW2A,
DMW8I, and DMW3I, south and east of Pond 1. Concentrations of metals such as
chromium, hexavalent chromium, lead, mercury, and zinc exceeded MCLs in less than
10 percent of samples, ranging from one exceedance each for mercury and zinc to five
exceedances for lead. Dissolved lead and mercury concentrations did not exceed MCLs.

 The BTEX compounds associated with petroleum constituents were detected less
frequently and at lower concentrations with respect to federal and state groundwater
standards than cVOCs. Well DMW9S (near the Petroleum Hydrocarbon Area) had the
greatest concentrations of BTEX (see RI Figure 5-18 in Appendix A).

 In 2009, groundwater samples from the upper surficial aquifer were analyzed for TPH
DRO (which was detected in more than half of the samples), with the greatest
concentration reported for well DMW20S in the upper surficial aquifer, south of the
Petroleum Hydrocarbon Area (Figure 1-3). Nearly all of the samples had detectable
levels of TPH-GRO, with the greatest concentration reported for well DMW9S in the
upper surficial aquifer, south of the Petroleum Hydrocarbon Area. Substantially lower
concentrations of TPH-DRO and TPH-GRO were reported for wells near the Drum
Area and Taxiway Tango.

 Concentrations of TCE were detected at levels greater than 1 percent of its solubility,
which suggests the presence of dense non aqueous phase liquid (DNAPL) in the
subsurface. However, no DNAPL was observed.

The primary objective of the interim remedial action alternatives addressed in this Groundwater

FS is containment. However, active remediation of groundwater with the highest contaminant

concentrations would decrease containment duration. Therefore, limited remediation of the

high concentration areas (HCAs) is also considered in developing some of the remedial

alternatives in this Groundwater FS. High concentration areas are areas where concentrations of

TCE, cis-1,2-DCE, or vinyl chloride are greater than 5,000 micrograms per liter (µg/L), or, in

the case of 1,4-dioxane, greater than 100 µg/L. High concentration areas for TCE, cis-1,2-DCE,
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and vinyl chloride are shown in red in Figures 1-6 through 1-8 (at the end of Section 1), and

HCAs for 1,4-dioxane are shown in orange areas in Figure 1-9.

Additional investigations are being conducted in several of the HCAs. The purpose of these

investigations is to better characterize and delineate the areas of the site with the highest

contaminant concentrations in order to focus potential future remedial actions. The results of

these investigations will be submitted in future documents and will be used to plan potential

remedial actions conducted subsequent to this IRA. The HCAs being investigated further

include the vicinity of DMW-11S, the area in and around Pond 1, the Drum Area, and the

vicinity of boring TA-1.

1.2.6 Contaminant Fate and Transport

Historical waste disposal has contaminated groundwater at the DRA Site. Very little

information about past waste disposal practices is available. At one time, the two ponds on-site

were used to dispose of acid wastes. At the other three areas of concern, evidence of waste

disposal (such as drums and discolored soil) has been observed at the surface. Geophysical

surveys and test pits also suggest that waste disposal occurred here.

Contaminants from these wastes eventually migrated through the soil to groundwater, since the

topography is generally flat. Precipitation passing through the soil would have likewise carried

contaminants to the groundwater. From there, contaminants migrated vertically downward and

topographically downgradient toward Frog Mortar Creek. Natural biological activity has since

degraded some VOCs and cVOCs.

Groundwater modeling was performed in support of the Groundwater FS and the groundwater

modeling report is provided in Appendix B. Groundwater flow numerical models were

developed based on field observations, tests, and laboratory analyses. Groundwater modeling

supports the development of alternatives for an interim remedial action to address VOC and

1,4-dioxane contamination in groundwater at the DRA Site, focusing on containment (that is,

on preventing contaminated groundwater from migrating off-site toward Frog Mortar Creek).

Additional model simulations examined the effect of placing injection and extraction wells in

the HCAs. Modeling results indicated that the site’s contaminated groundwater could be

effectively controlled via groundwater extraction.
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1.2.7 Baseline Risk Assessments

1.2.7.1 Human Health Risk Assessment

An HHRA was conducted in 2010 and included in the RI report. It used the RI results to

evaluate risk to potential human receptors under current and likely future land uses, and in

accordance with EPA and MDE guidelines. The HHRA primarily considers receptor exposure

under non-residential (e.g., industrial, recreational) land use scenarios. Although the site is not

expected to be used for residential purposes in the foreseeable future, residential land uses also

were evaluated. The HHRA also developed preliminary cleanup goals for site soil and

groundwater contaminants that significantly contribute to the estimated cancer risk and/or

hazard index.

The predominant chemicals evaluated for human health risk, based on direct contact exposure,

are cVOCs (via direct contact with soils, groundwater, and sediments), BTEX (via soils and

groundwater), substituted benzene compounds (via soils and groundwater), PAHs (via soils and

sediments), perchlorate (via groundwater), and several heavy metals (i.e., cadmium, lead,

copper, chromium, nickel) (via soils and groundwater). Ingestion of groundwater at the DRA

Site is expected to be limited to exposures that might occur under a future residential scenario.

Incidental ingestion of groundwater by construction workers might occur during

construction/excavation activities. Future workers could be exposed to unacceptable

concentrations of VOCs via vapor intrusion into buildings built over the contaminant plume.

Trespassers/visitors could incidentally ingest surface water while on-site. However, only one

surface water chemical was detected, and no COCs were identified for surface water.

Trespassers could also be exposed to contaminants in pond sediments through incidental

ingection and dermal contact.

Groundwater is not currently used as a source of potable or industrial water at the site, nor is

such use likely in the future. The groundwater user survey also indicates the possibility of wells

near MSA, but these wells, if they exist, would be upgradient of MSA and would not be

affected by any on-site contaminant sources. Groundwater remediation at this site is

appropriate due to the risks identified in the HHRA and the presence of groundwater

contaminants at concentrations greater than EPA and MDE standards.
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1.2.7.2 Ecological Risk Assessment

An ERA was also conducted in 2010 as part of RI activities, in accordance with EPA

guidelines to evaluate risk to potential ecological receptors in surface soil, sediment, and

groundwater (evaluated as surface water). The central area of the site northwest of Pond No. 1

appears to be the area of greatest ecological risk, based on current sampling data. Surface soil

ecological chemicals of potential concern (COPCs) for invertebrates and plants include:

 TCE  copper

 cis-1,2-DCE  manganese

 antimony  molybdenum

 chromium  zinc

PAHs are COPCs only for soil invertebrates, whereas cadmium, lead, nickel, and selenium were

retained as COPCs only for plants. Further evaluation of surface soil identified several metals

(mercury, cadmium, lead, and molybdenum) as risks to wildlife (e.g., quail, shrews, robins).

Volatile organic compounds, PAHs, PCBs, and several metals were retained as COPCs for Pond

No. 1 sediment. For groundwater evaluated as surface water, several VOCs and metals exceeded

surface water criteria. Even with dilution factors as high as 50-fold applied to chemical

concentrations, numerous chemicals in groundwater still exceeded surface water criteria.

Therefore, risks to aquatic biota are possible from detected concentrations of VOCs and metals

in groundwater, assuming up to a 50-fold dilution of groundwater discharging into a water

body at the groundwater/surface water interface.



Table 1-1

Maximum Detection Results of Contaminants - DRA Site Groundwater Feasibility Study
Lockheed Martin, Martin State Airport

Middle River, Maryland
Page 1 of 3

Location
Upper Surficial

Aquifer
Intermediate

Surficial Aquifer
Lower Surficial

Aquifer
Deep Confined

Aquifer

Parameter Maximum Result Maximum Result Maximum Result Maximum Result

1,1,2,2-TETRACHLOROETHANE 20 ND ND ND 0.066*
1,1-DICHLOROETHANE 83.3 21.7 4.4 ND 2.4*
1,1-DICHLOROETHENE 222 83 18.8 ND 7
1,2,3-TRICHLOROBENZENE 3 115 3.5 ND 5.2*
1,2,4-TRICHLOROBENZENE 29 730 22.4 ND 70
1,2,4-TRIMETHYLBENZENE 375 30 0.8 0.4 15*
1,2-DICHLOROETHANE 113 160 32.6 ND 5
1,3,5-TRIMETHYLBENZENE 190 11 2.2 ND 87*
BENZENE 570 41 15.2 ND 5
CARBON TETRACHLORIDE 96.9 430 3.2 ND 5
CHLOROBENZENE 720 270 4.8 ND 100
CHLOROFORM 1,870 100 310 20 0.19*
CIS-1,2-DICHLOROETHENE 41,000 17,000 6,310 ND 70
ETHYLBENZENE 2,610 18 ND 0.2 700
METHYLENE CHLORIDE 34.1 140 135 ND 5
TETRACHLOROETHENE 32.7 41 16 ND 5
TOLUENE 6,500 220 154 1.2 1,000
TOTAL XYLENES 28,500 113 16 0.98 10,000
TRANS-1,2-DICHLOROETHENE 376 57 40 ND 100
TRICHLOROETHENE 41,100 20,000 6,590 ND 5
VINYL CHLORIDE 56,000 4,300 4,000 ND 2

1,4-DIOXANE 1,800 1,500 870 ND 6.1**
NAPHTHALENE 63.3 14.2 0.32 ND 0.14*

Maximum
Contaminant Level

(1)

Semivolatile Organics (ug/l)

Volatile Organics (ug/l)



Table 1-1

Maximum Detection Results of Contaminants - DRA Site Groundwater Feasibility Study
Lockheed Martin, Martin State Airport

Middle River, Maryland
Page 2 of 3

Location
Upper Surficial

Aquifer
Intermediate

Surficial Aquifer
Lower Surficial

Aquifer
Deep Confined

Aquifer

Parameter Maximum Result Maximum Result Maximum Result Maximum Result

Maximum
Contaminant Level

(1)

ANTIMONY 2.9 1.7 0.9 0.67 6
ARSENIC 79.6 49.9 82.2 19.6 10
BARIUM 1,610 138 156 278 2000
BERYLLIUM 9.9 9.5 5.1 3.8 4
CADMIUM 242 1,130 997 1.4 5
CHROMIUM 158 349 889 42.8 100
COBALT 724 606 437 13.9 4.7*
COPPER 172 534 161 37.2 1,300
IRON 275,000 73,500 52,900 24,400 11,000*
MANGANESE 13,400 9,940 6,300 1,270 320*
MERCURY 0.11 2.6 13.2 0.83 2
NICKEL 991 228 149 21.3 300*
SELENIUM 149 41.7 36.2 2.7 50
THALLIUM 0.5 0.5 0.4 0.18 2
VANADIUM 116 66.9 139 52.6 78*
ZINC 3,150 1,780 646 882 4,700*

Inorganics (ug/l)



Table 1-1

Maximum Detection Results of Contaminants - DRA Site Groundwater Feasibility Study
Lockheed Martin, Martin State Airport

Middle River, Maryland
Page 3 of 3

Location
Upper Surficial

Aquifer
Intermediate

Surficial Aquifer
Lower Surficial

Aquifer
Deep Confined

Aquifer

Parameter Maximum Result Maximum Result Maximum Result Maximum Result

Maximum
Contaminant Level

(1)

ANTIMONY 1.3 1.3 0.9 0.61 6
ARSENIC 77.3 39.2 20.8 7.9 10
BARIUM 1,720 137 148 72.9 2,000
BERYLLIUM 9 10.4 4.7 0.44 4
CADMIUM 238 1,070 956 ND 5
CHROMIUM 24.9 260 229 4.5 100
COBALT 692 589 415 14.3 4.7*
COPPER 157 136 67.8 6.5 1,300
IRON 284,000 70,900 34,300 6,300 11,000*
MANGANESE 12,600 10,700 6,960 1,370 320*
MERCURY 0.19 0.14 0.34 ND 2
NICKEL 942 211 143 21.8 300*
SELENIUM 139 44 37.4 0.8 50
THALLIUM 0.4 0.22 0.3 ND 2
VANADIUM 141 27.4 4.8 2.9 78*
ZINC 2,860 533 461 22.4 4,700*

NITRATE 15,000 3,600 2,800 ND 10,000
NITRITE 2,100 1,700 ND ND 1,000
PERCHLORATE 4 8 5.8 0.09 15

1 - If no Maximum Contaminant Level is available, an alternative criterion is provided as noted.
* - United States Environmental Protection Agency Regional Screening Level.
** - United States Environmental Protection Agency Guidance.
COC - Chemical of concern.
ND - Not detected.
μg/l - Micrograms per liter.

Filtered Inorganics (ug/l)

Miscellaneous Parameters (ug/l)
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Section 2

Remedial Action Objectives
and General Response Actions

The development of remedial action objectives (RAOs) and cleanup goals for contaminated

groundwater is presented in this section. Regulatory requirements and guidance

[e.g., applicable or relevant and appropriate requirements (ARARs)] that may potentially

govern remedial activities are also presented in this section. In addition, chemicals of concern

(COCs), the conceptual pathways through which these COCs may affect human health and the

environment, and general response actions (GRAs) that may be suitable to achieve the cleanup

goals are presented. Finally, estimates of the volumes of contaminated groundwater present at

the site are provided.

2.1 ENVIRONMENTAL MEDIA OF CONCERN

This document addresses contaminated groundwater at the Dump Road Area (DRA) Site, based

on the discussions in Section 1. Chemicals of concern migrating as vapor from groundwater to

indoor air could potentially expose occupants of a future residence or industrial building above

the groundwater plume. Although no buildings exist above the plume now, the site could be

developed in the future.

2.2 CHEMICALS OF CONCERN FOR REMEDIATION

The DRA Site is currently undeveloped and consists of open space adjacent to the airport

taxiway. Consistent with airport operations, current site use would be considered

commercial/industrial. Anticipated future land use is not expected to change and so would

remain classified as commercial/industrial. However, the Maryland Aviation Administration

(MAA) may consider the site for future development or expansion of the Maryland Air

National Guard (MDANG) leasehold.
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Chemicals of concern in groundwater were identified based on the human health risk

assessment (HHRA) prepared during the remedial investigation (RI) (Table 2-1). Perchlorate

was also evaluated in the HHRA, but no unacceptable risk was identified. Several COCs were

also detected at concentrations that would lead to unacceptable risk based on the vapor

intrusion pathway. The exposure pathway (direct exposure and/or vapor intrusion) for each

COC is/are noted in Table 2-1.

2.3 REMEDIAL ACTION OBJECTIVES

The RAOs are medium-specific goals that define the objective of conducting remedial actions

to protect human health and the environment. They specify the COCs, potential exposure routes

and receptors, and acceptable concentrations (i.e., cleanup goals) for the site. Developing

cleanup goals requires consideration of chemical-specific ARARs and guidance documents

when promulgated criteria are unavailable. Section 2.3.2 identifies ARARs and other relevant

guidance for groundwater remediation.

2.3.1 Statement of Remedial Action Objectives

The following RAOs were developed for groundwater for the interim remedial action at the

DRA Site:

 Groundwater RAO No. 1 — Prevent the lateral migration of contaminated groundwater
toward Frog Mortar Creek at concentrations that would cause exceedance of ambient water
quality criteria or risk-based exposure criteria.

 Groundwater RAO No. 2 — Prevent human exposure (including via showering, drinking,
and irrigation) to groundwater containing COC concentrations greater than preliminary
remediation goals (PRGs).

 Groundwater RAO No. 3 — Prevent exposure of industrial workers and construction
workers to VOCs resulting from vapor intrusion into buildings that cause unacceptable risk
(total incremental lifetime cancer risk (ILCR) greater than 1 x 10-5or hazard index (HI)
greater than 1).

2.3.2 Applicable or Relevant and Appropriate Requirements
and Guidance Criteria

For a site regulated under (or, in the present case, being addressed according to) the federal

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA),

remediation requirements generally consist of existing cleanup or control standards or
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environmental protection requirements, criteria, or limitations promulgated under other federal

or state environmental laws and regulations. Requirements may be directly applicable to the

actions or conditions at a particular site, or they may be interpreted as relevant and appropriate

because the situation is sufficiently similar to the intended application of the requirements. In

addition to laws and regulations, other advisories, criteria, or guidance developed by EPA, other

federal agencies, or states must be considered in developing CERCLA remedies. These

applicable or relevant and appropriate requirements are referred to as ARARs.

Note that the DRA site is not a CERCLA site, so the only regulatory requirements that must be

considered are those that are “applicable.” Maryland Department of the Environment (MDE)

regulations, such as Maryland’s Hazardous Substance Response Plan, are considered

applicable. Interpretations of regulations that might be “relevant and appropriate” are not

required.

ARARs fall into three categories: chemical-specific ARARs are health- or risk-based numerical

values or methodologies that establish concentration or discharge limits for particular

contaminants. Location-specific ARARs restrict actions or contaminant concentrations in

certain environmentally sensitive areas, such as floodplains or wetlands. Action-specific

ARARs are technology- or activity-based requirements, limitations on actions, or conditions for

specific activities, such as closure requirements for hazardous waste treatment, storage, or

disposal facilities.

Federal and Maryland chemical-specific ARARs and groundwater guidance are presented in

Table 2-2. Federal and Maryland location-specific ARARs and groundwater guidance are

presented in Table 2-3. Action-specific ARARs and guidance are discussed along with GRAs

in Section 2.5.2.

2.4 PRELIMINARY REMEDIATION GOALS

Preliminary remediation goals (PRGs) were developed to establish target cleanup goals for

remedial actions to reduce COC concentrations in DRA Site groundwater and to mitigate

unacceptable risks to human health and the environment associated with this groundwater.

Preliminary remediation goals must protect current and anticipated future receptors identified at

the site, and should be reasonable and practical to implement. These goals can be developed
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based on chemical-specific ARARs (when available) or risk-based factors. The presence of

COCs at concentrations greater than background is also considered in developing PRGs.

However, a site-specific background data set for groundwater has not been developed for the

DRA Site, and no generic state-wide background values are available. Thus, background

concentrations will not be used to develop PRGs. The methods used to develop candidate PRGs

are discussed below.

2.4.1 Applicable or Relevant and Appropriate Requirements
and Guidance-Based Preliminary Remediation Goals

Federal maximum contaminant levels (MCLs) and non-zero MCL goals (MCLGs) have been

identified as potential chemical-specific ARARs for groundwater at the DRA Site. These

values are included in Table 2-4. Maximum contaminant levels are promulgated, legally

enforceable standards for drinking water. Available MCLs and non-zero MCLGs were

considered in selecting PRGs for groundwater because the site is underlain by a potential

drinking water source area.

Maryland Department of the Environment cleanup standards were also identified as potential

chemical-specific ARARs for groundwater at the site. These values are included in Table 2-4.

Maryland Department of the Environment cleanup standards may be used at the discretion of

the site owner. Property-specific cleanup standards may be developed using approved risk

assessment techniques. Maryland Department of the Environment groundwater cleanup

standards were considered for COCs lacking MCLs or MCLGs.

2.4.2 Human Health Risk-Based Preliminary Remediation Goals

Chemicals with unacceptable human health risks were identified as COCs for human receptors

in Section 2.2. Human health risk-based PRGs were developed for the COCs. Human health

risk assessment risk calculations are provided in the RI report (Tetra Tech, 2010b). The

methodology used to derive PRGs is described below.

To develop a range of options for reducing human health risks at the site, potential groundwater

PRGs representing human cancer risk levels of 1 x 10-4, 1 x 10-5, and 1 x 10-6, and non-cancer

hazard indices of 0.1 and 1, were calculated for each COC, based on the RI report. Risk-based

PRGs were calculated using exposure assumptions developed for residential and construction
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worker exposure to site groundwater. The residential scenario is considered because of

uncertainty about future site use.

The RI report contained risks calculated for the vapor intrusion pathway for residential and

industrial scenarios. Preliminary remediation goals for vapor intrusion for residential and

industrial scenarios were developed for a 1 x 10-6 cancer risk level and an HI of 1. However,

only the industrial scenario for vapor intrusion was considered in overall PRG selection, due to

current and expected land use. If residential uses are ever proposed for the site, additional

remedial actions to address vapor intrusion will need to be evaluated at that time.

The range of potential cancer and non-cancer risk-based groundwater PRGs for human health

COCs is presented in Table 2-4. Consistent with MDE methodology for developing cleanup

standards, the lower of the values representing the 10-6 cancer risk level and an HI of 0.1 for

each COC was selected as the human health risk-based PRG. These conservative values were

selected so that the overall site risks would be less than a 10-5 cancer risk level and an HI of 1.

2.4.3 Selection of Preliminary Remediation Goals

The selected PRGs are the COC concentrations that would provide the greatest level of

protection of human health and the environment, while still being reasonably achievable by

current remediation techniques. The rationale for PRG selection is described below. Potential

and selected PRGs for each COC and their basis for selection are presented in Table 2-4.

PRGs were selected from ARARs (either MCLs or non-zero MCLGs), if available. If an MCL

or non-zero MCLG was not available, then the residential risk-based PRG and MDE cleanup

standard were considered. Residential risk-based PRGs were considered consistent with MCLs,

which are also based on residential use. The larger of the two values was selected because both

represent comparable exposure scenarios (since the residential risk-based PRGs are comparable

to the MDE cleanup standards). However, the following exceptions (for iron and manganese)

were made to this approach. For iron and manganese, USEPA Regional Sreening Levels were

used because the secondary drinking water criteria (used to develop MDE cleanup standards) are

based on aesthetic considerations. The less conservative values were selected because the

groundwater would not be used as a potable water source.
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For cobalt, the risk-based PRG (based on an HI of 0.1) is very low. Cobalt is not a priority

pollutant, and has no MCL. Therefore, a more reasonable and slightly less conservative PRG

based on an HI of 1 was used.

The selected PRGs for groundwater are summarized in Table 2-4. A comparison of site data

with the proposed PRGs for groundwater is provided in Table 2-5, which shows the maximum

concentrations and the number of times each COC was detected at a concentration greater than

the PRG. The number of exceedances of the PRGs provides an indication of the extent of

contamination.

2.5 GENERAL RESPONSE ACTIONS AND ACTION-SPECIFIC
APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS

General response actions are broadly defined remedial approaches that may be used (either by

themselves or in combination with one or more of the others) to attain RAOs. Action-specific

ARARs and guidance are those regulations, criteria, and guidance that must be complied with

or considered during remedial activities at a site.

2.5.1 General Response Actions

The following GRAs will be considered for the interim remedial action for groundwater at the

DRA Site:

 No action  Removal

 Limited action (such as natural
attenuation, land use controls (LUCs),
and monitoring)

 In situ (in place) treatment

 Ex situ (on-site) treatment

 Containment  Disposal

2.5.2 Action-Specific Applicable or Relevant and Appropriate
Requirements

Table 2-6 includes federal and state action-specific ARARs and guidance for groundwater.
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2.6 ESTIMATED VOLUME OF CONTAMINATED
GROUNDWATER AND MASS OF CONTAMINANTS

2.6.1 Volume of Contaminated Groundwater

Trichloroethene (TCE), cis-1,2-dichloroethene (DCE), vinyl chloride, and 1,4-dioxane are

referred to as primary COCs because they are detected frequently throughout the site at

concentrations significantly greater than their PRGs. The extent of contaminated groundwater

in each zone of the surficial aquifer for the primary COCs is shown in Figures 1-6 through 1-9.

These figures also show selected intermediate concentration contours. The plume extends from

the water table to a depth of approximately 90 to 100 feet below ground surface (bgs). The

porosity value, based on site investigation data, is 0.28.

The volume of groundwater in the plume is approximately 210 million gallons, as calculated

in the groundwater model (see Appendix B) based on TCE, cis-1,2-DCE, vinyl chloride, and

1,4-dioxane concentrations greater than 5 micrograms per liter (µg/L). This volume also

includes additional COCs and other contaminants, such as cadmium, petroleum hydrocarbons,

diesel range organics (DRO), and gasoline range organics (GRO).

2.6.2 Masses of Contaminants— Dissolved and Adsorbed Phases

The masses of contaminants in groundwater and adsorbed to saturated soil were estimated

using investigation data and the groundwater model. Partition coefficients were obtained

from the scientific literature, and the value for organic carbon in the soil was estimated from

site data. The mass of each primary COC in groundwater (TCE, cis-1,2-DCE, vinyl chloride,

and 1,4-dioxane) is summarized at right. These calculations are included in Appendix C.

Although other contaminants are present (see Table 2-1), their masses were not quantified

because their concentrations and/or frequencies of detections are low compared to the primary

COCs (see Table 2-5).

Contaminant Mass (lb)

TCE 6,400

cis-1,2-DCE 3,300

Vinyl chloride 5,800

1,4-Dioxane 280



Table 2-1

Contaminants of Concern in Groundwater - DRA Site Groundwater Feasibility Study
Lockheed Martin, Martin State Airport

Middle River, Maryland

Contaminant Direct Exposure Vapor Intrusion
Organic Compounds
1,1- Dichloroethene X
1,1- Dichloroethane X
1,1,2,2 -Tetrachloroethane X
1,2- Dichloroethane X X
1,2,3 - Trichlorobenzene X
1,2,4 - Trichlorobenzene X
1,2,4 - Trimethylbenzene X
1,3,5 - Trimethylbenzene X
1,4-Dioxane X
Benzene X X
Carbon tetrachloride X X
Chlorobenzene X
Chloroform X X
cis-1,2-Dichloroethene X
Ethylbenzene X X
Methylene chloride X
Naphthalene X
Tetrachloroethene X
Toluene X
trans-1,2- Dichloroethene X X
Trichloroethene X X
Vinyl chloride X X
Xylenes X X
Inorganics
Antimony X
Arsenic X
Barium X
Beryllium X
Cobalt X
Copper X
Cadmium X
Chromium X
Iron X
Manganese X
Mercury X
Nickel X
Nitrate X
Nitrite X
Perchlorate X
Selenium X
Thallium X
Vanadium X
Zinc X

Notes:
An “X” indicates the exposure pathway.
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Chemical-Specific Applicable or Relevant and Appropriate Requirements and Other Guidance – Groundwater 
DRA Site Groundwater Feasibility Study 
Lockheed Martin, Martin State Airport  

Middle River, Maryland 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Federal 
Safe Drinking 
Water Act 
(SDWA) 
Regulations, 
Maximum 
Contaminant 
Levels (MCLs)  

40 Code of 
Federal 
Regulations 
(CFR) Part 141 
subparts B and 
G 

Applicable Establishes enforceable standards 
for potable water for specific 
contaminants that have been 
determined to adversely affect 
human health. 

Would be used as protective levels for 
groundwater that are current or potential 
drinking water sources.  

Cancer Slope 
Factors (CSFs) 

NA To Be 
Considered 

CSFs are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 

CSFs would be considered for 
development of human health protection 
preliminary remediation goals (PRGs) for 
groundwater at this site. 

Reference 
Doses (RfDs) 

NA To Be 
Considered 

RfDs are guidance values used to 
evaluate the potential non-
carcinogenic hazard caused by 
exposure to contaminants. 

RfDs would be considered for 
development of human health protection 
PRGs for groundwater at this site. 

State 
Regulation of 
Water Supply, 
Sewage 
Disposal, and 
Solid Waste 
Drinking Water 
Quality 

Code of 
Maryland 
Regulations 
(COMAR) 
26.04.01 

Applicable Establishes drinking water 
standards for public water systems. 

Would be used as protective levels for 
groundwater that are current or potential 
drinking water sources. 
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Chemical-Specific Applicable or Relevant and Appropriate Requirements and Other Guidance – Groundwater 
DRA Site Groundwater Feasibility Study 
Lockheed Martin, Martin State Airport  

Middle River, Maryland 
Page 2 of 2 

 

 

Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Ground Water 
Quality 
Standards 

COMAR 
26.08.02.09  

Applicable For the purpose of controlling the 
pollution of the ground waters of 
the state, aquifer types are 
identified and ground water quality 
standards are established. 

These standards would be used to 
determine which cleanup standards to 
apply to groundwater. 
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Location-Specific Applicable or Relevant and Appropriate Requirements and Other Guidance – Groundwater 
DRA Site Groundwater Feasibility Study 
Lockheed Martin, Martin State Airport  

Middle River, Maryland 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Federal 
Endangered 
Species Act 
Regulations  

50 CFR Parts 81, 
225, and 402 

Applicable This act requires federal agencies 
to take action to avoid jeopardizing 
the continued existence of 
federally listed endangered or 
threatened species. 

If remediation could potentially affect an 
endangered species or its habitat, these 
regulations would apply (no endangered 
species or associated habitats have been 
identified at MSA, although bald eagles 
are known to nest in the general vicinity). 

Coastal Zone 
Management  
Act 

16 United States 
Code (U.S.C.) 
Parts 1451 et. seq. 

Applicable Requires that any actions must be 
conducted in a manner consistent 
with state-approved management 
programs.   

The site is located in a coastal zone 
management area: therefore, applicable 
coastal zone management requirements 
need to be addressed. 

State 

Coastal Zone 
Management  
Program 

Maryland 
Executive Order 
01.01.1978.05 
Coastal Zone 
Management 

Applicable Maryland's Coastal Program is 
based on existing state laws and 
policies designed to protect coastal 
and marine resources. 

The site is located in a coastal zone 
management area: therefore, applicable 
coastal zone management requirements 
need to be addressed. 

Threatened and 
Endangered 
Species 

Code of Maryland 
Regulations 
(COMAR) 03.08 

Applicable Provides for conservation of 
threatened and endangered species 
of animal and plants. 

If remediation could potentially affect an 
endangered species or its habitat, these 
regulations would apply (no endangered 
species or associated habitats have been 
identified at MSA, although bald eagles 
are known to nest in the general vicinity). 
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Location-Specific Applicable or Relevant and Appropriate Requirements and Other Guidance – Groundwater 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
State (continued)    

Critical Area 
Act  

Annotated Code 
of Maryland 8-
1808(d); COMAR 
27 

Applicable The Act regulates and restricts 
land development to: minimize 
adverse impacts on water quality; 
conserve fish, wildlife, and plant 
habitat; and establish land-use 
policies for development that 
accommodate growth.  
Commission reviews 
developments in critical areas of 
the Chesapeake and Atlantic 
Coastal Bay.  Administered on the 
county level. 

According to the county classification 
mapping, the site classification is an 
intensely developed area which is the 
least restrictive classification.  

 



Table 2-4

Selection of Human Health Risk-Based Groundwater PRGs - DRA Site Groundwater Feasibility Study
Lockheed Martin, Martin State Airport

Middle River, Maryland
Page 1 of 4

USEPA
Cancer

Risk Level
Hazard
Index

Cancer
Risk
Level

Hazard
Index

Cancer
Risk
Level

Hazard
Index

Cancer
Risk
Level

Hazard
Index

Cancer
Risk
Level

Hazard
Index

Chemical RSL (1) 10-6 = 0.1 10-6 = 0.1 10-6 = 0.1 10-6 = 0.1 10-6 = 0.1
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

1,1-Dichloroethane 2.4 NA NA 30 290 24 390 18 680 7.6 NA
1,1-Dichloroethene 260 NA NA NA 69 NA 95 NA NA NA NA
1,2-Dichloroethane 0.15 NA NA 1.9 8.9 1.5 12 1.2 21 0.5 NA
1,1,2,2-Tetrachloroethane 0.066 NA NA 0.81 28 0.67 38 0.61 65 0.23 NA
1,2,3-Trichlorobenzene 5.2 NA NA NA 0.5 NA 0.82 NA 1.2 NA NA
1,2,4-Trichlorobenzene 3.9 460 880 2.8 6.9 2.6 11 2.7 3.4 0.89 NA
1,2,4-Trimethylbenzene 15 NA NA NA NA NA NA NA 11 NA NA
1,3,5-Trimethylbenzene 87 NA NA NA 8.8 NA 13 NA 20 NA NA
Benzene 0.39 NA NA 2.9 5.4 2.4 7.5 2.1 9.5 0.81 NA
Carbon Tetrachloride 0.39 550 400 2.1 5 1.7 70 1.8 11 0.62 NA
Chlorobenzene 72 NA NA NA 23 NA 33 NA 32 NA NA
Chloroform 0.19 1,070 6000 5.4 14 4.4 20 2.1 28 1.1 NA
cis-1,2-Dichloroethene 28 NA 1600 NA 2.8 NA 3.8 NA 6.5 NA NA
trans-1,2-Dichloroethene 86 NA NA NA 28 NA 38 NA 37 NA NA
Ethylbenzene 1.3 NA NA 10 99 9.2 140 7.6 200 3.0 NA
Methylene Chloride 84 NA NA 16 9 24 12 87 21 8.8 NA
Naphthalene 0.14 NA NA NA 19 NA 28 3.5 6.1 3.5 NA
Tetrachloroethene 35 NA NA 55 6 48 8.7 47 12 0.19 NA
Toluene 860 NA NA NA 93 NA 130 NA 210 NA NA
Trichloroethene 2.6 1,300 36 1.8 0.67 0.062 0.93 3.0 1.1 4.0 NA
Total Xylenes 190 NA NA NA 200 NA 300 NA 110 NA NA
Vinyl Chloride 0.015 97 0.0046 0.051 4.5 0.22 6 0.26 9.5 0.049 NA
1,4-Dioxane 0.67 970 4200 1.8 47 1.5 62 1.8 110 0.6 NA
Antimony 6 NA NA NA 0.6 NA 0.81 NA 1.4 NA NA
Arsenic 0.045 62 40 0.12 0.47 0.097 0.62 0.12 1.1 0.037 NA
Barium 2900 NA NA NA 286 NA 396 NA 679 NA NA
Beryllium 16 NA NA NA 1.6 NA 2.7 NA 4.2 NA NA
Cadmium 6.9 NA 30.6 NA 0.69 NA 0.97 NA 1.7 NA NA
Chromium 0.031 32 450 0.045 3.1 0.075 4.8 0.26 7.7 0.025 NA

Con Workers Child Res Adolescent Res Adult Res Lifelong Res
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Selection of Human Health Risk-Based Groundwater PRGs - DRA Site Groundwater Feasibility Study
Lockheed Martin, Martin State Airport

Middle River, Maryland
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USEPA
Cancer

Risk Level
Hazard
Index

Cancer
Risk
Level

Hazard
Index

Cancer
Risk
Level

Hazard
Index

Cancer
Risk
Level

Hazard
Index

Cancer
Risk
Level

Hazard
Index

Chemical RSL (1) 10-6 = 0.1 10-6 = 0.1 10-6 = 0.1 10-6 = 0.1 10-6 = 0.1
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Con Workers Child Res Adolescent Res Adult Res Lifelong Res

Cobalt 4.7 NA 40 NA 0.47 NA 0.62 NA 1.1 NA NA
Copper 620 NA NA NA 62 NA 83 NA 145 NA NA
Iron 11000 NA NA NA 1090 NA 1450 NA 2540 NA NA
Lead NA NA NA NA NA NA NA NA NA NA NA
Manganese 320 NA NA NA 32 NA 46 NA 78 NA NA
Mercury 4 NA NA NA 0.43 NA 0.59 NA NA NA NA
Nickel 300 NA NA NA 30 NA 41 NA 71 NA NA
Selenium 78 NA NA NA 7.8 NA 10 NA 18 NA NA
Thallium 0.16 NA NA NA 0.0055 NA 0.01 NA 0.015 NA NA
Vanadium 78 NA NA NA 7.8 NA 10 NA 18 NA NA
Zinc 4700 NA NA NA 467 NA 624 NA 1090 NA NA
Nitrate 25000 NA NA NA 2500 NA 3340 NA 5840 NA NA
Nitrite 1600 NA NA NA 156 NA 208 NA 365 NA NA
Perchlorate 11 NA NA NA 1.1 NA 1.5 NA 2.5 NA NA
TPH - GRO NA NA NA NA NA NA NA NA NA NA NA
TPH - DRO NA NA NA NA NA NA NA NA NA NA NA
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USEPA
Chemical RSL (1)

(ug/L)
1,1-Dichloroethane 2.4
1,1-Dichloroethene 260
1,2-Dichloroethane 0.15
1,1,2,2-Tetrachloroethane 0.066
1,2,3-Trichlorobenzene 5.2
1,2,4-Trichlorobenzene 3.9
1,2,4-Trimethylbenzene 15
1,3,5-Trimethylbenzene 87
Benzene 0.39
Carbon Tetrachloride 0.39
Chlorobenzene 72
Chloroform 0.19
cis-1,2-Dichloroethene 28
trans-1,2-Dichloroethene 86
Ethylbenzene 1.3
Methylene Chloride 84
Naphthalene 0.14
Tetrachloroethene 35
Toluene 860
Trichloroethene 2.6
Total Xylenes 190
Vinyl Chloride 0.015
1,4-Dioxane 0.67
Antimony 6
Arsenic 0.045
Barium 2900
Beryllium 16
Cadmium 6.9
Chromium 0.031

Minimum
Con Risk

Minimum
Res Risk

Basis for
Min Res

Risk

USEPA

MCL(2)

MDE
Cleanup
Standard VI - Ind

Selected
PRG

PRG Selection
Basis

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
NA 7.6 LL-C NA 90(3) NA 90 MDE
NA 69 CR-NC 7 7 NA 7 MCL
NA 0.5 LL-C 5 5 NA 5 MCL
NA 0.23 LL-C NA 0.053(3) NA 0.23 Res risk
NA 0.5 CR-NC NA NA NA 0.5 Res risk
460 0.89 LL-C 70 70(3) NA 70 MCL
NA 11 AR-NC NA NA NA 11 Res risk
NA 8.8 CR-NC NA NA NA 8.8 Res risk
NA 0.81 LL-C 5 5 120 5 MCL - VI
400 0.62 LL-C 5 5 32 5 MCL - VI
NA 23 CR-NC 100 100 NA 100 MCL

1070 1.1 LL-C NA 80(3) 48 80 MDE - VI
1600 2.8 CR-NC 70 70 NA 70 MCL
NA 28 CR-NC 100 100 NA 100 MCL
NA 3 LL-C 700 700 350 700 MCL - VI
NA 8.8 LL-C 5 5 NA 5 MCL
NA 3.5 LL-C NA 0.65(3) NA 3.5 Res risk
NA 0.19 LL-C 5 5 NA 5 MCL
NA 93 CR-NC 1000 1000 NA 1000 MCL
36 0.062 AdR-C 5 5 290 5 MCL - VI
NA 110 AR-NC 10000 10000 NA 10000 MCL

0.0046 0.049 LL-C 2 2 15 2 MCL - VI
970 0.6 LL-C 6.1** NA NA 6.1 EPA guidance
NA 0.6 CR-NC 6 6 NA 6 MCL
40 0.037 LL-C 10 10 NA 10 MCL
NA 286 CR-NC 2000 2000 NA 2000 MCL
NA 1.6 CR-NC 4 4 NA 4 MCL
31 0.69 CR-NC 5 5 NA 5 MCL
32 0.025 LL-C 100 100 NA 100 MCL
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USEPA
Chemical RSL (1)

(ug/L)
Cobalt 4.7
Copper 620
Iron 11000
Lead NA
Manganese 320
Mercury 4
Nickel 300
Selenium 78
Thallium 0.16
Vanadium 78
Zinc 4700
Nitrate 25000
Nitrite 1600
Perchlorate 11
TPH - GRO NA
TPH - DRO NA

Minimum
Con Risk

Minimum
Res Risk

Basis for
Min Res

Risk

USEPA

MCL(2)

MDE
Cleanup
Standard VI - Ind

Selected
PRG

PRG Selection
Basis

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
40 0.47 CR-NC NA NA NA 4.7 RSL (HI = 1)
NA 62 CR-NC 1300 1300 NA 1300 MCL
NA 1090 CR-NC NA 300(3) NA 11000 RSL (HI = 1)
NA NA NA 15 15 NA 15 MCL
NA 32 CR-NC NA 50(3) NA 320 RSL (HI = 1)
NA 0.43 CR-NC 2 2 NA 2 MCL
NA 30 CR-NC NA 73(3) NA 73 MDE
NA 7.8 CR-NC 50 50 NA 50 MCL
NA 0.0055 CR-NC 2 2 NA 2 MCL
NA 7.8 CR-NC NA 3.7(3) NA 7.8 Res risk
NA 467 CR-NC NA 5000(3) NA 5000 MDE
NA 2500 CR-NC 10000 10000 NA 10000 MCL
NA 156 CR-NC 1000 1000 NA 1000 MCL
NA 1.1 CR-NC 15 2.6(3) NA 15 MCL
NA NA NA NA 47(3) NA 47 MDE
NA NA NA NA 47(3) NA 47 MDE

Notes:
NA - Not applicable.
LL - Lifelong resident
AdR - Adolescent resident
AR - Adult resident
CR - Child resident
C - Cancer risk
NC - Non-cancer risk
VI - Vapor instrusion
Ind - Industrial
Res - Residential
Con - Construction ** - There is no MCL for 1,4-dioxane. This value is EPA guidance.

2 - 2009 Edition of the Drinking Water Standards and Health
Advisories (USEPA, October 2009).

3 - MDE Cleanup Standards for Soil and Groundwater, 2008.
Guidance only.

1 - USEPA Regional Screening Levels for Chemical Contaminants at
Superfund Sites, November 2011. [Cancer benchmark value = 1E-06,
Hazard index (HI) = 1.0.
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COC PRG Max Detect
Exceedances/
Sample Count

Volatile Organics (ug/l)
1,1-DICHLOROETHANE 90 83.3 0/200
1,1-DICHLOROETHENE 7 222 22/200
1,1,2,2-TETRACHLOROETHANE 0.23 20 1/200
1,2-DICHLOROETHANE 5 160 28/200
1,2,3-TRICHLOROBENZENE 0.5 115 5/200
1,2,4-TRICHLOROBENZENE 70 730 8/200
1,2,4-TRIMETHYLBENZENE 11 375 6/200
1,3,5-TRIMETHYLBENZENE 8.8 190 4/62
BENZENE 5 570 24/200
CARBON TETRACHLORIDE 5 430 7/200
CHLOROBENZENE 100 720 7/200
CHLOROFORM 80 1,870 11/200
CIS-1,2-DICHLOROETHENE 70 41,000 88/200
ETHYLBENZENE 700 2,610 3/200
METHYLENE CHLORIDE 5 140 18/200
TETRACHLOROETHENE 5 40.9 10/200
TOLUENE 1000 6,500 6/200
TOTAL XYLENES 10000 28,500 3/200
TRANS-1,2-DICHLOROETHENE 100 376 7/200
TRICHLOROETHENE 5 41,100 101/200
VINYL CHLORIDE 2 56,000 108/200
Semivolatile Organics (ug/l)
1,4-DIOXANE 6.1 1,800 79/199
NAPHTHALENE 3.5 63.3 5/208
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COC PRG Max Detect
Exceedances/
Sample Count

Inorganics (mg/l)
ANTIMONY 0.006 0.0029 0/200
ARSENIC 0.01 0.0822 43/200
BARIUM 2 1.61 0/200
BERYLLIUM 0.004 0.0099 22/200
CADMIUM 0.005 1.13 41/200
CHROMIUM 0.1 0.889 8/200
COBALT 0.0047 0.724 143/200
COPPER 1.3 0.534 0/200
IRON 11 275 87/138
MANGANESE 0.32 13.4 102/138
MERCURY 0.002 0.0132 4/200
NICKEL 0.073 0.991 39/200
SELENIUM 0.05 0.149 2/200
THALLIUM 0.002 0.0005 0/200
VANADIUM 0.0078 0.139 45/200
ZINC 5 3.15 0/200
Filtered Inorganics (mg/l)
ANTIMONY 0.006 0.0013 0/199
ARSENIC 0.01 0.0773 34/199
BARIUM 2 1.72 0/199
BERYLLIUM 0.004 0.0104 23/199
CADMIUM 0.005 1.07 34/199
CHROMIUM 0.1 0.26 3/199
COBALT 0.0047 0.692 139/199
COPPER 1.3 0.157 0/199
IRON 11 284 87/149
MANGANESE 0.32 12.6 99/137
MERCURY 0.002 0.00034 0/199
NICKEL 0.073 0.942 38/199
SELENIUM 0.05 0.139 1/199
THALLIUM 0.002 0.0004 0/199
VANADIUM 0.0078 0.141 16/199
ZINC 5 2.86 0/199
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COC PRG Max Detect
Exceedances/
Sample Count

Miscellaneous (mg/l)
NITRATE 10 15 1/12
NITRITE 1 2.1 5/12
PERCHLORATE 0.015 8 19/90
Petroleum Hydrocarbons (mg/l)
DIESEL RANGE ORGANICS 0.047 1.3 13/23
Petroleum Hydrocarbons (ug/l)
GASOLINE RANGE ORGANICS 47 70,000 15/23

Max Detect - Maximum concentration detected.
PRG - Preliminary remediation goal.
Exceedances /Sample Count - Number of sample detections with concentrations greater than the
PRG.
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Requirement Citation Status Synopsis Evaluation/Action to be Taken
Federal
Resource
Conservation and
Recovery Act
(RCRA)
Regulations,
Identification and
Listing of
Hazardous Wastes

40 Code of
Federal
Regulations
(CFR) Part 261
Subparts A, B,
C, and D

Applicable Defines the listed and
characteristic hazardous wastes
subject to RCRA. Appendix II
contains the Toxicity
Characteristic Leaching Procedure
(TCLP).

These regulations would apply when
determining whether or not groundwater
and treatment residuals are hazardous,
either by being listed or by exhibiting a
hazardous characteristic.

RCRA
Regulations,
Standards
Applicable to
Generators

40 CFR 262,
Subparts A, B,
C, and D

Applicable Establishes manifesting, pre-
transport, and recordkeeping
requirements for hazardous waste.

These regulations would apply to
investigative-derived waste (IDW) and
side streams [such as spent granular
activated carbon (GAC)].

RCRA
Regulations,
Standards
Applicable to
Transporters of
Hazardous Waste

40 CFR 263 Applicable Establishes manifesting and
recordkeeping requirements for
transport of hazardous waste.

These regulations would apply to the
transportation for off-site disposal of
hazardous waste, such as spent GAC.
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Requirement Citation Status Synopsis Evaluation/Action to be Taken
Federal (continued)
RCRA
Regulations,
Permitting
Exemptions

40 CFR
264.1(g)(6) and
270.1(c)(2)(v)

Applicable Exempts treatment systems that
meet the RCRA definition of
wastewater treatment unit from
RCRA permitting and TSDF
requirements of 40 CFR 264.

Because the groundwater is a hazardous
waste, the treatment system must be
designed to meet the exemption
provisions.

RCRA
Regulations,
Standards for
Owners and
Operators of
Hazardous Waste
Treatment,
Storage, and
Disposal Facilities
(TSDFs).

40 CFR Part
264

Applicable Establishes minimum national
standards defining the acceptable
management of hazardous wastes
for owners and operators of
facilities that treat, store, or
dispose of hazardous wastes.

If response actions involve management
of RCRA wastes (such as spent GAC) at
an off-site TSDF.

RCRA
Regulations, Use
and Management
of Containers

40 CFR Part
264, Subpart I

Applicable Sets standards for the storage of
containers of hazardous waste.

This requirement would apply to storage
of a hazardous waste (for example,
contaminated soil or groundwater from
monitoring well installation) in
containers prior to disposal.
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Requirement Citation Status Synopsis Evaluation/Action to be Taken
Federal (continued)
RCRA
Regulations,
Corrective Action
Management
Units (CAMUs)

40 CFR Part
264.552

Applicable CAMUs are special units created
to facilitate treatment, storage, and
disposal of hazardous wastes
managed for implementing
cleanup.

If hazardous waste must be managed on
the ground at the site (such as
excavations for groundwater barriers),
then CAMUs may be used without other
RCRA permits. MDE has not adopted
this rule.

Migratory Bird
Treaty Act

16 USC 703-
711

Applicable Protects migratory birds and their
nests.

Proposed response action shall not
kill migratory birds or destroy their
nests and eggs. Bald eagles have
been observed nesting in the vicinity
of the airport.

Clean Water Act
National Pollutant
Discharge
Elimination
System

40 CFR Part
122 through
125, and 131

Applicable NPDES permits are required for
any discharges to navigable
waters.

Any alternative that includes discharges
into any navigable water would require
compliance with these regulations.
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Requirement Citation Status Synopsis Evaluation/Action to be Taken
State
Maryland
Hazardous
Substance
Response Plan

Code of
Maryland
Regulations
(COMAR)
26.14.01 and
26.14.02

Applicable The Hazardous Substances
Response Plan establishes the
framework for conducting
assessment and cleanup activities.
The required work is broken into
three phases: Assessment;
Cleanup; and Operation and
Monitoring. MDE evaluates the
remedial alternatives and then
selects the remedy that is
determined to be the most
appropriate solution.

These regulations would apply to the
evaluation and selection of the remedial
alternative.

Maryland
Hazardous Waste
Management
System –
Identification

COMAR
26.13.02

Applicable Identifies definitions and methods
of identification of hazardous
waste.

These regulations would apply when
determining whether or not groundwater
and treatment residuals are hazardous,
either by being listed or by exhibiting a
hazardous characteristic.

Maryland
Hazardous Waste
Management
System –
Generators

COMAR
26.13.03

Applicable Establishes manifesting, pre-
transport, and recordkeeping
requirements for hazardous waste.

These regulations would apply to IDW
and side streams (such as spent GAC).
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Requirement Citation Status Synopsis Evaluation/Action to be Taken
State (continued)
Maryland
Hazardous Waste
Management
System –
Transport

COMAR
26.13.04

Applicable Establishes manifesting and
recordkeeping requirements for
transport of hazardous waste.

These regulations would apply to the
transportation for off-site disposal of
hazardous waste, such as spent GAC.

Maryland
Hazardous Waste
Management
System - TSDF

COMAR
26.13.05

Applicable Requires compliance with
regulations on the storage of the
waste and specifies procedures to
prevent the occurrence of
circumstances that would threaten
human health or the environment.

If response actions involve management
of RCRA wastes (such as spent GAC) at
an off-site TSDF.

Maryland General
Permit for
Construction
Activity

COMAR 26.17 Applicable Establishes requirements for
stormwater management and
erosion and sediment control at
construction sites.

Response actions involving
excavation would require submittal
of an erosion and sediment control
plan and a stormwater management
plan during wastewater treatment
plant construction.

Water Pollution
Surface Water
Quality Criteria

COMAR
26.08.02.03

Applicable Establish minimum standards for
surface water quality for each
designated use. Standards are
available for the protection of
human health and the protection of
aquatic life.

Considered for determining extent of
surface water contamination and
discharge criteria for alternatives that
involve discharges to surface water.
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Requirement Citation Status Synopsis Evaluation/Action to be Taken
State (continued)
Maryland Water
Management
Erosion and
Sediment Control

COMAR
26.17.01

Applicable Contains requirements for erosion
and sediment control during
construction.

Remedial actions involving excavation
would require submittal of an erosion and
sediment control plan and a stormwater
management plan during wastewater
treatment plant construction.

Maryland Water
Management
Stormwater
Management

COMAR
26.17.02

Applicable Establishes requirements for
stormwater discharges to protect
the surface waters of the state.

Remedial actions would consider the
impact of the stormwater discharges
during wastewater treatment plant
construction.

Air Pollution
Control; General
Administrative
Provisions, and
Permits,
Approvals, and
Registration

COMAR
26.11.01 and
26.11.02

Applicable Establishes permitting
requirements for all sources of air
pollution.

These regulations would be applied to an
air stripper. Permits to construct and
operate would be required. (Note that
Title V requirements are unlikely to
apply because emission rate would be
expected to be much less than the
permitting thresholds.

Air Quality Toxic
Air Pollutants

COMAR
26.11.15 and
26.11.16

Applicable Establishes standards for industries
that emit toxic air pollutants,
including sources regulated by
NESHAPs.

Hazardous air pollutants may be
discharged during groundwater treatment
activities, such as air stripping.
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Requirement Citation Status Synopsis Evaluation/Action to be Taken
State (continued)
Regulation of
Water Supply,
Sewage Disposal,
and Solid Wastes
Well Construction

COMAR
26.04.04

Applicable Contains design standards and
procedures for construction of
wells.

The requirements would apply to new
monitoring wells, injection wells, and
extraction wells.

Maryland Water
Pollution Permits

COMAR
26.08.04

Applicable Contains requirements for
discharges to surface water

Any alternative that includes a discharge
to surface water would comply with these
requirements.

Underground
Injection Control

COMAR
26.08.01

Applicable Establishes a State Underground
Injection Control Program
consistent with federal
requirements to preserve the
quality of the groundwater of the
state.

These regulations would apply to
remedial actions involve underground
injection, such as an electron donor for
bioremediation or reinjection of treated
groundwater.
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Requirement Citation Status Synopsis Evaluation/Action to be Taken
State (continued)
Maryland
Pollutant
Discharge
Elimination
System: Water
Quality, Discharge
Limitations,
Discharge Permit
Limits, and
Pretreatment
Requirements to
POTWs

COMAR
26.08.02,
26.08.03,
26.08.04.02,
and 26.08.08

Applicable These standards govern discharge
of water into surface waters and
POTWs.

Extracted groundwater would be treated
as required prior to discharge to either
surface water or POTW.



Table 2-6

Action-Specific Applicable or Relevant and Appropriate Requirements and Other Guidance – Groundwater
DRA Site Groundwater Feasibility Study

Lockheed Martin, Martin State Airport
Middle River, Maryland

Page 9 of 9

Requirement Citation Status Synopsis Evaluation/Action to be Taken
Local
Baltimore County
Department of
Public Works and
Development
Management –
Permit to
Discharge to
Sanitary Sewer

NA Applicable Establishes limitations on
contaminant concentrations, flow
rates, and monitoring
requirements.

This permit will be required if treated
groundwater is discharged to the POTW.

Baltimore County
Grading Permit

NA Applicable A grading permit is required for
grading or land disturbance greater
than 5,000 square feet.

The permit may be needed for the
construction of the groundwater
treatment plant.



7914 TETRA TECH: LOCKHEED MARTIN, MARTIN STATE AIRPORT, DRA SITE, INTERIM REMEDIAL ACTION, FS FOR GROUNDWATER PAGE 3-1

Section 3

Technology Screening
and Process Options

Information that describes the identification, screening, and evaluation of potential technologies

and process options that may apply to the selection of remedial alternatives for contaminated

groundwater at the Dump Road Area (DRA) Site are provided in this section. The primary

objective of this phase of the Groundwater Feasibility Study (FS) is to develop an appropriate

range of remedial technologies and process options to be used in developing remedial

alternatives. This includes completing the following analytical steps:

 Identification and screening of remedial technologies and process options

 Evaluation and selection of representative process options

Various technologies and process options are identified under each general response action

(GRA) and are then screened (assessed). The screening is first conducted at a preliminary level

to focus on relevant technologies and process options, and then the screening is conducted at a

more detailed level based on certain evaluation criteria. Finally, process options are selected to

represent technologies that have passed the detailed evaluation and screening.

The evaluation criteria for detailed screening of technologies and process options that have

been retained after the preliminary level screening are effectiveness, implementability, and

cost:

 Effectiveness

o Protection of human health and the environment; reduction in toxicity, mobility, or
volume of contaminants; and permanence of the solution

o Ability of the technology to address the estimated areas or volumes of contaminated
media
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o Ability of the technology to attain the preliminary remediation goals (PRGs)
required to achieve the remedial action objectives (RAOs)

o Technical reliability (innovative versus well-proven) with respect to contaminants
and site conditions

 Implementability

o Overall technical feasibility at the site

o Availability of vendors, mobile units, storage and disposal services, etc.

o Administrative feasibility

o Special long-term maintenance and operation requirements

 Cost (qualitative)

o Capital cost

o Operation and maintenance (O&M) costs

3.1 PRELIMINARY SCREENING OF GROUNDWATER
TECHNOLOGIES AND PROCESS OPTIONS

The results of the identification and screening of remediation technologies and process options

for groundwater at a preliminary stage based on implementation with respect to site-specific

conditions and chemicals of concern (COCs) are provided in this section. The results of this

preliminary screening process are summarized in Table 3-1. It presents the GRAs, identifies the

technologies and process options, and provides a brief description of each process option

followed by comments about the results of the screening process. The following groundwater

technologies and process options remain for detailed screening and are included in

Appendix D:
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General response action Technology Process options

No action None Not applicable

Limited action Land use controls (LUCs) Groundwater use restrictions,
construction restrictions

Monitoring Sampling and analysis

Monitored natural attenuation Sampling and analysis

Containment Vertical barrier (physical) Cut-off walls, grout curtain, sheet
piling

Vertical barrier (hydraulic) Extraction wells

Removal Groundwater extraction Extraction wells

In situ treatment Biological Enhanced bioremediation with an
electron-donor compound

Chemical Permeable reactive barrier (PRB)
with zero-valent iron (ZVI)

Ex situ treatment Physical Filtration

Air stripping

Liquid-phase granular activated
carbon (GAC) adsorption

Vapor-phase GAC adsorption

Vapor-phase potassium
permanganate impregnated zeolite
(PPZ) adsorption

Sedimentation

Chemical Coagulation/flocculation

Neutralization/pH adjustment

Ion exchange

Advanced oxidation

Disposal Surface discharge Direct surface water discharge

Indirect discharge to publicly owned
treatment works (POTW)

Subsurface discharge Reinjection
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3.2 SELECTION OF REPRESENTATIVE TECHNOLOGIES AND
PROCESS OPTIONS FOR GROUNDWATER

The following technologies and process options, under the GRAs as noted, were retained for

further development of groundwater containment remedial alternatives, based on the analysis in

Appendix D:

 No action  Limited action: LUCs, monitoring

 Containment: hydraulic barrier  Removal: extraction

 In situ treatment:
enhanced bioremediation,
ZVI PRB

 Disposal: indirect discharge to POTW,
reinjection,
direct discharge

 Ex situ treatment: filtration,
air stripping,
liquid-phase GAC adsorption,
vapor-phase GAC adsorption,
vapor-phase PPZ adsorption,
neutralization/pH adjustment,
coagulation/flocculation,
sedimentation,
ion exchange,
advanced oxidation

The purpose of this FS is to evaluate containment of and eliminating exposure to contaminated

groundwater, which must consider the overall depth of the contaminated groundwater

(approximately 90 to 100 feet below ground surface [bgs]) and the wide variety of

contaminants (for example, cVOCs, metals, and 1,4-dioxane). Therefore, the number of

processes and technologies that can be applied is limited. The primary objective of containment

also limits the selection of processes, and contaminant removal technologies that might be

applied throughout the plume were not considered. All remediation technologies and processes

will be revisited when the FS for the site-wide soil and groundwater remedy is prepared.
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General 
Response 

Action 

 
Technology 

 
Process 
Options 

 
Description 

 
Screening Comment 

No Action None Not Applicable No activities conducted at site to 
remedy or monitor contamination.  
Site is released for unrestricted 
development. 

Retain.  No action is retained as a 
baseline for comparison with other 
technologies. 

Limited Action Monitoring Sampling and 
Analysis 

Periodic sampling and analysis of 
groundwater to track changes in the 
extent of contamination. 

Retain.  This technology could assess 
migration of contaminants and evaluate 
progress of active remediation. 

 Land Use 
Controls  

Active Controls:  
Physical 
Barriers/ 
Security Guards 

Fencing, markers, and warning signs 
to restrict site access. 

Retain.  Restrictions would be used to 
prevent damage to cover and wells.  
Exposure to groundwater would also be 
restricted.  

  Passive 
Controls:  Deed 
and Land Use 
Restrictions 

Administrative action using LUCs to 
restrict future site use and to prohibit 
use of groundwater as a source of 
drinking water.   

Retain.  Groundwater is currently not 
used as a drinking water source, and this 
technology will limit all future uses of 
groundwater.  
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General 
Response 

Action 

 
Technology 

 
Process 
Options 

 
Description 

 
Screening Comment 

Limited Action 
(continued) 

Natural 
Attenuation 

Naturally 
Occurring 
Biodegradation. 
Sorption, 
Dispersion, 
Volatilization, 
and Dilution 

Monitoring groundwater to assess the 
reduction in concentrations of COCs 
through natural processes. 

Retain. This technology may decrease 
concentrations of TCE and other VOCs 
that may have already migrated beyond 
the containment.  Natural attenuation 
will occur within the contained area, but 
only to a limited extent.   

Containment Vertical Barriers Slurry Wall Low-permeability wall formed in a 
perimeter trench to restrict horizontal 
migration of groundwater. 

Retain.  Depth to confining layer is 
approximately 90 feet limiting 
installation to specialty equipment.  
Some groundwater treatment required.  

  Sheet Piling Metal or HDPE sheet piling 
driven/vibrated into the ground to 
restrict horizontal migration of 
groundwater. 

Retain.  This method is effective in the 
sand, silts, and clays at the site.  
Shallow surface excavation will be 
needed to remove debris. Some 
groundwater treatment required. 

  Grout Curtain Pressure injection of grout to form a 
low-permeability perimeter wall to 
restrict horizontal migration of 
groundwater. 

Retain.  This method is effective in the 
sand, silts, and clays at the site.  
Shallow surface excavation will be 
needed to remove debris. Some 
groundwater treatment required. 
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Containment 
(continued) 

Vertical Barriers 
(continued) 

Hydraulic 
Barrier 

Use of extraction wells and/or 
collection trenches to restrict 
horizontal migration of groundwater. 

Retain.  Common method applicable to 
sandy soil.  Heterogeneity would affect 
capture of groundwater and well design.  
Requires groundwater treatment.  

 Horizontal 
Barriers 

Physical Barrier Injection of bottom-sealing grout 
beneath source to minimize vertical 
migration of groundwater. 

Eliminate.  Confining unit prevents 
further downward migration of 
contaminants.   

Removal Groundwater 
Extraction 

Extraction 
Wells 

Series of vertical pumping wells or 
horizontal wells used to remove 
contaminated groundwater.  

Retain.  Would be needed to remove 
water from infiltration and flow from 
upgradient area.  May be effective in 
reducing contaminant concentrations in 
combination with ex-situ treatment.  
Because of levels of contaminant 
concentrations, MCLs are unlikely to 
ever be reached.  

  Collection 
Trench 

A permeable trench used to intercept 
and collect groundwater. 

Eliminate.  A deep trench would be 
needed to capture the full depth of the 
plume.  Heterogeneity and aquicludes 
would limit effectiveness.  Depth of 
trench would be 50 to 80 feet. 
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In-Situ 
Treatment 

Biological Anaerobic/ 
Aerobic 

Enhancement of biodegradation of 
organics in an anaerobic (oxygen-
deficient) or aerobic (oxygen-rich) 
environment by injection of electron-
donor compounds or oxygen source.  
Microorganism cultures may need to 
be added. 

Retain.  Anaerobic reductive 
dechlorination is effective at removing 
TCE and other chlorinated VOCs.  
Would not directly affect inorganics.  
Sulfides formed during anaerobic 
activity may precipitate metals.  
Effectiveness of bioremediation on 1,4-
dioxane is uncertain.   

 Physical/ 
Biological 

Air Sparging 
(AS) or AS/ Soil 
Vapor 
Extraction 
(SVE) 

Volatilization and enhancement of 
biodegradation of organic compounds 
by supply of air with or without 
capture and treatment of volatilized 
compounds. 

Eliminate.  Well and piping installation 
would need to be coordinated with 
cover system.  Metals are not affected 
by process.  Heterogeneity of 
subsurface would interfere with air 
sparging distribution.   

  Dynamic 
Underground 
Stripping 

Steam injection at the periphery of the 
contaminated area resulting in the 
vaporization of volatile compounds 
bound to soil and the movement of 
contaminants to a centrally located 
extraction well.   

Eliminate.  The heterogeneous 
subsurface would make effective 
implementation of this method 
difficult.  Metals are not affected by 
process.   
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In-Situ 
Treatment 
(continued) 

Chemical Chemical 
Oxidation 

Chemical destruction of organic COCs 
through oxidation with hydrogen 
peroxide and ferrous iron (Fenton’s 
Reagent), catalyzed percarbonate 
(RegenOx™), or potassium 
permanganate. 

Eliminate.  Extensive area and 
subsurface heterogeneity would affect 
distribution.  Metals are not affected by 
process.   

  Permeable 
Reactive Barrier 
(PRB) 

Use of a PRB with zero-valent iron, 
which allows the passage of 
groundwater and reacts with the 
VOCs. 

Retain.  Size and depth of contaminant 
plume would make construction of PRB 
difficult.  Would not be effective for 
metals and 1,4-dioxane. 

 Thermal Electrical 
Resistance 
Heating 

Volatilization of organic COCs 
through groundwater and soil heating 
with electrodes in combination with 
vacuum extraction of volatilized 
material. 

Eliminate. Large volume would be 
costly to treat with this process.   

Ex-Situ 
Treatment 
 
 
 

Biological Aerobic/ 
Anaerobic 

Natural degradation of organic COCs 
via microorganisms in an aerobic 
(oxygen-rich) or anaerobic (oxygen-
deficient) environment.  

Eliminate.  VOCs are more readily 
treated by air stripping and/or GAC.  
Would not be effective for metals.  
Effectiveness on 1,4-dioxane is 
uncertain. 
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Ex-Situ 
Treatment 
(Continued) 

Physical Filtration Separation of suspended solids from 
water via entrapment in a bed of 
granular media or membrane. 

Retain.  May be useful in combination 
with other ex-situ treatment options.   

  Air Stripping Contact of water with an air stream to 
remove VOCs. 

Retain.  Proven treatment method for 
VOC removal.  Would not be effective 
on metals and 1,4-dioxane.  

  GAC 
Adsorption 

Separation of dissolved contaminants 
from water or air streams via 
adsorption onto GAC.  

Retain.  Proven treatment method for 
VOC removal from contaminated 
groundwater and air stripper off-gas.  
Would not be effective on metals. 
Effective for 1,4-dioxane in uncertain. 

  Potassium 
Permanganate 
Impregnated 
Zeolite 

Removal of vinyl chloride from vapor 
streams by sorption and subsequent 
reaction onto zeolite. 

Retain.  This process is needed because 
vinyl chloride is poorly removed by 
vapor-phase GAC. 

  Solvent 
Extraction 

Separation of contaminants from a 
solution by contact with an immiscible 
liquid with a higher affinity for the 
COCs. 

Eliminate.  Not proven to be cost-
effective for VOC removal. 
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Ex-Situ 
Treatment 
(Continued) 

Physical 
(Continued) 

Sedimentation Separation of solids from water via 
gravity settling. 

Retain.  May be needed for incidental 
removal of iron and manganese.   

 Chemical Coagulation/ 
Flocculation 

Use of chemicals to neutralize surface 
charges and promote attraction of 
colloidal particles to facilitate settling. 

Retain.  May be needed for metals 
removal and incidental removal of iron 
and manganese.   
 

  Neutralization/ 
pH Adjustment 

Use of acid or base to counteract high 
or low pH conditions. 

Retain.  May be needed for final pH 
adjustment prior to discharge.  May be 
needed for metals removal.  May be 
needed for incidental removal of iron 
and manganese.   

  Chemical 
Precipitation 

Use of reagents to convert soluble 
compounds into insoluble compounds. 

Eliminate.  Metals in groundwater are 
commonly removed by pH adjustment.  

  Ion Exchange Removal of dissolved ions through 
exchange with similarly charged ions 
held on the active sites of a synthetic 
resin that is contacted with the liquid 
to be treated. 

Retain.  May be needed as final 
polishing step prior to discharge. 
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Action 
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Process 
Options 

 
Description 

 
Screening Comment 

Ex-Situ 
Treatment 
(Continued) 

Chemical 
(Continued) 

Advanced 
Oxidation 

Use of oxidizers such as ozone, 
hydrogen peroxide, or potassium 
permanganate to break down certain 
organic compounds.  

Retain.  This technology is 
demonstrated for removal of 1,4-
dioxane and other VOCs.  Metals would 
not be affected. 

Discharge/ 
Disposal 

Surface 
Discharge 

Direct 
Discharge 

Discharge of treated water to surface 
water. 

Retain.  Treatment of other constituents, 
such as other metals, may be required to 
meet effluent limitation requirements.   

 
 

 Indirect 
Discharge  

Discharge of collected/treated water to 
local POTWs.  

Retain.  Treatment of other constituents, 
such as metals, may be required to meet 
effluent limitation requirements.  
POTW may have flow rate and influent 
limitations. 

  Off-Site 
Treatment 
Facility 

Treatment and disposal of water at an 
off-site treatment works. 

Eliminate.  Separate facility not 
available.  Large volume of water 
would be too costly to transport by 
tanker.     

 Subsurface 
Discharge 

Reinjection Use of injection wells, spray irrigation, 
or infiltration for discharge of treated 
groundwater underground. 

Retain.  Water reinjected upgradient of 
source can be amended to promote 
bioremediation.   
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AS - Air sparge.      PRB - Permeable reactive barrier. 
COC - Chemical of concern.     STP - Sewage treatment plant. 
GAC - Granular activated carbon.    SVE - Soil vapor extraction. 
HDPE - High-density polyethylene.    TCE - Trichloroethene. 
POTW - Publicly owned treatment works.   VOC - Volatile organic compound. 
LUC - Land use control. 
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Section 4

Assembly and Detailed Analysis
of Remedial Alternatives

4.1 INTRODUCTION

Each remedial alternative for the interim remedial action was evaluated with respect to the

following evaluation criteria set forth in EPA’s National Oil and Hazardous Substances

Pollution Contingency Plan (NCP) [40 Code of Federal Regulations (CFR), Part 300]. These

criteria and their relative importance are described in the following subsections:

 Overall protection of human health and the environment

 Compliance with applicable or relevant and appropriate requirement (ARARs)

 Long-term effectiveness and permanence

 Reduction of contaminant toxicity, mobility, or volume through treatment

 Short-term effectiveness

 Implementability

 Cost

 Regulatory agency acceptance

 Community acceptance

An additional non-Comprehensive Environmental Response, Compensation, and Liability Act

(CERCLA) criterion, sustainability, will also be evaluated. Sustainability is an important

consideration for Lockheed Martin Corporation and is evaluated here to minimize the

environmental footprint of the remedial action, while still protecting human health and the

environment. These criteria were applied to the alternatives being evaluated with the view that

this will be an interim remedial action, focusing primarily on containment. Maintaining

flexibility to expand the system as part of a future final remedy is also an important factor.
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4.1.1 Overall Protection of Human Health and the Environment

Remedial alternatives must be assessed for adequate protection of human health and the

environment, in both the short and long term, from unacceptable risks posed by hazardous

substances or contaminants at the site. This is accomplished by eliminating, reducing, or

controlling exposure to contaminant levels exceeding preliminary remediation goals (PRGs).

Overall protection draws on the assessments pursuant toother evaluation criteria, especially

long-term effectiveness and permanence, short-term effectiveness, and compliance with

ARARs.

4.1.2 Compliance with Applicable or Relevant and Appropriate
Requirements

For sites in the CERCLA program, alternatives must be assessed to determine whether they

attain ARARs under federal environmental laws and state environmental or facility siting laws

(see Section 2.3.2). However, because remediation of the Dump Road Area (DRA) Site is not

being conducted under CERCLA authority, only applicable regulations need to be considered.

The relevant and appropriate evaluation process does not apply to this site. In addition, all

federal, state, and local permits must be obtained, whereas sites under CERCLA authority do

not need to obtain permits.

4.1.3 Long-Term Effectiveness and Permanence

Alternatives must be assessed for the long-term effectiveness and permanence they offer, along

with the degree of certainty that the alternative would prove successful. Factors to be

considered, as appropriate, include:

 Magnitude of residual risk — Risk posed by untreated waste or treatment residuals at
the conclusion of remedial activities

 Adequacy and Reliability of Controls — Controls such as containment systems and
land use controls (LUCs) that are necessary to manage treatment residuals and untreated
waste must be shown to be reliable

4.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment

The degree to which an alternative uses recycling or treatment to reduce the toxicity, mobility,

or volume of contaminants must be assessed, including how treatment addresses principal

threats posed by the site. Factors to be considered, as appropriate, include:
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 Treatment or recycling processes the alternative uses, and the materials these processes
will treat

 The amount of hazardous substances, pollutants, or contaminants that will be destroyed,
treated, or recycled

 The degree of expected reduction in toxicity, mobility, or volume of waste due to
treatment or recycling and the specification of which reduction(s) is/are occurring

 The degree to which the treatment is irreversible

 Type and quantity of residuals that will remain following treatment, considering the
persistence, toxicity, mobility, and tendency to bioaccumulate of such hazardous
substances and their constituents

 The degree to which treatment reduces the inherent hazards posed by principal threats at
the site

4.1.5 Short-Term Effectiveness

The short-term effects of the alternative are to be assessed considering the following:

 Short-term risks that might be posed to the community during implementation

 Potential effects on workers during remedial action and the effectiveness and reliability
of protective measures

 Potential environmental effects of the remedial action and the effectiveness and
reliability of mitigation measures during implementation

 Time until protection of human health and the environment is achieved

4.1.6 Implementability

The ease or difficulty of implementing the alternatives is assessed by considering the following

types of factors, as appropriate:

 Technical feasibility, including technical difficulties and unknowns associated with the
construction and operation of a technology, its reliability, the ease of undertaking
additional remedial actions, and the ability to monitor the effectiveness of the remedy

 Administrative feasibility, including activities necessary to coordinate with regulatory
agencies and other offices, and the ability and time required to obtain any necessary
approvals and permits from relevant agencies (for off-site actions)

 Availability of services and materials, including the availability of adequate off-site
treatment, storage, and disposal capacity and services, availability of necessary
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equipment and specialists and provisions to ensure necessary additional resources,
availability of services and materials, and the availability of prospective technologies

The selected containment alternative must be designed and implemented so that it does not

interfere with the soil and landfill waste remediation projects planned for the site. The design of

the containment system must include the flexibility to treat additional groundwater if conditions

at the site should change, or the final groundwater FS incorporates additional treatment needs.

4.1.7 Sustainability

The sustainability of each alternative will be evaluated. Factors to be considered, as

appropriate, include:

 Environmental factors, such as energy use and greenhouse gas emissions

 Resource consumption

 Waste generation as compared to recycling and reuse of materials. The percentage of
contaminants destroyed rather than removed is also considered under this category. This
component is evaluated as part of the CERCLA criteria, under the “Reduction of
Toxicity, Mobility, or Volume through Treatment” criterion

 Economic factors, such as life cycle costs, and the development potential of the site
after remediation. Costs are considered as part of the CERCLA criteria, under the
“Cost” criterion

 Social factors, such as traffic and noise. These factors are also considered as part of the
CERCLA criteria, under the “Short-Term Effectiveness” criterion

Evaluation of sustainability is consistent with Lockheed Martin’s corporate “Go Green” program.

Under this program, Lockheed Martin seeks to reduce adverse environmental effects through

activities such as improved energy efficiency and reduced waste generation and water usage.

4.1.8 Cost

Capital costs, including both direct and indirect costs, and annual operation and maintenance

(O&M) costs will be evaluated for each alternative. A net present worth (NPW) value of the

capital and O&M costs, based on a 30-year operating period, is provided for an economic

comparison of the alternatives. A current value equal to the sum of the capital costs and annual

O&M costs adjusted by an annual inflation rate of 2 percent is also provided. Typically, the

cost estimate accuracy range for a feasibility study (FS) is +50 percent to -30 percent.
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4.1.9 Regulatory Agency Acceptance

This Groundwater FS was prepared for review and approval by the MDE and is subject to the

regulatory requirements of Maryland’s Hazardous Substance Response Plan. Maryland’s

Hazardous Substance Response Plan grants MDE the authority to choose how the cleanup will

be performed.. In addition, the property owner, Maryland Aviation Administration (MAA), and

property leaser, the Maryland Air National Guard (MDANG), will also be given the opportunity

to comment on the Groundwater FS. Regulators’ concerns that must be assessed include:

 The position and key concerns of the MDE relative to the preferred and other
alternatives

 MDE’s comments on ARARs or the proposed use of waivers

These concerns cannot be completely evaluated until the agencies have reviewed and

commented on this Groundwater FS and the Proposed Plan to be prepared subsequent to this

document.

4.1.10 Community Acceptance

The Groundwater FS, which includes a recommendation for one of the alternatives, and the

subsequent Proposed Plan will be made available to the public for review and comment. This

criterion consists of community responses to the selected remedy. Comments from the public on

the selected remedy will be assessed once they have been received at the conclusion of the

public comment period.

4.1.11 Relative Importance of Criteria

The following are considered threshold criteria:

 Overall protection of human health and the environment

 Compliance with ARARs (excluding those that may be waived)

The threshold criteria must be satisfied for an alternative to be eligible for selection. Among the

remaining criteria, the following six are the primary balancing criteria:

 Long-term effectiveness and
permanence

 Implementability
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 Reduction of contaminant toxicity,
mobility, or volume through
treatment

 Sustainability

 Cost

 Short-term effectiveness

The balancing criteria are used to weigh the relative merits of the alternatives being evaluated.

The remaining two criteria, “Regulatory Agency Acceptance” and “Community Acceptance,”

are modifying criteria that must be considered during remedy selection. These last two criteria

will be evaluated after this Groundwater FS has been reviewed by EPA and MDE, and after an

alternative has been selected. This document therefore addresses only 8 of the 10 criteria.

4.1.12 Remedy Selection

Remedy selection is expected to follow a two-step process. The first step identifies a preferred

alternative (see Section 5.3) which must meet the following criteria:

 Protection of human health and the environment

 Compliance with ARARs

The second step reviews public comments and determines whether the preferred alternative

remains the most appropriate remedial action for the site, with EPA and MDE concurrence.

4.2 ASSEMBLY AND DETAILED ANALYSIS OF
GROUNDWATER ALTERNATIVES

Based on the detailed screening of technologies and process options presented in Section 3.2,

alternatives were developed for the interim remedial action at the DRA Site. These alternatives

primarily consider containment of contaminated groundwater at the DRA Site, although some

alternatives include limited source area treatment. The design of the containment system must

include flexibility for treatment of additional groundwater if conditions at the site change or the

final groundwater FS incorporates additional treatment. The following six interim remedial action

alternatives were developed:

 Alternative G-1 — No action
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 Alternative G-2 — Hydraulic control by extraction, ex situ treatment of groundwater,
discharge to publicly owned treatment works (POTW)/surface water, monitoring, and
LUCs

 Alternative G-3 — Hydraulic control by extraction, ex situ treatment of groundwater,
reinjection of groundwater, discharge to POTW/surface water, monitoring, and LUCs

 Alternative G-4 — Hydraulic control by extraction, extraction in high concentration
areas (HCAs), ex situ treatment of groundwater, reinjection of groundwater, discharge
to POTW/surface water, monitoring, and LUCs

 Alternative G-5 — Hydraulic control by extraction, ex situ treatment of groundwater, in
situ bioremediation of HCAs, discharge to POTW/surface water, monitoring, and LUCs

 Alternative G-6 — Zero-valent iron (ZVI) permeable reactive barrier (PRB),
monitoring, and LUCs

Alternative G-1 was developed and analyzed as a baseline against which the other alternatives

can be compared, as required by the NCP. Alternative G-2 was developed as a base case with

hydraulic control of the plume only. Groundwater contaminants upgradient of the extraction

wells will eventually flow to the extraction wells, but the design does not incorporate

acceleration of groundwater cleanup.

Alternative G-3 is an enhanced version of Alternative G-2, in that some of the treated

groundwater will be amended with an electron-donor compound and then reinjected upgradient

of the HCAs to promote biological remediation. The treatment system in this alternative is sized

for a larger flow rate to address the potential for flexibility in future operations, including the

final site groundwater remedy. Alternative G-4 is a more aggressive extraction and treatment

approach that includes extraction, treatment of highly contaminated groundwater from the

HCAs, and reinjection of treated groundwater (with amendments to promote biological activity).

Treating additional groundwater may reduce the time required to restore groundwater quality.

Alternative G-5 is similar to Alternative G-4 in that highly contaminated groundwater in the

HCAs is treated. In Alternative G-5, highly contaminated groundwater in the HCAs is treated in

situ by enhanced bioremediation to reduce the time to restore groundwater quality, but extracted

groundwater is not reinjected. The treatment system in this alternative is also sized for a larger

flow rate to permit flexibility in future operations. Alternative G-6 uses a PRB for passive

treatment instead of a groundwater extraction and treatment system. A description and detailed
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analysis of these alternatives are presented in the following sections. The key features of each

alternative are summarized in Table 4-1.

Groundwater modeling was performed to determine recovery well locations and pumping rates in

order to obtain hydraulic control of the plumes (Alternative G-2). An additional modeling

simulation (Alternative G-4) was performed to examine the effect of mass removal from

extraction wells located in high concentration areas of the plume and reinjection of treated

groundwater amended with an electron-donor to promote biological degradation into points

upgradient of the high concentration areas. Although the effects of the electron-donor were not

simulated in this scenario, additional model simulations may be performed to examine these

effects in the enhanced remedial alternatives once the reaction rates are better understood during

pilot testing. The extraction rates and extraction well locations that were determined from the

hydraulic containment for Alternative G-2 were assumed to be sufficient for Alternatives G-3 and

G-5. Similarly, the effects of reinjection modeled for Alternative G-4 were assumed to be

sufficient for Alternative G-3. Therefore, specific modeling scenarios for Alternatives G-2 and

G-4 were prepared. No modeling was performed for Alternative G-6 because that scenario does

not have any groundwater extraction.

4.2.1 Alternative G-1: No Action

4.2.1.1 Description

The no action alternative maintains the site as is. This alternative does not address groundwater

contamination and is retained as a baseline for comparison to other alternatives. It would achieve

no reduction in toxicity, mobility, or volume of the contaminants other than what would result

from natural dispersion, dilution, biodegradation, and other attenuating factors.

4.2.1.2 Detailed Analysis

Overall protection of human health and the environment — Alternative G-1 would provide

no protection of human health and the environment. Under the current industrial land use, the

potential for human and ecological exposure to contaminated groundwater would remain. In

addition, under a future residential land use scenario, unacceptable risks to human and

ecological receptors from exposure to contaminated groundwater would not be reduced.

Potential off-site migration of chemicals of concern (COCs) would not be detected because no
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groundwater monitoring would be conducted. The potential for vapor intrusion into future

buildings would not be considered under this alternative. Thus, potential migration of COCs

would not be detected.

Compliance with ARARs and other guidance — Alternative G-1 would not comply with

chemical-specific ARARs or other guidance because no action would be taken to reduce

contaminant concentrations. Chemical-specific ARARs may eventually be met by natural

attenuation, but no monitoring would be conducted to verify the changes. Compliance with

location-specific ARARs or other guidance would be purely incidental. Action-specific ARARs

or other guidance are not applicable.

Long-term effectiveness and permanence — Alternative G-1 would have little long-term

effectiveness and permanence because contaminated groundwater would remain on-site. In the

absence of LUCs to restrict building construction methods, unacceptable risks could potentially

be posed to human receptors via vapor intrusion. Potential off-site migration of COCs would

not be detected because groundwater monitoring would not be conducted under this alternative.

Although COC concentrations might eventually decrease to cleanup goals through natural

attenuation, no monitoring would verify this.

Reduction of toxicity, mobility, or volume through treatment — Alternative G-1 would not

reduce the toxicity, mobility, or volume of contaminants through treatment because no

treatment would occur. Some reduction of the toxicity and volume of COCs might occur

through natural dispersion, dilution, or other attenuation processes, but no monitoring would be

performed to verify this.

Short-term effectiveness — Implementation of Alternative G-1 would produce no short-term

adverse effects to the local community or the environment due to cleanup activities, because no

action would be undertaken. Alternative G-1 would never achieve the remedial action

objectives (RAOs) and, though the cleanup goals might eventually be achieved through natural

attenuation, this would not be verified through monitoring.

Implementability — Alternative G-1 would be readily implementable because no action would

occur. The technical feasibility criteria, including constructability, operability, and reliability,
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are not applicable. Implementability of additional administrative measures is not applicable

because no such measures would be taken.

Sustainability — Alternative G-1 is highly sustainable, since no action would occur. No energy

or resources would be consumed, no greenhouse gases would be generated, and no waste would

be generated. No costs or increases in negative social factors, such as traffic and noise, are

associated with this alternative. An economic factor to consider is that site development would

be limited because of the potential for exposure to contaminated groundwater or to

contaminants volatilizing from the groundwater and into buildings, but with no controls in

place under this alternative.

Cost — The No Action alternative would incur no costs beyond the existing monitoring program.

4.2.2 Alternative G-2: Hydraulic Control by Extraction, ex situ Treatment
of Groundwater, Discharge to Publicly Owned Treatment
Works/Surface Water, Monitoring, and Land Use Controls

4.2.2.1 Description

Alternative G-2 would consist of five major components: (1) hydraulic control of the plume by

extraction, (2) ex situ treatment of groundwater, (3) discharge of treated groundwater to the

POTW or surface water, (4) monitoring, and (5) LUCs. Components 1 through 3 are

summarized below. See Appendix E for detailed descriptions of these components.

Component 1 (Alternative G-2): Hydraulic control — This component would consist of

installing an array of groundwater extraction wells and operating them until the groundwater

contamination is remediated. Pumping rates and well locations were selected using the

groundwater model to optimize the extraction required for hydraulic containment of the plume.

Modeling results for this component are provided in Appendix B. Design calculations for this

component are provided in Appendix E.

The results of groundwater modeling suggest that 16 extraction wells at various depths would

be sufficient to intercept contaminated groundwater before it reaches Frog Mortar Creek. One

result of the groundwater modeling analysis is that most of the extracted groundwater would be

from the site and very little water would be drawn in from Frog Mortar Creek. Contaminant
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concentrations from locations upgradient of the containment wells would also be reduced as

groundwater flows toward the extraction wells.

Under Alternative G-2, seven wells would be screened in the upper zone (at approximately

35 feet deep), five wells would be screened in the intermediate zone (at approximately 65 feet

deep), and four would be screened in the lower zone (at approximately 90 feet deep). Each well

screen would be at least 10 feet long. The total groundwater extraction rate is estimated to be

40 gallons per minute (gpm). Extraction well locations are shown in Figure 4-1.

A submersible centrifugal pump would be installed in each groundwater extraction well. Each

of these pumps would be connected to a piping network that would convey the extracted

groundwater to an on-site pumping station (see Figure 4-1). From there, groundwater would be

pumped to an off-site treatment system near Eastern Boulevard. Extracted groundwater will be

conveyed through double-walled pipes because the contaminated groundwater will pass

through areas of uncontaminated groundwater.

Surface water levels in the two ponds and adjacent wetlands will be monitored during

extraction. The ponds do not appear to be hydraulically connected to the groundwater. The

existence of a hydraulic connection with wetlands is unknown at this time.

Component 2 (Alternative G-2): Ex situ treatment of groundwater — Recent groundwater

modeling estimates that the total groundwater extraction rate would be approximately 40 gpm.

The treatment system conceptual design is sized for a maximum instantaneous flow of 50 gpm.

This component would include the installation of a treatment system and operation of it as long

as groundwater is being extracted.

As shown in the process flow diagram (PFD) (see Figure 4-2), the extracted groundwater

would enter the system at a feed tank, flow through a metals removal system, filter unit, air

stripper, advanced oxidation system, the liquid-phase granular activated carbon (GAC) unit, an

ion exchange unit, and then exit the system via the GAC unit. Sludge generated by the metals

removal step would be thickened, dewatered, and disposed of off-site. The treatment system is

described further below.
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A conceptual layout of the treatment building is shown in Figure 4-3. Design calculations for

this component and a more detailed process description are provided in Appendix E. The

following description is typical; the description of the final system will depend on the

vendor-specific equipment selected.

The feed tank controls water flow through the treatment system. The tank would also blend

groundwater from the various extraction wells to buffer variations in the quality of the

treatment system influent. Side streams from the wastewater treatment system will also be sent

to the feed tank.

The feed pump would move groundwater through the treatment system to the metals removal

system. Groundwater would enter a primary pH adjustment tank, where pH would be adjusted

to 10 with caustic soda, followed by addition of hydrogen peroxide to oxidize and precipitate

iron and manganese. The groundwater would then enter a secondary pH adjustment tank where

pH would be adjusted to 11 with caustic soda to precipitate other metals (such as cadmium) out

of the groundwater being treated.

Following pH adjustment, groundwater would flow into the flocculation tank where it would be

mixed with a polymer to coagulate and flocculate the suspended solids. The groundwater then

would flow into the clarifier, where solids settle out. Clarified effluent would then flow into a

final pH adjustment tank where hydrochloric acid would be added to return pH to the range of

6–9 for discharge after final treatment.

Chemicals would be stored in drums or tote tanks, depending on chemical usage rates.

Alternative, less aggressive chemicals may be considered. For example, lime or magnesium

hydroxide may be used instead of caustic soda. Citric acid or carbon dioxide may be used in

place of hydrochloric acid. Mechanical aeration with a blower may be considered for oxidizing

iron and manganese instead of using hydrogen peroxide.

Neutralized groundwater would flow by gravity into the clarified water feed tank and pumped

through a sand filter. The sand filter will remove the balance of suspended solids (including

precipitated iron and manganese). By removing suspended solids, the sand filter will also

remove metals so that discharge limitations are met. Three sand filter tanks would be arrayed in

parallel: two on-line and one off-line. As solids accumulate, the pressure drop across the sand
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filter will increase. When a pre-set pressure drop is reached, the off-line sand filter will

automatically be brought on-line while the original sand filter is taken off-line. The off-line

sand filter would then be backwashed, as described below.

Following filtration, groundwater flows to the top of an air stripper where the groundwater

would then cascade down through multiple trays of a low-profile air stripper where a

countercurrent of air would volatilize the volatile organic compounds (VOCs). Treated

groundwater would then be collected in a sump at the bottom of the air stripper unit. Treated

water would then be pumped to the advanced oxidation process (AOP) and GAC units.

For the purposes of this Groundwater FS, the treatment process described here includes use of

HiPOx®, a commercially available system, although other processes can be used. Water from

the air stripper would enter the HiPOx® unit, where ozone and hydrogen peroxide would be

added to the groundwater undergoing treatment to oxidize organic compounds, particularly

1,4-dioxane. Treated groundwater would then flow through the GAC system.

A GAC system is included to polish the groundwater, that is, to remove remaining diesel range

organics (DRO) and gasoline range organics (GRO) and to provide contingency treatment in

the event the AOP unit malfunctions. Two GAC tanks would be arrayed in series in a lead-lag

configuration. When the GAC in the lead tank reaches capacity (based on analytical testing of

the influent and effluent), the flow will be switched to the lag tank while the first tank is taken

off-line, so that the GAC can be replaced with fresh GAC. After the GAC is replaced, the GAC

tank is put back on-line in the lag position. Following GAC treatment, the treated water flows

via the discharge piping to an existing sewer connected to the sanitary sewer system.

Gas exhausted from the top of the air stripper unit would pass through an off-gas treatment unit

to remove volatilized contaminants before venting to the atmosphere. The off-gas treatment

unit would consist of an electric heater, followed by two vapor-phase GAC adsorption units,

followed by two potassium permanganate impregnated zeolite (PPZ) adsorption units. The

exhaust gas heater would reduce the relative humidity of the air stripper unit off-gas from

nearly 100 percent to approximately 50 percent, to allow efficient operation of the vapor-phase

GAC adsorption units.
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VOCs in the extracted vapors would be removed by the vapor-phase GAC adsorption units.

Upon exhaustion of the carbon in the lead vapor-phase GAC unit, it would be taken out for

disposal or regeneration. The lag vapor-phase GAC adsorption unit would then be placed in the

lead position and a fresh unit would be placed in the lag position. Potassium permanganate

impregnated zeolite is used because vinyl chloride is poorly sorbed by GAC. Vinyl chloride is

oxidized by potassium permanganate. Upon exhaustion of the PPZ unit, it would be taken out

for disposal.

For discharge to surface water, the contaminant concentrations must also conform to EPA and

MDE water quality criteria. For cadmium, the preliminary remediation goal (PRG) is 5 µg/L,

and conventional treatment by pH adjustment, clarification, and filtration cannot meet this

level. To meet the cadmium requirement, an ion exchange (IE) unit would be provided

following the GAC unit. Cartridge filters would be required upstream of the IE system to

prevent clogging of the IE resin and to further remove metals sorbed onto fine suspended solids

passing through the sand filters. Two tanks would be used: one on-line and the second on

standby. The effluent would be routinely monitored for cadmium, and as the concentration

approached the PRG, the tank would be taken off-line and the standby tank would be brought

into service. The resin would be regenerated off-site by a resin regeneration service.

Part of the treated water will be diverted to a backwash supply tank. The backwash supply tank

is sized to provide sufficient water for one backwash cycle each for a sand filter and GAC tank.

When a sand filter requires backwashing, the backwash pump is activated and water flows up

through the sand filter, suspending the sand and carrying the solids out of the sand filter to the

waste backwash tank.

After backwashing, the backwash pump is stopped and the sand filter is ready to be used when

the next on-line sand filter reaches capacity. Similarly, when the GAC in a GAC tank is

replaced, fines are generated during transfer of the GAC and then removed by backwashing.

Water in the waste backwash tank is then slowly metered back to the feed tank.

Settled sludge in the clarifier would be periodically transferred to the sludge thickener tank. In

the sludge thickener, the solids content of the sludge is increased by gravity sedimentation from

approximately 0.5 percent (by weight) to approximately 4 percent (by weight). Thickened
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sludge would be periodically pumped from the bottom of the thickener to a recessed plate filter

press. In the filter press, the solids content of the thickened sludge is increased to 25–35 percent

(by weight) to form a solid cake that is stored in a roll-off container and later hauled away for

appropriate disposal. Supernatant water from the thickener and filtrate water from the filter

press is then pumped to the feed tank.

The DRA Site is bordered by taxiways and runways, the MDANG property, and Frog Mortar

Creek, making access for routine maintenance difficult, so the location of the treatment

building is planned to be off of the Martin State Airport (MSA) property. The property for the

treatment building would need to be purchased or leased. Figure 4-4 shows the pipeline routing

across the MSA property between the DRA Site and the general area of the treatment building.

The planned building has an estimated size of 130 feet by 60 feet. An area of approximately

180 feet by 120 feet would be needed to accommodate construction, parking, and deliveries.

The Groundwater Treatment Plant Building will be designed to contain spills within the

building. Spills will flow or be directed into the building sump and transferred to the feed tank.

Controls in the sump would activate an alarm and would shut down the extraction wells in the

event of a spill. A spare sump pump would be provided. Influent, effluent, and intermediate

locations in this process will be sampled routinely to monitor treatment effectiveness and

progress. These results will also be used to determine if the GAC needs to be replaced.

Component 3 (Alternative G-2): Discharge to POTW and surface water — Treated

groundwater would initially be discharged to the Baltimore County sanitary sewer system and

treated at the City of Baltimore Back River Wastewater Treatment Plant. Discharge from the

groundwater treatment system would be pumped and tied into an existing sanitary sewer near

the proposed treatment building. Discharge to the sanitary sewer would be metered and routinely

sampled to comply with Baltimore County Industrial Wastewater Discharge Standards. The

design discharge rate of 50 gpm is greater than the 25,000 gallons per day (gpd) threshold for a

significant industrial user, so reporting would be required twice per year and annual user fees, in

addition to sewage service charges, are also required.

After the extraction and treatment system has operated for two to three years, extraction flow

rates, groundwater concentrations, and treated water concentrations will be well established.
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Plant operation data will be used to apply for a National Pollutant Discharge Elimination

System (NPDES) permit to discharge to surface water (either Frog Mortar Creek or Stansbury

Creek). The application will include developing an MDE-approved estuary model to calculate

effluent limitations and to field calibrate the model, to obtain effluent limitations from MDE.

Treated water would then be discharged to surface water through a submerged multiple diffuser

outfall. Discharge would be metered and routinely sampled to comply with the NPDES permit.

Component 4 (Alternative G-2): Monitoring — Monitoring would consist of regularly

measuring groundwater levels and collecting and analyzing groundwater samples to evaluate

changes in contaminant concentrations (in the plume downgradient of the extraction wells) due

to extraction. Tracking water levels will measure the capture zone to confirm hydraulic capture

of the plume. Samples would be collected from existing as well as new monitoring wells

installed specifically to evaluate system performance. Wells in the monitoring program would

include the extraction wells, five three-well clusters in the plume (between the Taxiway Tango

and Frog Mortar Creek), two three-well clusters between the runway and Taxiway Tango, and a

newly installed pair of two-well clusters (extending into the intermediate and lower zones),

with each pair installed downgradient of the extraction wells. Final selection of monitoring

wells will be made in the design phase of the project, with the concurrence of relevant

regulatory agencies.

Samples will be analyzed for VOCs, 1,4-dioxane, DRO, GRO, and metals. The extraction wells

would be sampled semiannually for the first three years because concentrations in these wells

are expected to change quickly, then sampled annually thereafter. All other wells would be

sampled annually. Groundwater sampling and analysis reports would be submitted annually to

the relevant regulatory agencies. The groundwater monitoring program would be reviewed at

least every five years to determine if changes are needed in sampling frequency, analyses, or

the wells that are sampled. Pumping rates of the extraction wells would also be evaluated for

optimization.

Component 5 (Alternative G-2): LUCs — Land use controls for groundwater would include

limiting land use to industrial purposes, prohibiting residential use, and prohibiting surficial

aquifer use for drinking and industrial purposes. Deed restrictions would be required to

implement the LUCs. Land use controls would be maintained as long as groundwater
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contaminant concentrations are greater than PRGs. An additional LUC would also be required

to restrict construction methods for new buildings on the site.

Vapor intrusion is a potential problem because TCE and other VOCs are present in shallow

groundwater. Thus, an additional LUC would be applied to areas overlying shallow

groundwater where VOC concentrations are greater than the vapor intrusion PRGs (see

Table 2-4). For example, for TCE, the vapor intrusion PRG is 290 µg/L, and for vinyl chloride

it is 15 µg/L. The additional LUC would require special construction methods, such as

installation of vapor barriers and foundation venting, to prevent unacceptable exposure to

VOCs via vapor intrusion.

4.2.2.2 Detailed Analysis

Overall protection of human health and the environment — Alternative G-2 would protect

human health and the environment. The extraction wells would prevent contaminated

groundwater from entering Frog Mortar Creek. Extraction of groundwater from the leading edge

of the plume would also gradually remediate groundwater contamination as the plume flows

toward the extraction wells. This would eventually reduce risk from exposure to contaminated

groundwater and protect future human receptors that may be exposed during intrusive activities.

Monitoring would protect human health and the environment by evaluating extraction

effectiveness and remediation progress and detecting potential migration of contaminants

through groundwater. Land use controls would likewise protect human health and the

environment during the remediation period until PRGs are achieved. Restricting groundwater

use would also protect human health and the environment by avoiding unacceptable risks of

exposure to contaminated groundwater. Exposure to VOCs via vapor intrusion would be

controlled by requirements placed on building construction methods.

Compliance with ARARs and other guidance — Alternative G-2 would eventually comply

with chemical-specific ARARs and other guidance through a combination of extraction,

treatment, and plume migration toward the extraction system. Alternative G-2 would also

comply with location- and action-specific ARARs and guidance. The chemical-, location-, and

action-specific ARARs and other guidance are described in Section 2.
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Long-term effectiveness and permanence — Alternative G-2 would provide long-term

effectiveness and permanence. Extraction would effectively and permanently remove

contaminants from groundwater. Extraction is a well-established method of groundwater

treatment. Many extraction systems reach a long-term steady-state groundwater concentration

that is greater than the target treatment goal, which is usually a maximum contaminant level

(MCL).

Monitoring treatment progress would effectively evaluate remediation progress and verify that

COCs are not migrating. Groundwater use restrictions would effectively prevent groundwater

use until PRGs are met. Requirements for specific construction methods would effectively

prevent exposure to VOCs via vapor intrusion. The controls proposed in this alternative are

considered reliable. This alternative contains little flexibility for expansion or use in the final

remedial action at the DRA Site.

Reduction of toxicity, mobility, or volume through treatment — Alternative G-2 would reduce

the toxicity, mobility, and volume of groundwater COCs. Over a 30-year period, extraction and

treatment would permanently and irreversibly remove an estimated 3,600 pounds (lb) of TCE,

1,900 lb of cis-1,2-dichloroethene (DCE), 3,300 lb of vinyl chloride, and 160 lb of 1,4-dioxane

from groundwater. Most of these COCs would be sorbed onto GAC and spent GAC would be

taken off-site for regeneration. The 1,4-dioxane and some other COCs would be destroyed by

AOP. Vinyl chloride captured by the PPZ would be oxidized and destroyed. In addition, metals

would be settled out into a sludge that would be disposed of off-site. Spent GAC would require

off-site regeneration, and spent PPZ would require off-site disposal.

Short-term effectiveness — Alternative G-2 would reduce human health risks in the short term

through groundwater use restrictions. Exposure of workers to contamination during installation

of extraction wells and groundwater sampling would be minimized by compliance with federal

Occupational Safety and Health Administration (OSHA) requirements, including wearing

appropriate personal protective equipment (PPE) and adhering to site-specific health and safety

procedures. Implementation of LUCs and monitoring would not adversely affect the

surrounding community or the environment.
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Slight risk would be posed to the surrounding community from transporting treatment chemicals

to the treatment building or from transporting sludge, spent GAC, spent PPZ, and spent IE resin

to off-site disposal. Transportation risks would be limited through adherence to U.S. Department

of Transportation regulations. The effect of groundwater extraction on site-related wetlands is

unknown; water levels in these wetlands will be monitored during groundwater extraction.

Groundwater RAO No. 1 would be attained as soon as the extraction wells and treatment

system are activated. Groundwater RAO Nos. 2 and 3 would be achieved immediately upon

implementation of LUCs and monitoring. The extraction and treatment system would be

completed in approximately 18 months.

Implementability — Alternative G-2 is readily implementable. Several qualified contractors

are available to install extraction wells and provide groundwater treatment equipment, such as

metals removal systems and AOP units. Sampling and maintenance of monitoring wells could

be readily accomplished. The resources, equipment, and materials these activities require are

readily available. Design and implementation of this alternative’s components must also

consider the effects of soil remediation activities.

Administrative aspects of Alternative G-2, such as implementation of LUCs, would be

relatively simple to implement. However, applying for and receiving the necessary permits may

take time.

A permit to discharge treated effluent to the POTW must be obtained. The sanitary sewer

authority is under a Consent Order, and the authority’s acceptance of the relatively

uncontaminated discharge would have to be confirmed. An off-site treatment system location is

preferred, for ease of operation, because site access is limited by MDANG, airport operations,

and Frog Mortar Creek. A suitable off-site location would have to be identified and either

purchased or leased. Alternatively, a portion of the MDANG property along the property line

could be designated as the treatment system location, eliminating the need to cross the

MDANG property.

Sustainability — Alternative G-2 poses significant consequences affecting the sustainability

factors listed above. The extraction and treatment system would use approximately

563,000 kilowatt-hour (kW-hr) of electrical power annually during its operational life, although



7914 TETRA TECH: LOCKHEED MARTIN, MARTIN STATE AIRPORT, DRA SITE, INTERIM REMEDIAL ACTION, FS FOR GROUNDWATER PAGE 4-20

this rate would decrease over time as groundwater quality improves. Treatment, and thus

energy use, can be expected to continue for several decades. The system’s electrical energy

usage may indirectly lead to greenhouse gas generation if that power is generated from fossil

fuels. Renewable energy sources can be investigated during the system design phase.

Production of chemicals used in treatment and in regenerating GAC would also contribute to

energy use and greenhouse gas production.

Treatment consumes various chemicals, such as hydrogen peroxide, sodium hydroxide, and

hydrochloric acid. Several waste streams would also be generated, including sludge from

metals removal, spent GAC, spent IE resin, and spent PPZ. Of these streams, the GAC would

be regenerated and reused. Regeneration would also destroy contaminants sorbed to the GAC.

As noted above, costs would be incurred during construction, followed by annual expenditures

for the duration of the remediation.

After remediation is complete, LUCs that would constrain or limit development could be lifted.

Traffic from delivery trucks and waste transport trucks would increase under this alternative,

but this does not appear to be a significant factor, nor would it be unusual, given the

industrial/commercial nature of the general vicinity of the site. Noise may also increase,

particularly during construction, but this too would be similar to current activities in the general

vicinity of the site.

Cost — Estimated costs for Alternative G-2 are as follows:

 Capital cost: $12,000,000

 30-year NPW of annual costs: $8,200,000

 30-year NPW: $20,200,000

 30-year current value: $37,000,000

Operating costs are based on a treatment system flow rate of 50 gpm. Operating costs directly

related to contaminant concentrations, such as chemical use and GAC, were reduced in the NPW

analysis by 25 percent in years six through 10 and by 50 percent thereafter, because contaminant

concentrations will decrease over time. A detailed breakdown of estimated costs for this

alternative is provided in Appendix F.
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4.2.3 Alternative G-3: Hydraulic Control by Extraction, ex situ Treatment
of Groundwater, Reinjection of Groundwater, Discharge to Publicly
Owned Treatment Works/Surface Water, Monitoring, and Land Use
Controls

4.2.3.1 Description

Alternative G-3 would consist of six major components: (1) hydraulic control of the plume by

extraction, (2) ex situ treatment of groundwater, (3) reinjection of some of the treated

groundwater to the aquifer, (4) discharge of treated groundwater to the POTW or surface water,

(5) monitoring, and (6) LUCs. Components 1 through 4 are summarized below. See

Appendix E for detailed descriptions of these components.

Component 1 (Alternative G-3): Hydraulic control — This component would install an array

of groundwater extraction wells and piping as described above for Component 1 of

Alternative G-2. As in Alternative G-2, the system would operate until groundwater

contamination has been remediated. Extraction well locations are shown in Figure 4-5.

Component 2 (Alternative G-3): Ex situ treatment of groundwater — As in Alternative G-2, the

total groundwater extraction rate would be approximately 40 gpm. The treatment system

conceptual design is sized for 100 gpm because of uncertainties in groundwater extraction rates

and to provide flexibility for future operations, but the system is assumed to operate at 50 gpm for

costing purposes. The additional flow capacity would allow significant recirculation to facilitate

in situ treatment of the HCAs as part of a future site remedy. This component would consist of

installing a treatment system and operating it until groundwater remediation goals are met. The

process is essentially the same as the treatment system in Alternative G-2, and is described

below.

As shown in the PFD (see Figure 4-6), the extracted groundwater would enter the system at a

feed tank, then flow through a metals removal system, filter unit, air stripper, advanced

oxidation system, the liquid-phase GAC and IE units, and then exit the system. Sludge

generated by the metals removal step would be thickened, dewatered, and disposed of off-site.

This treatment system is the same as was described in Alternative G-2. A conceptual layout of

the treatment building is shown in Figure 4-7. Design calculations for this component and a

more detailed process description are provided in Appendix E.
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In Alternative G-3, some of the treated groundwater would be injected through approximately six

injection wells upgradient of the HCAs, as shown in Figure 4-5. Four wells would be screened in

the upper zone and two wells in the intermediate zone. The total injection rate would be

approximately 13 gpm. Before injection, sodium lactate (an electron-donor compound) would be

added to promote bioremediation through reductive dechlorination. This will reduce

concentrations of TCE, cis-1,2-DCE, and vinyl chloride, reduce the total loading of contaminants

to the groundwater treatment system, and may shorten overall remediation time.

The sodium lactate feed system is described in Component 3 below. This portion of the

alternative may be installed following initial installation of the extraction wells and the

groundwater treatment system, potentially in conjunction with the soil/landfill waste remedy.

Groundwater that is not reinjected would be discharged to the POTW or surface water, as

described in Alternative G-2.

Considerations for locating the treatment system building are similar to those described in

Component 2 of Alternative G-2. The treatment building under Alternative G-3 (estimated at

155 feet by 65 feet) would have a larger footprint than the one envisioned under Alternative

G-2, and an area of approximately 200 feet by 130 feet would be needed to accommodate

construction, parking, and deliveries. The tentative location is assumed to be off the Martin

State Airport property. Influent, effluent, and intermediate points in the process will be

routinely sampled to monitor treatment effectiveness and progress. These results will also be

used to determine if the GAC needs to be replaced.

Component 3 (Alternative G-3): Reinjection of treated groundwater — Some groundwater

would be reinjected near the HCAs under this alternative. The effects of reinjection are

simulated in the groundwater model (see Appendix B). Reinjection would enhance the flushing

rate of contaminants from these areas, and an electron-donor compound would be mixed with

the reinjected treated groundwater to promote anaerobic reductive dechlorination of chlorinated

VOCs (cVOCs).

Six injection wells would be placed in areas contaminated with cVOCs, as shown in Figure 4-5.

Treated groundwater would not be reinjected in areas contaminated only with 1,4-dioxane,

because the electron-donor compound is not effective in degrading 1,4-dioxane. Four wells
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would be screened in the upper zone and two in the intermediate zone. The total flow rate to

upper zone wells would be approximately 10 gpm; the total flow rate to the intermediate zone

wells would be 3 gpm. The total injection rate would be approximately 13 gpm.

As noted, sodium lactate would be added to the reinjected treated groundwater as an

electron-donor compound. Treated groundwater augmented with the electron-donor compound

would be intermittently reinjected to the aquifer to allow the electron-donor compound to be

flushed away from the wells, to minimize clogging. Absent reinjection, all treated groundwater

would be discharged to the POTW. Reinjection facilities may be installed following initial

installation of the extraction wells and the groundwater treatment system, potentially in

conjunction with the soil/landfill waste remedy. No excess electron-donor compound is

expected to reach Frog Mortar Creek because the containment wells would capture the

electron-donor compound before it can reach the creek.

Component 4 (Alternative G-3): Discharge to POTW and surface water — This component is

the same as Component 3 in Alternative G-2. Reporting would be required twice annually

because the potential discharge rate of 100 gpm is greater than the 25,000 gpd threshold for a

significant industrial user. Annual user fees are also required, in addition to sewage service

charges. As with Alternative G-2, a surface water discharge permit would be obtained after two

or three years of operation, once treatment system operating parameters have been established.

Component 5 (Alternative G-3): Monitoring — This component is essentially the same as

Component 4 of Alternative G-2. Additional monitoring wells may need to be installed to

monitor the effect of adding the electron-donor to the injection wells.

Component 6 (Alternative G-3): LUCs — This component is the same as Component 5 of

Alternative G-2.

4.2.3.2 Detailed Analysis

Overall protection of human health and the environment — Alternative G-3 would protect

human health and the environment. The extraction wells would prevent contaminated

groundwater from entering Frog Mortar Creek. Extraction of groundwater from the leading

edge of the plume and bioremediation of the HCAs would also gradually remediate the

groundwater contamination. This would eventually reduce risk from exposure to contaminated
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groundwater and protect future human receptors that may be exposed to contaminants during

intrusive activities.

Monitoring protects human health and the environment by evaluating extraction effectiveness,

remediation progress, and by detecting potential migration of contaminants in groundwater.

Land use controls would likewise protect human health and the environment during the

remediation period until PRGs are met. Restricting groundwater use would protect human

health and the environment by avoiding unacceptable risks of exposure to contaminated

groundwater. Exposure to VOCs via vapor intrusion would be controlled by requirements on

building construction methods.

Compliance with ARARs and other guidance — Alternative G-3 would eventually comply

with chemical-specific ARARs and other guidance through a combination of extraction, in situ

and ex situ treatment, and plume migration toward the extraction system. Alternative G-3

would also comply with location- and action-specific ARARs and other guidance. The

chemical-, location-, and action-specific ARARs and other guidance are described in Section 2.

Long-Term effectiveness and permanence — Alternative G-3 would provide long-term

effectiveness and permanence. Extraction and bioremediation would effectively and

permanently remove contaminants from groundwater. Extraction and in situ bioremediation are

well-established methods of groundwater treatment. Many extraction systems reach a long-term

steady-state groundwater concentration that is greater than the target treatment goal, which is

usually an MCL.

Monitoring treatment progress would be an effective means of evaluating remediation progress

and verifying that no groundwater COCs are migrating. Groundwater use restrictions would

effectively prevent groundwater use until PRGs are met. Requirements for specific construction

methods would effectively prevent exposure to VOCs via vapor intrusion. The controls proposed

under this alternative are considered reliable. The treatment system design envisioned under this

alternative provides significant flexibility for future expansion as part of the final remedial action.

Reduction of toxicity, mobility, or volume through treatment — Alternative G-3 would reduce

the toxicity, mobility, and volume of groundwater COCs. Over a 30-year period, extraction,

treatment, and bioremediation would permanently and irreversibly remove an estimated 3,700
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lb of TCE, 1,900 lb of cis-1,2-DCE, 3,400 lb of vinyl chloride, and 160 lb of 1,4-dioxane from

groundwater. Most of these COCs would be sorbed onto GAC or destroyed in situ via reductive

dechlorination. Spent GAC would be taken off-site for regeneration. The 1,4-dioxane and some

of the COCs would be destroyed by AOP. Vinyl chloride captured by the PPZ would be

oxidized. In addition, metals will be settled out into a sludge that will be disposed off-site.

Spent GAC would require off-site regeneration, and spent PPZ would require off-site disposal.

Short-term effectiveness — Alternative G-3 would reduce human health risks in the short term

through implementation of groundwater use restrictions. Exposure of workers to contamination

during installation of extraction wells, injection wells, and groundwater sampling would be

minimized by compliance with OSHA requirements, including wearing appropriate PPE and

adhering to site-specific health and safety procedures. Implementation of LUCs and monitoring

would not adversely affect the surrounding community or the environment. Slight risk would be

posed to the surrounding community from transporting treatment chemicals to the treatment

building and transporting sludge, spent IE resin, spent GAC, and spent PPZ to an off-site

regeneration or disposal site. Transportation-related risks would be limited by adherence to U.S.

Department of Transportation regulations.

The effect of groundwater extraction on nearby wetlands is unknown. Water levels in the

wetlands will be monitored during groundwater extraction. Groundwater RAO No. 1 would be

attained as soon as the extraction wells and treatment system are activated. Groundwater RAO

Nos. 2 and 3 would be achieved immediately upon implementation of LUCs and monitoring.

The extraction and treatment system would be completed in approximately 18 months.

Implementability — Alternative G-3 would be readily implementable. Several qualified

contractors are available to install extraction and injection wells and provide groundwater

treatment equipment such as metals removal systems and AOP units. Sampling and

maintenance of monitoring wells could also be readily accomplished. The resources,

equipment, and materials required for these activities are all readily available. The design and

implementation of this alternative’s components must also consider the effects of soil

remediation activities at the site.



7914 TETRA TECH: LOCKHEED MARTIN, MARTIN STATE AIRPORT, DRA SITE, INTERIM REMEDIAL ACTION, FS FOR GROUNDWATER PAGE 4-26

Implementing administrative aspects of Alternative G-3, such as LUCs, would be relatively

simple. A groundwater discharge permit from MDE would be required. However, applying for

and receiving permits may take time. A permit to discharge treated effluent to the POTW

would also be required. The sanitary sewer authority is under a Consent Order and would have

to confirm their acceptance of the relatively uncontaminated treatment system discharge.

An off-site treatment system location is preferred, for ease of operation, because site access is

limited by MDANG, airport operations, and Frog Mortar Creek. A suitable off-site location

would have to be identified and either purchased or leased. Alternatively, a portion of the

MDANG property along the property line could be designated as the treatment system location,

eliminating the need to cross the MDANG property.

Sustainability — Alternative G-3 would pose several significant consequences affecting the

sustainability factors listed above. The extraction and treatment system would use

approximately 563,000 kW-hr of electrical power annually over its operational life, although

this rate would decrease over time as groundwater quality improves. Treatment, and thus

energy use, can be expected to continue for several decades. The system’s electrical energy

usage may indirectly lead to greenhouse gas generation if that power is generated from fossil

fuels. Renewable energy sources can be investigated during the system design phase. The entire

system would have the capacity to use approximately 778,000 kW-hr of power annually, if it

operates at its maximum flow rate. Production of chemicals used in treatment and in

regenerating GAC would also contribute to energy use and greenhouse gas production.

Treatment consumes chemicals, such as hydrogen peroxide, sodium hydroxide, and

hydrochloric acid. Several waste streams would also be generated, including sludge from

metals removal, spent GAC, spent IE resin, and spent PPZ. Of these streams, the GAC would

be regenerated and reused. Regeneration would also destroy contaminants sorbed to the GAC.

As noted above, costs would be incurred during construction, followed by annual expenditures

for the duration of the remediation.

After remediation, LUCs that would constrain or limit development could be lifted. Traffic

from delivery trucks and waste transport trucks would increase under this alternative, but this

does not appear to be a significant factor, nor would it be unusual, given the
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industrial/commercial nature of the vicinity of the site. Noise may also increase, particularly

during construction, but this too would be similar to current activities in the vicinity of the site.

Cost — Estimated costs for Alternative G-3 are as follows:

 Capital cost: $12,900,000

 30-year NPW of annual costs: $8,600,000

 30-year NPW: $21,500,000

 30-year current value: $38,700,000

Operating costs are based on a treatment system flow rate of 50 gpm. Operating costs directly

related to contaminant concentrations, such as chemical use and GAC, were reduced in the NPW

analysis by 25 percent in years six through 10 and by 50 percent thereafter, because contaminant

concentrations will decrease over time. A detailed breakdown of estimated costs for this

alternative is provided in Appendix F.

4.2.4 Alternative G-4: Hydraulic Control by Extraction, Extraction in High
Concentration Areas, ex situ Treatment of Groundwater, Reinjection
of Groundwater, Discharge to Publicly Owned Treatment
Works/Surface Water, Monitoring, and Land Use Controls

4.2.4.1 Description

Alternative G-4 would consist of seven major components: (1) hydraulic control of the plume

by extraction, (2) extraction of contaminated groundwater from the HCAs, (3) ex situ treatment

of groundwater, (4) reinjection of some of the treated groundwater, (5) discharge of treated

groundwater to the POTW or surface water, (6) monitoring, and (7) LUCs. Components 1

through 5 are summarized below. See Appendix E for detailed descriptions of these

components.

Component 1 (Alternative G-4): Hydraulic control — This component would install an array

of groundwater extraction wells and piping, as described for Component 1 in Alternative G-2.

As in Alternative G-2, the system would operate until groundwater contamination has been

remediated. Extraction well locations are shown in Figure 4-8.

Component 2 (Alternative G-4): Extraction of groundwater from the HCAs — This

component would install groundwater extraction wells downgradient from the HCAs.
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Extraction effects are simulated in the groundwater model (see Appendix B). Design

calculations for this component are provided in Appendix E. Ten extraction wells would be

sufficient to extract contaminated groundwater from the HCAs. Five wells would be screened

in the upper zone (approximately 35 feet deep), two in the intermediate zone (approximately

65 feet deep), and three in the lower zone (approximately 90 feet deep). Each well screen

would be at least 10 feet long.

The rate of groundwater extraction from the HCAs is estimated at 28 gpm. Six wells would

extract groundwater contaminated with cVOCs, and 1,4-dioxane, and one well would extract

groundwater contaminated only with 1,4-dioxane. These wells would be installed later because

their locations could potentially interfere with soil remediation activities at the site. Extraction

well locations are shown in Figure 4-8.

A submersible centrifugal pump equipped with level controls (to turn the pump on and off)

would be installed in each groundwater extraction well under this alternative. The discharge

line from each pump would have a flow meter, manual flow control valve, shut-off valve, and

pressure gauges. Valves and instrumentation would be housed at each wellhead in a subsurface

concrete vault with a hinged hatchway. Piping in the vault would be protected from freezing.

Each of these pumps would be connected to a piping network that would convey extracted

groundwater to the pumping station. Extracted groundwater will be conveyed through

double-walled pipes because the contaminated groundwater will pass through areas of

uncontaminated groundwater. As with the hydraulic barrier extraction wells, the system would

operate until the groundwater contamination has been remediated.

Component 3 (Alternative G-4): Ex situ treatment of groundwater — The total groundwater

flow-rate requiring treatment would be higher because of groundwater extracted from the

HCAs. The process envisioned under this alternative would be essentially as was described in

Alternative G-3 above. The total groundwater extraction rate would be approximately 70 gpm,

based on the model, but the treatment system conceptual design is sized for 100 gpm because

of uncertainties in groundwater extraction rates. This component would include the installation

of a treatment system and operation of it as long as groundwater is being extracted.
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As shown in the PFD (see Figure 4-9), extracted groundwater would enter the system at a feed

tank, then flow through a metals removal system, filter unit, air stripper, advanced oxidation

system, the liquid-phase GAC and IE units, and then exit the system. Sludge generated by the

metals removal step would be thickened, dewatered, and disposed of off-site. The treatment

system is as was described in Alternative G-3 above. Design calculations for this component

are provided in Appendix E.

Component 4 (Alternative G-4): Reinjection of treated groundwater — This component is the

same as Component 3 in Alternative G-3.

Component 5 (Alternative G-4): Discharge to POTW and surface water — This component is

the same as Component 3 in Alternative G-2. Reporting would be required twice annually

because the potential discharge rate of 100 gpm is greater than the 25,000 gpd threshold for a

significant industrial user. Annual user fees are required in addition to sewage service charges.

Component 6 (Alternative G-4): Monitoring — This component is the same as Component 5

in Alternative G-3.

Component 7 (Alternative G-4): LUCs — This component is the same as Component 5 in

Alternative G-2.

4.2.4.2 Detailed Analysis

Overall protection of human health and the environment — Alternative G-4 would protect

human health and the environment. The extraction wells would prevent contaminated

groundwater from entering Frog Mortar Creek. Extraction of groundwater at the leading edge

of the plume and from the HCAs, and bioremediation at the HCAs would also gradually

remediate the groundwater. This would eventually reduce risk from exposure to contaminated

groundwater and protect future human receptors that may be exposed to contaminants during

intrusive activities.

Monitoring protects human health and the environment by evaluating extraction effectiveness,

remediation progress, and by detecting potential migration of contaminants in groundwater.

Land use controls would likewise protect human health and the environment during the

remediation period until PRGs are met. Restricting groundwater use would protect human



7914 TETRA TECH: LOCKHEED MARTIN, MARTIN STATE AIRPORT, DRA SITE, INTERIM REMEDIAL ACTION, FS FOR GROUNDWATER PAGE 4-30

health and the environment by avoiding unacceptable risks of exposure to contaminated

groundwater. Exposure to VOCs via vapor intrusion would be controlled by requirements

placed on building construction methods.

Compliance with ARARs and other guidance — Alternative G-4 would eventually comply

with chemical-specific ARARs and other guidance through a combination of extraction and

treatment and plume migration toward the hydraulic containment extraction system.

Alternative G-4 would also comply with location- and action-specific ARARs and other

guidance. The chemical-, location-, and action-specific ARARs and other guidance are

described in Section 2.

Long-term effectiveness and permanence — Alternative G-4 would provide long-term

effectiveness and permanence. Extraction would effectively and permanently remove

groundwater contaminants. Extraction is a well-established method of groundwater treatment.

Many extraction systems reach a long-term steady-state groundwater concentration that is

greater than the target treatment goal, which is usually an MCL.

Monitoring treatment progress would be an effective means of evaluating remediation progress

and verifying that no groundwater COCs are migrating. Groundwater use restrictions would

effectively prevent groundwater use until PRGs are met. Requirements for specific construction

methods would effectively prevent exposure to VOCs via vapor intrusion. The controls proposed

under this alternative are considered reliable. Since the HCA treatment would be defined before

selection of the soil/landfill waste remedy (or the final groundwater remedy), this option is

somewhat less flexible with respect to incorporation into a final groundwater remedy.

Reduction of toxicity, mobility, or volume through treatment — Alternative G-4 would reduce

the toxicity, mobility, and volume of groundwater COCs. Over a 30-year period, extraction and

treatment would permanently and irreversibly remove an estimated 3,900 lb of TCE, 2,000 lb

of cis-1,2-DCE, 3,600 lb of vinyl chloride, and 170 lb of 1,4-dioxane from groundwater. Most

of the COCs would be sorbed onto GAC or destroyed in situ via reductive dechlorination.

Spent GAC would be taken off-site for regeneration. The 1,4-dioxane and some of the other

COCs would be destroyed by AOP. Vinyl chloride captured by the PPZ would be oxidized.
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Metals would be settled out into a sludge that would be disposed of off-site. Spent GAC would

require off-site regeneration, and spent PPZ would require off-site disposal.

Short-term effectiveness — Alternative G-4 would reduce human health risks in the short term

through implementation of groundwater use restrictions. Exposure of workers to contamination

during installation of extraction wells, injection wells, and groundwater sampling would be

minimized by compliance with OSHA requirements, including wearing appropriate PPE and

adhering to site-specific health and safety procedures. Implementation of LUCs and monitoring

would not adversely affect the surrounding community or the environment. Slight risk would be

posed to the surrounding community from transporting treatment chemicals to the treatment

building and transporting sludge, spent IE resin, spent GAC, and spent PPZ to an off-site

regeneration or disposal site. Transportation-related risks would be limited by adherence to U.S.

Department of Transportation regulations.

The effect of groundwater extraction on nearby wetlands is unknown. Water levels in the

wetlands will be monitored during groundwater extraction. Groundwater RAO No. 1 would be

attained as soon as the extraction wells and treatment system are activated. Groundwater RAO

Nos. 2 and 3 would be achieved immediately upon implementation of LUCs and monitoring.

The extraction and treatment system would be completed in approximately 18 months.

Implementability — Alternative G-4 would be readily implementable. Several qualified

contractors are available to install extraction and injection wells and provide groundwater

treatment equipment, such as metals removal systems and AOP units. Monitoring well

sampling and maintenance could also be readily accomplished. The resources, equipment, and

materials required for these activities are all readily available.

Implementing administrative aspects of Alternative G-4, such as LUCs, would be relatively

simple. However, applying for and receiving permits may take time. A permit to discharge

treated effluent to the POTW would also be required. The sanitary sewer authority is under a

Consent Order and the permitting authority must confirm that the relatively uncontaminated

discharge will be acceptable.

An off-site treatment system location is preferred, for ease of operation, because site access is

limited by MDANG, airport operations, and Frog Mortar Creek. A suitable off-site location
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would have to be identified and either purchased or leased. Alternatively, a portion of the

MDANG property along the property line could be designated as the treatment system location,

eliminating the need to cross the MDANG property.

Sustainability — Alternative G-4 would pose several significant consequences affecting the

sustainability factors listed above. The extraction and treatment system would use

approximately 778,000 kW-hr of electrical power annually over its operational life, although

this rate would decrease over time as groundwater quality improves. Treatment, and thus

energy use, can be expected to continue for several decades. The system’s electrical energy

usage may indirectly lead to greenhouse gas generation if that power is generated from fossil

fuels. Renewable energy sources can be investigated during the system design phase. The

production of the chemicals used for treatment and regeneration of GAC would also contribute

to energy use and greenhouse gas production.

Treatment consumes chemicals, such as hydrogen peroxide, sodium hydroxide, and

hydrochloric acid. Several waste streams would also be generated, including sludge from

metals removal, spent GAC, spent IE resin, and spent PPZ. Of these streams, the GAC would

be regenerated and reused. Regeneration would also destroy contaminants sorbed to the GAC.

As noted above, costs would be incurred during construction, followed by annual expenditures

for the duration of the remediation.

After remediation, LUCs that would constrain or limit development could be lifted. Traffic

from delivery trucks and waste transport trucks would increase under this alternative, but this

does not appear to be a significant factor, nor would it be unusual, given the

industrial/commercial nature of the vicinity of the site. Noise may also increase, particularly

during construction, but this too would be similar to current activities in the vicinity of the site.

Cost — Estimated costs for Alternative G-4 are as follows:

 Capital cost: $13,100,000

 30-year NPW of annual costs: $11,700,000

 30-year NPW: $24,800,000

 30-year current value: $46,900,000
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Operating costs are based on a treatment system flow rate of 100 gpm. Operating costs directly

related to contaminant concentrations, such as chemical use and GAC, were reduced in the

NPW analysis by 25 percent in years six through 10 and by 50 percent thereafter, because

contaminant concentrations will decrease over time. A detailed breakdown of estimated costs

for this alternative appears in Appendix F.

4.2.5 Alternative G-5: Hydraulic Control by Extraction, ex situ Treatment
of Groundwater, in situ Bioremediation of High Concentration
Areas, Discharge to Publicly Owned Treatment Works/Surface
Water, Monitoring, and Land Use Controls

4.2.5.1 Description

Alternative G-5 would consist of six major components: (1) hydraulic control of the plume by

extraction, (2) ex situ treatment of groundwater, (3) in situ bioremediation of groundwater in

the HCAs, (4) discharge of treated groundwater to the POTW/surface water, (5) monitoring,

and (6) LUCs. Components 1 through 4 are summarized below. See Appendix E for detailed

descriptions of these components.

Component 1 (Alternative G-5): Hydraulic control — This component would include the

installation of an array of groundwater extraction wells and piping, as described for

Component 1 in Alternative G-2. As in Alternative G-2, the system would operate until the

groundwater contamination has been remediated. Extraction well locations are shown in

Figure 4-10.

Component 2 (Alternative G-5): Ex situ treatment of groundwater — This component is the

same as Component 2 in Alternative G-3. Injection wells would not be required because

reinjection is not part of this alternative. An IE unit would be required for future discharge to

surface water. Figure 4-11 shows a PFD of the process.

Component 3 (Alternative G-5): In situ bioremediation of HCAs — This component would

include the injection of an oil-based electron-donor compound, such as emulsified oil substrate

(EOS) (provided by EOS Remediation, LLC), into groundwater through dedicated injection

wells in the HCAs to promote biological reductive dechlorination of the cVOCs. Design

calculations for this component appear in Appendix E. Modeling results for this component are

provided in Appendix B.
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Emulsified oil substrate would be injected into the subsurface along lines (barriers)

perpendicular to the groundwater flow direction (see Figure 4-10). Spacing between the lines

across the HCAs is based on the groundwater travel time of five years, the typical period of

EOS effectiveness. Injection wells would be spaced 10 feet apart.

The estimated number of injection wells in each barrier and the quantity of EOS that would be

injected are summarized below. A buffered EOS product would likely be required because of

the groundwater’s low alkalinity. A pilot study will confirm optimal well spacing and EOS

application rate.

Under this alternative, EOS would be injected into the subsurface via permanent wells so that a

subsequent injection can be made, if needed. A pump capable of pumping five to 10 gpm

would be needed to ensure proper application of the EOS and to minimize application time. A

subcontractor would provide the mixing and injection equipment. Injections would be

completed in a relatively short period. The number of barriers and wells and the quantity of

EOS required are summarized below.

Plume location
(COC and zone)

Nearby
well

Number of
barriers

Number of wells
per barrier

Total EOS
added (lb)

Total water
added
(gallons)

TCE and DCE
(Upper)

DMW11 4 10 8,100 10,000

TCE, (Intermediate) DMW9 1 70 46,000 55,000

DCE (Intermediate) DMW1 1 20 13,000 16,000

DCE and vinyl
chloride (Upper)

MW20 10 40 80,000 95,000

As a conservative cost assumption, a second injection of EOS would be applied to half of the

injection wells after five years. Appendix E includes cost information provided by EOS

Remediation, LLC. Monitoring wells on both sides of each HCA would track EOS progress

and effectiveness.

Component 4 (Alternative G-5): Discharge to POTW and surface water — This component is

the same as Component 4 in Alternative G-2.
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Component 5 (Alternative G-5): Monitoring — For the hydraulic control system and

groundwater plume, this component is the same as Component 4 in Alternative G-2. An

additional monitoring well would be installed on the downgradient side of each set of HCA

barriers. Three new shallow wells and two new intermediate wells would also be installed (see

Figure 4-10). In the first year, groundwater samples would be collected quarterly and analyzed

for VOCs, oxidation-reduction potential (ORP), and iron. After the first year, samples would be

collected and analyzed annually.

Component 6 (Alternative G-5): LUCs — This component is the same as Component 5 in

Alternative G-2.

4.2.5.2 Detailed Analysis

Overall protection of human health and the environment — Alternative G-5 would protect

human health and the environment. The extraction wells would prevent contaminated

groundwater from entering Frog Mortar Creek. Extracting groundwater from the leading edge

of the plume and in situ bioremediation of the HCAs would also gradually remediate the

groundwater. This would eventually reduce risk from exposure to contaminated groundwater

and protect future human receptors that may be exposed to contaminants during intrusive

activities.

Monitoring would protect human health and the environment by evaluating extraction

effectiveness and remediation progress, and by detecting potential contaminant migration

through groundwater. Land use controls would likewise protect human health and the

environment during the remediation period until PRGs are met. Restricting groundwater use

would protect human health and the environment by avoiding unacceptable risks of exposure to

contaminated groundwater. Exposure to VOCs via vapor intrusion would be controlled by

requirements placed on building construction methods.

Compliance with ARARs and other guidance — Alternative G-5 would eventually comply

with chemical-specific ARARs and other guidance through a combination of extraction and

treatment, plume migration toward the extraction system, and in situ bioremediation.

Alternative G-5 would also comply with location- and action-specific ARARs and other
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guidance. The chemical-, location-, and action-specific ARARs and other guidance are

described in Section 2.

Long-term effectiveness and permanence — Alternative G-5 would provide long-term

effectiveness and permanence. Extraction and in situ bioremediation would effectively and

permanently remove contaminants from groundwater. Both extraction and in situ

bioremediation are well-established methods of groundwater treatment. Many extraction

systems reach a long-term steady-state groundwater concentration that is greater than the target

treatment goal, which is usually an MCL.

Monitoring treatment progress would be an effective means of evaluating remediation progress

and verifying that no groundwater COCs are migrating. Groundwater use restrictions would

effectively prevent groundwater use until PRGs are met. Requirements for specific construction

methods would effectively prevent exposure to VOCs via vapor intrusion. The controls proposed

under this alternative are considered reliable. Since the HCA treatment would be defined before

selection of the soil/landfill waste remedy (or the final groundwater remedy), this option is

somewhat less flexible with respect to incorporation into a final groundwater remedy.

Reduction of toxicity, mobility, or volume through treatment — Alternative G-5 would reduce

the toxicity, mobility, and volume of COCs in groundwater. Over a 30-year period, extraction

and treatment and in situ bioremediation would permanently and irreversibly remove an

estimated 3,900 lb of TCE, 2,000 lb of cis-1,2-DCE, 3,600 lb of vinyl chloride, and 160 lb of

1,4-dioxane from groundwater. Most of the COCs would be sorbed onto GAC or destroyed in

situ via reductive dechlorination. Spent GAC would be taken off-site for regeneration. The

1,4-dioxane and some of the other COCs would be destroyed by AOP. Vinyl chloride captured

by the PPZ would be oxidized. Spent GAC would require off-site regeneration, and spent PPZ

would require off-site disposal.

Short-term effectiveness — Alternative G-5 would reduce human health risks in the short term

through implementation of groundwater use restrictions. Exposure of workers to contamination

during installation of extraction wells and groundwater sampling would be minimized by

compliance with OSHA requirements, including wearing appropriate PPE and adhering to

site-specific health and safety procedures. Implementation of LUCs and monitoring would not
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adversely affect the surrounding community or the environment. Slight risk would be posed to

the surrounding community from transporting treatment chemicals to the treatment building and

transporting sludge, spent IE resin, spent GAC, and spent PPZ to an off-site regeneration or

disposal site. Transportation-related risks would be limited by adherence to U.S. Department of

Transportation regulations.

The effect of groundwater extraction on nearby wetlands is unknown. Water levels in the

wetlands will be monitored during groundwater extraction. Groundwater RAO No. 1 would be

attained as soon as the extraction wells and treatment system are activated. Groundwater RAO

Nos. 2 and 3 would be achieved immediately upon implementation of LUCs and monitoring.

The extraction and treatment system would be completed in approximately 18 months.

Implementability — Alternative G-5 would be readily implementable, but installation of the

injection wells must be coordinated with the soil remediation remedy. The proposed locations

of the 140 injection wells will probably interfere with soil remediation activities, such as

excavation or capping. Several qualified contractors are available to install injection and

extraction wells, provide oil-based electron-donors, and provide groundwater treatment

equipment such as metals removal systems and AOP units. Monitoring well sampling and

maintenance could be readily accomplished. The resources, equipment, and materials for these

activities are all readily available. Design and implementation of the components envisioned

under this alternative must also consider the effects of soil remediation activities.

Implementing administrative aspects of Alternative G-5, such as LUCs, would be relatively

simple. However, applying for and receiving permits may take time. A permit to discharge

treated effluent to the POTW will have to be obtained. The sanitary sewer authority is under a

Consent Order, and the permitting authority must confirm that the relatively uncontaminated

discharge will be acceptable.

An off-site treatment system location is preferred, for ease of operation, because site access is

limited by MDANG, airport operations, and Frog Mortar Creek. A suitable off-site location

would have to be identified and either purchased or leased. Alternatively, a portion of the

MDANG property along the property line could be designated as the treatment system location,

eliminating the need to cross the MDANG property.
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Sustainability — Alternative G-5 would pose several significant consequences that would

influence the sustainability factors listed above. The extraction and treatment system would use

approximately 563,000 kW-hr of electrical power annually over its operational life, although

this usage rate would decrease with time as groundwater quality improves. Treatment will

likely continue for several decades, with concomitant ongoing energy use. Electrical energy use

will indirectly lead to greenhouse gas generation if that power is generated from fossil fuels.

Renewable energy sources can be investigated during system design. The entire system would

be capable of using approximately 778,000 kW-hr of power annually. Production and delivery

of chemicals used for treatment, GAC regeneration, and in situ bioremediation would also

contribute to energy use and greenhouse gas production.

Treatment consumes chemicals, such as hydrogen peroxide, sodium hydroxide, and

hydrochloric acid. Several waste streams would be generated, including sludge from metals

removal, spent GAC, spent IE resin, and spent PPZ. Of these streams, the GAC would be

regenerated and reused. Regeneration would also destroy contaminants sorbed to the GAC.

As noted above, costs would be incurred during construction, followed by annual expenditures

for the duration of the remediation. Land use controls that would constrain or limit development

could be lifted after remediation. Traffic from delivery trucks and waste transport trucks would

increase under this alternative, but this does not appear to be a significant factor, nor would it be

unusual, given the industrial/commercial nature of the vicinity of the site. Noise may also

increase, particularly during construction, but this too would be similar to current activities in

the vicinity of the site.

Cost — Estimated costs for Alternative G-5 are as follows:

 Capital cost: $14,000,000

 30-year NPW of annual costs: $8,800,000

 30-year NPW: $22,800,000

 30-year current value: $40,000,000

Operating costs are based on a treatment system flow rate of 50 gpm. The NPW analysis

reduces operating costs directly related to contaminant concentrations, such as chemical use

and GAC, by 25 percent in years six through 10 and by 50 percent thereafter, since contaminant
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concentrations will decrease over time. A detailed breakdown of estimated costs for this

alternative is provided in Appendix F.

4.2.6 Alternative G-6: Zero-Valent Iron Permeable Reactive Barrier,
Monitoring, and Land Use Controls

4.2.6.1 Description

Alternative G-6 would consist of three major components: (1) installation of a ZVI PRB,

(2) monitoring, and (3) LUCs.

Component 1 (Alternative G-6): Installation of a PRB — A ZVI PRB would be installed to

mitigate migration of the cVOC plume toward Frog Mortar Creek (see Figure 4-12). The PRB

would be installed along the downgradient edge of the plume, close to the shore of Frog Mortar

Creek. The useful life of a ZVI PRB is 10 to 15 years. This estimate assumes a 15-year life

before maintenance would be required to restore groundwater flow through the PRB.

Groundwater velocity varies with depth. The velocity of organic compounds is slower than the

surrounding groundwater because of sorption and desorption. The reduction in contaminant

velocities can be estimated by calculating a retardation factor.

Of the primary contaminants (TCE, cis-1,2-DCE, and vinyl chloride), TCE will have the

slowest velocity and so will be used to estimate the time for the plume to flow through the

PRB. In the upper zone, TCE velocity is estimated at 0.006 feet per day, so the travel distance

in 10 years would be 22 feet. In the intermediate zone, TCE velocity is estimated at 0.013 feet

per day, so the travel distance in 10 years would be 47 feet. In the lower zone, TCE velocity is

estimated at 0.05 feet per day, so the travel distance in 10 years would be 180 feet.

Comparing these distances to the length of the plume upgradient of the PRB (650–1,000 feet),

the total treatment time would be 300 to 460 years in the upper zone, 140 to 210 years in the

intermediate zone, and 36 to 55 years in the lower zone. The PRB in the upper zone would need

to be replenished 30 to 46 times. The PRB in the intermediate and lower zones would only need

to be replenished 14 to 21 and four to five times, respectively.

The PRB would be constructed using biopolymer supported trench excavations. The PRB would

not need to be extended to the deep low permeability layer over the entire width of the plume

because plume width decreases with depth. In the upper zone, the PRB would be approximately
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1,100 feet long. In the intermediate zone, the PRB would be approximately 800 feet long, and in

the lower zone, the PRB would be approximately 600 feet long. The ZVI and support matrix

would then be pumped into the trench up to the depth of the water table. The balance of the

trench would be filled with a non-reactive clean fill. The estimated width of each PRB is

2.5 feet, and the vertical thickness of ZVI through all three zones would be 65 to 70 feet.

Component 2 (Alternative G-6): Monitoring — This component includes sampling and

analysis of groundwater from wells in the plume upgradient of the PRB and from wells on

either side of the PRB, as described in Component 1. Monitoring wells in the plume that would

be included in the monitoring program would include five existing three-well clusters between

Taxiway Tango and Frog Mortar Creek, and two existing three-well clusters between the

runway and Taxiway Tango. Five new three-well clusters (each downgradient of the PRB) and

five existing three-well clusters (upgradient of the PRB) will monitor PRB performance.

Samples will be collected and analyzed annually. Final selection of monitoring wells will be

made in the design phase of the project, with the concurrence of relevant regulatory agencies.

Samples will be analyzed for VOCs, 1,4-dioxane, DRO, GRO, and metals. Monitoring wells

would be sampled annually because contaminant concentrations are not expected to change

quickly. Annual groundwater sampling and analysis reports will be submitted to the appropriate

regulatory agencies. The groundwater monitoring program would be reviewed at least every

five years to determine if changes in sampling frequency, analyses, or the wells that are

sampled are needed.

Component 3 (Alternative G-6): LUCs — This component is the same as Component 5 in

Alternative G-2.

4.2.6.2 Detailed Analysis

Overall protection of human health and the environment — Alternative G-6 would protect

human health and the environment. As the plume passes through the PRB, in situ chemical

reduction would significantly reduce concentrations of cVOCs, but concentrations of

1,4-dioxane, DRO, and GRO would be unaffected. The degree of metals removed, particularly

cadmium, is uncertain. Cadmium, 1,4-dioxane, DRO, and GRO will eventually attenuate

through natural physical processes. Diesel range organics and GRO may also attenuate through
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biological processes. This would significantly reduce risk from exposure to contaminated

groundwater and protect future human receptors that could be exposed to contaminants during

intrusive activities. Contaminant concentrations downgradient of the PRB would be reduced by

natural attenuation.

Monitoring would protect human health and the environment by evaluating the effectiveness of

the in situ treatment and detecting changes in COC concentrations in the plume upgradient of

the PRB. Land use controls would also protect human health and the environment during the

remedial period until PRGs are met. Restricting the use of groundwater would protect human

health and the environment by avoiding unacceptable risks of exposure to contaminated

groundwater. Exposure to VOCs via vapor intrusion would be controlled by requirements on

building construction methods.

Compliance with ARARs and other guidance — Alternative G-6 would eventually comply

with chemical-specific ARARs and other guidance for cVOCs through a combination of in situ

treatment and natural attenuation. The effect of the PRB on cadmium is uncertain, although

cadmium concentrations on-site would eventually attenuate through dilution and dispersion.

Concentrations of 1,4-dioxane, DRO, and GRO would be unaffected by the PRB and would

eventually attenuate through dilution and dispersion, but the off-site consequences of low

concentrations of these contaminants are uncertain. Alternative G-6 would also comply with

location- and action-specific ARARs and other guidance. The chemical-, location-, and

action-specific ARARs and other guidance are described in Section 2.

Long-term effectiveness and permanence — Alternative G-6 would provide long-term

effectiveness and permanence. In situ treatment by the PRB would effectively and permanently

remove cVOCs from groundwater as the plume flows through the PRB. However, as noted, the

PRB would not affect concentrations of 1,4-dioxane, DRO, and GRO. A pilot-scale treatability

study would be needed before designing the PRB. Further groundwater modeling would also be

required to design the PRB.

Monitoring treatment progress would effectively evaluate remediation progress and verify that

no COCs are migrating beyond the PRB. Administrative restrictions would effectively prevent

groundwater use until PRGs are met. Requirements for specific construction methods would
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effectively prevent exposure to VOCs via vapor intrusion. The controls proposed in this

alternative are considered reliable.

This alternative provides expansion flexibility as part of the final groundwater remedial action

because the HCAs and other parts of the plume can be treated without interfering with the PRB.

However, the PRB would have to be installed before the soil/landfill waste remedy is

implemented because of the disturbance at the ground surface that will be caused by PRB

construction.

Reduction of toxicity, mobility, or volume through treatment — Alternative G-6 would reduce

the toxicity, mobility, and volume of groundwater COCs. Over 30 years, in situ reduction

would permanently and irreversibly remove an estimated 1,600 lb of TCE, 800 lb of

cis-1,2-DCE, and 1,500 lb of vinyl chloride from groundwater. No 1,4-dioxane, DRO, or GRO

would be removed. The PRB’s effectiveness in removing metals such as cadmium is uncertain.

No treatment residues would be generated by this alternative, although a large volume of

excavated soil generated during installation will require disposal.

Short-term effectiveness — Alternative G-6 would reduce human health risks in the short term

through groundwater use restrictions. Workers’ exposure to contamination during installation

of the PRB and groundwater sampling would be minimized by compliance with OSHA

requirements, including wearing appropriate PPE and adhering to site-specific health and safety

procedures. Implementation of LUCs and monitoring would not adversely affect the

surrounding community or the environment.

Groundwater RAO No. 1 would be attained for cVOCs after the PRB is installed. Groundwater

RAO Nos. 2 and 3 would be achieved immediately upon implementation of LUCs and

monitoring. The PRB would be completed in approximately 12 months.

Implementability — Alternative G-6 would be difficult to implement. A limited number of

qualified contractors are available for ZVI PRB installation. Installation of a PRB to this depth

would be difficult and require specialized equipment.

A large area adjacent to the PRB would be needed to handle excavated and contaminated soil,

which would need to be properly disposed of. Sampling and maintenance of monitoring wells



7914 TETRA TECH: LOCKHEED MARTIN, MARTIN STATE AIRPORT, DRA SITE, INTERIM REMEDIAL ACTION, FS FOR GROUNDWATER PAGE 4-43

could be readily accomplished. Only a few contractors can perform this type of construction,

and only a few sources of ZVI are available. Design and implementation of the components of

this alternative must also consider the effect of soil remediation activities.

A bench-scale treatability study would be needed to confirm the effectiveness of these

technologies at this site. Groundwater modeling would also be required to design the PRB. The

administrative aspects of Alternative G-6, such as imposing LUCs, would be relatively simple

to implement. However, applying for and obtaining permits may take time.

Sustainability — Alternative G-6 would pose several significant consequences affecting the

sustainability factors listed above. Heavy construction equipment would generate greenhouse

gases during initial installation and each subsequent PRB replacement. The PRB would have to

be replaced numerous times until the plume has been remediated. However, long-term

greenhouse gas generation would be minimal, and long-term electricity demand would be

avoided. Production of the ZVI used in the PRB would contribute to energy use, as well as

greenhouse gas production. A large volume of soil requiring off-site disposal would be

generated during initial installation and each subsequent replacement of the PRB, but no waste

streams would be generated during long-term operations.

The cVOCs would be destroyed as they pass through the PRB by reaction with the ZVI. As

noted above, costs would be incurred during construction and replacement, followed by annual

expenditures for the duration of the remediation. Although the site could be developed within

the constraints of the LUCs, the types of development on top of the PRB and near construction

equipment staging areas (for PRB replacement) would be limited by the presence of the PRB.

Traffic from construction and waste transport would increase, but this would be a short-term

effect during construction periods and would not create conditions significantly different from

the normal industrial/commercial nature of the vicinity of the site. Noise may increase,

particularly during construction, but this too would be similar to current activities near the site.

Cost — Estimated costs for Alternative G-6 are as follows:

 Capital cost: $13,300,000

 30-year NPW of annual costs: $5,700,000
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 30-year NPW: $19,000,000

 30-year current value: $33,500,000

A detailed breakdown of estimated costs for this alternative is provided in Appendix F.



Table 4-1

Summary of Key Features of the Alternatives - DRA Site Groundwater Feasibility Study
Lockheed Martin, Martin State Airport

Middle River, Maryland

FS Alt No. Name

GW 
Treatment 

System 
Size, gpm

Operating 
GW flow 

rate basis, 
gpm

Re-
injection of 
Treated GW

HCA 
Extraction 

Wells
ISB of HCA

G-1 No Action NA NA NA NA NA

G-2
Hydraulic Control by Extraction, Ex-Situ Treatment of Groundwater, 
Discharge to POTW/Surface Water, Monitoring, and LUCs 50 50 No No No

G-3

Hydraulic Control by Extraction, Ex-Situ Treatment of Groundwater, 
Re-injection of Groundwater, Discharge to POTW/Surface Water, 
Monitoring, and LUCs 100 50 Yes No No

G-4

Hydraulic Control by Extraction, Extraction of HCA, Ex-Situ 
Treatment of Groundwater, Re-injection of Groundwater, Discharge 
to POTW/Surface Water, Monitoring, and LUCs 100 100 Yes Yes No

G-5

Hydraulic Control by Extraction, Ex-Situ Treatment of Groundwater, 
In-Situ Bioremediation of HCA, Discharge to POTW/Surface Water, 
Monitoring, and LUCs 100 50 No No Yes

G-6 ZVI PRB, Monitoring, and LUCs [No groundwater treatment] NA NA NA NA NA

gpm - gallons per minute
GW - Groundwater.
HCA - High Concentration Areas
ISB - In-Situ Bioremediation (using dedicated injection system)
LUC - Land use control.
NA - Not Applicable.
POTW - Publicly Owned Treatment Works.
PRB - Permeable reactive barrier.
ZVI - Zero-valent iron.
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Section 5

Comparative Analysis
of Alternatives

The analyses for each of the groundwater alternatives presented in Section 4.0 of this

Groundwater Feasibility Study (FS) are compared in this section. The comparison criteria are

identical to those used for the detailed analysis of individual alternatives.

5.1 COMPARISON OF GROUNDWATER ALTERNATIVES
BY CRITERIA

The following alternatives for groundwater are compared in this section:

 Alternative G-1: No action

 Alternative G-2: Hydraulic control by extraction, ex situ treatment of groundwater,
discharge to publicly owned treatment works (POTW), monitoring, and land use
controls (LUCs)

 Alternative G-3: Hydraulic control by extraction, ex situ treatment of groundwater,
reinjection of groundwater, discharge to POTW, monitoring, and LUCs

 Alternative G-4: Hydraulic control by extraction, extraction in high concentration areas
(HCAs), ex situ treatment of groundwater, reinjection of groundwater, discharge to
POTW, monitoring, and LUCs

 Alternative G-5: Hydraulic control by extraction, ex situ treatment of groundwater, in
situ bioremediation of HCAs, discharge to POTW, monitoring, and LUCs

 Alternative G-6: Zero-valent iron (ZVI) permeable reactive barrier (PRB), monitoring,
and LUCs

5.1.1 Overall Protection of Human Health and the Environment

Alternatives G-2, G-3, G-4, and G-5 would all protect human health and the environment.

Alternative G-2 offers site containment but does not address contaminant source areas.

Alternatives G-4 and G-5 would provide the best protection because they also treat the HCAs.
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Alternative G-3 provides the next best protection through reinjection of groundwater with an

electron-donor compound to promote biological degradation of the HCAs. Alternative G-3 also

offers the greatest flexibility to provide additional protection as part of a final groundwater

remedy. In Alternative G-6, contaminants would continue to migrate off-site under this

alternative because 1,4-dioxane, diesel range organics (DRO), and gasoline range organics

(GRO) are not affected by the PRB. This could potentially affect downgradient users and allow

contaminants to enter surface water.

Alternatives G-2, G-3, G-4, G-5, and G-6 would further reduce contaminant concentrations.

Monitoring would be effective in detecting potential plume migration and in tracking

remediation progress. Land use controls would protect human health until preliminary

remediation goals (PRGs) are met by restricting groundwater use and mandating construction

methods that will mitigate potential vapor intrusion into future buildings. Land use controls

would significantly reduce risks from exposure to contaminated groundwater.

Alternative G-1 would provide no protection of human health and the environment. Groundwater

contamination might migrate off-site under this alternative, and the potential for vapor intrusion

into any future buildings is not considered. Potential migration of chemicals of concern (COCs)

would not be detected under this alternative because no monitoring would be performed.

5.1.2 Compliance with Applicable or Relevant and Appropriate
Requirements

Alternatives G-2, G-3, G-4, G-5, and G-6 would comply with location- and action-specific

applicable or relevant and appropriate requirements (ARARs) and other guidance. Alternatives

G-2, G-3, G-4, and G-5 would not immediately comply with chemical-specific ARARs and other

guidance, but these alternatives would eventually achieve compliance as they attain PRGs

through a combination of extraction and ex situ treatment and/or in situ treatment.

Alternative G-6 would eventually comply with chemical-specific ARARs and other guidance for

chlorinated volatile organic compounds (cVOCs) through a combination of in situ treatment and

natural attenuation. The effect of the PRB on cadmium is uncertain, although cadmium

concentrations on-site would eventually attenuate through dilution and dispersion. Concentrations

of 1,4-dioxane, DRO, and GRO would be unaffected by the PRB and would eventually attenuate

through dilution and dispersion.
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Alternative G-1 would not comply with chemical-specific ARARs, and compliance with

location-specific ARARs would be incidental. Although this alternative might eventually meet

chemical-specific ARARs though natural attenuation, no monitoring would be conducted to

confirm this. Action-specific ARARs or other guidance would not apply.

5.1.3 Long-Term Effectiveness and Permanence

Alternatives G-2, G-3, G-4, and G-5 would provide long-term effectiveness and permanence.

Alternatives G-2, G-3, G-4, and G-5 provide essentially equal levels of long-term effectiveness

and permanence through a combination of ex situ and in situ treatment and LUCs. As noted

above, Alternative G-3 offers the greatest flexibility to provide additional effectiveness as part of

a final groundwater remedy. Alternative G-6 would be less effective because 1,4-dioxane, DRO,

and GRO would not be treated through the PRB. For all five alternatives, LUCs could be

maintained until PRGs are met. All five alternatives require an extended period to reach PRGs.

Operation and maintenance (O&M) would be required for an extended period to meet the PRGs.

Alternative G-1 would have no long-term effectiveness and permanence because contaminated

groundwater would remain on-site. In the absence of LUCs, groundwater could be used and

buildings could be built over the plume, potentially posing unacceptable risks to human

receptors via vapor intrusion. Potential off-site migration of COCs would not be detected under

this alternative because no groundwater monitoring would be conducted. Although COC

concentrations might eventually decrease to PRGs through natural attenuation, no monitoring

would verify this.

5.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Alternatives G-2, G-3, G-4, G-5, and G-6 would achieve reductions in COC toxicity and

volume through treatment. Under Alternatives G-2, G-3, G-4, and G-5, COCs would be sorbed

onto GAC, and spent GAC would be regenerated off-site. The 1,4-dioxane and some of the

other COCs would be destroyed by the advanced oxidation process (AOP). Vinyl chloride

captured by the potassium permanganate impregnated zeolite (PPZ) would be oxidized.

Additional reductions of contaminant toxicity and volume would also occur under Alternatives

G-3, G-4, and G-5 through in situ biological degradation. Alternative G-6 eliminates cVOCs

through reductive dechlorination, although 1,4-dioxane, DRO, and GRO are not affected and



7914 TETRA TECH: LOCKHEED MARTIN, MARTIN STATE AIRPORT, DRA SITE, INTERIM REMEDIAL ACTION, FS FOR GROUNDWATER PAGE 5-4

the level of cadmium removal is uncertain. Metals removed in the treatment system under

Alternatives G-2, G-3, G-4, and G-5 would be disposed of off-site. Each alternative would

permanently and irreversibly remove contaminants as summarized below:

Alternative TCE (lb) cis-1,2-DCE (lb) Vinyl chloride (lb) 1,4-Dioxane
(lb)

Alternative G-2 3,600 1,900 3,300 160

Alternative G-3 3,700 1,900 3,400 160

Alternative G-4 3,900 2,000 3,600 170

Alternative G-5 3,900 2,000 3,600 170

Alternative G-6 1,600 800 1,500 0

Alternative G-6 would not generate treatment residues, but a large volume of excavated soil

generated during installation would require disposal. Alternatives G-2, G-3, G-4, and G-5

would generate spent GAC, spent PPZ, spent ion exchange resin, and sludge that would require

off-site management. Alternative G-1 would not achieve any reduction of toxicity, mobility, or

volume of COCs through treatment. Reduction of contaminant toxicity and volume through

natural attenuation might be achieved; however, under Alternative G-1, this reduction would

neither be verified nor quantified.

5.1.5 Short-Term Effectiveness

Implementation of Alternatives G-2, G-3, G-4, and G-5 would result in a slight possibility of

exposing site workers to contaminated groundwater during installation and maintenance of the

groundwater collection and treatment system, as well as during sampling of new and existing

monitoring wells. Alternatives G-2 and G-3 would result in the lowest short-term risk with the

potential for exposure only during well installation, plant operation, and monitoring. As with

Alternatives G-2 and G-3, Alternatives G-4 and G-5 would result in approximately the same

level of short-term exposure during installation of additional wells (under Alternative G-4) and

injection points (under Alternative G-5).

Alternative G-6 would pose the greatest potential for short-term exposure during groundwater

sampling and excavation of contaminated saturated soil during PRB construction. However,

these exposure risks could be effectively controlled by wearing appropriate PPE and

compliance with appropriate site-specific health and safety procedures. Implementation of



7914 TETRA TECH: LOCKHEED MARTIN, MARTIN STATE AIRPORT, DRA SITE, INTERIM REMEDIAL ACTION, FS FOR GROUNDWATER PAGE 5-5

Alternative G-6 could also pose a slightly higher risk to the surrounding community than would

the other alternatives during the transport of contaminated soil excavated from the site and of

clean sand and ZVI brought to the site. Implementation of Alternatives G-2, G-3, G-4, and G-5

could also pose a slight risk to the surrounding community as a result of transporting treatment

chemicals to the treatment building and spent GAC, sludge, and/or IE resin from the site.

Alternatives G-2, G-3, G-4, G-5, and G-6 would achieve groundwater remedial action objective

(RAO) Nos. 2 and 3 immediately upon implementation of LUCs and monitoring. Construction

associated with Alternatives G-2, G-3, G-4, G-5, and G-6 would be completed in

approximately 18 months. Groundwater RAO No. 1 would be attained upon startup of the

hydraulic barrier entailed in Alternatives G-2, G-3, G-4, and G-5. For Alternative G-6,

groundwater RAO No. 1 would be attained for cVOCs upon completion of the PRB. Whether

RAO No. 1 would be attained for 1,4-dioxane, DRO, GRO, and cadmium is uncertain.

All alternatives can be expected to require operation for more than 50 years. Alternative G-6

would take the longest because of the long travel times for the plume to reach the PRB under

natural groundwater gradients, and the expected need to rely on natural processes for some

contaminants to achieve PRGs. The increased gradients due to groundwater extraction and

treatment of HCAs under Alternatives G-2, G-3, G-4, and G-5 decrease the treatment duration

as compared to Alternative G-6. Implementation of Alternative G-1 would not result in risks to

site workers or adversely affect the surrounding community or environment because no

activities would be performed. Alternative G-1 would not achieve RAOs, and though cleanup

goals might eventually be attained through natural processes, this would not be verified because

no sampling would be conducted.

5.1.6 Implementability

Alternative G-1 would be easiest to implement because it undertakes no action to address

groundwater contamination at the site. Technical implementation of the various components of

Alternatives G-2 and G-3 would be the next easiest to implement. Alternatives G-4 and G-5

would be slightly more difficult to implement because of the additional flow of groundwater to

the treatment system and additional extraction wells envisioned under Alternative G-4 and the

addition of EOS through injection wells envisioned under Alternative G-5. The large number of
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injection wells envisioned under Alternative G-5 would also have to be coordinated with the

soil/landfill waste remedy. Contractors and equipment are readily available for all four of these

alternatives. All four would require long-term O&M.

Alternative G-6 would be the most difficult to implement because it would require specialized

construction methods for the PRB trenches and specialized media (ZVI) to fill the trench. Only

a few contractors do this type of construction, and only a few sources of ZVI are available.

Alternatives G-2, G-3, G-4, G-4, and G-6 all require similar LUCs that would have to be

implemented and maintained for the duration of treatment.

Several alternatives, if implemented, might affect use of the property. Alternative G-2 poses the

fewest consequences because it involves only the installation of the hydraulic control extraction

wells. Alternatives G-3, G-4, and G-5 would further affect site use because of the injection

wells, the HCA extraction wells, and the EOS injection wells (respectively). Piping to and from

the wells, and electrical supply to the wells, might also affect site use. Alternative G-6 would

primarily affect site use during construction, but only the area of the PRB and the area

immediately adjacent would be restricted. High concentrations of VOCs in the shallow

groundwater will limit the type of building construction that can be allowed over the plume

because of the potential for vapor intrusion.

A permit to discharge to the POTW will have to be obtained for Alternatives G-2, G-3, G-4,

and G-5. This could prove difficult because of the sanitary authority’s program to minimize the

introduction of relatively clean water (such as groundwater infiltration) into the system. A

permit for direct discharge to surface water could be more difficult to obtain because of the

modeling, field testing, and calibration that would be required to estimate effluent limitations

into the Frog Mortar Creek estuary or Stansbury Creek estuary. Discharge limitations to the

POTW are much less restrictive compared to the limitations anticipated for a direct discharge.

For Alternative G-6, a large volume of waste material would need to be managed and properly

disposed of.

5.1.7 Sustainability

Alternative G-1 is the most sustainable of the alternatives evaluated, based on the factors

considered for this criterion in this FS. No energy or resources would be consumed, no
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greenhouse gases or waste would be generated, nor would costs or increases in negative social

factors (such as traffic and noise) occur. However, an economic factor to consider is that site

development would be limited because, with no controls in place under this alternative,

potential exposure to contaminated groundwater or to contaminants volatilizing from

groundwater into buildings could occur.

Alternative G-6 offers high to moderate sustainability. The passive process described in

Alternative G-6 would use little electrical power in the long-term, but would entail significant

energy use from construction vehicles during initial PRB installation and each subsequent PRB

replacement. A large waste stream would also be generated during each PRB installation. The

PRB would need to be replaced numerous times until the plume is remediated. Local effects,

such as noise and traffic, would be limited to the construction period. The space occupied by

the PRB could not be developed until remediation goals were met.

Alternatives G-2, G-3, G-4, and G-5 would have similar consequences for sustainability. All

four alternatives use electrical power that contributes to greenhouse gas generation, but

alternatives G-2 and G-5 would use the least. Electricity use under Alternative G-3 would

initially be similar to that of Alternatives G-2 and G-5, but could increase to the same level as

Alternative G-4. Alternative G-4 has the highest electrical energy use and highest contribution

to greenhouse gas generation. Manufacture of the carbon substrate used for the in situ

bioremediation component under Alternative G-5 would contribute additional greenhouse gases

as compared to the other alternatives.

All four of these alternatives consume chemicals (such as hydrogen peroxide, sodium

hydroxide, and hydrochloric acid) in the groundwater treatment system. Production of

chemicals used to treat and regenerate GAC would also contribute to energy use and

greenhouse gas production. Alternatives G-2 and G-5 would use the least amount of chemicals.

Chemical consumption under Alternative G-3 would initially be similar to that of Alternatives

G-2 and G-5, but could increase to the same level as Alternative G-4, which uses the most.

Alternatives G-3 and G-5 use similar quantities of electron-donor compound in the

groundwater reinjection system. Production of the electron-donor compound would also

contribute to energy use and greenhouse gas production. An electron-donor compound would
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also be injected as part of Alternative G-4. The quantity of electron-donor compound under

Alternative G-4 would be greater than what would be used under Alternatives G-3 and G-5, and

production of the electron-donor compound would likewise contribute to energy use and

greenhouse gas production.

All four groundwater treatment alternatives would generate similar quantities of waste and

would destroy similar quantities of COCs in proportion to the amount of groundwater treated.

All four would likewise pose similar noise and traffic impacts near the site. These alternatives

would have the greatest effect on waste generation, COC destruction, traffic, and noise factors

because of the higher groundwater treatment rates associated with Alternative G-4 and

potentially with Alternatives G-3 and G-5,

5.1.8 Cost

Capital and O&M costs and the net present worth (NPW) of the alternatives evaluated above in

this Groundwater FS are as follows:

Alternative Capital NPW of annual costs NPW Current value

G-1 $0 $0 $0 (30 years) $0

G-2 $12,000,000 $8,200,000 $20,200,000 (30 years) $37,000,000

G-3 $12,900,000 $8,600,000 $21,500,000 (30 years) $38,700,000

G-4 $13,100,000 $11,700,000 $24,800,000 (30 years) $46,900,000

G-5 $14,000,000 $8,800,000 $22,800,000 (30 years) $40,000,000

G-6 $13,300,000 $5,700,000 $19,000,000 (30 years) $33,500,000

Detailed cost estimates are provided in Appendix F.

5.2 SUMMARY OF COMPARATIVE ANALYSIS OF
GROUNDWATER ALTERNATIVES

The comparative analysis of the groundwater remedial alternatives is summarized in Table 5-1.

5.3 SELECTION OF GROUNDWATER ALTERNATIVE

Alternative G-3 (hydraulic control by extraction, ex situ treatment of groundwater, reinjection of

groundwater, discharge to POTW/surface water, monitoring, and LUCs) was selected as the

interim remedial action to address groundwater contamination at the DRA Site. This alternative
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meets the interim remedial action requirement in that it provides hydraulic containment to

prevent migration of TCE, 1,4-dioxane, and cadmium to the surface water. It also provides

additional groundwater treatment capacity so that the groundwater extraction system can be

expanded in the future, particularly after the soil and landfill waste have been remediated.

Future expansion of this alternative could include groundwater recirculation and in situ

bioremediation in the HCAs to provide some destruction of cVOCs, and such expansion could

be designed for implementation in conjunction with the soil/landfill waste remedy. This

alternative is economical and provides both effective treatment of all COCs and operational

flexibility. Alternative G-3 is moderately sustainable, but this sustainability is comparable to

the levels of Alternatives G-2, G-4, and G-5.

Additional investigations are being conducted in several of the HCAs. The purpose of these

investigations is to better characterize and delineate the areas of the site with the highest

contaminant concentrations in order to focus potential future remedial actions. The results of

these investigations will be submitted in future documents and will be used to plan potential

remedial actions conducted subsequent to this IRA. The HCAs to be investigated further

include the vicinity of DMW-11S, the area in and around Pond 1, the Drum Area, and the

vicinity of boring TA-1. Additionally, the surface water hydrology in the areas of Ponds 1 and

2 is being further studied to confirm that groundwater extraction would have a limited effect on

water levels in these ponds and cause limited additional contaminant infiltration from pond

sediments. Alternative G-3 contains sufficient flexibility to address these HCAs, including

additional contaminant flux to the recovery wells, and the results of the investigations will be

used to refine the design of the IRA.

Alternative G-2 was not selected primarily because it offers too little flexibility for future

operations if higher flow rates or extraction of groundwater from other areas is required. In

addition, the overall time to meet PRGs under Alternative G-2 is the second-longest.

Alternative G-6 was not selected because 1,4-dioxane, DRO, and GRO would not be affected

and the level of treatment of metals is uncertain. Alternative G-6 has the highest capital cost,

and installation of the PRB to the required depth would be very difficult. Alternatives G-4 and

G-5 were not selected because they require a commitment to a greater capital expenditure

before the effects of the hydraulic barrier can be fully evaluated.
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Alternatives G-4 and G-5 also include features such as additional extraction wells and injection

wells that may need to be abandoned and re-installed as part of the soil and landfill waste

remediation. Finally, after several years of Alternative G-3 system operation, components of

Alternatives G-4 and/or G-5 could be optimally phased in using data and observations from the

Alternative G-3 system operation and knowledge of the details of the final soil/landfill waste

remedy. Therefore, Alternative G-3 was selected to provide hydraulic containment and to allow

for a phased approach to remediation of other parts of the plume, such as the HCAs.

5.4 SUSTAINABILITY PRACTICES

Sustainability considerations were factored into determining the preferred remedial alternative.

These considerations, in conjunction with Lockheed Martin’s “Go Green” program, will also be

applied in implementing that alternative. Sustainable practices in general are those that consider

economic and natural resources, ecology, human health and safety, and quality of life. For

remediation projects, sustainability means implementing projects in a manner that not only

meets traditional remediation requirements (e.g., protection of human health and the

environment and compliance with ARARs), but that also considers sustainable practices with a

goal of minimizing the overall environmental “footprint.”

Environmental footprint relates to the effects on environmental media and society that are the

direct or indirect consequence of performing the remedial action. Minimizing the

environmental footprint of a specific project might involve reducing toxic air and greenhouse

gas emissions (e.g., carbon dioxide, methane, and nitrous oxide), reducing unnecessary or

inefficient use of energy, promoting renewable energy over conventional sources, reducing soil

erosion and nutrient depletion, reducing adverse effects to ecological receptors and ecosystems,

and reducing water consumption or waste generation.

To improve the overall net environmental benefit of a remedial action, implementation of the

selected remedial alternative will follow best management practices (BMPs) for sustainability.

This includes resource management practices to minimize material demands, water

consumption, energy usage, toxicity, and emissions of greenhouse gases and criteria pollutants.

Considerations to encourage the sustainability of the remedial action may include items such as:
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 Considering equipment material or construction during equipment specification.
Selecting compatible materials that are recycled or have manufacturing processes that
emit lower greenhouse gas and criteria pollutants, and require less energy and water
demand.

 Using locally available resources to reduce transportation impacts.

 Installing variable frequency drives (as applicable) and high-efficiency motors on all
major rotating equipment.

 If recovery of high concentration areas is conducted, pulsing of the wells may be
conducted to reduce overall energy consumption.

 Optimizing the treatment system building’s high-efficiency heating, ventilation, and air
conditioning system and using high R-value rated insulation on building walls and
roofing.

 Purchasing electricity from a renewable energy provider.

 Installing renewable energy sources (e.g., wind, solar, etc.) on-site and connecting
directly to the treatment system’s electrical source, and supplying surplus electricity to
the power grid.

 Reducing process waste generation and landfilling by using reusable or recycled media
(e.g., sand filter media and reactivated GAC).

 Continual optimization of the remedial system and groundwater monitoring program to
ensure that equipment operates efficiently and treatment processes do not become
redundant over time (e.g., GAC adsorption and AOP in series).

 Reducing overall effects on site water resources by discharging treated water to on-site
surface water once adequate water quality information is confirmed and the discharge
has been permitted.
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Evaluation 
Criterion Alternative G-1: No Action 

Alternative G-2: Hydraulic 
Control by Extraction,  
Ex-Situ Treatment of 

Groundwater,  
Discharge to Publicly Owned 
Treatment Works / Surface 

Water, Monitoring, and Land 
Use Controls 

Alternative G-3: Hydraulic 
Control by Extraction,  
Ex-Situ Treatment of 

Groundwater, Re-injection of 
Groundwater,  

Discharge to Publicly Owned 
Treatment Works / Surface 

Water, Monitoring, and Land 
Use Controls 

Alternative G-4: Hydraulic 
Control by Extraction, 

Extraction of High 
Concentration Areas, Ex-Situ 
Treatment of Groundwater, 

Re-injection of Groundwater, 
Discharge to Publicly Owned 
Treatment Works / Surface 

Water, Monitoring, and Land 
Use Controls 

Alternative G-5: Hydraulic 
Control by Extraction,  
Ex-Situ Treatment of 
Groundwater, In-Situ 

Bioremediation of High 
Concentration Areas, 

Discharge to Publicly Owned 
Treatment Works / Surface 

Water, Monitoring, and Land 
Use Controls 

Alternative G-6: Zero-Valent 
Iron Permeable Reactive 
Barrier, Monitoring, and 

Land Use Controls 

Overall Protection of 
Human Health and 
Environment 

Would not be protective of human 
health or the environment because 
no action would occur. Migration 
of COCs would continue and 
remain undetected. 

Would be protective of human 
health and the environment. 
Would be less protective than 
Alternatives G-3 through G-5 
because there would be no early 
reduction of the HCAs. Same 
level of protection as Alternative 
G-6. LUCs would prevent 
exposure to the rest of the plume.  

Would be protective of human 
health and the environment. 
Would be more protective than 
Alternatives G-2 and G-6 less 
protective than Alternatives G-4 
and G-5 because there would be 
no early reduction of the HCAs. 
LUCs would prevent exposure to 
the rest of the plume.  

Would be protective of human 
health and the environment. 
Would be more protective than 
Alternatives G-2, G-3, and G-6, 
because there would be early 
reduction of the HCAs. As 
protective as Alternative G-5 
LUCs would prevent exposure to 
the rest of the plume.  

Would be protective of human 
health and the environment. 
Would be more protective than 
Alternatives G-2, G-3, and G-6, 
because there would be early 
reduction of the HCAs. As 
protective as Alternative G-4 
LUCs would prevent exposure to 
the rest of the plume.  

Would be protective of human 
health and the environment. 
Would be slightly less protective 
than Alternatives G-3, G-4, and 
G-5 because there is no HCA 
treatment, no 1,4-dioxane, DRO, 
or GRO removal, and cadmium 
removal is uncertain. Also, less 
protective than Alternative G-2 
because no 1,4-dioxane, DRO, or 
GRO are removed. High COC 
concentrations would persist until 
plume moves through the barrier. 
LUCs would prevent exposure to 
the rest of the plume.  

Compliance with 
ARARs:  

      

    Chemical-Specific Would not comply Would eventually comply Would eventually comply Would eventually comply Would eventually comply Would eventually comply for 
cVOCs, although compliance for 
1,4-dioxane, DRO, GRO, and 
cadmium is uncertain. 

    Location-Specific Would not comply Would comply Would comply Would comply Would comply Would comply 
    Action-Specific Not applicable Would comply Would comply Would comply Would comply Would comply 
Long-Term 
Effectiveness and 
Permanence 

No long-term effectiveness and 
permanence because no action 
would occur. Contaminant 
reduction or migration would 
remain undetected. 

Would be as permanent and 
effective as the other alternatives, 
although the remediation time will 
be longer because there is no 
HCA treatment. LUCs would 
prevent exposure. Long-term 
O&M is required. 

Would be as permanent and 
effective as the other alternatives, 
although the remediation time will 
be longer because there is no 
HCA treatment. LUCs would 
prevent exposure. Long-term 
O&M is required. 

Would be as permanent and 
effective as the other alternatives, 
although the remediation time will 
be shorter because there is HCA 
treatment. LUCs would prevent 
exposure. Long-term O&M is 
required. 

Would be as permanent and 
effective as the other alternatives, 
although the remediation time will 
be shorter because there is HCA 
treatment. LUCs would prevent 
exposure. Long-term O&M is 
required. 

Would be as permanent and 
effective for cVOCs as the other 
alternatives, although the 
remediation time will be longest 
because groundwater velocity 
under natural gradient is slow. 
The PRB would not affect DRO, 
GRO, or 1.4-dioxane. The PRB 
would reduce cVOCs, and LUCs 
would prevent exposure. 
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Evaluation 
Criterion Alternative G-1: No Action 

Alternative G-2: Hydraulic 
Control by Extraction,  
Ex-Situ Treatment of 

Groundwater,  
Discharge to Publicly Owned 
Treatment Works / Surface 

Water, Monitoring, and Land 
Use Controls 

Alternative G-3: Hydraulic 
Control by Extraction,  
Ex-Situ Treatment of 

Groundwater, Re-injection of 
Groundwater,  

Discharge to Publicly Owned 
Treatment Works / Surface 

Water, Monitoring, and Land 
Use Controls 

Alternative G-4: Hydraulic 
Control by Extraction, 

Extraction of High 
Concentration Areas, Ex-Situ 
Treatment of Groundwater, 

Re-injection of Groundwater, 
Discharge to Publicly Owned 
Treatment Works / Surface 

Water, Monitoring, and Land 
Use Controls 

Alternative G-5: Hydraulic 
Control by Extraction,  
Ex-Situ Treatment of 
Groundwater, In-Situ 

Bioremediation of High 
Concentration Areas, 

Discharge to Publicly Owned 
Treatment Works / Surface 

Water, Monitoring, and Land 
Use Controls 

Alternative G-6: Zero-Valent 
Iron Permeable Reactive 
Barrier, Monitoring, and 

Land Use Controls 

Reduction of 
Contaminant Toxicity, 
Mobility, or Volume 
through Treatment 

Would not reduce contaminant 
toxicity, mobility or volume 
through treatment because no 
treatment would occur. Although 
some reductions would occur 
through natural attenuation, this 
would not be measured.  

Would irreversibly and 
permanently reduce 
approximately 8,960 lb of COCs 
through advanced oxidation 
process. 

Would irreversibly and 
permanently reduce 
approximately 9,160 lb of COCs 
through advanced oxidation 
process and in-situ biodegradation 
from electron donor addition to 
the injection wells. 

Would irreversibly and 
permanently reduce 
approximately 9,670 lb of COCs 
through AOP and in-situ 
biodegradation from electron 
donor addition to the injection 
wells. 

Would irreversibly and 
permanently reduce 
approximately 9,670 lb of COCs 
through advanced oxidation 
process and in-situ 
biodegradation. 

Would irreversibly and 
permanently reduce 
approximately 3,900 lb of cVOCs 
through the PRB. 

Short-Term 
Effectiveness 

Would not result in any short-
term risk to site workers or 
adversely impact the surrounding 
community or environment 
because no action would occur. 
The RAOs would never be 
achieved with the implementation 
of this alternative. 

Would result in a possibility of 
exposing site workers to 
contaminated groundwater as a 
result of groundwater extraction, 
treatment, and monitoring 
activities. This risk would be 
reduced through compliance with 
appropriate site-specific health 
and safety procedures. Because of 
the long period of active 
treatment, this alternative has 
potential for short-term exposure. 
There would be a slight risk to the 
surrounding community or the 
environment. Groundwater RAO 
Nos. 1 and 3 would be achieved 
immediately upon implementation 
of LUCs and monitoring. RAO 
No. 2 would be met as soon as 
system was started up. 
Remediation time would up to 50 
years and potentially longer. 
Construction activities would be 
completed in 12 months.  

Would result in a possibility of 
exposing site workers to 
contaminated groundwater as a 
result of groundwater extraction, 
treatment, and monitoring 
activities. This risk would be 
reduced through compliance with 
appropriate site-specific health 
and safety procedures. Because of 
the long period of active 
treatment, this alternative has 
potential for short-term exposure. 
There would be a slight risk to the 
surrounding community or the 
environment. Groundwater RAO 
Nos. 1 and 3 would be achieved 
immediately upon implementation 
of LUCs and monitoring. RAO 
No. 2 would be met as soon as 
system was started up. 
Remediation time would up to 50 
years and potentially longer. 
Construction activities would be 
completed in 12 months.  

Would result in a possibility of 
exposing site workers to 
contaminated groundwater as a 
result of groundwater extraction, 
treatment, and monitoring 
activities. This risk would be 
reduced through compliance with 
appropriate site-specific health 
and safety procedures. Because of 
the long period of active 
treatment, this alternative has 
potential for short-term exposure. 
There would be a slight risk to the 
surrounding community or the 
environment. Groundwater RAO 
Nos. 1 and 3 would be achieved 
immediately upon implementation 
of LUCs and monitoring. RAO 
No. 2 would be met as soon as 
system was started up. 
Remediation time would up to 50 
years and potentially longer. 
Construction activities would be 
completed in 12 months.  

Would result in a possibility of 
exposing site workers to 
contaminated groundwater as a 
result of groundwater extraction, 
treatment, in-situ bioremediation 
chemical injection, and 
monitoring activities. This risk 
would be reduced through 
compliance with appropriate site-
specific health and safety 
procedures. Because of the long 
period of active treatment, this 
alternative has potential for short-
term exposure. There would be a 
slight risk to the surrounding 
community or the environment. 
Groundwater RAO Nos. 1 and 3 
would be achieved immediately 
upon implementation of LUCs 
and monitoring. RAO No. 2 
would be met as soon as system 
was started up. Remediation time 
would up to 50 years and 
potentially longer.  Construction 
activities would be completed in 
12 months.  

Would result in a possibility of 
exposing site workers to 
contaminated groundwater as a 
result PRB installation and 
monitoring activities. This risk 
would be reduced through 
compliance with appropriate site-
specific health and safety 
procedures. There would be a 
slight risk to the surrounding 
community and the environment 
during PRB construction. 
Groundwater RAO Nos. 1 and 3 
would be achieved immediately 
upon implementation of LUCs 
and monitoring. RAO No. 2 
would be met for cVOCs as soon 
as PRB is installed. Remediation 
time would up to 50 years and 
potentially longer.  Construction 
activities would be completed 
within 12 months.   
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Evaluation 
Criterion Alternative G-1: No Action 

Alternative G-2: Hydraulic 
Control by Extraction,  
Ex-Situ Treatment of 

Groundwater,  
Discharge to Publicly Owned 
Treatment Works / Surface 

Water, Monitoring, and Land 
Use Controls 

Alternative G-3: Hydraulic 
Control by Extraction,  
Ex-Situ Treatment of 

Groundwater, Re-injection of 
Groundwater,  

Discharge to Publicly Owned 
Treatment Works / Surface 

Water, Monitoring, and Land 
Use Controls 

Alternative G-4: Hydraulic 
Control by Extraction, 

Extraction of High 
Concentration Areas, Ex-Situ 
Treatment of Groundwater, 

Re-injection of Groundwater, 
Discharge to Publicly Owned 
Treatment Works / Surface 

Water, Monitoring, and Land 
Use Controls 

Alternative G-5: Hydraulic 
Control by Extraction,  
Ex-Situ Treatment of 
Groundwater, In-Situ 

Bioremediation of High 
Concentration Areas, 

Discharge to Publicly Owned 
Treatment Works / Surface 

Water, Monitoring, and Land 
Use Controls 

Alternative G-6: Zero-Valent 
Iron Permeable Reactive 
Barrier, Monitoring, and 

Land Use Controls 

Implementability Technical and administrative 
implementation would be 
extremely simple because there 
would be no action to implement. 

Easy to implement extraction, 
treatment, and monitoring. Less 
difficult to implement than 
Alternatives G-3 through G-6.  
 
LUCs would be relatively easy to 
develop and implement. 
 
Permit for discharge to POTW 
still needs to be negotiated. 
 
Use of property may be affected 
by extraction wells. 

Easy to implement extraction, 
treatment, injection, and 
monitoring. More difficult to 
implement than Alternative G-2. 
Less difficult to implement than 
Alternatives G-4 through G-6.  
 
LUCs would be relatively easy to 
develop and implement. 
 
Permit for discharge to POTW 
still needs to be negotiated. 
 
Use of property may be affected 
by extraction and injection wells. 

Easy to implement extraction, 
treatment, injection, and 
monitoring. More difficult to 
implement than Alternatives G-2 
and G-3. Less difficult to 
implement than Alternatives G-5 
and G-6.  
 
LUCs would be relatively easy to 
develop and implement. 
 
Permit for discharge to POTW 
still needs to be negotiated. 
 
Use of property may be affected 
by extraction, HCA, and injection 
wells. 

Easy to implement extraction, 
treatment, injection, in-situ 
bioremediation, and monitoring. 
More difficult to implement than 
Alternatives G-2, G-3, and G-4. 
Less difficult to implement than 
Alternative G-6.  
 
LUCs would be relatively easy to 
develop and implement. 
 
Permit for discharge to POTW 
still needs to be negotiated. 
 
Use of property may be affected 
by extraction, in-situ 
bioremediation of HCA, and 
injection wells. 

Difficult to install deep PRBs, but 
monitoring is easy to implement. 
Most difficult alternative. Bench-
scale treatability testing would be 
required.  
 
LUCs would be relatively easy to 
develop and implement. 
 
Use of property may be affected 
by PRB. 
 
Management of excavated soil as 
hazardous waste requires RCRA 
TSDF permit. Corrective action 
may be triggered.  

Sustainability Would be highly sustainable.  No 
energy or resources consumed. 
No GHG or wastes generated. No 
traffic or noise. Site development 
would be limited by the 
contaminated groundwater. 

Would be moderately sustainable. 
Consumes energy and resources, 
and generates GHG and wastes.  
Slight increase in traffic and 
noise. More sustainable than G-3, 
G-4, and G-5. 

Would be moderately sustainable. 
Consumes energy and resources, 
and generates GHG and wastes.  
Slight increase in traffic and 
noise. Less sustainable than G-2 
and G-5. More sustainable than 
G-4. 

Would be moderately sustainable. 
Consumes energy and resources, 
and generates GHG and wastes.  
Slight increase in traffic and 
noise. Less sustainable than G-2, 
G-3, and G-5.  

Would be moderately sustainable. 
Consumes energy and resources, 
and generates GHG and wastes.  
Slight increase in traffic and 
noise. Less sustainable than G-2. 
More sustainable than G-3 and G-
4. 

Would be moderately to highly 
sustainable. Consumes energy and 
resources, and generates GHG 
and wastes during PRB 
installation.  Slight increase in 
traffic and noise during 
construction periods. 

Costs: 
Capital 
NPW of Annual Costs 
NPW 
Current Value 

 
$0 
$0 
$0 
$0 

 
$12,000,000 

$8,200,000 (30-Year) 
$20,200,000 (30-Year) 

$37,000,000 

 
$12,900,000 

$8,600,000 (30-Year) 
$21,500,000 (30-Year) 

$38,700,000 

 
$13,100,000 

$11,700,000 (30-Year) 
$24,800,000 (30-Year) 

$46,900,000 

 
$14,000,000 

$8,800,000 (30-Year) 
$22,800,000 (30-Year) 

$40,000,000 

 
$13,300,000 

$5,700,000 (30-Year) 
$19,000,000 (30-Year) 

$33,500,000 
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ARAR - Applicable or Relevant and Appropriate Requirement.  
COC - Chemical of concern.  
DRO - Diesel range organics 
GHG - Greenhouse gas.  
GRO - gasoline range organics. 
HCA - High concentration Area. 
LUCs - Land use control. 
NPW - Net present worth. 
O&M - Operation and maintenance. 
POTW - Publicly owned treatment works. 
PRB - Permeable reactive barrier. 
RAO - Remedial Action Objective. 
RCRA - Resource Conservation and Recovery Act. 
TSDF - Treatment, storage, and disposal facility. 
VOC - Volatile organic compound. 
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Section 6

Future Actions

Implementation of the selected groundwater interim remedial action and subsequent final

remedies for groundwater and soil/landfill waste at the DRA Site at Martin State Airport will

require the following steps:

 The final version of the FS and a subsequent Proposed Plan for the groundwater interim
remedial action will be submitted to the MDE for their review and approval.
Requirements for subsequent document submittal will be described in a Consent Order
for the site, once it has been completed. A Proposed Plan summarizing this feasibility
study and identifying the selected alternative will then be prepared and distributed for
public review.

 Design of the containment portion of Alternative G-3.

 Conduct additional investigations in the high concentration areas, including the vicinity
of DMW-11S, Pond 1, the Drum Area, and the vicinity of boring PA-7.

 The containment portion of the interim remedial action for groundwater will be installed
and operated and will initially discharge to the publicly owned treatment works. After
that discharge has been fully characterized, a permit to discharge treated water to
surface water will be obtained. The reinjection portion of the remedy will be installed in
coordination with the final soil/landfill waste and groundwater remedies.

 The soil/landfill waste FS and final Groundwater FS will be completed in consultation
with Maryland Aviation Administration (MAA) and Maryland Air National Guard
(MDANG) and will be submitted for approval by MDE. What, if any, additional
groundwater remedy is required will be determined at that time.

 Final remedies for site groundwater and soil/landfill waste will be designed and
coordinated to eliminate potential interferences.

 The final groundwater and soil/landfill waste remedies will be implemented once the
designs are complete.
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(typically <1 ft/day):
Clay and silt & clay

Materials

Tetra Tech, Inc.

Hydrostratigraphic units were interpreted from lithology
information of boring logs and slug test results.
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Sand and sand & gravel

Medium Permeability
(typically 1-10 ft/day):
Mixture of sand, silt, and/or some clay

Lower Permeability
(typically <1 ft/day):
Clay and silt & clay

Materials

Hydrostratigraphic units were interpreted from lithology
information of boring logs and slug test results.

Soil / Well Boring
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Figure 4-7
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Higher Permeability
(typically >10 ft/day):
Sand and sand & gravel

Medium Permeability
(typically 1-10 ft/day):
Mixture of sand, silt, and/or some clay

Lower Permeability
(typically <1 ft/day):
Clay and silt & clay

Materials

Hydrostratigraphic units were interpreted from lithology
information of boring logs and slug test results.

Soil / Well Boring
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Figure 4-8

Hydrostratigraphic Cross Section
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Legend
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Higher Permeability
(typically >10 ft/day):
Sand and sand & gravel

Medium Permeability
(typically 1-10 ft/day):
Mixture of sand, silt, and/or some clay

Lower Permeability
(typically <1 ft/day):
Clay and silt & clay

Materials

Hydrostratigraphic units were interpreted from lithology
information of boring logs and slug test results.

Soil / Well Boring
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Figure 4-9

Hydrostratigraphic Cross Section

Transect D-D'

Legend

Well Screen

Tetra Tech, Inc.

Groundwater Surface
(Dashed Where Inferred)

Higher Permeability
(typically >10 ft/day):
Sand and sand & gravel

Medium Permeability
(typically 1-10 ft/day):
Mixture of sand, silt, and/or some clay

Lower Permeability
(typically <1 ft/day):
Clay and silt & clay

Materials

Hydrostratigraphic units were interpreted from lithology
information of boring logs and slug test results.

Soil / Well Boring
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Figure 4-10

Hydrostratigraphic Cross Section

Transect V-V'

Legend

Well Screen

Tetra Tech, Inc.

Groundwater Surface

Higher Permeability
(typically >10 ft/day):
Sand and sand & gravel

Medium Permeability
(typically 1-10 ft/day):
Mixture of sand, silt, and/or some clay

Lower Permeability
(typically <1 ft/day):
Clay and silt & clay

Materials

Hydrostratigraphic units were interpreted from lithology
information of boring logs and slug test results.

Soil / Well Boring
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Figure 4-11

Hydrostratigraphic Cross Section

Transect W-W'

Legend

Well Screen

Tetra Tech, Inc.

Groundwater Surface

Higher Permeability
(typically >10 ft/day):
Sand and sand & gravel

Medium Permeability
(typically 1-10 ft/day):
Mixture of sand, silt, and/or some clay

Lower Permeability
(typically <1 ft/day):
Clay and silt & clay

Materials

Hydrostratigraphic units were interpreted from lithology
information of boring logs and slug test results.

Soil / Well Boring
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Figure 4-12

Hydrostratigraphic Cross Section

Transect X-X'

Legend

Well Screen

Tetra Tech, Inc.

Groundwater Surface

Higher Permeability
(typically >10 ft/day):
Sand and sand & gravel

Medium Permeability
(typically 1-10 ft/day):
Mixture of sand, silt, and/or some clay

Lower Permeability
(typically <1 ft/day):
Clay and silt & clay

Materials

Hydrostratigraphic units were interpreted from lithology
information of boring logs and slug test results.

Soil / Well Boring
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Figure 4-13

Hydrostratigraphic Cross Section

Transect Y-Y'

Legend

Well Screen

Tetra Tech, Inc.

Groundwater Surface

Higher Permeability
(typically >10 ft/day):
Sand and sand & gravel

Medium Permeability
(typically 1-10 ft/day):
Mixture of sand, silt, and/or some clay

Lower Permeability
(typically <1 ft/day):
Clay and silt & clay

Materials

Hydrostratigraphic units were interpreted from lithology
information of boring logs and slug test results.

Soil / Well Boring
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Figure 4-14

Hydrostratigraphic Cross Section

Transect Z-Z'

Legend

Well Screen

Tetra Tech, Inc.

Groundwater Surface

Higher Permeability
(typically >10 ft/day):
Sand and sand & gravel

Medium Permeability
(typically 1-10 ft/day):
Mixture of sand, silt, and/or some clay

Lower Permeability
(typically <1 ft/day):
Clay and silt & clay

Materials

Hydrostratigraphic units were interpreted from lithology
information of boring logs and slug test results.

Soil / Well Boring
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Figure 5-15
Contour Plots of TCE for the Upper, Intermediate, 

and Lower Surficial Aquifers - August - September 2009
Lockheed Martin, Martin State Airport, Middle River Maryland
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Figure 5-16
Contour Plots of cDCE for the Upper, Intermediate, 

and Lower Surficial Aquifers - August - September 2009
Lockheed Martin, Martin State Airport, Middle River Maryland 
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Figure 5-17
Contour Plots of Vinyl Chloride for the Upper, Intermediate, 

and Lower Surficial Aquifers - August - September 2009
Lockheed Martin, Martin State Airport, Middle River Maryland
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Figure 5-18

BTEX Concentrations in Groundwater

(2007-2009 Maximum Concentration)
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Figure 5-23

1,4-Dioxane Concentrations in Groundwater

(2007-2009 Maximum Concentration)
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Figure 5-24
Contour Plots of 1,4-Dioxane for the Upper, Intermediate, 
and Lower Surficial Aquifers – August - September 2009

Lockheed Martin, Martin State Airport, Middle River Maryland
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Table 4-3

Groundwater Levels and Elevations, Dump Road Area
Lockheed Martin Martin State Airport, Middle River, Maryland

Page 1 of 4

Depth to Depth to Depth to Depth to Depth to
Elevation(1) Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater
Top of Well Top of Elevation(1) Top of Elevation(1) Top of Elevation(1) Top of Elevation(1) Top of Elevation(1)

Casing Well Casing NAVD88 Well Casing NAVD88 Well Casing NAVD88 Well Casing NAVD88 Well Casing NAVD88

Well Aquifer NAVD88 10/14/2003 10/14/2003 12/1/2003 12/1/2003 9/30/2004 9/30/2004 12/10/2004 12/10/2004 6/25/2004 6/25/2004
ID Level Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet

DMW-1A I 12.05 8.43 3.62 8.91 3.14 9.50 2.55 8.75 3.30 9.35 2.70
DMW-1B D 12.04 8.81 3.23 9.54 2.50 9.65 2.39 9.11 2.93 9.57 2.47
DMW-1S S 11.08 7.34 3.74 7.74 3.34 8.50 2.58 7.60 3.48 8.15 2.93
DMW-2A I 21.65 19.37 2.28 20.92 0.73 20.13 1.52 20.20 1.45 2.75 18.90
DMW-2B D 21.66 19.14 2.52 20.55 1.11 19.90 1.76 19.95 1.71 20.35 1.31
DMW-2S S 21.75 19.31 2.44 20.53 1.22 20.60 1.15 20.43 1.32 20.49 1.26
DMW-3D D 16.46 14.02 2.44 15.61 0.85 14.82 1.64 15.25 1.21 14.95 1.51
DMW-3I I 16.45 14.03 2.42 15.53 0.92 14.85 1.60 15.23 1.22 14.90 1.55
DMW-3S S 16.52 14.41 2.11 10.06 6.46 10.51 6.01 10.34 6.18 9.63 6.89
DMW-4D D 20.44 18.32 2.12 20.11 0.33 19.00 1.44 19.45 0.99 19.50 0.94
DMW-4I I 20.48 18.23 2.25 19.70 0.78 18.95 1.53 19.20 1.28 19.12 1.36
DMW-4S S 20.52 18.55 1.97 20.15 0.37 19.25 1.27 19.70 0.82 19.60 0.92
DMW-5D D 21.38 19.18 2.20 20.81 0.57 20.02 1.36 19.80 1.58 20.20 1.18
DMW-5I I 21.39 19.13 2.26 20.68 0.71 19.95 1.44 19.75 1.64 20.15 1.24
DMW-5S S 21.34 19.09 2.25 20.48 0.86 20.12 1.22 20.00 1.34 20.02 1.32
DMW-6D D 18.51 16.29 2.22 17.76 0.75 17.25 1.26 17.15 1.36 17.70 0.81
DMW-6I I 18.64 16.41 2.23 17.71 0.93 17.15 1.49 17.42 1.22 17.98 0.66
DMW-6S S 18.62 16.20 2.42 17.72 0.90 17.09 1.53 17.35 1.27 17.75 0.87
DMW-7D D 21.94 19.31 2.63 20.41 1.53 20.11 1.83 20.24 1.70 20.35 1.59
DMW-7I I 21.90 19.28 2.62 20.49 1.41 20.20 1.70 20.42 1.48 20.47 1.43
DMW-7S S 21.84 19.18 2.66 20.14 1.70 19.98 1.86 20.12 1.72 20.20 1.64
DMW-8D D 16.35 13.64 2.71 14.65 1.70 14.31 2.04 14.60 1.75 14.36 1.99
DMW-8I I 16.30 13.64 2.66 14.60 1.70 14.37 1.93 14.15 2.15 14.45 1.85
DMW-8S S 15.80 12.38 3.42 11.86 3.94 14.20 1.60 12.50 3.30 13.05 2.75
DMW-9D D 11.41 8.22 3.19 9.21 2.20 9.20 2.21 9.00 2.41 9.37 2.04
DMW-9I I 11.40 7.95 3.45 9.18 2.22 9.16 2.24 8.82 2.58 9.11 2.29
DMW-9S S 11.45 7.91 3.54 8.44 3.01 9.22 2.23 8.79 2.66 9.10 2.35
MW-1(2) I 11.08 7.31 3.77 6.35 4.73 NA NA NA NA NA NA
MW-10I I 10.27 6.78 3.49 7.25 3.02 7.70 2.57 6.81 3.46 7.60 2.67
MW-10S S 10.29 6.60 3.69 6.94 3.35 7.80 2.49 6.82 3.47 7.58 2.71
MW-11I I 9.15 5.20 3.95 5.60 3.55 6.30 2.85 5.20 3.95 6.20 2.95
MW-11S S 9.20 3.43 5.77 3.20 6.00 3.30 5.90 3.40 5.80 4.32 4.88
MW-14D DD 11.56 NA NA NA NA NA NA NA NA NA NA
MW-14I I 11.72 NA NA NA NA NA NA NA NA NA NA
MW-15D D 8.77 NA NA NA NA NA NA NA NA NA NA
MW-15I I 8.79 NA NA NA NA NA NA NA NA NA NA
MW-15S S 8.60 NA NA NA NA NA NA NA NA NA NA
MW-16D D 10.22 NA NA NA NA NA NA NA NA NA NA
MW-16I I 10.06 NA NA NA NA NA NA NA NA NA NA
MW-16S S 10.20 NA NA NA NA NA NA NA NA NA NA
MW-17D D 7.56 NA NA NA NA NA NA NA NA NA NA
MW-17I I 7.68 NA NA NA NA NA NA NA NA NA NA
MW-17S S 7.61 NA NA NA NA NA NA NA NA NA NA
MW-18D D 8.88 NA NA NA NA NA NA NA NA NA NA
MW-18I I 8.91 NA NA NA NA NA NA NA NA NA NA
MW-18S S 8.89 NA NA NA NA NA NA NA NA NA NA
MW-19D D 7.94 NA NA NA NA NA NA NA NA NA NA



Table 4-3

Groundwater Levels and Elevations, Dump Road Area
Lockheed Martin Martin State Airport, Middle River, Maryland

Page 2 of 4

Depth to Depth to Depth to Depth to Depth to
Elevation(1) Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater
Top of Well Top of Elevation(1) Top of Elevation(1) Top of Elevation(1) Top of Elevation(1) Top of Elevation(1)

Casing Well Casing NAVD88 Well Casing NAVD88 Well Casing NAVD88 Well Casing NAVD88 Well Casing NAVD88

Well Aquifer NAVD88 10/14/2003 10/14/2003 12/1/2003 12/1/2003 9/30/2004 9/30/2004 12/10/2004 12/10/2004 6/25/2004 6/25/2004
ID Level Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet

MW-19I I 7.90 NA NA NA NA NA NA NA NA NA NA
MW-2 I 8.40 5.35 3.05 6.06 2.34 6.20 2.20 5.83 2.57 6.50 1.90
MW-20D D 12.40 NA NA NA NA NA NA NA NA NA NA
MW-20I I 12.39 NA NA NA NA NA NA NA NA NA NA
MW-20S S 12.44 NA NA NA NA NA NA NA NA NA NA
MW-21D D 10.78 NA NA NA NA NA NA NA NA NA NA
MW-21I I 10.83 NA NA NA NA NA NA NA NA NA NA
MW-22D D 11.02 NA NA NA NA NA NA NA NA NA NA
MW-22I I 11.01 NA NA NA NA NA NA NA NA NA NA
MW-23D D 10.03 NA NA NA NA NA NA NA NA NA NA
MW-23I I 10.07 NA NA NA NA NA NA NA NA NA NA
MW-23S S 10.01 NA NA NA NA NA NA NA NA NA NA
MW-24I I 7.68 NA NA NA NA NA NA NA NA NA NA
MW-24S S 7.72 NA NA NA NA NA NA NA NA NA NA
MW-25I I 9.72 NA NA NA NA NA NA NA NA NA NA
MW-25S S 9.69 NA NA NA NA NA NA NA NA NA NA
MW-26D D 11.66 NA NA NA NA NA NA NA NA NA NA
MW-26I I 11.67 NA NA NA NA NA NA NA NA NA NA
MW-26S S 11.72 NA NA NA NA NA NA NA NA NA NA
MW-27D DD 8.39 NA NA NA NA NA NA NA NA NA NA
MW-28I I 8.65 NA NA NA NA NA NA NA NA NA NA
MW-29D DD 11.43 NA NA NA NA NA NA NA NA NA NA
MW-3 S 11.19 7.23 3.96 7.25 3.94 8.65 2.54 7.40 3.79 8.27 2.92
MW-30D DD 8.26 NA NA NA NA NA NA NA NA NA NA
MW-31D DD 6.95 NA NA NA NA NA NA NA NA NA NA
MW-32I I 7.28 NA NA NA NA NA NA NA NA NA NA
MW-32S S 7.27 NA NA NA NA NA NA NA NA NA NA
MW-33I I 10.02 NA NA NA NA NA NA NA NA NA NA
MW-33S S 9.97 NA NA NA NA NA NA NA NA NA NA
MW-34I I 7.37 NA NA NA NA NA NA NA NA NA NA
MW-34S S 7.44 NA NA NA NA NA NA NA NA NA NA
MW-4 S 10.34 6.62 3.72 6.10 4.24 7.85 2.49 7.00 3.34 7.25 3.09
MW-5 S 22.65 19.99 2.66 21.10 1.55 20.96 1.69 21.00 1.65 21.05 1.60
MW-6 S 15.72 12.92 2.80 13.46 2.26 13.70 2.02 13.75 1.97 13.97 1.75
MW-7 S 10.90 5.78 5.12 6.86 4.04 7.36 3.54 5.73 5.17 6.70 4.20
OW1-I I 18.05 NA NA NA NA NA NA NA NA NA NA
OW1-S S 19.17 NA NA NA NA NA NA NA NA NA NA
RW1-I I 18.44 NA NA NA NA NA NA NA NA NA NA
RW1-S S 19.09 NA NA NA NA NA NA NA NA NA NA
TT-11(2) S 11.16 6.45 4.71 5.60 5.56 NA NA NA NA NA NA
TT-12(2) S 11.51 6.39 5.12 5.79 5.72 NA NA NA NA NA NA
TT-13(2) S 9.55 4.31 5.24 4.23 5.32 NA NA NA NA NA NA
TT-14(2)

S 10.31 4.81 5.50 3.96 6.35 NA NA NA NA NA NA
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Elevation(1)

Top of Well
Casing

Well Aquifer NAVD88
ID Level Feet

DMW-1A I 12.05
DMW-1B D 12.04
DMW-1S S 11.08
DMW-2A I 21.65
DMW-2B D 21.66
DMW-2S S 21.75
DMW-3D D 16.46
DMW-3I I 16.45
DMW-3S S 16.52
DMW-4D D 20.44
DMW-4I I 20.48
DMW-4S S 20.52
DMW-5D D 21.38
DMW-5I I 21.39
DMW-5S S 21.34
DMW-6D D 18.51
DMW-6I I 18.64
DMW-6S S 18.62
DMW-7D D 21.94
DMW-7I I 21.90
DMW-7S S 21.84
DMW-8D D 16.35
DMW-8I I 16.30
DMW-8S S 15.80
DMW-9D D 11.41
DMW-9I I 11.40
DMW-9S S 11.45
MW-1(2) I 11.08
MW-10I I 10.27
MW-10S S 10.29
MW-11I I 9.15
MW-11S S 9.20
MW-14D DD 11.56
MW-14I I 11.72
MW-15D D 8.77
MW-15I I 8.79
MW-15S S 8.60
MW-16D D 10.22
MW-16I I 10.06
MW-16S S 10.20
MW-17D D 7.56
MW-17I I 7.68
MW-17S S 7.61
MW-18D D 8.88
MW-18I I 8.91
MW-18S S 8.89
MW-19D D 7.94

Depth to Depth to Depth to Depth to Depth to
Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater r

Top of Elevation(1) Top of Elevation(1) Top of Elevation(1) Top of Elevation(1) Top of Elevation(1)

Well Casing NAVD88 Well Casing NAVD88 Well Casing NAVD88 Well Casing NAVD88 Well Casing NAVD88

1/14/2008 1/14/2008 10/30/2008 10/30/2008 9/10/2009 9/10/2009 9/18/2009 9/18/2009 1/19/2010 1/19/2010
Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet
9.70 2.35 10.30 1.75 9.92 2.13 NA NA 8.70 3.35
9.90 2.14 10.50 1.54 10.11 1.93 NA NA 9.00 3.04
8.60 2.48 8.10 2.98 8.81 2.27 NA NA 7.65 3.43
20.50 1.15 21.15 0.50 20.54 1.11 NA NA 19.95 1.70
20.30 1.36 21.00 0.66 20.35 1.31 NA NA 19.60 2.06
21.00 0.75 21.30 0.45 20.85 0.90 NA NA 20.35 1.40
15.15 1.31 15.90 0.56 15.26 1.20 NA NA 14.65 1.81
15.20 1.25 15.85 0.60 15.31 1.14 NA NA 14.65 1.80
NA NA 12.40 4.12 11.79 4.73 NA NA 8.45 8.07

19.40 1.04 20.20 0.24 19.32 1.12 NA NA 18.80 1.64
19.50 0.98 20.05 0.43 19.36 1.12 NA NA 18.70 1.78
19.95 0.57 20.50 0.02 19.69 0.83 NA NA 19.20 1.32
20.40 0.98 21.10 0.28 20.38 1.00 NA NA 19.70 1.68
20.40 0.99 21.10 0.29 20.36 1.03 NA NA 19.70 1.69
20.50 0.84 20.95 0.39 20.39 0.95 NA NA 19.80 1.54
17.60 0.91 18.30 0.21 17.52 0.99 NA NA 16.80 1.71
17.60 1.04 18.30 0.34 17.56 1.08 NA NA 16.80 1.84
17.45 1.17 18.30 0.32 18.78 -0.16 NA NA 16.85 1.77
20.60 1.34 21.20 0.74 20.57 1.37 NA NA 19.70 2.24
20.70 1.20 21.25 0.65 20.61 1.29 NA NA 19.80 2.10
dry dry NA NA NA NA NA NA NA NA

14.80 1.55 15.35 1.00 14.79 1.56 NA NA 14.00 2.35
14.90 1.40 15.40 0.90 14.84 1.46 NA NA 14.02 2.28
13.90 1.90 14.30 1.50 14.44 1.36 NA NA 12.23 3.57
9.51 1.90 10.15 1.26 9.68 1.73 NA NA 8.65 2.76
9.35 2.05 9.80 1.60 9.59 1.81 NA NA 8.25 3.15
9.35 2.10 9.75 1.70 9.49 1.96 NA NA 8.16 3.29
NA NA NA NA NA NA NA NA NA NA

7.80 2.47 8.45 1.82 8.87 1.40 NA NA 6.95 3.32
7.90 2.39 8.30 1.99 8.06 2.23 NA NA 6.90 3.39
33.20 -24.05 7.15 2.00 6.78 2.37 NA NA 5.40 3.75
4.00 5.20 5.00 4.20 4.45 4.75 NA NA 3.25 5.95
7.60 3.96 8.25 3.31 7.71 3.85 NA NA 7.00 4.56
10.60 1.12 11.20 0.52 10.72 1.00 10.32 1.40 10.15 1.57
6.26 2.51 7.00 1.77 6.61 2.16 5.5 3.27 5.43 3.34
6.30 2.49 7.02 1.77 6.63 2.16 5.55 3.24 5.43 3.36
5.80 2.80 6.83 1.77 6.66 1.94 4.95 3.65 4.65 3.95
7.90 2.32 8.70 1.52 8.26 1.96 7.3 2.92 7.19 3.03
7.80 2.26 8.50 1.56 8.11 1.95 7.1 2.96 7.01 3.05
8.40 1.80 9.10 1.10 9.26 0.94 8.49 1.71 8.35 1.85
18.00 -10.44 10.90 -3.34 5.88 1.68 4.9 2.66 4.40 3.16
5.60 2.08 6.30 1.38 6.12 1.56 5.65 2.03 5.22 2.46
6.00 1.61 9.35 -1.74 6.69 0.92 5.92 1.69 5.83 1.78
7.85 1.03 8.30 0.58 NA NA NA NA 7.21 1.67
7.80 1.11 8.50 0.41 7.86 1.05 NA NA 7.21 1.70
7.80 1.09 7.70 1.19 7.72 1.17 NA NA 7.10 1.79
6.35 1.59 7.00 0.94 6.48 1.46 NA NA 5.49 2.45
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Elevation(1)

Top of Well
Casing

Well Aquifer NAVD88
ID Level Feet

MW-19I I 7.90
MW-2 I 8.40
MW-20D D 12.40
MW-20I I 12.39
MW-20S S 12.44
MW-21D D 10.78
MW-21I I 10.83
MW-22D D 11.02
MW-22I I 11.01
MW-23D D 10.03
MW-23I I 10.07
MW-23S S 10.01
MW-24I I 7.68
MW-24S S 7.72
MW-25I I 9.72
MW-25S S 9.69
MW-26D D 11.66
MW-26I I 11.67
MW-26S S 11.72
MW-27D DD 8.39
MW-28I I 8.65
MW-29D DD 11.43
MW-3 S 11.19
MW-30D DD 8.26
MW-31D DD 6.95
MW-32I I 7.28
MW-32S S 7.27
MW-33I I 10.02
MW-33S S 9.97
MW-34I I 7.37
MW-34S S 7.44
MW-4 S 10.34
MW-5 S 22.65
MW-6 S 15.72
MW-7 S 10.90
OW1-I I 18.05
OW1-S S 19.17
RW1-I I 18.44
RW1-S S 19.09
TT-11(2) S 11.16
TT-12(2) S 11.51
TT-13(2) S 9.55
TT-14(2)

S 10.31

Depth to Depth to Depth to Depth to Depth to
Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater r

Top of Elevation(1) Top of Elevation(1) Top of Elevation(1) Top of Elevation(1) Top of Elevation(1)

Well Casing NAVD88 Well Casing NAVD88 Well Casing NAVD88 Well Casing NAVD88 Well Casing NAVD88

1/14/2008 1/14/2008 10/30/2008 10/30/2008 9/10/2009 9/10/2009 9/18/2009 9/18/2009 1/19/2010 1/19/2010
Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet
6.80 1.10 7.05 0.85 6.48 1.42 NA NA 5.50 2.40
6.60 1.80 7.25 1.15 7.74 0.66 NA NA 5.65 2.75
10.60 1.80 11.30 1.10 10.74 1.66 NA NA 9.80 2.60
10.40 1.99 10.75 1.64 10.42 1.97 NA NA 9.20 3.19
10.40 2.04 10.80 1.64 10.51 1.93 NA NA 9.23 3.21
8.85 1.93 9.20 1.58 9.10 1.68 NA NA 8.00 2.78
8.60 2.23 8.90 1.93 8.75 2.08 NA NA 7.60 3.23
8.70 2.32 9.30 1.72 9.02 2.00 NA NA 7.85 3.17
9.22 1.79 9.45 1.56 8.61 2.40 NA NA 7.90 3.11
8.70 1.33 8.62 1.41 8.16 1.87 NA NA 7.10 2.93
7.65 2.42 7.95 2.12 7.84 2.23 NA NA 6.70 3.37
7.55 2.46 7.95 2.06 7.76 2.25 NA NA 6.65 3.36
5.20 2.48 5.80 1.88 5.42 2.26 NA NA 4.30 3.38
4.10 3.62 4.50 3.22 4.32 3.40 NA NA 3.65 4.07
6.90 2.82 7.30 2.42 7.31 2.41 NA NA 5.95 3.77
5.03 4.66 5.66 4.03 5.32 4.37 NA NA 4.80 4.89
9.80 1.86 9.10 2.56 9.42 2.24 NA NA 6.65 5.01
9.25 2.42 9.60 2.07 9.44 2.23 NA NA 8.39 3.28
10.05 1.67 9.55 2.17 9.41 2.31 NA NA 7.75 3.97
NA NA 6.02 NA 5.65 2.74 NA NA 4.00 4.39
NA NA 6.81 NA 6.57 2.08 5.45 3.20 5.40 3.25
NA NA 12.25 NA 11.89 -0.46 NA NA 10.00 1.43

8.65 2.54 9.00 2.19 8.79 2.40 NA NA 7.70 3.49
NA NA NA NA 8.00 0.26 NA NA 6.20 2.06
NA NA NA NA 7.47 -0.52 NA NA 5.75 1.20
NA NA NA NA 5.71 1.57 4.65 2.63 4.62 2.66
NA NA NA NA 5.62 1.65 4.52 2.75 4.50 2.77
NA NA NA NA 7.38 2.64 6.25 3.77 6.25 3.77
NA NA NA NA 7.34 2.63 6.05 3.92 6.23 3.74
NA NA NA NA 5.15 2.22 NA NA 4.00 3.37
NA NA NA NA 5.20 2.24 NA NA 3.90 3.54

7.50 2.84 8.25 2.09 8.15 2.19 NA NA 5.45 4.89
21.15 1.50 21.55 1.10 21.35 1.30 NA NA 20.30 2.35
14.30 1.42 15.00 0.72 14.46 1.26 NA NA 13.15 2.57
NA NA NA NA 7.27 3.63 NA NA NA NA

17.00 1.05 NA NA 17.02 1.03 NA NA NA NA
18.50 0.67 NA NA NA NA NA NA NA NA
17.50 0.94 NA NA 17.40 1.04 NA NA NA NA
18.20 0.89 NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

1 Based on an October 2010 survey of all Dump Road Area wells
2 Well has been sealed and abandoned in accordance with state regulations and is no longer in use
NA - Not available or not measured
S - Upper surficial aquifer
I - Intermediate surficial aquifer
D - Lower surficial aquifer
DD - Deep confined aquifer or below the lower surficial aquifer
NAVD88 = North American Vertical Datum of 1988
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Frequency Mininum Maximum Mininum Maximum Mean of Mean of Standard
Chemical  of Detection Non Non Detected Detected All Positive Deviation

Number Percent Detected Detected Samples Detects
SVOCs
1,4-DIOXANE 49/70 70% 0.19 0.96 0.35 J 1800 115 164 306
MNA VOLATILES (mg/l)
CARBON DIOXIDE 2/2 100% - - 220 630 425 425 NA(1)
ETHANE 12/12 100% - - 0.016 J 61 6.49 6.49 17.5
ETHENE 12/12 100% - - 0.02 J 2100 191 191 602
CARBON DIOXIDE 10/10 100% - - 34 600 208 208 166
METHANE 12/12 100% - - 0.23 1700 256 256 479
VOLATILES (ug/l)
1,1,1-TRICHLOROETHANE 9/65 14% 1 50 2.9 240 7.89 41.1 30.8
1,1,2,2-TETRACHLOROETHANE 1/65 2% 1 100 20 20 3.63 20.0 8.63
1,1,2-TRICHLOROTRIFLUOROETHANE 1/65 2% 1 100 2.2 J 2.2 J 3.33 2.20 8.38
1,1-DICHLOROETHANE 6/65 9% 1 50 0.62 J 83.3 J 4.18 19.4 11.9
1,1-DICHLOROETHENE 31/65 48% 1 50 0.47 J 222 13.0 25.1 36.0
1,2,3-TRICHLOROBENZENE 5/65 8% 2 200 3 115 8.72 48.2 22.7
1,2,4-TRICHLOROBENZENE 6/65 9% 2 200 1.8 J 689 28.3 253 118
1,2,4-TRIMETHYLBENZENE 12/65 18% 1 100 0.8 J 375 10.5 42.1 47.1
1,2-DICHLOROBENZENE 8/65 12% 1 100 0.24 J 4.4 J 3.39 1.24 8.38
1,2-DICHLOROETHANE 21/65 32% 1 100 0.63 J 129 11.3 27.6 27.0
1,3,5-TRIMETHYLBENZENE 16/62 26% 1 100 0.3 J 190 5.48 15.5 24.7
1,3-DICHLOROBENZENE 4/65 6% 1 100 0.21 J 1.2 3.33 0.470 8.38
1,4-DICHLOROBENZENE 4/65 6% 1 100 0.23 J 5 3.43 2.61 8.38
2-BUTANONE 1/9 11% 10 250 18.9 J 18.9 J 56.0 18.9 53.4
2-HEXANONE 1/65 2% 5 500 1.4 J 1.4 J 16.6 1.40 41.9
4-ISOPROPYLTOLUENE 5/65 8% 1 100 0.43 J 9.9 3.53 3.06 8.40
4-METHYL-2-PENTANONE 1/65 2% 5 500 7.8 7.8 16.7 7.80 41.9
ACETONE 12/60 20% 10 1000 6.1 J 52 31.6 17.8 74.3
ACETYLENE 1/2 50% 0.5 0.5 1.2 1.2 0.725 1.20 NA(1)
BENZENE 29/65 45% 1 100 0.42 J 491 13.6 25.3 61.0
BROMODICHLOROMETHANE 5/65 8% 1 100 0.21 J 0.78 J 3.32 0.424 8.38
BUTANE 2/2 100% - - 0.15 0.28 0.215 0.215 NA(1)
CARBON DISULFIDE 13/65 20% 1 100 0.15 J 1.7 3.36 0.656 8.37
CARBON TETRACHLORIDE 4/65 6% 1 100 5.2 333 10.3 114 43.1
CHLOROBENZENE 22/65 34% 1 100 0.25 J 283 10.6 26.3 38.6
CHLOROETHANE 2/65 3% 1 100 0.32 J 0.61 J 3.33 0.465 8.38
CHLOROFORM 33/65 51% 0.72 100 0.3 J 1870 49.4 92.6 239
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CHLOROMETHANE 1/65 2% 1 100 0.56 J 0.56 J 3.33 0.560 8.38
CIS-1,2-DICHLOROETHENE 55/65 85% 1 1 0.25 J 38000 1981 2341 6586
DICHLORODIFLUOROMETHANE 4/65 6% 1 100 0.78 J 5.5 3.50 3.67 8.37
DIISOPROPYL ETHER 6/65 9% 1 250 0.25 J 3.4 8.02 1.33 26.8
ETHYL TERT-BUTYL ETHER 1/65 2% 1 250 0.16 J 0.16 J 7.94 0.160 26.8
ETHYLBENZENE 11/65 17% 1 100 0.48 J 2610 44.2 245 323
ISOBUTANE 2/2 100% - - 0.065 0.082 0.074 0.074 NA(1)
ISOPROPYLBENZENE 14/65 22% 1 100 0.18 J 28.9 J 3.43 3.13 8.54
M+P-XYLENES 18/65 28% 2 100 0.41 J 26000 409 1464 3224
METHYLENE CHLORIDE 30/65 46% 1 50 0.19 J 135 8.71 14.5 20.4
NAPHTHALENE 7/65 11% 2 200 2.4 63.3 J 6.46 17.4 15.2
N-PROPYLBENZENE 7/65 11% 1 100 0.27 J 28.5 J 3.46 5.51 8.52
O-XYLENE 25/65 38% 1 100 0.21 J 2500 43.5 107 310
PROPANE 2/2 100% - - 0.05 J 0.43 0.240 0.240 NA(1)
PROPYLENE 2/2 100% - - 0.075 0.36 0.218 0.218 NA(1)
SEC-BUTYLBENZENE 1/65 2% 2 200 1.1 J 1.1 J 5.51 1.10 14.4
TERTIARY-BUTYL ALCOHOL 9/27 33% 10 10 4 J 53 11.7 25.1 13.2
TETRACHLOROETHENE 30/65 46% 1 100 0.42 J 40.9 6.30 7.51 11.0
TOLUENE 28/65 43% 0.59 50 0.21 J 5900 139 318 787
TOTAL XYLENES 20/65 31% 3 300 0.63 J 28500 452 1449 3533
TRANS-1,2-DICHLOROETHENE 36/65 55% 1 50 0.25 J 376 22.1 37.4 66.5
TRICHLOROETHENE 54/65 83% 1 1 0.23 J 41100 2160 2600 5948
TRICHLOROFLUOROMETHANE 1/65 2% 1 100 0.88 J 0.88 J 3.34 0.880 8.38
VINYL CHLORIDE 44/65 68% 1 1 0.28 J 26200 735 1085 3325
MISCELLANEOUS (mg/l)
ALKALINITY 7/12 58% 4 4 8.1 440 77.7 132 147
CHLORIDE 12/12 100% - - 8.1 190 80.5 80.5 59.0
NITRATE 11/12 92% 0.5 0.5 1 15 2.85 3.09 3.94
NITRITE 5/12 42% 0.5 0.5 1.4 2.1 0.838 1.66 0.747
SULFATE 12/12 100% - - 3.1 1300 472 472 482
MISCELLANEOUS (S.U.)
PH 3/3 100% - - 6.3 6.4 6.33 6.33 NA(1)
MISCELLANEOUS (ug/l)
ACETYLENE 3/10 30% 0.5 0.5 0.18 J 2.1 0.423 0.827 0.590
BUTANE 7/10 70% 0.05 0.05 0.046 J 0.55 0.157 0.213 0.166
ISOBUTANE 5/10 50% 0.05 0.05 0.013 J 0.56 0.088 0.150 0.170
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PERCHLORATE 5/31 16% 0.8 8 2 8 1.99 3.80 1.45
PROPANE 9/10 90% 0.05 0.05 0.03 J 0.36 0.109 0.118 0.103
PROPYLENE 7/10 70% 0.05 0.05 0.032 J 0.79 0.155 0.210 0.235
TOTAL METALS (mg/l)
ANTIMONY 35/62 56% 0.00005 0.002 0.0001 0.0017 0.0003 0.0004 0.0003
ARSENIC 59/62 95% 0.0005 0.006 0.001 0.028 0.006 0.006 0.006
BARIUM 62/62 100% - - 0.0039 44100 711 711 5601
BERYLLIUM 33/62 53% 0.0001 0.001 0.0001 0.0094 0.0010 0.002 0.002
CADMIUM 29/62 47% 0.0004 0.001 0.0003 0.997 0.047 0.100 0.157
CHROMIUM 58/62 94% 0.0002 0.0002 0.0003 0.889 0.027 0.028 0.114
COBALT 54/62 87% 0.0005 0.0005 0.0006 39200 632 726 4978
COPPER 61/62 98% 0.0003 0.0003 0.0003 0.297 0.022 0.022 0.046
LEAD 52/62 84% 0.00004 0.002 5E-05 0.228 0.007 0.008 0.029
MERCURY 17/62 27% 0.00003 0.0005 3E-05 0.0026 0.0002 0.0005 0.0004
MOLYBDENUM 40/62 65% 0.0005 0.002 0.0005 0.0265 0.004 0.006 0.005
NICKEL 62/62 100% - - 0.0004 0.226 0.037 0.037 0.049
SELENIUM 54/62 87% 0.001 0.006 0.0003 0.055 0.007 0.008 0.010
SILVER 56/62 90% 0.001 0.001 0.0002 0.0012 L 0.0006 0.0006 0.0002
THALLIUM 35/62 56% 0.00002 0.001 2E-05 0.0005 0.0002 0.0002 0.0002
VANADIUM 47/62 76% 0.00003 0.001 0.0001 0.0892 0.006 0.008 0.014
ZINC 60/62 97% 0.002 0.002 0.0014 1.78 0.137 0.141 0.273
FILTERED METALS (mg/l)
ANTIMONY 19/62 31% 0.0002 0.002 0.0003 0.0013 0.0007 0.0007 0.0004
ARSENIC 58/62 94% 0.003 0.003 8E-05 0.0198 0.004 0.005 0.005
BARIUM 62/62 100% - - 0.003 0.313 0.048 0.048 0.051
BERYLLIUM 41/62 66% 0.0002 0.001 9E-05 0.0094 0.001 0.002 0.002
CADMIUM 28/62 45% 0.00001 0.001 7E-05 0.956 0.039 0.085 0.146
CHROMIUM 62/62 100% - - 0.0003 0.229 0.010 0.010 0.029
COBALT 60/62 97% 0.00002 0.005 0.0002 0.567 0.059 0.061 0.103
COPPER 55/62 89% 0.005 0.005 0.0004 0.136 0.011 0.012 0.021
IRON 12/12 100% - - 0.023 L 240 34.9 34.9 65.5
LEAD 34/62 55% 0.0001 0.002 0.0001 0.0112 0.002 0.002 0.002
MERCURY 3/62 5% 0.00003 0.0005 4E-05 0.0001 L 0.0002 0.00008 0.0001
MOLYBDENUM 44/62 71% 0.0001 0.002 0.0001 0.0223 0.003 0.004 0.005
NICKEL 61/62 98% 0.005 0.005 0.0004 0.235 0.035 0.036 0.048
SELENIUM 39/62 63% 0.005 0.005 0.0003 0.037 K 0.004 0.006 0.005
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SILVER 14/62 23% 0.00001 0.001 0.0003 0.0014 L 0.0004 0.0009 0.0004
THALLIUM 15/62 24% 0.00001 0.001 0.0001 0.0004 0.0003 0.0002 0.0002
VANADIUM 59/62 95% 0.001 0.001 0.0001 0.0206 0.003 0.003 0.004
ZINC 57/62 92% 0.005 0.005 0.0003 0.822 0.098 0.106 0.159

Footnotes:
For non-detects, 1/2 sample quantitation limit was used as a proxy concentration.
1/2 the detection limit was used for B qualified data.
Data Validation Qualifiers:
J = Estimated concentration
L =  Result biased low
K = Result biased high
U = Analyte not detected at the analytical reporting limit 
mg/kg = Milligrams per kilogram (i.e., parts per million)
ug/kg = Micrograms per kilogram (i.e., parts per billion)
Shaded line indicate analyte is a COPC.



Table 5-8

Distribution and Occurrence - Groundwater - 2008
Dump Road

Lockheed Martin Martin State Airport, Middle River, Maryland 
Page 1 of 3

Frequency Mininum Maximum Mininum Maximum Location of Mean of Mean of Standard
Chemical  of Detection Non Non Detected Detected Maximum All Positive Deviation

Number Percent Detected Detected Detected Samples Detects
SEMIVOLATILES (ug/l)
1,4-DIOXANE 39/70 56% 0.49 4 0.54 J 590 DMW-16S-082108 41.3 73.8 103
VOLATILES (ug/l)
CIS-1,2-DICHLOROETHENE 52/71 73% 0.17 2.5 0.34 J 36000 DMW-11S-081108 1283 1751 4725
VINYL CHLORIDE 43/71 61% 0.22 250 0.23 J 35000 DMW-9S-082208 880 1448 4224
TRICHLOROETHENE 39/71 55% 0.17 1200 0.36 J 29000 DMW-11S-081108 1741 3151 4883
CHLOROFORM 19/71 27% 0.16 1200 0.17 J 1000 J DMW-11S-081108 43.7 80.8 142
TOLUENE 12/71 17% 0.13 500 0.32 J 4400 DMW-9S-082208 102 498 538
TRANS-1,2-DICHLOROETHENE 10/71 14% 0.19 1700 0.31 J 200 DMW-3S-082708 45.4 29.6 131
1,1-DICHLOROETHENE 9/71 13% 0.19 1700 0.31 J 76 J DMW-4I-082508 42.2 20.5 129

1,2-DICHLOROETHANE 8/71 11% 0.22 1700 0.93 J 150 J
DMW-2A-082908  DMW-

3I-082708 38.7 53.1 125

CARBON DISULFIDE 7/71 10% 0.13 1700 0.29 J 0.95 J DMW-17D-090508 43.0 0.599 129
CHLOROBENZENE 7/71 10% 0.15 1700 0.22 J 720 DMW-1S-081808 62.8 210 161
2-BUTANONE 6/71 8% 0.57 8300 0.66 J 1.4 J DMW-23S-081108 214 0.917 645
BENZENE 5/71 7% 0.13 1700 4.2 570 J DMW-9S-082208 43.0 122 127
METHYLENE CHLORIDE 5/71 7% 0.33 1700 8.2 J 140 J DMW-18I-090208 42.6 48.4 129
1,2,4-TRIMETHYLBENZENE 3/71 4% 0.12 1700 0.6 J 240 J DMW-9S-082208 37.8 80.7 113
CARBON TETRACHLORIDE 3/71 4% 0.13 1700 0.7 J 430 J DMW-10I-081508 48.5 150 137
ETHYLBENZENE 3/71 4% 0.17 1700 1.5 J 2100 DMW-9S-082208 64.7 714 269
1,1,1-TRICHLOROETHANE 2/71 3% 0.22 1700 4.5 J 78 J DMW-4I-082508 42.6 41.3 129
1,2,3-TRIMETHYLBENZENE 2/71 3% 0.0059 8300 0.11 J 1.1 J MW26S-080708 147 0.605 617
1,2,4-TRICHLOROBENZENE 2/71 3% 0.15 1700 650 730 DMW-3I-082708 53.8 690 165
1,2-DICHLOROBENZENE 2/71 3% 0.13 1700 0.42 J 1.9 J DMW-16S-082108 42.9 1.16 129
ISOPROPYLBENZENE 2/71 3% 0.13 1700 0.24 J 0.32 J DMW-23S-081108 42.9 0.280 129
M+P-XYLENES 2/71 3% 0.24 3300 0.33 J 15000 DMW-9S-082208 280 7500 1785
NAPHTHALENE 2/71 3% 0.24 1700 0.31 J 0.32 J DMW-6D-082008 43.3 0.315 129
O-XYLENE 2/71 3% 0.14 1700 1.4 J 830 J DMW-9S-082208 46.2 416 145
TOTAL XYLENES 2/71 3% 0.28 3300 0.33 J 16000 DMW-9S-082208 294 8000 1903
1,3-DICHLOROBENZENE 1/71 1% 0.14 1700 0.63 J 0.63 J DMW-16S-082108 43.0 0.630 129
1,4-DICHLOROBENZENE 1/71 1% 0.13 1700 0.83 J 0.83 J DMW-16S-082108 42.9 0.830 129
4-ISOPROPYLTOLUENE 1/71 1% 0.12 1700 11 11 MW26S-080708 43.0 11.0 129
ACETONE 1/71 1% 1.1 8300 12 12 DMW-17D-090508 209 12.0 644
CHLOROETHANE 1/71 1% 0.29 1700 1.1 J 1.1 J MW-23I-081808 43.5 1.10 129
N-PROPYLBENZENE 1/71 1% 0.14 1700 0.3 J 0.3 J MW-23I-081808 43.0 0.300 129
SEC-BUTYLBENZENE 1/71 1% 0.13 1700 0.39 J 0.39 J DMW-23S-081108 42.9 0.390 129



Table 5-8

Distribution and Occurrence - Groundwater - 2008
Dump Road

Lockheed Martin Martin State Airport, Middle River, Maryland 
Page 2 of 3

Frequency Mininum Maximum Mininum Maximum Location of Mean of Mean of Standard
Chemical  of Detection Non Non Detected Detected Maximum All Positive Deviation

Number Percent Detected Detected Detected Samples Detects
TERT-BUTYLBENZENE 1/71 1% 0.13 1700 0.42 J 0.42 J DMW-23S-081108 42.9 0.420 129
TETRACHLOROETHENE 1/71 1% 0.29 1700 0.73 J 0.73 J MW26D-080708 43.5 0.730 129
TOTAL METALS (ug/l)
BARIUM 71/71 100% - - 5.5 1610 MW26S-080708 71.5 71.5 191
MAGNESIUM 17/17 100% - - 592 199000 DMW-18S-090208 47265 47265 45865
MANGANESE 71/71 100% - - 21 12000 MW-6-082608 2096 2096 2273
COBALT 70/71 99% 0.37 0.37 0.25 467 DMW-2A-082908 60.8 61.7 99.4
ARSENIC 69/71 97% 0.13 0.13 0.62 41.7 DMW-4I-082508 8.44 8.68 8.99
IRON 69/71 97% 30.5 118 66.6 K 275000 DMW-6S-082108 31790 32710 41080
NICKEL 69/71 97% 0.28 0.36 0.48 530 DMW-24S-081108 41.3 42.5 72.2
CALCIUM 16/17 94% 1660 1660 1990 199000 DMW-18S-090208 70144 74476 57805
CHROMIUM 62/71 87% 0.27 3.8 0.5 K 349 K DMW-1A-081508 18.2 20.7 50.7
VANADIUM 54/71 76% 0.46 20 0.6 139 J DMW-17D-090508 11.6 14.3 22.3
SELENIUM 50/71 70% 0.14 5 0.16 L 47.2 DMW-24S-081108 5.14 7.02 10.1
LEAD 49/71 69% 0.026 0.85 0.33 30 DMW-9I-082208 4.10 5.89 6.66
COPPER 45/71 63% 0.051 2.2 0.096 K 262 DMW-2A-082908 29.3 46.0 57.1
ZINC 44/71 62% 2.1 44.5 13.3 1780 DMW-24S-081108 133 211 248
BERYLLIUM 42/71 59% 0.012 1 0.016 9.3 DMW-4I-082508 1.30 2.16 2.11
CADMIUM 31/71 44% 0.0061 0.33 0.077 L 768 DMW-2A-082908 42.9 98.3 137
MOLYBDENUM 29/71 41% 0.12 2.7 0.17 K 9.2 K DMW-27DEEP-080808 1.06 2.02 1.60
CHROMIUM (HEXAVALENT) 24/61 39% 0.002 0.04 0.002 L 0.25 DMW-17D-090508 0.016 0.028 0.037
MERCURY 16/71 23% 0.1 0.22 0.1 3.9 DMW-1B-081508 0.237 0.833 0.560
ANTIMONY 15/71 21% 0.035 2 0.038 K 2.9 MW-4-081808 0.240 0.596 0.442
SILVER 5/71 7% 0.0026 1 0.058 0.35 K DMW-4I-082508 0.105 0.188 0.188
THALLIUM 1/71 1% 0.11 1 0.24 K 0.24 K DMW-6I-082008 0.162 0.240 0.166
FILTERED METALS (ug/l)
MAGNESIUM 17/17 100% - - 418 183000 DMW-18S-090208 48406 48406 43806
MANGANESE 71/71 100% - - 9.5 11900 MW-6-082608 2226 2226 2489
BARIUM 70/71 99% 2.9 2.9 6.4 1720 MW26S-080708 65.7 66.6 203
COBALT 69/71 97% 0.15 0.38 0.23 544 DMW-2A-082908 63.6 65.4 105
ARSENIC 68/71 96% 0.13 5 0.25 36 DMW-24S-081108 6.84 7.11 7.40
NICKEL 67/71 94% 0.22 0.38 0.65 542 DMW-24S-081108 42.0 44.5 75.1
CALCIUM 16/17 94% 1630 1630 2220 184000 DMW-18S-090208 70826 75201 55329
IRON 64/71 90% 5.2 79.3 156 284000 DMW-6S-082108 29930 33202 41784
CHROMIUM 45/71 63% 0.1 2.7 0.32 K 260 K DMW-1A-081508 6.01 9.27 30.7
SELENIUM 44/71 62% 0.14 5 0.14 48.3 DMW-24S-081108 4.95 7.56 10.2



Table 5-8

Distribution and Occurrence - Groundwater - 2008
Dump Road

Lockheed Martin Martin State Airport, Middle River, Maryland 
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Frequency Mininum Maximum Mininum Maximum Location of Mean of Mean of Standard
Chemical  of Detection Non Non Detected Detected Maximum All Positive Deviation

Number Percent Detected Detected Detected Samples Detects
VANADIUM 36/71 51% 0.46 20 0.47 82.4 DMW-24S-081108 4.74 6.03 10.6
ZINC 36/71 51% 1.5 42.8 10.8 1810 DMW-24S-081108 113 219 243
BERYLLIUM 35/71 49% 0.012 1 0.1 10.2 DMW-4I-082508 1.17 2.29 2.10
COPPER 25/71 35% 0.051 2.7 0.38 K 156 DMW-24S-081108 10.1 28.4 25.7
CADMIUM 23/71 32% 0.0061 1 0.076 L 787 DMW-1A-081508 33.2 102 126
LEAD 23/71 32% 0.018 1 0.043 10.9 DMW-7I-082808 0.979 2.86 2.09
MOLYBDENUM 17/71 24% 0.12 2 0.19 K 10.2 DMW-3S-082708 0.799 2.20 1.63
MERCURY 7/71 10% 0.1 0.2 0.1 K 0.19 MW-5-082808 0.075 0.143 0.033
ANTIMONY 3/71 4% 0.035 2 0.089 K 0.18 DMW-6I-082008 0.135 0.121 0.291
THALLIUM 1/71 1% 0.11 1 0.22 K 0.22 K DMW-6I-082008 0.167 0.220 0.174
MISCELLANEOUS (mg/l)
ALKALINITY 11/17 65% 5 9.8 2.4 482 DMW-9S-082208 95.9 147 164
CHEMICAL OXYGEN DEMAND 15/17 88% 20 20 17.3 245 DMW-9S-082208 59.4 65.9 61.0
TOTAL ORGANIC CARBON 17/17 100% - - 0.5 43 DMW-18S-090208 11.5 11.5 12.4
MISCELLANEOUS (S.U.)

PH 17/17 100% - - 4.1 6.6
DMW-16S-082108           
DMW-18S-090208

5.40 5.40 0.919

Footnotes:
Bolded shaded indicates direct contact COPC.
For non-detects, 1/2 sample quantitation limit was used as a proxy concentration.
1/2 the detection limit was used for B qualified data.
Data Validation Qualifiers:
J = Estimated concentration
L =  Result biased low
K = Result biased high
U = Analyte not detected at the analytical reporting limit 
mg/kg = Milligrams per kilogram (i.e., parts per million)
ug/kg = Micrograms per kilogram (i.e., parts per billion)
Shaded line indicate analyte is a COPC.
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Distribution and Occurrence - Groundwater - 2009
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Frequency Mininum Maximum Mininum Maximum Sample of Mean of Mean of Standard
Chemical  of Detection Non Non Detected Detected Maximum All Positive Deviation

Number Percent Detected Detected Detected Samples Detects
VOLATILES (ug/l)

CIS-1,2-DICHLOROETHENE 46/65 71% 0.17 0.85 0.51 J 41000 MSA-DMW11S 1515 2141 5542
TRICHLOROETHENE 41/65 63% 0.17 280 0.3 J 36000 MSA-DMW11S 2115 3349 5693
1,4-DIOXANE 34/54 63% 1 1 0.75 L 1100 MSA-DMW3I 114 181 231
VINYL CHLORIDE 39/65 60% 0.22 55 0.32 J 56000 MSA-DMW9S 1222 2035 6954
1,2-DICHLOROETHANE 18/65 28% 0.22 370 0.26 J 160 J MSA-DMW3I 13.7 22.2 35.3
TRANS-1,2-DICHLOROETHENE 17/65 26% 0.19 320 0.19 J 180 J MSA-DMW11S 14.1 29.4 34.2
CHLOROFORM 15/65 23% 0.16 270 0.49 J 950 MSA-DMW11S 26.1 89.9 123
BENZENE 13/65 20% 0.13 93 0.35 J 570 J MSA-DMW9S 14.6 54.0 70.8
1,1-DICHLOROETHENE 11/65 17% 0.19 320 0.24 J 160 J MSA-DMW11S 11.7 28.8 30.1
CARBON DISULFIDE 8/65 12% 0.13 220 0.2 J 1.1 MSA-MW32I 5.89 0.690 15.7
CHLOROBENZENE 6/65 9% 0.15 250 0.33 J 560 MSA-MW20S 20.0 146 77.6
TOLUENE 6/65 9% 0.13 150 0.3 J 6500 MSA-DMW9S 132 1390 827
1,2,4-TRICHLOROBENZENE 5/65 8% 0.15 250 0.73 J 560 MSA-DMW3I 23.5 240 95.0
CARBON TETRACHLORIDE 3/65 5% 0.13 220 0.37 J 23 J MSA-DMW9I 6.13 8.86 15.9
1,2-DICHLOROBENZENE 2/65 3% 0.13 220 0.36 J 1.2 J MSA-MW16S 5.82 0.780 15.8
1,3-DICHLOROBENZENE 2/65 3% 0.14 230 0.4 J 0.75 J MSA-MW23S 6.23 0.575 16.6
1,4-DICHLOROBENZENE 2/65 3% 0.13 220 0.37 J 0.45 J MSA-MW16S 5.81 0.410 15.8
BROMODICHLOROMETHANE 2/65 3% 0.15 250 0.17 J 0.94 J MSA-MW32I 6.71 0.555 18.1
ETHYLBENZENE 2/65 3% 0.17 120 27 J 2100 MSA-DMW9S 38.0 1064 260
M+P-XYLENES 2/65 3% 0.24 170 19 19000 MSA-DMW9S 300 9510 2356
O-XYLENE 2/65 3% 0.14 100 2.5 1400 J MSA-DMW9S 26.0 701 173
TOTAL XYLENES 2/65 3% 0.28 200 21 21000 MSA-DMW9S 332 10511 2604
1,1,1-TRICHLOROETHANE 1/65 2% 0.22 370 68 J 68 J MSA-DMW4I 10.6 68.0 27.6
1,2,3-TRIMETHYLBENZENE 1/65 2% 0.0059 9.8 0.056 J 0.056 J MSA-MW32I 0.264 0.056 0.707
1,2,4-TRIMETHYLBENZENE 1/65 2% 0.12 86 210 J 210 J MSA-DMW9S 7.03 210 26.8
2-BUTANONE 1/65 2% 0.57 950 0.94 J 0.94 J MSA-MW32I 25.2 0.940 68.3
CHLORODIBROMOMETHANE 1/65 2% 0.18 300 0.57 J 0.57 J MSA-MW32I 8.01 0.570 21.6
CHLOROMETHANE 1/65 2% 0.3 500 0.31 J 0.31 J MSA-MW34S 13.3 0.310 35.9
ISOPROPYLBENZENE 1/65 2% 0.13 220 0.19 J 0.19 J MSA-DMW1S 5.80 0.190 15.8
SEC-BUTYLBENZENE 1/65 2% 0.13 220 0.26 J 0.26 J MSA-MW23S 5.80 0.260 15.8
TERT-BUTYLBENZENE 1/65 2% 0.13 220 0.36 J 0.36 J MSA-MW23S 5.81 0.360 15.8
ETHENE 6/6 100% - - 1.6 36 J MSA-MW14I 13.1 13.1 14.4
ETHANE 4/6 67% 0.27 0.27 0.95 31 J MSA-MW14I 6.37 9.49 12.1
METHANE 6/6 100% - - 21 1000 J MSA-MW14I 317 317 360
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Distribution and Occurrence - Groundwater - 2009
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Lockheed Martin Martin State Airport, Middle River, Maryland
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Frequency Mininum Maximum Mininum Maximum Sample of Mean of Mean of Standard
Chemical  of Detection Non Non Detected Detected Maximum All Positive Deviation

Number Percent Detected Detected Detected Samples Detects
SEMIVOLATILES (ug/l)

DIETHYL PHTHALATE 1/6 17% 0.6 0.6 1.6 1.6 MSA-MW34S 0.517 1.60 0.531
TOTAL METALS (ug/l)

BARIUM 65/65 100% - - 3.1 539 MSA-MW26S 53.6 53.6 70.4
CALCIUM 6/6 100% - - 43200 189000 MSA-MW14I 117750 117750 60092
MAGNESIUM 6/6 100% - - 31200 202000 MSA-MW18S 80267 80267 62176
MANGANESE 65/65 100% - - 12.3 13400 J MSA-MW6 2448 2448 2769
POTASSIUM 6/6 100% - - 5050 42500 J MSA-MW18S 15905 15905 14175
SILICA 6/6 100% - - 4270 30200 MSA-MW18S 17512 17512 10296
SODIUM 6/6 100% - - 44600 560000 MSA-MW18S 196600 196600 183500
COBALT 61/65 94% 0.12 0.37 0.12 724 MSA-MW24S 81.6 87.0 135
IRON 61/65 94% 58.6 97.4 239 238000 MSA-MW24S 31142 33181 46327
NICKEL 61/65 94% 0.2 1 1.4 K 991 MSA-MW24S 57.9 61.6 128
ARSENIC 54/65 83% 0.12 0.93 0.28 82.2 J MSA-DMW1B 8.34 10.00 15.4
VANADIUM 50/65 77% 0.29 0.6 0.62 116 MSA-MW24S 7.35 9.49 17.2
CHROMIUM 49/65 75% 0.36 1.7 0.84 303 MSA-DMW1A 14.0 18.5 42.7
SELENIUM 43/65 66% 0.14 1.1 0.16 149 MSA-MW24S 5.96 8.94 19.7
ZINC 43/65 66% 2.2 51.6 18.3 J 3150 MSA-MW24S 196 291 423
COPPER 41/65 63% 0.079 3.7 0.47 534 MSA-DMW6I 26.4 41.6 72.4
LEAD 39/65 60% 0.028 1.2 0.12 K 38 MSA-DMW9I 2.79 4.54 6.00
BERYLLIUM 36/65 55% 0.025 0.48 0.055 9.9 MSA-MW24S 1.10 1.95 2.05
CADMIUM 29/65 45% 0.014 0.43 0.073 1130 MSA-DMW1A 47.9 107 174
MOLYBDENUM 14/65 22% 0.2 1.8 0.97 4.3 MSA-DMW11I 0.794 2.43 1.00
MERCURY 10/65 15% 0.1 0.2 0.11 K 13.2 MSA-DMW4D 0.341 1.93 1.66

ANTIMONY 4/65 6% 0.043 0.82 0.51 1.7
MSA-DMW3S, 
MSA-DMW9I 0.160 1.12 0.297

SILVER 2/65 3% 0.02 0.2 0.08 K 0.15 K MSA-DMW4I 0.022 0.115 0.025
THALLIUM 1/65 2% 0.072 0.78 0.2 0.2 MSA-MW14I 0.085 0.200 0.059
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Distribution and Occurrence - Groundwater - 2009
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Frequency Mininum Maximum Mininum Maximum Sample of Mean of Mean of Standard
Chemical  of Detection Non Non Detected Detected Maximum All Positive Deviation

Number Percent Detected Detected Detected Samples Detects
FILTERED METALS (ug/l)

BARIUM 65/65 100% - - 2.3 582 MSA-MW26S 49.6 49.6 75.9
MANGANESE 65/65 100% - - 11.8 12600 MSA-MW6 2474 2474 2808
COBALT 60/65 92% 0.11 0.39 0.078 692 MSA-MW24S 80.9 87.6 134
NICKEL 59/65 91% 0.3 1.3 1 942 MSA-MW24S 55.2 60.8 122
IRON 58/65 89% 4.7 73.9 175 222000 MSA-MW24S 29045 32548 45387
ARSENIC 51/65 78% 0.12 1.1 0.22 J 77.3 MSA-MW24S 6.38 8.10 11.5
SELENIUM 38/65 58% 0.14 1.2 0.15 139 MSA-MW24S 5.65 9.57 18.7
ZINC 37/65 57% 1.5 54.2 16.8 J 2860 MSA-MW24S 138 239 368
CHROMIUM 32/65 49% 0.19 1.3 0.83 171 MSA-DMW1A 4.99 9.82 21.3
BERYLLIUM 31/65 48% 0.025 0.6 0.073 10.4 MSA-DMW4I 1.00 2.05 2.03
VANADIUM 30/65 46% 0.29 0.6 0.6 141 MSA-MW24S 3.91 8.21 17.5
COPPER 27/65 42% 0.064 2.1 0.47 157 MSA-MW24S 12.2 29.0 27.6
LEAD 24/65 37% 0.028 0.79 0.1 K 6.8 MSA-DMW4I 0.708 1.80 1.41
CADMIUM 23/65 35% 0.014 0.41 0.041 1070 MSA-DMW1A 43.4 123 166
MOLYBDENUM 7/65 11% 0.2 2.2 0.48 2.6 MSA-DMW11I 0.426 1.97 0.623
MERCURY 4/65 6% 0.1 0.24 0.11 K 0.34 MSA-DMW4D 0.059 0.178 0.040

MISCELLANEOUS (mg/l)
ALKALINITY 4/6 67% 1.1 1.1 26 270 MSA-MW18S 80.0 120 103
CHLORIDE 6/6 100% - - 23.3 J 594 MSA-MW18S 207 207 211
DISSOLVED ORGANIC CARBON 6/6 100% - - 4 33 MSA-MW18S 11.3 11.3 10.8
HEXAVALENT CHROMIUM 14/42 33% 0.002 0.02 0.002 L 0.01 MSA-DMW11S 0.002 0.005 0.002
NITRATE-N 2/6 33% 0.023 0.023 0.1 2.8 MSA-DMW4D 0.491 1.45 1.13
SULFATE 6/6 100% - - 439 1600 MSA-MW18S 895 895 405
TOTAL DISSOLVED SOLIDS 6/6 100% - - 1100 3500 MSA-MW18S 1667 1667 922

MISCELLANEOUS (ug/l)
PERCHLORATE 14/59 24% 0.082 0.082 0.086 J 5.8 MSA-DMW4D 0.252 0.929 0.947

PETROLEUM HYDROCARBONS (ug/l)
DIESEL RANGE ORGANICS 13/23 57% 46 840 150 1300 MSA-MW20S 340 508 308
GASOLINE RANGE ORGANICS 22/23 96% 28 28 30 J 70000 MSA-DMW9S 4233 4425 14768

Footnotes:
For non-detects, 1/2 sample quantitation limit was used as a proxy concentration.
1/2 the detection limit was used for B qualified data.
Data Validation Qualifiers:
J = Estimated concentration
L =  Result biased low
K = Result biased high
U = Analyte not detected at the analytical reporting limit 
mg/kg = Milligrams per kilogram (i.e., parts per million)
ug/kg = Micrograms per kilogram (i.e., parts per billion)
Shaded line indicate analyte is a COPC.



Table 5-14

Summary of Metals Exceeding Maryland Groundwater Standards, 2007 Through 2009
Dump Road

Lockheed Martin Martin State Airport, Middle River, Maryland

MDE
Groundwater Maximum Maximum

Standard(1) Concentration Concentration

Analyte (ug/L) (Quantity) (Percent)(2,3) (ug/L) (Quantity) (Percent)(2,3) (ug/L)
Arsenic 10 42 21% 82.2 J 34 17% 77.3
Barium 2000 1 1% 44,100,000 0 0% 582
Beryllium 4 22 11% 9.9 23 12% 10.4
Cadmium 5 41 21% 1,130 34 17% 1,070
Chromium 100 8 4% 889 3 2% 260 K
Chromium (hexavalent) 100 NS -- -- 2 1% 250
Iron 2600 119 88% 275,000 120 81% 284,000
Lead 15 12 6% 228 0 0% 11.2
Manganese 73 122 90% 13,400 J 121 89% 12,600
Mercury 2 4 2% 13.2 0 0% 0.34
Nickel 73 39 20% 991 38 19% 942
Selenium 50 2 1% 149 1 1% 139
Vanadium 3.7 71 36% 139 J 33 17% 141
Zinc 1100 2 1% 3,150 1 1% 2,860

1   MDE Soil and Groundwater Standards, Interim Final, June 2008.
2   Total number of samples is 198 for listed analytes except filtered iron, total/filtered manganese and hexavalent chromium.
3   Total number of samples is 146 for hexavalent chromium, 148 for filterd iron and 136 for total iron and total/filtered manganese.
J = Estimated concentration below the contract required reporting limit.
K = Concentration is biased high
NS = Not sampled
ug/L = Micrograms per liter (i.e., parts per billion)

Total Metals Samples

Exceeding Standards

Filtered Metals Samples

Exceeding Standards

Detections Detections



Table 5-15

Analytical Results for Groundwater Natural Attenuation Parameters
Dump Road

Lockheed Martin Martin State Airport, Middle River, Maryland

SAMPLE ID:
MSA-DMW4D-

090309
MSA-DMW4I-

090109
MSA-DMW4S-

090309
MSA-MW14I-

090809
MSA-MW18I-

090109
MSA-MW18S-

090109

LABORATORY ID: A9I040243011 A9I020192010 A9I040243010 A9I090172002 A9I020192007 A9I020192006

SAMPLE DATE: 9/3/2009 9/1/2009 9/3/2009 9/8/2009 9/1/2009 9/1/2009

LOCATION: MSA-DMW4D MSA-DMW4I MSA-DMW4S MSA-MW14I MSA-MW18I MSA-MW18S

NATURAL ATTENUATION PARAMETERS (mg/l)

ALKALINITY 1.1 U 1.1 U 73 110 J 26 270

CHLORIDE 123 94 105 23.3 J 305 594

DISSOLVED ORGANIC CARBON 4 7 8 10 6 33

ETHANE 0.27 U 0.27 U 3.3 31 J 2.7 0.95

ETHENE 1.6 4.3 2.5 36 J 26 8

METHANE 21 53 210 1000 J 390 230

NITRATE-N 2.8 0.1 0.023 U 0.023 U 0.023 U 0.023 UJ

NITRITE-N 0.012 U 0.012 U 0.012 U 0.012 U 0.012 U 0.012 UJ

ORTHOPHOSPHATE-P 0.044 UL 0.044 U 0.044 UL 0.044 U 0.044 U 0.044 U

SULFATE 723 L 1050 908 L 649 J 439 1600

TOTAL DISSOLVED SOLIDS 1200 1600 1500 1100 1100 3500

B  -  Analyte was detected but is considered to be a laboratory contaminant.

J  -  Positive value is considered estimated as a result of technical noncompliance.

L  -  Positive value is considered biased low as a result of technical noncompliance.

U -  Not detected

mg/l - milligrams per liter
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ACRONYMS 

bgs below ground surface 

C Conductance 

d elevation of water level in drain 

DCE  cis-1,2-dichloroethene 

foc fraction of organic carbon 

FS feasibility study 

ft Feet 

gpm gallons per minute 

h water level in grid cell (feet) 

in. inch(es) 

IRA interim remedial action 

Ke hydraulic conductivity 

Koc partitioning coefficient 

MRC Middle River Complex 

MSA Martin State Airport 

msl mean sea level 

NAD83 North American Datum of 1983 

NAVD88 North American Vertical Datum of 1988 

Q extraction rate 

RAO remedial action objective 

RAP remedial action plan 

rw well radius (in feet) 

TCE Trichloroethene 

USGS United States Geological Survey 

VC vinyl chloride 

VOC volatile organic compound 
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GLOSSARY 

aquifer—Subsurface formation, group of formations, or part of a formation that contains 
sufficient saturated permeable material to yield usable quantities of water to wells and springs. 

drawdown—A lowering of the water table of an unconfined aquifer or the potentiometric 
surface of a confined aquifer caused by pumping groundwater from wells. The drawdown is the 
vertical distance between the original water level and the new water level in the well. 

effective porosity—The interconnected pore space through which fluids can pass, expressed as a 
percent of bulk volume. Part of the total porosity will be occupied by static fluid being held to 
mineral surfaces by surface tension; therefore, the effective porosity will be less than total 
porosity. 

hydraulic conductivity—An aquifer characteristic related to its permeability. Hydraulic 
conductivity is a coefficient of proportionality describing the volumetric flow rate per unit area 
of water through a permeable medium, when the hydraulic gradient is unity.  

hydraulic gradient—Slope of a water table or potentiometric surface. More specifically, change 
in the hydraulic head per unit of distance in the direction of the maximum rate of decrease. 

model domain—The modeling area of interest bounded by model boundary conditions. 

residual—The difference between the model-computed and field-measured values of a variable, 
such as hydraulic head or groundwater flow rate, at a specific time and location. 

pumping test—A test to determine aquifer or well characteristics by pumping a well for a period 
of time and observing the change in hydraulic head in the aquifer. The results can be used to 
determine the capacity of the well and the hydraulic characteristics of the aquifer.  

slug test—A test to determine aquifer or well characteristics by inducing a sudden pressure 
change in a well and observing the change in hydraulic head in the well as it returns to its 
original level. The results can be used to estimate the horizontal hydraulic conductivity of the 
screened portion of the aquifer.  

storativity—The amount of water a given aquifer volume will absorb or expel per unit area 
when a unit change in hydraulic head is applied.  

specific yield—A ratio representing the volumetric fraction of total bulk volume an aquifer will 
yield when all water is allowed to drain out under force of gravity. The specific yield is a 
property of unconfined aquifers. 

steady-state model—A model of an aquifer system in equilibrium (or in balance) with respect to 
groundwater inflow and outflow. In a steady-state model simulation, the groundwater head and 
flux conditions do not change over time.  
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stratigraphy—Classifying rock and geologic materials into separate formations based on their 
physical, geochemical, geologic age, and other characteristics. 

transient model (time-dependent)—A model of an aquifer system not in equilibrium with 
respect to groundwater inflow and outflow. In a steady-state model simulation, the groundwater 
head and flux conditions change over time.  
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1 INTRODUCTION AND MODELING OBJECTIVES 

As part of the interim remedial action (IRA) feasibility study (FS) for the groundwater 

operable unit at the “Dump Road Area Site” at Martin State Airport (MSA) in Middle River, 

Maryland, this report summarizes the calibration and application of a groundwater flow model of 

the southeast portion of the airport (see Figure 1). This updated model refines previous 

groundwater flow modeling performed for the site (Tetra Tech, 2004). The primary focus of this 

refined model is to help develop an effective FS preliminary groundwater remedial system 

design to hydraulically capture high concentration zones of contaminants in groundwater at 

MSA. 

In this updated model, the model domain was extended to be consistent with natural 

hydrogeologic boundaries and to assess the potential for contaminated groundwater to migrate 

beneath Frog Mortar Creek. In addition, the model was extended downward to include a deeper, 

confined, water-bearing zone. New hydrogeologic data collected after the earlier modeling 

effort— including groundwater elevation, groundwater sampling, stratigraphic boring, and 

pumping test data— were also incorporated into the updated flow and advective transport model.  

 The groundwater modeling efforts are defined based on the knowledge gained from prior 

modeling efforts and the availability of data collected during current site remedial investigation 

efforts. In summary, the modeling study includes the following primary tasks:  

 refine the existing flow model using new site-specific data collected since 2004 

 calibrate the flow model to both steady-state and transient-flow conditions 

 apply the flow model to develop a conceptual remedial design for contaminated 
groundwater 

The engineering team uses the model iteratively to develop technically sound remediation 

alternatives. Remedial approaches under consideration include plume control, plume capture, 

and ex-situ treatment of the extracted groundwater in order to meet remedial action objectives 

(RAOs) that include preventing migration of contaminated groundwater toward Frog Mortar 

Creek.  

The primary contaminants driving the remedial action plan (RAP) approach include three 

volatile organic compounds (VOCs)— trichloroethene (TCE), cis-1,2-dichloroethene (DCE), and 

vinyl chloride (VC)— as well as 1,4-dioxane. The primary area of concern is shown by mapping 

dale.cavin
Cross-Out
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the groundwater concentrations of these VOCs and 1,4-dioxane (see Figures 2 through 5), 

based on groundwater sampling in September 2009. The likely sources of contamination include 

the following areas of concern:  

 Taxiway Tango Median Anomaly Area 

 Drum Area 

 Two ponds on-site 

 Petroleum Hydrocarbon Area (Handex, 1992; MES 1994; Tetra Tech, 2004) 

These features guided the development of groundwater remediation scenarios, which were tested 

through groundwater model-based predictive simulations. 

This report discusses refinements to the existing model and calibration of the flow model 

based on July 2010 water level data and a pumping test conducted in the intermediate zone of the 

surficial aquifer. After model calibration, the groundwater flow model was applied to determine 

appropriate locations for recovery wells and adequate pumping rates to prevent migration of 

upgradient contaminated groundwater toward Frog Mortar Creek. The model was also applied to 

examine the effects of additional pumping in high concentration zones of the contaminant 

plumes. Given its ability to simulate various extraction well configurations, this groundwater 

flow model is a useful and appropriate decision-analysis tool for this stage of the overall 

remediation project.  
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2 CONCEPTUAL MODEL 

Groundwater modeling begins with defining goals and objectives, as listed in section 1, 

followed by the development of a conceptual model that forms the basis for the analytical 

techniques used to evaluate groundwater remediation alternatives. The conceptual model of a 

hydrogeologic system is a working description of the system’s characteristics and dynamics. It 

consolidates site and regional hydrologic data into a set of assumptions and concepts that can be 

quantitatively evaluated (ASTM, 1996). The conceptual model is subsequently translated into a 

numerical representation to simulate groundwater, including modeling-based development, 

testing, and comparative evaluation of FS remediation options. This section describes the 

conceptual model developed for this project, with subsequent sections presenting the 

implementation and application of numerical groundwater-flow modeling for the analysis of 

remediation scenarios. 

2.1 GEOLOGY 

Martin State Airport is in the western shore of the Coastal Plain Physiographic Province. 

Geologic mapping of Baltimore County shows that MSA is underlain by the Potomac Group, a 

lower Cretaceous age interbedded gravel, sand, silt, and clay unit ranging in thickness from zero 

to 800 feet. The Potomac Group at MSA consists of three units (from the top down): the 

Patapsco Formation, the Arundel clay, and the Patuxent Formation. Sediments of the Potomac 

Group were deposited in a river delta environment (Hansen, 1969). Patapsco Formation deposits 

constitute fine to medium sand and silt beds characteristic of back swamps and flood-plain 

deposits. The Patapsco Formation, the primary formation of interest in this investigation, is 

composed primarily of silty sands, fine-grained to medium-grained sands, silty clays, clayey 

silts, and plastic clay. The Arundel clay is composed of dark gray and maroon lignitic clays 

ranging between 25–200 feet thick in the study area.  

Previous (MES, 1994; Tetra Tech, 1999; 2002; 2004) and recent investigations at MSA 

indicate that the subsurface is characterized by interbedded zones of heterogeneous sand, silt, 

and clay deposits from the Patapsco Formation. Boring logs and cross-sections across MSA 

indicate relatively continuous layers of sand and gravel locally separated by silts and clays. 

These shallow permeable zones form the surficial aquifer. Both regional information (Andreasen, 

2007; Fleck and Vroblesky, 1996; Chapelle, 1985) and recent deep borings at MSA indicate the 
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presence of a thick clay unit approximately 120 feet (ft) below MSA, which may be the top of 

the Arundel Formation. Interbedded sand zones in this clay unit form local, confined, water-

bearing zones.  

2.2 HYDROGEOLOGY 

The hydrogeologic system beneath MSA consists of relatively continuous zones of sand 

and gravel that provide the primary pathways for groundwater flow and contaminant transport. 

These zones are interlayered with zones of lower permeability sediments, resulting in a relatively 

complex stratigraphic sequence. MSA data indicate that the surficial aquifer consists of three 

hydraulically connected monitoring zones: upper, intermediate, and lower. All zones contain 

lower conductivity lenses that result in horizontal and vertical anisotropy. In addition, the lower 

surficial unit is separated from the intermediate unit by a semi-confining layer. The surficial 

aquifer (part of the Patapsco Formation) is underlain at approximately 75 ft below mean sea level 

(msl) by a relatively thick clay unit that acts as a basal confining unit. Hydrostratigraphic cross-

sections are presented along various transects in Addendum A. Deep borings at MSA indicate the 

presence of deeper sand zones, which are confined above and below by clay units most likely 

from the Arundel formation, which is a regionally extensive, thick, dense clay confining unit.  

 Water enters these units primarily via natural infiltration of precipitation (i.e., recharge) 

through the shallow fill materials before reaching the water table. From there, groundwater 

migrates along various pathways depending on location, with some groundwater flowing 

vertically downward to recharge units below the water table. Eventually almost all groundwater 

flows laterally through permeable zones before discharging to estuaries surrounding the 

peninsula on which MSA is located. In the Dump Road Area, the estuary of relevance is Frog 

Mortar Creek. Recharge of the deeper zones in the surficial aquifer occurs via low rates of 

downward leakage from the upper zone. In addition, the potential exists for groundwater in the 

lower surficial-aquifer zone, as well as in deeper flow zones, to flow eastward beneath and 

beyond Frog Mortar Creek.  

Water level fluctuations have been measured through the use of recorders placed in 

selected monitoring wells and the tidal water bodies near the site. Water level fluctuations in the 

surficial aquifer result from surface water tidal fluctuations, with the greatest tidal influence 

generally occurring in the intermediate and deep surficial-aquifer zones. Frog Mortar Creek is 
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affected by tidal fluctuations with average amplitudes of approximately 1.2 ft (and thus a tidal 

range of about 2.4 ft). In the upper zone of the surficial aquifer, transducer data indicate that tidal 

fluctuation amplitudes decrease to less than 0.1 foot within a few hundred feet of Frog Mortar 

Creek. This damping effect is most likely due to the relatively high storage coefficient (i.e., 

“specific yield”) of this unconfined zone. In other words, this layer zone is a water table aquifer 

in which its storage capacity is strongly correlated to the primary porosity of the formation. In 

the intermediate and deep zones, tidal fluctuations diminish less rapidly with distance from Frog 

Mortar Creek because of the semi-confined or confined conditions in these zones. Much less 

damping of the tidal signal occurs under these conditions because the aquifer units are fully 

saturated and under artesian pressure, with confined storage coefficient (i.e., “storativity”) values 

significantly lower than in the shallow, water table zone.  

Groundwater flow patterns at the site have been identified through the network of 

monitoring wells in which several rounds of water level measurements have been conducted, in 

addition to the continuously-recorded data from a select set of wells. Groundwater in the area 

generally flows eastward toward Frog Mortar Creek. Figure 6 presents a water table map of the 

upper zone of the surficial aquifer based on water level data collected in July 2010, with 

elevations surveyed using the North American Vertical Datum of 1988 (NAVD88) and horizontal 

coordinates surveyed using North American Datum of 1983 (NAD83). Figures 7 and 8 both 

indicate a similar flow direction in the intermediate and deep zones based on water level data 

collected in July 2010. At monitoring well clusters, the concurrently measured hydraulic heads 

indicate that groundwater vertical head differences in the surficial aquifer are generally 

downward in the upland areas and upward near Frog Mortar Creek.  

2.3 AQUIFER HYDRAULIC CHARACTERISTICS 

Slug testing at MSA yielded hydraulic conductivity estimates ranging from 1–68 ft/day in 

sand zones to 0.01–0.2 ft/day in clay zones (Tetra Tech, 2004; Tetra Tech 2010). Pumping tests 

were performed in both the shallow and intermediate zones of the surficial aquifer. For the 

shallow zone, only low pumping rates [less than one gallon per minute (gpm)] could be 

sustained, indicating a relatively lower hydraulic conductivity in the shallow zone. This is 

consistent with the greater amounts of clay in the shallow zone noted in boring logs.  
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For the intermediate zone, the pumping test was performed for three days at a rate of 

10 gpm. Analyses of drawdown vs. time and drawdown vs. distance data from the 

intermediate zone-pumping test indicate an average horizontal hydraulic conductivity ranging 

from 42–140 ft/day, with a mean of 68 ft/day (Tetra Tech, 2010). Although no pumping tests 

have been performed in the deep zone, analyses of tidal data indicate a relatively higher 

hydraulic conductivity of 100 ft/day in this zone (GeoTrans, 2010), which is consistent with 

the observed presence of coarse-grained sediments in the lower zone of the surficial aquifer. 

Tidal fluctuations could not be used to estimate hydraulic conductivity in the upper and 

intermediate zones. The responses in the upper zone were diminished because of the higher 

storage coefficient in this unconfined zone. The responses were also diminished in the 

intermediate zone because of both the local presence of clay zones and the distance of the 

wells from Frog Mortar Creek.  

2.4 SURFACE WATERS 

The primary surface water drainages in the model vicinity are estuarine. Martin State 

Airport is bounded by Frog Mortar Creek to the east and Stansbury Creek to the west (see 

Figure 1). Dark Head Cove lies west and northwest of Stansbury Creek. Each of these creeks 

joins Middle River south of the airport. Middle River discharges into Chesapeake Bay to the 

east. South of Frog Mortar Creek is Seneca Creek, which also joins Middle River southeast of 

the airport.  

Freshwater surface water features relevant to the model include two ponds, 

approximately 0.25 and 0.33 of an acre in size, respectively. The ponds are an area of concern in 

the RAP. The significantly higher elevation of water measured in these ponds in comparison to 

the water table elevation below them indicates that they are not well connected to shallow 

groundwater.  

2.5 WATER BUDGET 

Groundwater flow at the site is generated almost exclusively by the infiltration of 

precipitation and redirected storm runoff and snowmelt, leading to the recharge of the 

groundwater system. For this reason, development of the conceptual model focused on the 

identification and characterization of the processes affecting recharge. In addition, the conceptual 
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and numerical models assume that a single parameter called “net effective recharge” could be 

defined to incorporate all of the processes involved.  

MSA topography is relatively flat, with a steeper slope near Frog Mortar Creek. The 

nature of the ground surface (much of which is paved or covered by buildings) creates a 

significant potential for precipitation runoff. Runoff from buildings and some or all of the paved 

areas is captured and conveyed through a storm-sewer system. In the area of interest, additional 

overland flow drains into locally perched ponds or Frog Mortar Creek. Therefore, the net 

effective recharge will be lower at MSA than in open areas that do not have runoff controls. 

Areal variations in recharge rates are influenced by topography and surficial geology, 

including the presence or absence of paved surfaces. Precipitation in this area is approximately 

44 inches (in.) per year (Tenbus and Fleck, 2001). Recharge is expected primarily in late winter 

and early spring, when evapotranspiration is minimal. Tenbus and Fleck (2001) estimated 

recharge rates between zero and nine inches per year at the nearby Graces Quarters site. 

Recharge rates applied in the associated groundwater model vary, based on whether the area is 

paved or unpaved. Recharge to the groundwater system where the ground surface at MSA is not 

covered by buildings or pavement is expected to be at the higher end of the 0–9 inches per year 

range referred to by Tenbus and Fleck (2001). 



 

MSA GROUNDWATER FEASIBILITY STUDY, APPENDIX B: GROUNDWATER FLOW MODEL B-8 

 

 

THIS PAGE INTENTIONALLY LEFT BLANK. 

 



 

MSA GROUNDWATER FEASIBILITY STUDY, APPENDIX B: GROUNDWATER FLOW MODEL B-9 

3 NUMERICAL FLOW MODEL 

Developing a numerical groundwater flow model entails transforming the conceptual 

model into a mathematical form. Fundamental components of the numerical groundwater flow 

modeling process conducted before model calibration include selection of an appropriate 

mathematical-solution basis, or code, development of a three-dimensional model grid, 

assignment of representative initial and boundary conditions for calibration and predictive-

simulation purposes, and characterization of hydraulic properties (ASTM, 1996).  

3.1 CODE SELECTION 

The groundwater flow model was developed using MODFLOW 2000, a well 

documented, widely used and accepted code developed by the U.S. Geological Survey (USGS) 

(McDonald and Harbaugh, 1988; Harbaugh et al., 2000).  

3.2 MODEL GRID AND LAYERING 

The site-specific model uses 15 layers to represent the groundwater system beneath 

MSA. The base of the model is approximately 120 ft below ground surface (bgs), which is where 

deep borings at MSA have encountered thick clays. These clays are likely the top of the Arundel 

clay confining-unit, which is represented in the model as an impermeable bottom edge, called a 

no-flow boundary. Table 1 summarizes model layering information.  

The top and bottom elevations of each model layer are defined based both on regional 

trends of the geologic units and site-specific boring logs. The model grid shown in Figure 9 is 

oriented at a rotation of approximately 45 degrees off true north, so that the columns are aligned 

parallel to northeast (NE) to southwest (SW), and the rows parallel to northwest (NW) to 

southeast (SE). The model domain includes the Middle River Complex (MRC), which is 

approximately a mile northwest of MSA. Given the distance between the MRC and MSA, 

different models are used to simulate local plume fate and transport characteristics at each site. 

At MSA, the model grid spacing varies from 25 ft in the area of interest to 100 ft at the outer 

regions of the model domain.  
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3.3 BOUNDARY CONDITIONS 

Model boundaries are mathematical statements specifying the groundwater level (head), 

groundwater flux, or head-dependent flux at the boundaries of the model domain. Beginning 

with the top layer, this section discusses the boundary conditions specified for each of the layers 

in the numerical groundwater-flow model. Boundary conditions simulated in Layer 1 include net 

recharge, river leakage, and zero flux (no flow), as shown in Figure 9. The primary source of 

water to the model is from precipitation-derived recharge. As shown in Figure 10, uniform 

recharge rates equal to 8.4 inches per year for unpaved areas and 0.36 inch per year for paved 

areas are simulated in the model. The principal surface water drainages (including Frog Mortar 

Creek, Stansbury Creek, Dark Head Cove, Galloway Creek, and Seneca Creek) are simulated 

using river-boundary-conditions cells.  

The lateral edges of the model grid were placed sufficiently far from the remediation site 

so that any groundwater pumping or injection would not affect groundwater conditions at the 

edges of the grid. In addition, the lateral sides of the grid were located either at a watershed 

divide, or along regional scale groundwater flow line – in both cases, groundwater can be 

assumed to flow neither in nor out of the model on these edges and thus they are termed no-flow 

boundaries. A no-flow boundary corresponding to the prevailing respective groundwater flow 

paths was placed along the northeastern and southeastern edges of the model. And, a no-flow 

boundary corresponding to the approximate position of a groundwater divide was assigned along 

the northwestern edge of the model.  

Except for recharge, the boundary conditions for Layers 2 and 3 are similar to Layer 1 in 

that they include river leakage and zero flux conditions. Recharge is applied only to Layer 1. 

Head conditions and areal extent of the river cells in Layers 2 and 3 are identical to the Layer 1 

specifications. Similarly, the no-flow boundary specifications in model Layers 2 and 3 are the 

same as for model Layer 1. The same types of boundary-condition settings are specified for 

Layers 4–15. In each of these layers, the entire perimeter of the model is designated as a no-flow 

boundary. Also, the bottom of Layer 15 is a no-flow boundary.  
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3.4 HYDRAULIC PROPERTIES 

For groundwater flow modeling, the hydraulic properties to be specified include 

horizontal and vertical hydraulic conductivity, and storage coefficients [including specific yield 

for simulation of water table (unconfined) conditions and specific storativity for simulating 

confined situations]. In steady-state simulations, changes in storage are not simulated and thus 

the storage coefficients are needed only in transient simulations. Various sources of information  

guided the characterization of hydraulic properties. These include hydraulic tests conducted in a 

limited number of wells at the site, analyses of tidally-influenced water levels from selected 

monitoring wells instrumented with recorders, calibration results from prior site-specific 

modeling for Lockheed Martin and from regional scale modeling efforts by others, and site-

specific geologic information from boring logs. 

Initial values of hydraulic conductivity in the model were assigned using calibrated 

values from the previous groundwater flow model (Tetra Tech, 2004). These initial values are 

consistent with observed hydraulic conductivity values from slug testing (Tetra Tech, 2004; 

2010). In addition, site boring-log data in combination with published, grain-size based hydraulic 

conductivity ranges were used to help assign hydraulic conductivity in the model.  

Hydraulic testing results that were used to help improve modeling accuracy include data 

from multi-day pumping tests and short-term slug testing. Two recent pumping tests in the upper 

and intermediate zones (as described in section 2.3) provide the basis for estimating local values 

of horizontal and vertical hydraulic conductivities and confined and unconfined storage 

coefficients. The initial values in the model were modified as appropriate during model 

calibration to match the data from both of the new tests, as described in the next section.  

In addition, supplemental slug testing and collection of tidally influenced water level data 

helped confirm horizontal hydraulic conductivity estimates from initial calibration testing, which 

is described in the next section. An analysis of the supplemental slug test data provided estimates 

ranging from 0.03–25 ft/day in the lower zone of the surficial aquifer. However, hydraulic 

conductivity estimates from slug tests tend to underestimate actual values, and the boring logs 

indicate relatively high permeability sediments in the lower zone of the surficial aquifer.  

The analysis of the supplemental data on water level responses to surface water tidal 

fluctuations indicates a value of 100 ft/day for the horizontal hydraulic conductivity of the lower 
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zone of the surficial aquifer. This field-scale value in the lower zone prompted supplemental 

numerical model simulations to confirm the higher value. Last, the model’s hydraulic 

conductivity distribution was compared to other relevant modeling efforts, including the USGS 

“Regional Aquifer System Analysis” (RASA) modeling of the Maryland Coastal Plain. The 

initial and calibrated hydraulic conductivities are consistent with  the range of values reported by 

the USGS modelers for the geologic formations of interest. 
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4 FLOW MODEL CALIBRATION 

4.1 INTRODUCTION 

Calibration of a groundwater flow model entails adjusting hydraulic parameters, initial 

conditions, and boundary conditions within reasonable ranges to match measured and simulated 

hydraulic heads, flow rates, or other calibration targets (ASTM, 1996). For MSA, the flow model 

calibration consisted of simulating the following measured conditions:  

 transient responses during two constant-rate pumping tests, one each in the 
intermediate and shallow zones of the surficial aquifer 

 transient responses to tidal water level changes in the lower zone of the surficial 
aquifer 

 approximate, steady-state conditions throughout all three vertical zones of the 
surficial aquifer, based on water level measurements collected on July 2, 2010 

The quality of the steady-state calibration was assessed and quantified through statistical analysis 

of residuals (ASTM Standard D5981; Anderson and Woessner, 1992), which are the differences 

between the measured and simulated water levels on a well-by-well basis. Flow calibration 

criteria are based on the following statistical measures:  

 a mean residual value near zero 

 an absolute mean residual less than or equal to 10% of the observed range in water 
level elevations 

 a standard deviation less than or equal to 20% of the observed range in water level 
elevations 

 a random spatial distribution of the positive and negative residuals 

To assist the assessment of calibration criteria, a plot of observed versus predicted water levels 

was used to examine the spread of points around the ideal line of a perfect calibration. In 

addition, horizontal and vertical flow directions in the model were examined for consistency with 

directions inferred from contour maps drawn using field data and from clustered monitoring 

wells where vertical-head differences were measured.  

Calibration of a groundwater flow model to a single set of field measurements (assumed 

to represent steady-state conditions) does not provide the foundation for obtaining a unique 

solution. To reduce the problem of “non-uniqueness,” the model should be tested against a 

different set of boundary conditions or stresses, labeled “verification” (ASTM, 1996). In 
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particular, non-uniqueness can be reduced through calibration to transient responses caused by 

measured groundwater flows (typically, extraction well pumping). Therefore, the groundwater 

flow model calibration focused on simulation of groundwater flow during constant-rate pumping 

tests in the shallow and intermediate zones of the surficial aquifer.  

The objective of the transient calibration was to examine the model’s ability to match 

both observed responses over time and final drawdowns at the test’s end. Responses observed in 

well clusters help estimate both vertical and horizontal hydraulic conductivity values in the 

surficial aquifer. This simulation has the dual advantage of verification through matching to a 

second hydrologic condition, while also testing the model’s ability to simulate the aquifer 

system’s transient hydraulic response to carefully measured pumping stresses, thereby helping to 

reduce non-uniqueness. A second important calibration verification step involves transient 

simulation of tidal responses to estimate the hydraulic properties of the lower surficial zone. 

Because a pumping test had not yet been conducted in this unit, the tidal response data provided 

the foundation for testing and adjusting the model using what could be labeled a “naturally 

conducted” pumping test—i.e., the “pumping” action of the tidal waters in the estuaries 

surrounding the Martin State peninsula. 

Calibration was conducted in sequence from initial steady-state calibration testing and 

adjustments for an improved match, followed by transient simulations for local area adjustments 

and model-domain-wide adjustments, and then re-simulation of steady-state conditions for final 

fine-tuning and consistency checking. In some cases, the transient and steady-state sequence of 

simulations was re-run to ensure full consistency and sufficient accuracy. Although the steady-

state simulations are described before the reporting of the transient calibration efforts, calibration 

was iterative between the different types of runs. The final values of calibrated hydraulic 

properties are presented as part of the steady-state results because that simulation condition 

includes the largest number of observation wells; thus, a more thorough assessment of calibration 

matching can be provided than for the transient simulations. 

4.2 STEADY-STATE FLOW 

The July 2, 2010 water level data set was chosen for use as model calibration targets 

because of both the large number of wells measured in that round and the new elevation survey, 

which has provided a consistent set of measuring point elevations for calculating water level 
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elevations. In calibrating the model, hydraulic conductivities of the different materials were 

modified within reasonable ranges. In addition, the recharge rate was adjusted slightly during 

model calibration. The final distribution of hydraulic conductivity by model layer is presented in 

Table 1. Calibrated values for horizontal hydraulic conductivity in the upper, intermediate, and 

lower zones are consistent with available field data from slug tests, pumping tests, and tidal data. 

In general, the vertical hydraulic conductivity is estimated at one tenth of the horizontal 

hydraulic conductivity. Calibrated recharge rates were estimated at 8.4 inches per year (in/yr.) in 

the unpaved areas and 0.36 in/yr. in paved areas, as shown in Figure 10. 

Simulated and observed July 2010 groundwater levels in all 80 wells monitored, and 

vertical gradients at well clusters, are presented in Table 2. Table 3 presents a statistical 

summary of the model residuals (i.e., simulated minus observed head) for the 80 water level 

targets. The mean residual (-0.08 ft) is near zero, indicating that positive and negative residuals 

cancel out. In addition, the absolute mean residual is 0.34 ft, which is about one tenth of the 

difference between the minimum and maximum water level targets, and thus the calibration 

criterion is achieved.  

Measured and simulated water levels are plotted relative to one another in Figure 11. The 

linear trend in this plot, the limited spread around the best-fit line, and the favorable residual 

statistics indicate that the model adequately represents MSA water levels. Simulated steady-state 

potentiometric surfaces and residuals in the upper zone (model Layers 1 and 6), intermediate 

zone (Layer 8), and lower zone (Layer 11) are presented in Figure 12. These plots indicate that 

simulated groundwater flow at MSA is predominantly to the east toward Frog Mortar Creek, 

which is consistent with the July 2010 observed data (Figures 6-8) and historical potentiometric 

surface maps for each zone (Tetra Tech, 2002; 2004).  

In general, the residuals are relatively low in each layer, and their statistical measures are 

below the calibration criteria. The higher residuals in the runway area may be caused by local 

areas of preferential recharge or heterogeneities not represented in the model. In addition, 

simulated vertical head differences, including generally downward gradients in the upland areas 

and upward gradients near Frog Mortar Creek, are consistent with the field data overall (see 

Table 2). Further, the calibrated hydraulic conductivity values and recharge rates are within 

estimated field values for MSA. The agreement of the flow model with the observed prevailing 
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groundwater flow directions, based on field data, provides additional evidence of an adequately 

accurate calibration.  

4.3 SIMULATION OF PUMPING TESTS 

Tetra Tech conducted two constant-rate pumping tests, one each in the shallow and 

intermediate zones of the surficial aquifer. Although model simulations agree with observed 

drawdown for the low rate of pumping (less than 1 gpm) in the shallow zone, the transient 

model-calibration efforts focused on the higher pumping rate (10 gpm) during the 72-hour 

pumping test in the intermediate zone of the surficial aquifer. To verify the calibrated, 

steady-state groundwater flow model, the test was simulated using the groundwater flow model. 

Additional adjustments to the hydraulic conductivity values for the intermediate zone were made 

to improve the match to the drawdown data from this pumping test.  

Measured and simulated drawdowns at wells monitored during the 72-hour pumping test 

are compared in Table 4. The comparison indicates that the model adequately simulates the 

effects of pumping according to the objectives established for this transient calibration exercise. 

This indicates that the flow model is a useful predictive tool for simulating new hydraulic 

stresses in the surficial aquifer within the area tested.  

4.4 TIDAL INFLUENCE SIMULATION 

A transient simulation of tidal responses in site monitoring wells was conducted to verify 

the calibrated, steady-state groundwater flow model. Figure 13 shows the simulated versus 

observed hydraulic head changes at DMW4S, DMW4I, and DMW4D during tidal fluctuation 

from July 2–4, 2010. An examination of these plots indicates an excellent match between the 

model and the field data. The simulation period was divided into 12 stress periods, each 

representing a 6-hour period. The transient river-stage values were averaged over the same 6-

hour intervals based on measured data in the Frog Mortar Creek Gage at Parkside Marina. The 

hydraulic conductivity values and storage coefficient of the lower zone were adjusted slightly to 

improve the match to the water level fluctuations. The calibrated values are presented in Table 1 

and were also used for the final calibrated steady-state model and pump test verification 

simulation. The ability of the model to match transient tidal variations in this important zone 
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where elevated contaminants are present in the surficial aquifer provides additional confidence in 

the application of the groundwater flow model for remedial design. 

4.5 FLOW MODEL SENSITIVITY ANALYSIS 

A sensitivity analysis was performed to evaluate the effects of changes in selected model 

parameters. One parameter at a time was varied while all other parameters were held constant. 

The tested model parameters were varied by 50% of the calibrated values. Results of the 

sensitivity analysis are shown in Table 5. These results were analyzed to identify the parameters 

that cause the greatest sensitivity when changed, and to confirm that their final calibrated values 

fall within the range of expected values according to the ranges set during conceptual model 

formulation, while also ensuring that calibration statistics would not be significantly improved.  

Model results are most sensitive to the unpaved-area recharge rate, horizontal hydraulic 

conductivity values in the surficial aquifer, and especially the lower zone of the surficial aquifer. 

This is because the unpaved-area recharge is the source of all groundwater flow in the model, 

and most of the local site area’s groundwater flow is occurring in the surficial aquifer, with 

horizontal hydraulic conductivity the primary property with regard to accurate simulation of the 

flow field. Hydraulic conductivity, when conducting steady-state simulations, can be adjusted in 

direct linear proportion to the prevailing recharge rate while still simulating the same flow field 

pattern of groundwater levels (this is the “non-uniqueness” concern cited above with regard to 

the need for conducting transient calibrations); thus, changes in hydraulic conductivity produce 

identical model-sensitivity results to the same, proportional changes in prevailing recharge rates.  

Calibrated values for these parameters are consistent with values in the study area, as 

identified during the conceptual model formulation stage. In addition, no significant enough 

improvement would be achieved in the model calibration by adjusting these parameters to 

warrant making such changes. Thus, the model was accepted for use in performing predictive 

simulations, according to the objectives set forth at the beginning of the modeling process, and 

the model-calibration criteria established at the outset of numerical model development. 
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5 REMEDIAL SCENARIO ANALYSES 

The primary objective of these preliminary remedial-design-scenario analyses is to help 

identify and develop a remediation approach that will prevent migration of elevated 

concentrations of contaminants in groundwater toward Frog Mortar Creek. In addition, enhanced 

contaminant-mass removal was a secondary objective explored through predictive simulation 

modeling.  

5.1 PREDICTIVE SIMULATION METHODOLOGY 

Advective-particle tracking helped develop and evaluate the effectiveness of the 

hydraulic containment and contaminated-groundwater-capture scenarios described in the 

remedial alternatives analysis section of the FS. The overall predictive modeling process 

consisted of conducting groundwater flow simulations using the numerical groundwater-flow 

model described in section 4, followed by a companion particle-tracking simulation for 

determining whether sufficient capture is achieved. Iterative simulations were conducted, 

primarily to ensure adequate capture, and then to achieve efficiency in terms of limiting the 

induced inflow of brackish water from Frog Mortar Creek. The predictive simulations also 

included a scenario in which enhanced flushing of high-concentration groundwater was tested, 

involving the use of injection wells and additional extraction wells and higher extraction rates to 

compensate for the injected water. Using an initial starting point, particle tracking simulates the 

movement of a particle of groundwater through a groundwater flow field over time. Thus, 

particle tracking techniques are useful tools for evaluating groundwater flow directions, 

dissolved contaminant migration pathways, and evaluating hydraulic capture of groundwater 

recovery well systems.  

Particle tracking is a simple form of contaminant transport analysis that does not include 

the effects of dispersion, retardation, and chemical reactions. Although plume dispersion could 

cause lateral spreading and thus lead to concern whether the lateral edges of the plume would be 

captured effectively, the final recommended scenarios include sufficient recovery well placement 

and pumping rates to account for this factor. In addition, the convergent flow produced by 

recovery well pumping would help offset the effect of lateral spreading.  
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The USGS particle-tracking code MODPATH (Pollock, 1989) was used to perform 

particle tracking in this modeling analysis. Using a groundwater flow field simulated with 

MODFLOW, MODPATH computes groundwater velocities in the three principal coordinate 

directions throughout the model domain, in each of the model-grid cells. Then, MODPATH uses 

the cell-by-cell 3D velocities as the basis for moving each simulated particle from one cell to the 

next. It does this by resolving the three velocities in each cell to a single velocity vector, and then 

uses these vectors to move the particles in the appropriate direction.  

To compute these velocities, MODPATH requires study-area-specific values of effective 

porosity for converting MODFLOW-simulated specific discharge-values into groundwater 

velocities. The effective porosity represents a correction factor that accounts for the reduced flow 

area, as defined by the open pore space in which flow effectively occurs. Effective porosity can 

range as high as the porous medium’s total porosity, but is typically a significant amount less 

than that. The results of the previously calibrated solute-transport model (Tetra Tech, 2004) led to 

the use of a value of 0.28 for effective porosity in these particle tracking analyses, whereas the 

geologic sediments’ total porosity could range as high as 40 or 45%. Although the selected value 

of effective porosity directly influences the simulated velocities of particles, its value does not 

affect the size of the simulated capture zone. 

For MSA, particle tracking was performed to help identify and simulate groundwater 

remediation options designed to achieve the objectives of plume control and capture. The particle 

tracking modeling was applied to simulate two categories of FS options:  

 a hydraulic-barrier recovery well system at the downgradient extent of the 
contaminated groundwater area, along Frog Mortar Creek 

 “focused,” or “enhanced,” extraction pumping in high concentration zones, in 
addition to the hydraulic-barrier recovery well system, as in the preceding option. 

In the particle tracking analyses, particles were first initialized in grid cells throughout the 

extent of the VOC and 1,4-dioxane plumes. A containment scenario was then simulated under 

steady-state flow conditions using forward tracking to determine whether all particles in the 

upgradient plumes were captured by the recovery wells. Recovery well locations and their 

individual pumping rates were adjusted as necessary to achieve sufficient drawdowns to capture 

all of the particles within the target capture zone.  
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5.2 REPRESENTATION OF RECOVERY WELLS 

The calibrated groundwater-flow model and its companion particle-tracking code were 

used to identify potential groundwater remediation scenarios that would successfully contain and 

capture contaminated groundwater. The target capture zones for contaminant plumes were the 

extent of TCE contamination in excess of 5 µg/L, vinyl chloride in excess of 2 µg/L, and 

1,4-dioxane in excess of 6 µg/L. For hydraulic containment, extraction wells were placed near 

the downgradient end of the plumes, adjacent and parallel to the shoreline of Frog Mortar Creek.  

Potential extraction wells were represented using the MODFLOW drain package. Water 

levels at the extraction wells were modeled as a fixed two-foot drawdown. Wells were assumed 

to have an effective diameter of one foot. Conductance and well efficiency were estimated as 

follows:  

Conductance term—The conductance term (C) for each drain cell representing a fixed 

head well was calculated using the following equation [based on Prickett (1967) and 

Anderson and Woessner (1992)]: 

 C = 2Ke π b/ln (delta /4.81rw) (1) 

where Ke is the effective hydraulic conductivity at the cell (ft/d), b is the saturated 

thickness of the cell (ft), delta x is the representative grid spacing (ft), and rw is the well 

radius (ft).  

Efficiency—Because the wells are represented in the model as drains, the extraction rate 

(Q) achieved is effectively calculated by the model and controlled by the aquifer 

properties, as described in the equation: 

 Q = C (h – d) * efficiency (2) 

where h is the water level in the grid cell (ft) and d is the elevation of the water level in 

the drain. An efficiency value of 50% was applied to the wells. 

5.3 HYDRAULIC-BARRIER WELLS ANALYSES 

Numerous steady-state groundwater flow model simulations were performed to define 

effective and efficient recovery well locations and pumping rates for capturing the upgradient 

VOC and 1,4-dioxane plumes before their migration toward Frog Mortar Creek. Model 

simulations indicate that placing recovery wells only in the upper and intermediate zones of the 



 

MSA GROUNDWATER FEASIBILITY STUDY, APPENDIX B: GROUNDWATER FLOW MODEL B-22 

surficial aquifer would fail to capture contaminated groundwater in the lower zone of the 

surficial aquifer. Therefore, recovery wells were also included in the lower zone of the surficial 

aquifer in the hydraulic barrier wells analyses.  

These model simulations indicate that upgradient plume capture can be achieved by 

placing seven wells in the upper zone, five in the intermediate zone, and four in the lower zone 

of the surficial aquifer. Table 6 summarizes the injection and pumping rates by layer for this 

remedial scenario. The simulated total pumping rates were 12.2 gpm, 13.6 gpm, and 22.2 gpm, 

respectively, in the upper, intermediate, and lower zones of the surficial aquifer. Simulated 

steady-state hydraulic heads and recovery well locations are shown in Figure 14 for the upper 

(Layer 1), intermediate (Layer 8), and lower (Layer 11) zones of the surficial aquifer. Forward 

particle tracking was conducted by placing particles in each cell and delineating the zone from 

which the particles would eventually be captured by the recovery wells. Examination of these 

simulated capture zones (Figure 14) and the extent of contaminated groundwater at MSA 

(Figures 2 to 5) indicates that these recovery wells establish a capture zone encompassing the 

mapped areas of MSA with VOC and 1,4-dioxane contamination, and thus the simulated 

scenario is sufficiently effective.  

The model simulations also indicate that low rates (less than 1.6 gpm) of induced inflow 

from Frog Mortar Creek result from pumping, so capture of saline water is unlikely to be a 

problem for this hydraulic barrier pumping scenario. In essence, the simulations indicate that 

induced infiltration would be diluted by the pumped freshwater at a ratio of about 30:1. Also, 

Frog Mortar Creek is brackish (it ranges from about 25–50% of full seawater salinity), due to its 

position relatively far from the open ocean mouth of Chesapeake Bay, as well as its proximity to 

incoming freshwater flow from Middle River, the other local tributary streams and swales, and 

groundwater base-flow. Thus, the induced inflow already has much lower saline concentrations 

than ocean water, and therefore the recovery wells are predicted to produce groundwater that 

includes approximately 60:1 to 120:1 dilution of seawater salinity. 

5.4 HIGH CONCENTRATION ZONE REMEDIATION ANALYSES 

To increase mass-removal rates, a second overall scenario was developed in which 

additional recovery wells were placed in high concentration zones, along with injection wells 

placed upgradient of some of these pumping wells. Simulated steady-state hydraulic heads and 
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injection/recovery well locations are shown in Figure 15. Table 6 summarizes injection and 

pumping rates by layer under this remedial scenario. Total simulated injection rates per layer are 

10 gpm and 3 gpm in the upper and intermediate zones of the surficial aquifer, respectively. Total 

simulated pumping rates are 12.3 gpm, 21.3 gpm, and 34.3 gpm, respectively, in the upper, 

intermediate, and lower zones of the surficial aquifer.  

Examination of the capture zones created by the simulated pattern of pumping and 

injection wells (Figure 15), in comparison to the initial extent of contaminated groundwater at 

MSA (Figures 2 to 5), indicates that this scenario would establish a capture zone that limits the 

upgradient VOCs and 1,4-dioxane from migrating toward Frog Mortar Creek. In comparison to 

the previous hydraulic barrier scenario (Figure 14), a higher amount of pumping under this 

scenario is needed to ensure adequate capture because of the effect of the injection wells on the 

groundwater-flow field. The higher net total pumping rate results in somewhat increased 

drawdowns near the recovery wells and an increase in the size of the capture zone (Figure 15). 

Model simulations also indicate that very limited amounts (less than 1.8 gpm) of induced inflow 

from Frog Mortar Creek would occur, so capture of saline water is very unlikely to be a problem 

for this pumping scenario, as was the case for the first scenario. 
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6 SUMMARY AND DISCUSSION 

This section summarizes the development, calibration, and application of a groundwater 

flow model to support the feasibility study and to help develop remediation alternatives to 

address volatile organic compounds (VOCs) and 1,4-dioxane contamination in groundwater at 

MSA in Middle River, Maryland. The remediation alternatives are based on the primary 

objectives of controlling and capturing contaminated groundwater at MSA to prevent its 

migration into off-site areas and toward Frog Mortar Creek. The primary results of this 

groundwater flow modeling analysis are summarized below, including recommendations.  

The groundwater flow model was constructed and calibrated to both steady state and 

transient groundwater conditions at MSA. The simulated steady-state conditions are based on 

water level data collected on July 2, 2010. The simulated transient conditions are based on 

measured water level changes over time during two pumping tests and from various periods in 

which tidally induced fluctuations were measured in the surficial aquifer. Results of the 

groundwater-flow model calibration indicate that adequate calibration was achieved and that the 

groundwater flow model could be used to help design a remedial system to capture contaminated 

groundwater at MSA.  

Viable FS-stage groundwater remedial scenarios for capturing MSA groundwater 

contaminated by VOCs and 1,4-dioxane were developed and tested through simulation 

modeling. The lateral and vertical extent of contaminated groundwater was established based on 

recent groundwater sampling. Two scenarios were analyzed using groundwater flow and 

advective-particle-tracking predictive modeling: (1) a stand-alone hydraulic barrier recovery well 

system, and (2) high concentration zone mass-removal, along with limited reinjection of treated 

groundwater, in conjunction with the first scenario. Results from modeling both scenarios 

indicate that the contaminated groundwater at MSA would be effectively controlled and 

captured; faster contaminant mass-removal could be achieved under the second scenario, 

although a net increase of recovery pumping would be needed to maintain sufficient capture, 

including a higher rate of recovery pumping from the lower aquifer layer.  

For the hydraulic barrier scenario, numerous modeling simulations were performed to 

select sufficiently effective recovery well locations while also limiting the groundwater pumping 

rate and the induced infiltration of saline water from Frog Mortar Creek. This scenario includes 
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16 recovery wells arranged roughly perpendicular to the plume, adjacent and parallel to the 

shoreline of Frog Mortar Creek, with seven recovery wells in the upper zone, five in the 

intermediate zone, and four in the lower zone, and a total system-wide pumping rate of 48 gpm. 

The second scenario combines the hydraulic barrier from the first scenario with focused 

injection and extraction for faster contaminant-mass reduction. This second scenario is designed to 

increase flushing rates while maintaining downgradient capture, so it includes the 16 hydraulic 

barrier recovery wells of the first scenario along with six injection wells and nine additional 

recovery wells located in high concentration zones: four injection/extraction well pairs in the upper 

zone, two pairs in the intermediate zone, and two individual recovery wells in the lower zone. The 

total injection rate under this scenario is 13 gpm, and the total pumping rate is 67.9 gpm, resulting 

in a net extraction rate of 54.9 gpm.  The modeling analyses indicate that increased groundwater 

capture rates are needed, especially in the intermediate and lower surficial aquifer units, to offset 

the tendency for increased spreading due to the injection wells and to achieve the design objective 

for increasing the groundwater flushing rate. 

The model results indicate that the hydraulic barrier wells, in both scenarios, form an 

effective hydraulic containment system without inducing significant brackish water inflow from 

Frog Mortar Creek. In the remedial scenario simulations, the model predicts that a very small 

percentage (approximately 3–5%) of the extracted groundwater would be from Frog Mortar 

Creek, and thus its salinity would be significantly diluted by fresh groundwater.  
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TABLES 



Table 1.  Summary of Groundwater Flow Model Parameter Values

Unit  Layer 

Horizontal  Hydraulic  
Conductivity   
Kh (ft/day) 

Vertical Hydraulic   
Conductivity    
Kz (ft/day) 

Specific   
Yield     
Sy 

Specific  
Storage   

Ss (ft
‐1)

1 4 0.4
2 4.5 0.45
3 4.5 0.45
4 9 0.9
5 4.5 0.45
6 4.5 0.45
7 20 2
8 20 2
9 20 2
10 1.4 0.14
11 100 10
12 0.5 0.05
13 0.5 0.05
14 0.5 0.05

Deep confined  15 40 4 0.0001

Note:  The recharge rate for unpaved area is 0.00192 ft/day (8.4 in/yr); for the paved area is 0.000083
  ft/day (0.36 in/yr). 

0.0001

Upper

Intermediate

Lower

Intermediate 
Aquitard

0.25 0.0001

0.0001

0.00001



                Gradients Versus Simulated Values in the Calibrated Groundwater Flow Model

Well Name X Y Layer
Observed 

WL
Computed 

WL
Residual

Observed 
Vertical 
Head 

Difference

Computed 
Vertical 
Head 

Difference

DMW‐1S 1479310.5 604458.6 1 1.86 1.60 0.26
DMW‐1A 1479498.3 604398.6 7 1.6 1.33 0.27 0.2600 0.2798
DMW1B 1479498.3 604398.6 11 1.33 1.28 0.05 0.2700 0.0436
DMW‐2S 1479807.5 604670.4 1 0.46 0.74 ‐0.28
OW1‐S 1479817.3 604674.9 4 0.6 0.68 ‐0.08 ‐0.1400 0.0647
RW1‐S 1479813.4 604677.6 4 0.64 0.68 ‐0.04 ‐0.0400 ‐0.0065
DMW2A 1479789.4 604678.8 9 0.4 0.70 ‐0.30 0.2400 ‐0.0109
OW1‐I 1479781.4 604638.0 9 0.32 0.75 ‐0.43 0.0800 ‐0.0543
OW1‐S 1479817.3 604674.9 8 0.6 0.68 ‐0.08 ‐0.2800 0.0717
DMW‐2B 1479789.4 604678.8 11 0.62 0.95 ‐0.33 ‐0.0200 ‐0.2678
DMW‐3S 1479733.9 604804.9 1 5.66 0.79 4.87
DMW‐3I 1479731.1 604810.5 9 0.5 0.71 ‐0.21 5.1600 0.0759
DMW‐3D 1479731.1 604810.5 11 0.5 0.97 ‐0.47 0.0000 ‐0.2529
DMW‐4S 1480036.3 604563.0 1 0.23 0.31 ‐0.08
DMW‐4I 1480031.5 604566.0 8 0.45 0.29 0.16 ‐0.2200 0.0177
DMW‐4D 1480031.5 604566.0 11 0.38 0.57 ‐0.19 0.0700 ‐0.2762
MW‐4 1479180.8 604852.9 1 1.75 1.84 ‐0.09

DMW‐5S 1480141.1 604430.0 1 0.35 0.31 0.04
DMW‐5I 1480140.5 604431.1 7 0.36 0.24 0.12 ‐0.0100 0.0614
DMW‐5D 1480140.6 604431.1 11 0.38 0.46 ‐0.08 ‐0.0200 ‐0.2134
DMW‐6S 1480255.0 604190.5 2 0.23 0.38 ‐0.15
DMW‐6I 1480266.2 604193.6 7 0.38 0.30 0.08 ‐0.1500 0.0881
DMW‐6D 1480266.2 604193.6 11 0.3 0.42 ‐0.12 0.0800 ‐0.1260
MW‐6 1480184.7 604009.3 1 0.58 0.69 ‐0.11
MW‐7 1478680.4 604765.2 1 3.54 2.45 1.09
MW‐5 1479901.9 604294.7 1 0.88 0.90 ‐0.02
DMW‐7I 1479924.2 604287.2 8 0.58 0.78 ‐0.20 0.3000 0.1195
DMW‐7D 1479924.2 604287.2 11 0.71 0.87 ‐0.16 ‐0.1300 ‐0.0884
DMW‐8S 1479667.8 604516.6 1 3.2 1.14 2.06
DMW‐8I 1479673.6 604516.0 7 0.83 1.05 ‐0.22 2.3700 0.0924
DMW‐8D 1479673.6 604516.0 11 0.89 1.13 ‐0.24 ‐0.0600 ‐0.0805
DMW‐9S 1479286.9 604771.6 1 1.6 1.67 ‐0.07
DMW‐9I 1479293.4 604764.9 7 1.48 1.57 ‐0.09 0.1200 0.0964
DMW‐9D 1479293.4 604764.9 11 1.12 1.49 ‐0.37 0.3600 0.0880
DMW‐10S 1479225.8 604636.8 1 1.9 1.74 0.16
DMW‐10I 1479217.3 604630.7 8 1.71 1.65 0.06 0.1900 0.0868
DMW‐11S 1478934.9 604424.2 1 3.51 2.01 1.50
DMW‐11I 1478930.8 604429.3 7 1.86 1.92 ‐0.06 1.6500 0.0899
MW‐14I 1479550.7 605129.9 7 0.43 0.90 ‐0.47

Table 2.   July 2, 2010 Measured Groundwater Elevations and Vertical Hydraulic  



Well Name X Y Layer
Observed 

WL
Computed 

WL
Residual

Vertical 
Head 

Difference

Vertical 
Head 

Difference
MW‐15S 1479028.3 605011.0 4 1.38 2.05 ‐0.67
MW‐15I 1479028.3 605011.0 8 1.6 1.98 ‐0.38 ‐0.2200 0.0676
MW‐15D 1479028.3 605011.0 11 1.6 1.86 ‐0.26 0.0000 0.1252
MW‐16S 1479248.8 605086.4 6 0.47 1.65 ‐1.18
MW‐16I 1479248.8 605086.4 8 1.4 1.62 ‐0.22 ‐0.9300 0.0220
MW‐16D 1479248.8 605086.4 10 0.38 1.60 ‐1.22 1.0200 0.0205
MW‐17S 1479358.3 605112.7 2 0.45 1.46 ‐1.01
MW‐17I 1479358.3 605112.7 7 1.17 1.39 ‐0.22 ‐0.7200 0.0733
MW‐17D 1479358.3 605112.7 10 2.15 1.41 0.74 ‐0.9800 ‐0.0178
MW‐18S 1479645.1 604930.8 4 0.33 0.87 ‐0.54
MW‐18I 1479645.1 604930.8 8 0.29 0.82 ‐0.53 0.0400 0.0493
MW‐2 1479708.3 604144.3 8 0.94 1.11 ‐0.17
MW‐19I 1479701.2 604152.7 8 0.73 1.11 ‐0.38 0.2100 ‐0.0067
MW‐19D 1479701.2 604152.7 11 0.78 1.09 ‐0.31 ‐0.0500 0.0266
DMW‐1S 1479310.5 604458.6 1 1.86 1.60 0.26
MW‐20S 1479397.9 604631.0 4 1.55 1.48 0.07 0.3100 0.1273
MW‐20I 1479397.9 604631.0 8 1.57 1.43 0.14 ‐0.0200 0.0514
MW‐20D 1479397.9 604631.0 10 1.02 1.40 ‐0.38 0.5500 0.0257
MW‐21I 1479303.2 604467.8 8 1.62 1.52 0.10
MW‐21D 1479303.2 604467.8 11 1.17 1.44 ‐0.27 0.4500 0.0804
MW‐3 1479107.2 604448.8 1 1.98 1.82 0.16
MW‐22I 1479112.8 604442.1 7 1.89 1.73 0.16 0.0900 0.0927
MW‐22D 1479112.8 604442.1 11 1.41 1.59 ‐0.18 0.4800 0.1371
MW‐23S 1479295.1 604237.1 4 1.72 1.55 0.17
MW‐23I 1479295.1 604237.1 9 1.7 1.50 0.20 0.0200 0.0525
MW‐23D 1479295.1 604237.1 11 1.21 1.41 ‐0.20 0.4900 0.0908
MW‐24S 1479375.2 603945.7 2 2.91 1.48 1.43
MW‐24I 1479375.2 603945.7 7 1.72 1.38 0.34 1.1900 0.0985
MW‐25S 1478812.4 604510.1 1 3.46 2.18 1.28
MW‐25I 1478812.4 604510.1 8 1.89 2.07 ‐0.18 1.5700 0.1041
MW‐26S 1479035.4 604726.4 4 2.25 1.95 0.30
MW‐26I 1479035.4 604726.4 8 1.69 1.89 ‐0.20 0.5600 0.0522
MW‐26D 1479035.4 604726.4 11 1.74 1.74 0.00 ‐0.0500 0.1510
MW‐29D 1480488.4 603774.8 15 0.38 0.53 ‐0.15
MW‐30D 1479645.7 603825.5 15 0.89 0.95 ‐0.06
MW‐31D 1480099.6 603747.8 15 0.17 0.69 ‐0.52
MW‐28I 1479027.9 605110.6 9 1.47 2.00 ‐0.53
MW‐27D 1479032.0 605114.3 15 3.37 2.04 1.33 ‐1.9000 ‐0.0467
MW‐32S 1479926.5 603917.7 2 0.96 0.99 ‐0.03
MW‐32I 1479926.5 603917.7 9 0.88 0.90 ‐0.02 0.0800 0.0831
MW‐33S 1478762.0 605115.6 2 2.13 2.50 ‐0.37
MW‐33I 1478762.0 605115.6 9 2.08 2.40 ‐0.32 0.0500 0.1000
MW‐34S 1478893.8 605340.1 2 1.67 2.38 ‐0.71
MW‐34I 1478893.8 605340.1 9 1.65 2.28 ‐0.63 0.0200 0.0982



Table 3.  Summary Statistics for Steady-State Flow Model Simulation for July 2010 Conditions

Model 
Layer Unit # Targets

Range of 
Water 
Levels    

(ft)

Residual 
Mean   

(ft)

Absolute 
Residual 
Mean (ft)

Residual   
Standard 
Deviation 

(ft)

Standard 
Deviation / 

Range 

 Entire Model 81 3.37 -0.09 0.34 0.48 0.14
1 Upper Zone 14 3.31 0.38 0.41 0.64 0.19
2 Upper Zone 5 1.90 -0.45 0.45 0.40 0.21
3 Upper Zone 0 - - - - -
4 Upper Zone 7 1.92 -0.11 0.27 0.36 0.19
5 Upper Zone 0 - - - - -
6 Upper Zone 1 - -1.18 1.18 - -
7 Intermediate Zone 10 1.53 -0.01 0.20 0.25 0.16
8 Intermediate Zone 13 1.60 -0.17 0.24 0.23 0.14
9 Intermediate Zone 8 1.76 -0.28 0.33 0.27 0.15
10 Lower Zone 3 1.77 -0.29 0.78 0.99 0.56
11 Lower Zone 16 1.44 -0.23 0.24 0.16 0.11
12 Basal Confing Unit 0 - - - - -
13 Basal Confing Unit 0 - - - - -
14 Basal Confing Unit 0 - - - - -
15 Deep Confined Zone 4 3.20 0.15 0.41 0.81 0.25



Table 4.  Comparison of Simulated and Measured Drawdown at the End of 72 Hour Pumping Test in 
               the Intermediate Zone of the Surficial Aquifer.

Actual Simulated
Drawdown Drawdown

Well ID (Feet) (Feet)
OW-01I 1.18 1.28
DMW-2A 1.16 1.34
DMW-2B 0.54 0.55
DMW-3I 0.46 0.4
DMW-4I 0.39 0.17
DMW-8I 0.28 0.30



Table 5.   Summary of Flow Model Sensitivity Analysis

Model Parameter Multiplier
Normalized 

RSS

Recharge Rate (unpaved area) 0.5 1.99

 Recharge Rate (unpaved area) 1.5 2.58

Recharge Rate (paved area) 0.5 1.00

Recharge Rate (paved area) 1.5 1.00

Horizontal Hydraulic Conductivity of Upper Zone 0.5 1.06

Horizontal Hydraulic Conductivity of Upper Zone 1.5 0.98

Horizontal Hydraulic Conductivity of Intermediate Zone 0.5 1.11

Horizontal Hydraulic Conductivity of Intermediate Zone 1.5 0.98

Horizontal Hydraulic Conductivity of Lower Zone 0.5 1.18

Horizontal Hydraulic Conductivity of Lower Zone 1.5 0.98

Vertical Hydraulic Conductivity of Upper Zone 0.5 1.11

Vertical Hydraulic Conductivity of Upper Zone 1.5 0.99

Vertical Hydraulic Conductivity of Intermediate Zone 0.5 1.04

Vertical Hydraulic Conductivity of Intermediate Zone 1.5 0.99

Vertical Hydraulic Conductivity of Lower Zone 0.5 1.10

Vertical Hydraulic Conductivity of Lower Zone 1.5 0.99

Vertical Hydraulic Conductivity Intermediate Aquitard (Layer 12, 13, and 14) 0.5 1.01

Vertical Hydraulic Conductivity Intermediate Aquitard (Layer 12, 13, and 14) 1.5 1.00

Horizontal Hydraulic Conductivity of Deep Confined Zone (Layer 15) 0.5 1.00

Horizontal Hydraulic Conductivity of Deep Confined Zone (Layer 15) 1.5 1.00

Vertical Hydraulic Conductivity of Deep Confined Zone (Layer 15) 0.5 1.00
Vertical Hydraulic Conductivity of Deep Confined Zone (Layer 15) 1.5 1.00

Note:  Normalized RSS (residual sum of squares) is the new RSS divided by
calibrated model RSS



Table 6.  Summary of Injection and Pumping Rates by Model Layer for Each Remedial Scenario.

Scenario 
Description Layer Zone

Pumping Rate 
(gpm)

Pumping Rate 
by Zone (gpm) Injection Rate (gpm)

Layer 2 Upper 1.5
Layer 3 Upper 1.6
Layer 4 Upper 3.2
Layer 5 Upper 1.6
Layer 6 Upper 4.3
Layer 7 Intermediate 1.8
Layer 8 Intermediate 6.0
Layer 9 Intermediate 5.8
Layer 11 Lower 22.2 22.2
Total 48.1
Layer 2 Upper 2.3 2.0
Layer 3 Upper 2.3 2.0
Layer 4 Upper 2.5 2.0
Layer 5 Upper 2.4 2.0
Layer 6 Upper 2.7 2.0
Layer 7 Intermediate 7.2 1.0
Layer 8 Intermediate 7.0 1.0
Layer 9 Intermediate 7.0 1.0
Layer 11 Lower 34.3 34.3
Total 67.9

Hydraulic  
Barrier Wells 
Along Frog 

Mortar Creek

Hydraulic 
Barrier Wells 
With  High 

Concentration 
Zone Injection 
and Pumping

12.2

13.6

12.3

21.3
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MW-26 DMW-10

cDCE: 84
TCE: 0.85 U
VC: 140 J

cDCE: 0.85 U
TCE: 0.85 U
VC: 140
K: 20

K: 1.5

MW-21
MW-19

cDCE: 0.17 U
TCE: 3.7
VC: 0.22 U

cDCE: 150
TCE: 120
VC: 94

MW-31MW-32

cDCE: 0.17 U
TCE: 0.17 U
VC: 0.22 U

cDCE: 0.17 U
TCE: 0.17 U
VC: 0.22 U

cDCE: 0.17 U
TCE: 0.17 U
VC: 0.22 U
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MW-7

MW-25

cDCE: 0.17 U
TCE: 0.3 J
VC: 0.22 U 

cDCE: 0.78 J
TCE: 0.67 J
VC: 0.22 U
K: 0.9

cDCE: 0.17 U
TCE: 0.17 U
VC: 0.22 U

DMW-11 MW-22

cDCE: 0.17 U
TCE: 0.91 J
VC: 0.22 U

cDCE: 41000
TCE: 36000
VC: 4100
K: 0.5

MW-30
MW-24

cDCE: 0.17 U
TCE: 0.17 U
VC: 0.22 U

cDCE: 9
TCE: 0.17 U
VC: 10 J

cDCE: 7
TCE: 1.2
VC: 0.32 J

MW-23 MW-1
TT-13

cDCE: 0.17 U
TCE: 0.17 U
VC: 0.22 U

cDCE: 0.24 U
TCE: 54
VC: 0.31 U
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Figure 4-9
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MW-32MW-30

V'

cDCE: 0.17 U
TCE: 0.17 U
VC: 0.22 U

MW-6 DMW-6

cDCE: 0.17 U
TCE: 0.17 U
VC: 0.22 U

cDCE: 0.17 U
TCE: 0.17 U
VC: 0.22 U

cDCE: 0.17 U
TCE: 0.17 U
VC: 0.22 U
K: 10

cDCE: 2.7
TCE: 0.83 J
VC: 0.22 U
K: 4.5

cDCE: 0.17 U
TCE: 0.17 U
VC: 0.22 U
K: 2

cDCE: 0.56 J
TCE: 0.84 J
VC: 0.22 U
K: 10
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Figure 4-10
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W

MW-17

cDCE: 0.17 U
TCE: 0.17 U
VC: 0.22 U

W'

MW-16
MW-15

MW-7

cDCE: 1500
TCE: 7800
VC: 130 J

cDCE: 280
TCE: 1000
VC: 12 J cDCE: 9.8

TCE: 0.24 U
VC: 42

cDCE: 130
TCE: 470
VC: 8.5 J

cDCE: 0.17 U
TCE: 0.17 U
VC: 0.22 U

cDCE: 160
TCE: 170
VC: 12 J

cDCE: 0.51 J
TCE: 0.17 U
VC: 0.71 J
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Figure 4-11
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cDCE: 0.17 U
TCE: 0.3 J
VC: 0.22 U

DMW-3

DMW-9MW-26MW-25

cDCE: 84
TCE: 0.85 U
VC: 140 J
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TCE: 4000
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TCE: 730
VC: 2000
K: 1

cDCE: 6600
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Figure 4-12

Hydrostratigraphic Cross Section

Transect X-X'

Legend

Well Screen

TCE
VC

J
U

Trichloroethene Concentration (ug/L)
Vinyl Chloride Concentration (ug/L)

Estimated Result
Result Below Detection Limit

Higher Permeability
(typically >10 ft/day):
Sand and sand & gravel

Medium Permeability
(typically 1-10 ft/day):
Mixture of sand, silt, and/or some clay

Lower Permeability
(typically <1 ft/day):
Clay and silt & clay

Materials

cis-1,2-Dichloroethene
Concentration (ug/L)

cDCE

September 2009 Sampling Results

Hydraulic Conductivity (ft/day)K

Tetra Tech, Inc.

Groundwater Surface

Hydrostratigraphic units were interpreted from lithology
information of boring logs and slug test results.

Soil / Well Boring



cDCE: 570
TCE: 690
VC: 480
K: 6.5

cDCE: 0.17 U
TCE: 0.17 U
VC: 0.22 U

Y

MW-22 MW-21

DMW-8

DMW-4

cDCE: 630
TCE: 860
VC: 230
K: 20

cDCE: 1.2
TCE: 0.36 J
VC: 0.22 U
K: 0.4

cDCE: 400
TCE: 5800
VC: 37 U
K: 3

cDCE: 2100
TCE: 5800
VC: 140 J
K: 6

cDCE: 120
TCE: 630
VC: 37
K: 5.5

Y'
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Figure 4-13
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cDCE: 150
TCE: 120
VC: 94
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Figure 4-14
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Screening of Technologies and 
Process Options 

Information regarding identification, screening, and evaluation of the potential technologies and 

process options that may be applicable to the remedial alternatives for impacted groundwater in 

the Dump Road Area (DRA) Site are provided in this section. The primary objective of this 

phase of the Groundwater Feasibility Study (FS) is to develop an appropriate range of remedial 

technologies and process options to be used for developing the remedial alternatives. This 

includes the completion of the following analytical steps: 

• Identification and screening of remedial technologies and process options 

• Evaluation and selection of representative process options 

A variety of technologies and process options are identified under each general response action 

(GRA) and screened. The screening is first conducted at a preliminary level to focus on relevant 

technologies and process options, and then the screening is conducted at a more detailed level 

based on certain evaluation criteria. Finally, process options are selected to represent the 

technologies that have passed the detailed evaluation and screening. 

The evaluation criteria for detailed screening of technologies and process options that have been 

retained after the preliminary level screening are effectiveness, implementability, and cost. The 

following are descriptions of these evaluation criteria: 

• Effectiveness 

o Protection of human health and the environment; reduction in toxicity, mobility, or 
volume; and permanence of the solution. 

o Ability of the technology to address the estimated areas or volumes of the 
contaminated media. 

o Ability of the technology to attain the preliminary remediation goals (PRGs) required 
to achieve the remedial action objectives (RAOs). 
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o Technical reliability (innovative versus well-proven) with respect to contaminants 
and site conditions. 

• Implementability 

o Overall technical feasibility at the site. 

o Availability of vendors, mobile units, storage and disposal services, etc. 

o Administrative feasibility. 

o Special long-term maintenance and operation requirements. 

• Cost (Qualitative) 

o Capital cost. 

o Operation and maintenance (O&M) costs. 

D.1 PRELIMINARY SCREENING OF GROUNDWATER  

TECHNOLOGIES AND PROCESS OPTIONS 

The results of the identification and screening of remediation technologies and process options 

for groundwater at a preliminary stage based on implementation with respect to site-specific 

conditions and chemicals of concern (COCs) are provided in this section. The results of this 

preliminary screening process are summarized in Table 3-1. It presents the GRAs, identifies the 

technologies and process options, and provides a brief description of each process option 

followed by comments about the results of the screening process. 

The following are the groundwater technologies and process options remaining for detailed 

screening. 

General Response 
Action 

Technology Process Options 

No Action None Not applicable 

Limited Action Land Use Controls 
(LUCs) 

Groundwater use restrictions, construction 
restrictions 

Monitoring Sampling and analysis 

 Monitored Natural 
Attenuation 

Sampling and analysis 
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General Response 
Action 

Technology Process Options 

Containment Vertical Barrier 
(Physical) 

Cut-Off Walls, Grout Curtain, Sheet Piling 

Vertical Barrier 
(Hydraulic) 

Extraction Wells 

Removal Groundwater 
Extraction 

Extraction Wells 

In-Situ Treatment Biological Enhanced bioremediation with an electron-donor 
compound 

 Chemical Permeable reactive barrier with zero-valent iron 

Ex-Situ Treatment Physical Filtration 

 Air stripping 

 Liquid-phase granular activated carbon (GAC) 
adsorption 

 Vapor-phase GAC adsorption 

 Vapor-phase potassium permanganate 
impregnated zeolite adsorption 

 Sedimentation 

 Chemical Coagulation/Flocculation 

  Neutralization/pH adjustment 

  Ion Exchange 

  Advanced Oxidation 

Disposal Surface Discharge Direct surface water discharge 

Indirect discharge to publicly owned treatment 
works (POTW) 

Subsurface 
Discharge 

Reinjection 

 

D.2 DETAILED SCREENING OF GROUNDWATER  

TECHNOLOGIES AND PROCESS OPTIONS 

D.2.1 No Action 

Because the Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA) process is being used in this evaluation, the No Action alternative is being 

considered. No Action consists of maintaining the status quo at the site. The No Action 
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alternative is carried through the Groundwater FS to provide a baseline for comparison with 

other alternatives and their effectiveness in mitigating risks posed by site contaminants. 

Effectiveness 

No Action would not be effective in meeting the RAOs. Potential contaminant reduction through 

natural attenuation could not be evaluated, and off-site migration would not be monitored. 

Implementability 

There would be no implementability concerns because no action would be implemented. 

Cost 

There would be no costs associated with the No Action alternative. 

Conclusion 

No Action is retained because of National Oil and Hazardous Substances Pollution Contingency 

Plan (NCP) requirements, although it would not be effective. 

D.2.2 Limited Action 

The technologies considered under this GRA are LUCs, monitoring, and natural attenuation. 

D.2.2.1 Land Use Controls 

Land use controls (LUCs) would be developed through the implementation of a LUC Remedial 

Design (RD) to prevent the site and groundwater from being used in the future for purposes that 

are not consistent with the residual risk after implementation of the final remedy. Deed 

restrictions would be required to prevent the land from being developed and the groundwater 

from being used for potable purposes. Signage would be required to indicate the restrictions 

identified in the LUCs and to show the boundaries of the contamination. Environmental LUCs 

would be developed to meet the groundwater RAOs. Because the site is an airport, access is 

severely restricted. 
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Note that because of the presence of elevated concentrations of volatile organic compounds 

(VOCs) in groundwater, LUCs that place restrictions on construction of buildings over the plume 

would also be required. The restrictions would require special construction methods such as 

vented foundations for buildings to control vapor intrusion. 

Effectiveness 

Groundwater use restrictions would be effective in combination with source control activities. 

These controls would minimize potential human health risks associated with exposure to 

contaminated groundwater. Routine site inspections would be required to confirm that LUCs are 

being followed. Because of the long time required for natural attenuation and the potential for 

off-site migration, a LUCs-only alternative would not be feasible. 

Implementability 

Land use controls would be readily implementable. Resources are readily available for the 

preparation of deed restrictions. 

Cost 

Costs of LUCs would be low. 

Conclusion 

Land use controls are retained in combination with other process options for the development of 

groundwater remedial alternatives. 

D.2.2.2 Monitoring 

Sampling and analysis of groundwater would be used to evaluate migration of COCs. Monitoring 

would also be used to monitor potential natural attenuation or the progress of active groundwater 

remediation. 
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Effectiveness 

Monitoring would not of itself reduce the toxicity, mobility, or volume of COCs in groundwater, 

but it would allow the observation and evaluation of potential migration of COCs and the 

reductions in their concentrations through natural attenuation or active remediation. 

Implementability 

A groundwater monitoring program could be readily implemented and is routinely performed at 

other sites. Monitoring well installation would need to comply with state and local regulations. 

Cost 

Capital and O&M costs of monitoring would be low. 

Conclusion 

Monitoring is retained in combination with other process options for the development of 

groundwater remedial alternatives. 

D.2.2.3 Monitored Natural Attenuation 

Monitored natural attenuation (MNA) would consist of monitoring groundwater quality to 

determine the extent to which naturally occurring processes such as biodegradation, abiotic 

transformation, dispersion, and dilution would reduce concentrations of COCs over time. For this 

purpose, new monitoring wells would be installed. In the chlorinated volatile organic compound 

(cVOC) plume, samples from new and existing wells would be regularly collected and analyzed 

for natural attenuation parameters such as oxidation-reduction potential (ORP), dissolved oxygen 

(DO), pH, alkalinity, temperature, conductivity, total organic carbon (TOC), ferrous and total 

iron, sulfur compounds (sulfide and sulfate), nitrogen compounds (nitrite and nitrate), 

orthophosphate, chloride, and metabolic gases (methane, ethane, ethene, and carbon dioxide), as 

well as for the cVOCs themselves.  
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Natural attenuation processes may also affect concentrations of inorganic contaminants. 

Dispersion and dilution would reduce concentrations over time. As metals migrate to zones with 

different geochemistry, metals may precipitate or sorb onto soil particles. 

In the 2009 annual sampling event (Tetra Tech, 2010a), groundwater samples were collected 

from six wells and analyzed to evaluate whether anaerobic reductive dechlorination of cVOCs 

was occurring at the site and whether site conditions could be enhanced by adding electron-donor 

and/or pH adjustment to stimulate anaerobic reductive dechlorination. Evidence indicated that 

slow or incomplete reductive dechlorination of lower order cVOCs may be occurring in the 

lower surficial aquifer zone. 

Effectiveness 

Naturally occurring processes could reduce low concentrations of trichloroethene (TCE) and 

other organic contaminants in groundwater over the long term. Based on the results of samples 

collected during previous investigations, natural anaerobic reductive dechlorination is occurring 

at the site but not to a significant degree. Monitored natural attenuation may be applied at the 

fringe area of a plume where concentrations are low and suspected source areas are controlled or 

no longer migrating toward this area. More typically, MNA is applied after suspected source 

areas have been removed and residual cVOC groundwater concentrations are less than 100 µg/l. 

Groundwater monitoring would provide an effective means of evaluating the concentrations of 

COCs in groundwater and of assessing the rate of decrease of these concentrations. Monitoring 

of indicator parameters would be used to evaluate the potential effectiveness of the reductive 

dechlorination process.  

Implementability 

Monitored natural attenuation would be easy to implement. Monitoring groundwater quality and 

periodically reviewing site conditions could readily be performed, and the necessary resources 

are available to provide these services. 

Cost 

Capital and O&M costs for MNA would be low. 
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Conclusion 

Because of the relatively high concentrations of COCs, MNA is not anticipated to be effective 

and will not be a significant component for any of the alternatives. Changes in contaminant 

concentrations and the effects of natural attenuation will be observed coincidentally as part of the 

long-term monitoring program for the site. Monitored natural attenuation is eliminated as a 

specific process option for the development of groundwater remedial alternatives. 

D.2.3 Containment 

The only technologies retained for this GRA are physical vertical barriers and hydraulic barriers. 

D.2.3.1 Physical Barriers 

Low permeability vertical barriers include cut-off walls, grout curtains, and sheet piles that are 

used to minimize the horizontal migration of contaminants, especially in the saturated zone. 

These barriers are placed around wastes or contaminated areas. Low permeability vertical 

barriers extend from the ground surface to at least the bottom depth of the contamination or to 

the confining layer of the aquifer. The type of barrier selected depends on site-specific 

conditions. To be most effective, a barrier generally needs to be "keyed" 2 to 3 feet into a low 

permeability layer, such as clay or bedrock. 

Conventional cut-off walls are most often constructed using the slurry trenching method. This is 

a two-step process. First, a hydraulic excavator or clamshell excavates soil, forming a trench 

with sidewalls supported by the weight of a bentonite slurry. Excavated or imported soil with 

low permeability is then mixed with bentonite slurry outside of the trench to form a low 

permeability soil/bentonite mixture to be used in the trench as backfill material. The 

soil/bentonite backfill is typically pushed into the bentonite slurry filled trench to displace the 

bentonite slurry thus forming the soil/bentonite vertical cut-off wall. Alternatively, Portland 

cement may be mixed with the bentonite slurry if a higher strength is required and greater 

permeability is acceptable. Walls are generally 2 to 4 feet thick and installed to depths of 50 feet 

or less with a hydraulic excavator and to depths greater than 50 feet with a clamshell. 
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Grout curtains are installed by pressure injection of grout composed of Portland cement and 

bentonite. The injection creates a column of grout and columns are injected side by side and 

overlapped or are spaced closely to create a continuous wall. Grout curtains can readily be 

installed to depths of 100 feet and depths of 200 feet have even been installed. Grout curtains 

may be installed by methods such as deep soil mixing using augers and pressure grouting. 

Sheet piling of steel or plastic can be installed by driving or vibrating methods, depending on the 

soil conditions. Individual sheets have interlocking joints on each side that fit into the adjoining 

sheet. The joints are sealed with hydrophilic rubber, grout, or polymer, but are subject to leakage. 

Steel sheet pile is subject to corrosion. The maximum sheet piling installation depth is 70 to 

80 feet. 

Effectiveness 

The use of low permeability vertical barriers is effective in controlling the horizontal migration 

of contaminants. Cut-off walls are more commonly used than grout curtains and sheet piling. The 

geotechnical properties of the backfill material must be considered in the design of a physical 

barrier. Barriers are most effective when keyed into a confining layer. The required service life 

of the barrier must be considered during design. Long service lives will require a thicker or lower 

permeability barrier. 

Although the barrier prevents migration of contaminants, additional technologies are usually 

required to treat the groundwater behind the barrier and maintain the groundwater level to 

minimize the gradient across the barrier. 

Implementability 

The use of low permeability vertical barriers could cause an increase in groundwater elevations 

upgradient of the barrier. Maintenance of the integrity of low permeability vertical barriers is 

difficult over the long term, and groundwater monitoring may be required to ensure that the 

barrier remains effective. An excessive depth to the confining layer may cause problems with 

constructability. The depth to the Arundel clay varies from 80 to 100 feet. This depth is greater 

than the typical maximum depth for cut-off walls constructed using hydraulic excavators and 
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may exceed the limit for driven sheet piles. Specialty equipment such as a clamshell may be 

required for construction of a low permeability barrier installed to this depth. 

Because of high concentrations of COCs in the groundwater in the vicinity of a proposed barrier, 

some of the excavated soil and groundwater could be classified as Toxicity Characteristic 

Leaching Procedure (TCLP) hazardous waste, which would require managing the waste 

according to hazardous waste regulations.  

Cost 

A physical barrier was modeled to evaluate the level of groundwater extraction that would be 

required compared to the level of groundwater extraction needed for a hydraulic barrier (see 

Section D.2.3.2). The model results show that the pumping rate would be similar to the rate 

needed for a hydraulic barrier, and a groundwater treatment system would be essentially the 

same size for both cases. Thus, the cost of a physical barrier alternative would be much higher 

than the cost of a similar hydraulic barrier alternative because of the additional cost of the 

physical barrier. The groundwater model results are included in Appendix B.  

The costs are high for cut-off walls, sheet piling, and grout curtains. Long-term O&M costs are 

low. 

Conclusion 

Cut-off walls, grout curtains, and sheet piles will be eliminated primarily because they would not 

be effective as there is no cost benefit for a physical barrier compared to a hydraulic barrier. In 

addition, sheet piles may not be implementable to the presumed installation depth due to 

subsurface obstructions, such as buried debris. 

D.2.3.2 Hydraulic Barrier 

Hydraulic barriers use groundwater extraction composed of a series of wells that are used to 

intercept and extract contaminated groundwater at the leading edge of the plume. The wells used 

in the hydraulic capture system are designed and located to provide optimum efficiency in 

attaining hydraulic containment of the contaminant plume. Extraction wells are further described 

below in Section D.2.4.1. 
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Effectiveness 

Groundwater extraction is a well-established and well-proven technology for the containment of 

groundwater contaminant plumes. This technology is reliable and minimal effects on human 

health and the environment would be expected during implementation. The extraction system 

and related components must be operated and maintained until the site groundwater contaminant 

concentrations have met PRGs. Modeling was conducted to determine the number, depth, and 

placement of monitoring wells (see Appendix B). 

Although the hydraulic barrier prevents migration of contaminants, additional technologies are 

required to treat the extracted groundwater.  

Implementability 

This technology uses readily available equipment and techniques and has been widely used in 

remedial actions. Implementation of this technology would require long term operation and 

maintenance. Maintenance would require periodic replacement of mechanical components and 

well inspections. Local and state permits might be required for installation of additional 

extraction wells. 

Concentrations of TCE and vinyl chloride are greater than the TCLP leachate criteria, so 

untreated groundwater must be managed as a hazardous waste. Treatment of groundwater in a 

system that conforms to the requirements of a Resource Conservation and Recovery Act (RCRA) 

wastewater treatment unit can also be performed to exclude the system from RCRA permitting 

requirements.  

Cost 

Capital and O&M costs for groundwater extraction would be moderate, depending on the extent 

of the contaminant plume and aquifer characteristics. 

Conclusion 

Plume containment through groundwater extraction is retained in combination with other process 

options for the development of remedial alternatives. 



Page 12 of 35 
 

D.2.4 Removal 

The only technology and process option for groundwater removal considered under this GRA is 

groundwater extraction with wells. 

D.2.4.1 Extraction Wells 

Wells would be installed in the surficial aquifer and screened below the water table to access the 

groundwater. Pumping would be used to extract the water as it collects in the wells and bring it 

to the surface. The process of extraction would create a hydraulic gradient that would induce 

flow of groundwater into the well. For hydraulic containment, extraction wells would be placed 

in the path of migration of a contaminant plume to intercept and contain the plume. Extraction 

wells placed within the contaminated plume could be used to clean the aquifer by removing the 

contaminated groundwater and flushing the saturated zone. The flushing action would occur 

when water from upgradient (clean) areas (or from reinjection) replaces the extracted 

contaminated groundwater and causes more contaminants to desorb from saturated zone soil. 

Thus, theoretically, the saturated zone soil would progressively lose contaminants until the 

concentrations in groundwater are at acceptable levels. The selection of the appropriate well 

system depends on the depth of contamination and the hydrologic and geologic characteristics of 

the aquifer.  

Vertical extraction wells are commonly used. Wells are screened within the contaminated zone, 

and multiple wells are installed to capture or intercept the plume. The number of wells needed to 

capture or intercept a plume is a function of the characteristics of the aquifer, such as hydraulic 

conductivity, aquifer thickness, and the width of the plume. 

Horizontal wells can also be installed through the contaminated zone to capture or intercept the 

plume. A single, long horizontal well can often be used to capture or intercept a plume. 

Horizontal wells are often used where surface structures, such as buildings or roads prevent the 

installation of vertical wells. As with vertical wells, the effectiveness of a horizontal well 

depends on the characteristics of the aquifer.  

Extraction pumps are typically submersible, electrically operated, centrifugal pumps or 

pneumatically operated ejector pumps. For shallow groundwater extraction (depths up to 10 
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feet), surface pumps may be used. Centrifugal pumps are not practical for use at low extraction 

rates, less than 1 gallon per minute (gpm), and in such cases, pneumatic ejector pumps are 

preferred. 

Effectiveness 

Extraction wells could be effective for intercepting and containing the migration of contaminant 

plumes and extracting the groundwater from the high concentration areas such as the plumes at 

the DRA Site. The locations and screening depths of the wells are important criteria that must be 

taken into consideration in achieving adequate capture of the contaminant plume. Extraction 

wells are a well-established and well-proven technology for the removal of contaminated 

groundwater and the containment of groundwater contaminant plumes. Although the initial 

effectiveness of this technology for contaminant mass capture is high, it has often been shown to 

decrease over time. This decrease is generally due to one or more factors, including the presence 

of preferential flow pathways due to aquifer heterogeneity, contaminant adsorption to aquifer 

materials, diffusion of contaminants into the pore spaces of low permeability materials, and 

creation of stagnation zones due to pumping operations. This technology is reliable, and minimal 

effects on human health and the environment would be expected during implementation.  

The concentrations of contaminants in groundwater in plumes being treated with extraction 

systems often reach a steady-state concentration greater than the target goal, typically a 

Maximum Contaminant Level (MCL).  

Because horizontal wells consist of one long continuous screen, variations in permeability of the 

aquifer cannot be easily accommodated. Because horizontal wells are generally parallel to 

bedding planes, they are less effective in heterogeneous formations. Conversely, with a line of 

vertical wells, the extraction rate from each well can be adjusted as needed to account for 

different contaminant concentrations and/or well yield.  

Implementability 

Vertical extraction wells are relatively easy to install, while horizontal wells are more difficult to 

install and require specialized equipment. Pumps are widely available for a variety of flow rates 

and aquifer conditions. Implementation of this technology would require long-term O&M. Well 
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screens would require regular inspection and well flushing to remove fine-grained material that 

may clog the wells. Pumps would also require regular preventive maintenance. Installation of 

extraction wells would need to comply with state and location regulations. Extracted 

groundwater would require treatment prior to disposal/discharge. Placement of vertical wells and 

piping may interfere with current or future site operations. Horizontal wells are less likely to 

interfere with future site use.  

Concentrations of TCE and vinyl chloride are greater than the TCLP leachate criteria, so 

untreated groundwater must be handled as a hazardous waste.  

Cost 

The capital and O&M costs of extraction wells are low although the costs of the treatment plant 

are high, especially considering the variety of COCs and their differing treatment processes. The 

costs of horizontal wells are typically higher than the costs of vertical wells. 

Conclusion 

Because the groundwater plume will be contained, extraction wells are retained for the 

development of groundwater remedial alternatives. Due to the heterogeneity of the site, only 

vertical wells will be considered to accommodate potential differences in hydraulic conductivity 

and allow for changes in extraction rates. Multiple vertical extraction wells will also allow for 

variation in pumping, improving capture of groundwater with the highest levels of 

contamination.  

D.2.5 In-Situ Treatment 

The technologies considered under this GRA are enhanced bioremediation of the high 

concentration areas (HCAs) and permeable reactive barriers (PRBs). 

D.2.5.1 In-Situ Enhanced Bioremediation 

In-situ enhanced bioremediation involves the use of microorganisms, primarily bacteria, 

actinomycetes, and fungi, to breakdown hazardous organic compounds into nontoxic or less 

toxic forms. In-situ enhanced bioremediation includes biostimulation and bioaugmentation. 
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Biostimulation consists of using an electron-donor compound to cause anaerobic reductive 

dechlorination or an oxygen-release compound (ORC®) to enhance aerobic processes and the 

growth of indigenous microorganisms and natural biodegradation processes. Anaerobic and 

aerobic processes can be applied in sequence, such as applying an anaerobic process in the 

source area and then promoting aerobic conditions downgradient. Bioaugmentation consists of 

using a bacterial culture to increase the naturally occurring microorganism population and to 

provide organisms specifically targeted to the degradation of COCs. 

For the DRA Site, in-situ biostimulation would consist of an electron-donor compound such as a 

lactate or emulsified oil substrate (EOS) to enhance the anaerobic dechlorination of TCE and 

other cVOCs. The TCE can be transformed to ethene, carbon dioxide, chloride, and water 

through anaerobic biological process. 

In-situ bioaugmentation could consist of injecting a specialized bacterial culture, such as 

Dehalococcoides (DHC), to enhance the dechlorination of TCE if indigenous microorganisms 

are not sufficient. 

The electron-donor compound and/or bacterial culture would be injected into the VOC plumes 

using multiple direct push technology (DPT) injection points or permanent injection wells. 

Injection via DPT is simple to implement and can be used over large areas. 

Effectiveness 

Biostimulation with an electron-donor compound and bioaugmentation with the use of DHC are 

fairly well-proven technologies for the complete dechlorination of non-degraded chlorinated 

solvents (e.g., TCE) from groundwater. The effectiveness of these technologies, particularly in 

cases of very high contaminant concentrations, still typically needs to be demonstrated through 

site-specific treatability testing. 

Implementability 

In-situ enhanced bioremediation could be implemented at the DRA Site. Many qualified 

contractors would be available for the implementation of this technology. Because of the 

relatively large surface area and considerable plume depth, application of an electron-donor 
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compound and bacterial culture would best be accomplished through DPT injection. Placement 

of future injection points may interfere with future site uses. 

Cost 

Capital and O&M costs for in-situ enhanced bioremediation would be moderate to high. 

Conclusion 

In-situ enhanced bioremediation is retained in combination with other processes options for the 

development of groundwater remedial alternatives. 

D.2.5.2 Permeable Reactive Barriers 

Permeable reactive barriers involve emplacement of reactive materials in the subsurface to 

intercept a contaminant plume, provide a flow path through the reactive media, and transform the 

contaminant(s) into environmentally acceptable forms in order to attain PRGs downgradient of 

the barrier. Barriers can be constructed with materials that remove contaminants through 

chemical reactions or with materials that promote degradation of organics through biological 

activity. 

Permeable reactive barriers have been used to treat a wide range of groundwater contaminants, 

including cVOCs and non-cVOCs such as benzene, toluene, ethybenzene and xylenes (BTEX), 

and inorganics such as hexavalent chromium. Iron metal [zero valent-iron (ZVI)] is the most 

common reactive medium used in PRBs for the treatment of cVOCs such as TCE. For barriers 

that promote biological degradation, organic materials that provide electron donors for an 

extended period of time, such as mulch or emulsified oil, are used. 

Permeable reactive barriers using ZVI are generally built in two basic configurations: funnel-

and-gate and continuous. The funnel-and-gate PRB uses impermeable walls (sheet pilings, slurry 

walls, etc.) as a “funnel” to direct the contaminant plume into a “gate” containing the reactive 

media, whereas the continuous PRB completely intercepts the plume flow path with reactive 

media. Because PRBs are not designed to contain groundwater movement, but to intercept 

groundwater contaminants, the permeability of the reactive medium must be at least equal to or 

greater than the permeability of the surrounding aquifer to avoid diversion of the groundwater 
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flow path. This is particularly necessary with the funnel-and-gate design where the cross-section 

of the permeable zones is restricted. Because the emplacement of reactive material generally 

requires excavation, both types of PRBs have typically been limited to relatively shallow depths 

of approximately 50 feet bgs. However, the use of alternative technologies, such as slurry 

injection and hydrofracturing, may help to overcome some of these emplacement limitations. 

For deep barrier emplacements, such as necessary at the DRA Site, PRBs using emulsified oil 

electron donor substrate would be installed using injection techniques. Emulsified oil substrate 

material must typically be replaced at intervals of 5 years, so if multiple injections are 

anticipated, then permanent injection wells must be installed. To provide good distribution of the 

substrate, injection well screen lengths are usually limited to 10 feet.  

Placement of PRBs must consider both groundwater and contaminant velocity and lifespan of the 

reactive material in the PRB. For this site, a single PRB located near the banks of Frog Mortar 

Creek would be used. A ZVI PRB would need to be replaced at 15 year intervals, and the 

electron donor substrate barriers would need to be replaced at 5 year intervals. Because of the 

relatively slow plume velocity, approximately 55 to 460 years would be required for the 

contaminants to flow through the barriers (see Section 4.2.6 of the FS for additional details).  

Effectiveness 

A ZVI PRB would be effective for the in-situ treatment of TCE and other chlorinated organic 

compounds. Some metal removal may also occur. Petroleum hydrocarbons and 1,4-dioxane 

would not be affected by the ZVI. The barrier may plug over time; therefore, the duration of the 

effectiveness of the ZVI is difficult to predict.  

An electron donor (ED) substrate PRB would be effective for the in-situ treatment of TCE and 

other chlorinated organic compounds, although the degradation of TCE to ethene may not be 

complete. Some metal removal is likely, primarily because of reducing conditions. Petroleum 

hydrocarbons and 1,4-dioxane would probably not be affected by the ED. Because of the slow 

groundwater velocity, multiple injections will be needed.  

Implementability 



Page 18 of 35 
 

Installation of a ZVI PRB would be difficult because of the depth of the aquifer to be treated. 

Installation methods would be similar to those for a physical barrier except that a biodegradable 

polymer would be used to stabilize the trench. A large quantity of waste material will be 

generated. Alternative methods of installations, such as high-pressure jetting or deep soil mixing 

may need to be considered. The number of competent contractors available to implement these 

specialized techniques would also be relatively limited. 

Installation of an ED barrier would be simpler using conventional well installation techniques 

and slurry injection equipment. Multiple well clusters would be required to provide full depth 

coverage and ED distribution. 

Once installed, the O&M requirements of PRBs would be minimal and would be essentially 

limited to the monitoring of groundwater quality to verify performance with routine inspections 

to verify continued integrity of the structure. However, periodic replacement of the ZVI and ED 

would be required. 

Because of the high concentrations of COCs in the groundwater in the vicinity of a proposed 

barrier, some of the excavated soil and groundwater would be classified as TCLP hazardous 

waste and would have to be managed as a hazardous waste.  

Cost 

Capital cost of installation of deep PRBs would be high. O&M costs would be low. 

Conclusion 

Zero-valent iron PRBs are retained for the development of groundwater remedial alternatives. 

Because the TCE may not be completely degraded and there may be multiple injections required, 

ED PRBs are eliminated from further consideration. 

D.2.6 Ex-Situ Treatment 

The technologies and process options considered under this GRA include filtration, air stripping, 

liquid-phase granular activated carbon (GAC) adsorption, vapor-phase GAC adsorption, 
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vapor phase potassium permanganate impregnated zeolite (PPZ), sedimentation, 

coagulation/flocculation, neutralization/pH adjustment, ion exchange, and advanced oxidation. 

D.2.6.1 Filtration 

Filtration uses a porous medium to remove solid particles from a liquid or gas. This technology 

is generally used as a groundwater pretreatment to remove suspended material before other 

treatment processes and/or for the final cleaning or polishing of treated effluent to remove metals 

that are sorbed to suspended solids.  

Liquid filtration may be accomplished by numerous methods including screens, fibrous fabrics 

(paper or cloth), or beds of granular material such as sand. Flow through a filter can be enhanced 

by pressure on the inlet side or by drawing a vacuum on the filter outlet. 

Most types of liquid filters, except those utilizing disposable filter elements (such as cartridge 

filters), require periodic cleaning to remove suspended solids accumulated in the filter medium 

and to restore filtration efficiency. This cleaning is typically performed with a countercurrent of 

water or backwash, which carries away the solids retained on the filter medium. Disposable 

filters would be disposed at an off-site landfill. 

Effectiveness 

Filtration is a very well-proven technology for the removal of fines from groundwater that might 

otherwise undermine the efficiency of downstream treatment technologies such as liquid-phase 

GAC adsorption and for meeting low cleanup goals that could be affected by metals 

concentrations associated with suspended solids. 

Implementability 

Filtration would be readily implementable. Treatment systems are commercially available from a 

wide variety of manufacturers and can be readily ordered to almost any specification. Liquid or 

solid residues resulting from periodic cleaning or replacement of the filter medium would have to 

be properly disposed. 

Cost 
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The capital and O&M costs for filtration would be low.  

Conclusion 

Filtration is retained for the development of groundwater remedial alternatives in combination 

with other process options for the development of groundwater remedial alternatives. 

D.2.6.2 Air Stripping 

Air stripping is an aeration process that promotes the transfer of VOCs from the aqueous phase 

to the gas phase. Air stripping is typically most effective for the removal of VOCs with a Henry's 

Law constant greater than or equal to 3.0 atmosphere-liter per mole (atm-L/mole), such as TCE. 

Removal efficiencies of VOCs typically exceed 99 percent depending on the operating 

parameters and the physical properties of the organic contaminants. However, air stripping is not 

very effective for the removal of 1,4-dioxane. 

A countercurrent packed tower or tray tower is the most commonly used air stripping 

configuration. Water is distributed over the top of the unit while air is forced upward through the 

bottom. In packed towers, loosely fitted packing material serves to increase the air/water 

interface area to provide maximum mass transfer. In tray towers, water flows down through a 

tower equipped with perforated trays that allow air to pass upward through the water. Key factors 

that influence process performance include air-to-water ratio, height of packing and type of 

packing material, number of trays, operating temperature, surface hydraulic loading, and contact 

time. 

 

Effectiveness 

Air stripping is a well-proven and reliable technology that would be effective for removing TCE 

and other VOCs from the DRA Site groundwater, but 1,4-dioxane and metals cannot be removed 

by this process. Removal efficiencies greater than 99 percent could theoretically be achieved for 

the cVOCs. Because air stripping only removes the contaminants from the water and 

concentrates them in an exhaust gas, this gas would have to be further treated to meet air 
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discharge regulations prior to release to the atmosphere by such means as vapor-phase GAC 

adsorption, catalytic oxidation, or thermal destruction. 

Implementability 

Air stripping would be readily implementable. There are a significant number of vendors that 

provide air stripping equipment. 

A maintenance problem commonly associated with air stripping is the channeling of flow 

resulting from clogging in the packing material. Typical causes of clogging include suspended 

solids, and iron concentrations, and slightly soluble salts such as calcium carbonate. 

Cost 

Capital cost for air stripping would be low. O&M costs would be low to moderate depending on 

influent contaminant concentrations and the degree of removal required. 

Conclusion 

Air stripping is retained for the development of groundwater remedial alternatives in 

combination with other process options for the development of groundwater remedial 

alternatives. Because 1,4-dioxane is not removed by air stripping, an additional process would be 

needed.  

D.2.6.3 Liquid-Phase Granular Activated Carbon Adsorption 

Granular activated carbon is a frequently applied technology for the removal of contaminants 

from water. Liquid-phase GAC adsorption is principally used for removal of organic compounds 

and is more effective for less polar and less soluble compounds. Liquid-phase GAC adsorption 

involves the physical attraction of organic solute molecules to exchange sites on the internal pore 

surface areas of specially treated (activated) carbon grains. As the contaminated groundwater 

passes through one or more vessels containing GAC, contaminants are captured on the active 

sites of the carbon grains and eventually occupy all of these sites. The spent GAC must then 

either be regenerated or disposed. 
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Typical GAC adsorption treatment systems include atmospheric or pressurized columns 

operating in series and/or parallel configuration. Liquid-phase GAC columns are typically 

designed with backwashing capability to minimize solids fouling that would increase GAC 

replacement frequency. Factors such as pH and temperature of the influent, empty bed contact 

time (EBCT), surface area to volume ratio of the activated carbon, and solubility of the organic 

compound will affect the carbon adsorption process. 

Effectiveness 

Liquid-phase GAC adsorption is a well-proven reliable technology that would be effective for 

removing of many organic compounds, including TCE. However, GAC does not effectively 

remove 1,4-dioxane. Treatability testing might be required to confirm GAC adsorption 

efficiency. Because of the relatively high costs of GAC replacement, a preceding process, such 

as air stripping or advanced oxidation, is typically used to remove cVOCs to a very low level, so 

GAC would be used as a polishing step.  

Implementability 

Liquid-phase GAC adsorption would be readily implementable. Treatment systems are 

commercially available from a wide variety of manufacturers and can be readily ordered to 

almost any specification. There are a sufficient number of qualified vendors that provide GAC 

adsorption units. As previously mentioned, it is anticipated that pretreatment with filtration 

would be required. As it becomes saturated, GAC would have to be periodically replaced, and 

the spent GAC would have to be disposed. Treatability testing might be required to determine the 

anticipated frequency of GAC replacement. 

Cost 

The capital cost for liquid-phase GAC adsorption would be low, and O&M costs would be 

moderate to high based on expected GAC consumption. 

Conclusion 

Liquid-phase GAC adsorption is retained for the development of groundwater remedial 

alternatives, in combination with other process options. 
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D.2.6.4 Vapor-Phase Granular Activated Carbon Adsorption 

Granular activated carbon adsorption is a frequently applied technology for the removal of 

contaminants from air. The GAC process adsorbs most organic compounds to some extent but is 

more effective for the less polar and less soluble compounds. Granular activated carbon 

adsorption involves the physical attraction of organic solute molecules to exchange sites on the 

internal pore surface areas of the specially treated (activated) carbon grains. As the contaminated 

vapor passes through one or more vessels containing GAC, the organic molecules are captured 

on the active sites of the carbon grains and eventually occupy all of these sites. The exhausted 

GAC must then either be regenerated or disposed. 

Typical GAC adsorption treatment systems include atmospheric columns operating in series 

and/or parallel configuration. Factors such as temperature and relative humidity of the inlet 

stream, EBCT, and surface area to volume ratio of the activated carbon will affect the carbon 

adsorption process. 

Effectiveness 

Vapor-phase GAC adsorption is a well-proven reliable technology that would be effective for 

removing most of the COCs from the off-gas from the air stripper to meet the requirements of air 

discharge regulations. Removal efficiency exceeding 99 percent is possible depending on the 

compound and system operating parameters such as retention time. However, vinyl chloride is 

poorly sorbed by GAC. 

Implementability 

Granular activated carbon adsorption would be readily implementable. There are a sufficient 

number of qualified vendors that provide vapor-phase GAC adsorption units. 

Spent GAC containing concentrated organic contaminants would have to be regenerated, 

incinerated, or disposed in a hazardous waste landfill. Thermal, steam, and solvent treatments are 

the most common types of GAC regeneration technologies, and these are typically conducted 

off-site. 

Cost 
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Capital cost for GAC adsorption would be low and O&M costs would range from moderate to 

high, depending on the carbon usage rate, which is a function of influent contaminant 

concentration. 

Conclusion 

Because air stripping has been retained as a process option, vapor-phase GAC adsorption is also 

retained for the development of groundwater remedial alternatives. 

D.2.6.5 Potassium Permanganate Impregnated Zeolite  

Because GAC is not very effective in removing vinyl chloride from air, PPZ can be used. 

Potassium permanganate impregnated zeolite is effective in the removal of vinyl chloride and 

other chlorinated ethenes.  

As the contaminated vapor passes through one or more vessels containing PPZ, the cVOCs are 

oxidized by the potassium permanganate. After all potassium permanganate is consumed, the 

zeolite must then be disposed as a hazardous waste and replaced with new PPZ. Typical PPZ 

adsorption treatment systems operate in series and/or parallel configurations.  

Effectiveness 

Treatment of vapor streams contaminated with VOCs with PPZ is a relatively recent technology, 

although it is well established for other industries. Potassium permanganate impregnated zeolite 

would be effective for removing most of the vinyl chloride from the off-gas from the air stripper 

to meet the requirements of air discharge regulations. Removal efficiency exceeding 95 percent 

is possible.  

Implementability 

Potassium permanganate impregnated zeolite adsorption would be readily implementable. There 

are a sufficient number of qualified vendors that provide vapor-phase PPZ adsorption units. 

Spent PPZ would have to be disposed in a non-hazardous waste landfill. Unlike GAC, PPZ 

cannot be regenerated.  
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Cost 

Capital cost for PPZ adsorption would be moderate and O&M costs would range from moderate 

to high, depending on the PPZ rate, which is a function of influent contaminant concentration. 

Conclusion 

Because air stripping has been retained as a process option, PPZ adsorption is also retained for 

the development of groundwater remedial alternatives. 

D.2.6.6 Neutralization/pH Adjustment 

Neutralization/pH adjustment is a process for achieving appropriate pH levels for removal of 

contaminants, primarily metals. This is generally accomplished by adding acidic compounds to 

balance alkaline solutions or vice versa. 

Effectiveness 

Neutralization/pH adjustment is generally effective for the removal of certain contaminants, 

mostly inorganics, by bringing them out of solution. For the DRA Site, neutralization/pH 

adjustment would not of itself be effective for the removal of all COCs in groundwater. 

However, this technology might be required prior to discharge of treated groundwater, or in 

advance of certain other treatment technologies, to prevent fouling or to improve treatment 

effectiveness. 

Implementability 

Neutralization/pH adjustment would be readily implementable. This technology is widely used, 

and numerous qualified equipment vendors and contractors offer these types of equipment and 

services. There can be safety issues associated with storing and handling pH adjustment 

compounds.  

Cost 

Capital and O&M costs for neutralization/pH adjustment would be low. 
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Conclusion 

Neutralization/pH adjustment is retained because of high metals concentrations in the 

groundwater that must be removed prior to further treatment and discharge. This process would 

be used in combination with other treatment process options. 

D.2.6.7 Coagulation/Flocculation and Sedimentation 

Coagulation/flocculation is a process that consists of adding certain chemical reagents that result 

in the agglomeration of small suspended solids particles into larger ones, thus increasing 

significantly the effectiveness of sedimentation. This step is typically applied after chemical 

precipitation. 

Sedimentation is a process that removes the suspended solids from a liquid by producing 

quiescent hydraulic conditions. This allows gravity to settle out the unstable solids from 

suspension. This technology may be used in conjunction with precipitation. Two slightly 

different sedimentation options are used including clarification (to typically produce a sludge 

that is 2 to 8 percent solids) and thickening (to typically further concentrate clarification sludges 

to 8 to 15 percent solids). Sludge would be further processed in a dewatering unit, such as a plate 

and frame filter press, so that the solids could be disposed off-site. 

Effectiveness 

Coagulation/flocculation and sedimentation would not of themselves be effective for the removal 

of COCs from groundwater at the DRA Site. However, these technologies would be effective for 

the removal of excessive concentrations of suspended solids (such as iron and manganese 

compounds) that would otherwise undermine the efficiency of COC removal technologies such 

as air stripping and GAC adsorption. Therefore, coagulation/flocculation is often required 

following a neutralization/pH adjustment step. Based on characterization of the groundwater, 

pretreatment would be required not only for iron and manganese removal, but also for the 

removal of other metals, such as cadmium. 

Implementability 
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Coagulation/flocculation and sedimentation would be readily implementable. Numerous 

qualified equipment vendors and contractors offer this type of equipment and services. 

Cost 

Capital and O&M costs for coagulation/flocculation and sedimentation would be low. 

Conclusion 

Coagulation/flocculation and sedimentation are retained because of the high suspended solids 

concentrations from iron and manganese compounds (and other metals) that will be precipitated 

from the groundwater. 

D.2.6.8 Ion Exchange 

Ion exchange would consist of pumping the groundwater to be treated through a bed of a special 

resin medium capable of capturing ions from the groundwater and exchanging these with the 

ions populating the active sites of the resin medium. There are two main categories of ion 

exchange resins, including cationic resins, with active sites populated with positive ions 

(cations), and anionic resins, with active sites populated with negative ions (anions). Ion 

exchange is capable of reducing metals concentrations to very low levels that may be required 

for a discharge to Frog Mortar Creek and meeting MCLs of certain metals, such as cadmium, 

prior to reinjection. 

Cationic resins are most often used with either sodium (Na+) or hydrogen (H+) ions populating 

their active sites. Anionic resins are most often used with either chloride (Cl-) or hydroxyl (OH-) 

ions populating their active sites. Once most of the original ions on the active sites have been 

replaced with those captured from the groundwater being treated, the ion exchange resin is said 

to be saturated and is temporarily taken out of service for regeneration. This regeneration 

consists of flushing the resin with a concentrated solution of the original ion to reverse the 

exchange process and repopulate the active sites with this original ion. Typically, cationic resins 

are regenerated with either sodium chloride, if operating in the sodium cycle, or sulfuric or 

hydrochloric acid, if operating in the hydrogen cycle. Anionic resins are regenerated with sodium 

chloride, if operating in the chloride cycle, or with caustic soda (sodium hydroxide), if operating 
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in the hydroxyl cycle. The regeneration process generates a waste brine residue that contains the 

ions removed from the treated groundwater and a surplus of the regenerating ions. This waste 

brine must be neutralized and undergo some form of treatment, such as evaporation, prior to 

disposal. Ion exchange resins can be regenerated on-site or off-site. 

Effectiveness 

Ion exchange is a well-proven process for the removal of inorganic compounds down to 

extremely low concentrations that may be required for surface water discharge or re-injection to 

the groundwater. 

Implementability 

Ion exchange would be simple to implement. Treatability testing would be required to verify that 

metals can be removed down to surface discharge limits and MCLs. The resources, equipment, 

and materials necessary for such an implementation are readily available. Typical ion exchange 

systems are fully automatic and require minimum operating supervision. Maintenance 

requirements would consist of routine inspection of the resin bed and periodic replacement of 

damaged or lost resin. Since suspended solids interfere with the performance of most ion 

exchange resins, pretreatment would most likely be required. 

As previously mentioned, the ion exchange units would have to be regularly regenerated with  

sodium chloride brine or an acid solution that would generate a waste fluid requiring off-site 

disposal. Alternatively, resins can be regenerated off-site. 

Cost 

Capital and O&M costs for ion exchange would be high. 

Conclusion 

Ion exchange is retained in combination with other process options for the development of 

remedial alternatives. 



Page 29 of 35 
 

D.2.6.9 Advanced Oxidation 

Advanced oxidation processes (AOPs) use a controlled combination of either ozone or hydrogen 

peroxide with ultraviolet (UV) light or UV light in the presence of a catalyst to induce 

photochemical oxidation of organic compounds. Ultraviolet radiation is electromagnetic (EM) 

energy with wavelengths that fall between those of visible light and X-ray radiation on the EM 

spectrum. Ultraviolet energy is capable of breaking down or rearranging a molecular structure, 

depending on the dissociation energies of the chemical bonds within the structure. The 

combination of ultraviolet radiation with ozone or hydrogen peroxide or in the presence of a 

catalyst results in the oxidation of organic contaminants at a rate many times faster than that 

obtained from applying UV light alone. An alternative process uses ozone and hydrogen 

peroxide without UV light to accomplish the destruction of organic chemicals.  

A typical, continuous flow hydrogen peroxide/ozone and UV system consists of an oxygen or air 

source, an ozone generator or hydrogen peroxide feed system, a UV/oxidation reactor, and an 

ozone decomposer. Flow patterns and configurations are designed to maximize exposure of the 

wastewater to the UV radiation, which is supplied by an arrangement of UV lamps. Typical 

reactor designs range from mechanically agitated reactors to spray, packed, and tray type towers. 

If ozone is utilized, reactor gases are passed through a catalytic ozone decomposer that converts 

remaining ozone to oxygen and destroys any residual VOCs. 

A catalytic process (Photo-Cat by Purifics, Inc.) consists of multiple UV lights in reactor tubes, 

through which the wastewater flows. The catalyzed process generates radicals that react with and 

oxidize contaminants. No chemicals are added in this process. 

Similarly, an ozone-hydrogen peroxide system (such as HiPOx® by APTwater, Inc.) consists of 

an oxygen source, an ozone generator, a hydrogen peroxide feed system, a reactor, and an ozone 

decomposer. Flow patterns and configurations are designed to maximize exposure of the 

wastewater to the oxidizing chemicals. Reactor gases are passed through a catalytic ozone 

decomposer that converts remaining ozone to oxygen and destroys any residual VOCs. 

Effectiveness 
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Advanced oxidation with hydrogen peroxide/ozone and/or UV technology has been proven 

effective for the destruction of halogenated organic compounds, benzene derivatives, various 

aliphatic hydrocarbons, and specifically, 1,4-dioxane. Removal effectiveness varies greatly 

depending on the contaminant of concern. For the DRA Site groundwater, chlorinated alkenes 

such as TCE, cis-1,2-DCE, and 1,4-dioxane, along with petroleum-related compounds would be 

readily destroyed. 

Implementability 

Advanced oxidation processes would be readily implementable. However, only a few vendors 

currently offer this technology. Recent improvements have been made by vendors of this 

technology to minimize energy usage and reduce UV lamp fouling problems. However, because 

of the high iron and manganese concentrations, systems using UV lights may have high 

maintenance requirements and costs. With this treatment, no toxics are emitted to the atmosphere 

or adsorbed onto media that require further treatment or disposal. 

Cost 

Capital costs of AOPs would be moderate to high. O&M costs vary significantly depending on 

flow rate, and contaminant type and concentration. 

Conclusion 

The advanced oxidation process with ozone and hydrogen peroxide is retained in combination 

with other process options for the development of remedial alternatives, primarily for the 

removal of 1,4-dioxane. Ultraviolet light systems have the propensity to foul, and require 

pretreatment for solids removal. For the purposes of this Groundwater FS, the HiPOx® system is 

described in the process descriptions, although other processes can be used.  

D.2.7 Disposal 

The technologies and process options considered under this GRA includes surface water 

discharge, indirect discharge, and reinjection. 
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D.2.7.1 Direct Surface Discharge  

Direct surface discharge would consist of disposing of treated groundwater by discharging it 

directly to a surface water body such as Frog Mortar Creek. Because of distance, a discharge to 

another surface water body is not feasible. In addition, for the groundwater treatment system to 

qualify for the RCRA wastewater treatment unit exemption, a permitted direct (or indirect) 

discharge is necessary. 

Because of the poor mixing in the tidal portion of Frog Mortar Creek, effluent limitations are 

expected to be very low, close to surface Water Quality Criteria (WQC), without significant 

dilution. Frog Mortar Creek is considered to be fresh water by Maryland Department of the 

Environment (MDE), so fresh water quality criteria would be considered. This portion of Frog 

Mortar Creek is tidal and not considered to be usable as a drinking water source, so human health 

WQC based on consumption of organisms only is applicable. Effluent limitations would need to 

be developed using a model acceptable to MDE and then model assumptions would need to be 

calibrated by field tests. Note that WQC for a few parameters (for example, cadmium) are less 

than MCLs, so additional treatment, such as ion exchange may be needed to meet the surface 

water effluent limitations compared to the groundwater cleanup goals. Table D-1 lists the 

contaminants and the corresponding WQC. To maximize mixing the discharge with the surface 

water, the discharge would likely be through a submerged diffuser along the bottom of Frog 

Mortar Creek.  

Effectiveness 

Direct surface discharge of treated groundwater would be an effective means of disposal. 

However, appropriate on-site treatment would be required prior to discharge to satisfy applicable 

water quality criteria and the requirements of a National Pollutant Discharge Elimination System 

(NPDES) permit. 

Implementability 

Direct surface discharge to Frog Mortar Creek would be easy to implement; however, achieving 

the stringent WQC will be more difficult. Because the DRA Site is in close proximity to the 

creek, transfer distances would be relatively short and it is likely that existing storm sewers 
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might be used for this purpose. In addition, the discharge would have to meet the requirements of 

an NPDES permit. Because of the relatively small drainage area of Frog Mortar Creek and the 

poor mixing typical of tidal portions of the creek, effluent limitations will probably be very 

stringent. A submerged, multiport diffuser would likely be needed for the discharge to meet 

effluent limitations. As noted above, effluent limitations would need to be calculated using a 

state-approved model, and the model would need to be field calibrated and verified.  

Cost 

The capital and O&M costs of direct surface discharge would be low. 

Conclusion 

Direct surface discharge is retained as a contingency for the development of groundwater 

remedial alternatives. 

D.2.7.2 Indirect Discharge 

This technology would consist of discharging the treated groundwater to a local publicly owned 

treatment works (POTW) where it would undergo either the full or incremental treatment 

required for discharge. In addition, for the groundwater treatment system to qualify for the 

RCRA wastewater treatment unit exemption, a permitted indirect (or direct) discharge is 

necessary. Local limits for the discharge to the POTW system are much less stringent than MCLs 

or surface water effluent limitations. The limitations for industrial discharges to the City of 

Baltimore POTW are summarized in Table D-2.  

Effectiveness 

Indirect discharge to a POTW would be an effective method of disposal of the treated 

groundwater. The POTW would provide the necessary polishing treatment for ultimate discharge 

to surface water. 

Implementability 
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Although the POTW appears to have the capacity to handle the flow, the county sanitary sewer 

system may be unwilling to accept the flow. The sewer system is under a Consent Order with the 

United States Environmental Protection Agency (EPA)/Department of Justice (DOJ)/MDE 

regarding overflows from the sanitary system, and elimination of excess inflows and infiltration 

from the system. The sewer authority is trying to eliminate groundwater and rainwater from 

entering the sewers, and the addition of a relatively clean groundwater stream may be 

counterproductive to their goal. Thus, acceptance of the discharge by the sanitary sewer authority 

may need to be negotiated. 

Cost 

Capital and O&M costs for indirect discharge to a POTW would be moderate to high, depending 

on the distance to the sewer tie-in and the service and annual fees charged by the sewer authority 

to accept the treated water.  

Conclusion 

Indirect discharge is retained for further consideration although there may be significant 

administrative implementability issues. Because of uncertainties in estimating surface water 

discharge effluent limitations at this time, treated groundwater could be discharged to the POTW 

for the first few years of operation until flow rates, influent, and effluent quality are better 

characterized. Then, a surface water discharge permit can be obtained based on actual site 

operating data.  

D.2.7.3 Reinjection 

Reinjection consists of disposing treated groundwater back into the original aquifer from which 

it was removed through infiltration galleries or reinjection wells. Based on the relatively shallow 

groundwater table at the DRA Site, infiltration galleries may be an acceptable option. 

Reinjection may be used to improve contaminant remediation by creating artificial hydraulic 

gradients that direct groundwater toward extraction wells. Reinjection can be coupled with 

extraction wells to create a closed system in which pumping and injection rates balance one 

another. The groundwater would need to be treated to meet groundwater MCLs prior to injection. 

Other groundwater quality parameters, such as total dissolved solids concentration, must also be 
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considered. In addition, the groundwater can be amended with an electron donor prior to 

reinjection to promote in-situ reductive dechlorination. 

Effectiveness 

Reinjection via infiltration galleries or injection wells is an effective means of disposing of the 

volumes of water generated by a groundwater pumping/treatment system. Infiltration galleries 

offer the advantage of decreasing groundwater remediation time by increasing groundwater flow 

through the aquifer. The vertical infiltration of treated groundwater through the vadose zone will 

create elevated groundwater conditions (i.e., groundwater mounding) in the vicinity of the 

infiltration gallery, requiring detailed flow modeling to ensure that the design of the infiltration 

gallery can accommodate these changes to water levels within the aquifer. Injection well systems 

must be designed to minimize potential for clogging the wells and galleries with suspended 

solids. The effectiveness of reinjection depends on hydraulic conductivity, aquifer thickness, and 

hydraulic gradient/aquifer recharge rate. This method of disposal would require treatment of the 

water to meet groundwater MCLs for all contaminants. 

Implementability 

Installation of an infiltration gallery system or injection well system for underground injection is 

implementable using established procedures. Vendors and equipment for installation are 

commercially available. Reinjected water could potentially force contaminated groundwater into 

less-contaminated areas. Periodic groundwater monitoring would be needed to assess the impacts 

of reinjection. Infiltration galleries will require a larger area than injection wells. The placement 

of infiltration galleries, injection wells, and associated piping could restrict development and use 

of the site and complicate the soil FS yet to come. 

Using reinjection as the sole method of groundwater disposal would eliminate exemption from 

permitting under RCRA as a wastewater treatment unit. 

Cost 

Costs for construction and O&M of a reinjection system would be low to moderate. 

Conclusion 
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Reinjection (infiltration gallery or wells) is retained for the development of groundwater 

remedial alternatives, but only in conjunction with a permitted direct and/or indirect discharge. 

This process will be used in combination with other technologies such as extraction and ex-situ 

treatment. 

D.3 SELECTION OF REPRESENTATIVE TECHNOLOGIES AND 

PROCESS OPTIONS FOR GROUNDWATER 

The following technologies and process options, under the GRAs as noted, were retained for the 

development of groundwater containment remedial alternatives: 

• No Action 

• Limited Action: LUCs, Monitoring 

• Containment: Hydraulic Barrier 

• Removal: Extraction 

• In-Situ Treatment: Enhanced Bioremediation, ZVI PRB  

• Ex-Situ Treatment: Filtration, Air Stripping, Liquid-Phase GAC Adsorption, Vapor-
Phase GAC Adsorption, Vapor-Phase PPZ Adsorption, Neutralization/pH Adjustment, 
Coagulation/Flocculation and Sedimentation, Ion Exchange, Advanced Oxidation 

• Disposal: Indirect Discharge to POTW, Reinjection, Direct Discharge 

The purpose of this FS is to evaluate containment of contaminated groundwater, which must 

consider the overall depth of the contaminated groundwater (approximately 90 feet) and wide 

variety of contaminants (for example, cVOCs, metals, and 1,4-dioxane). Therefore, the number 

of processes and technologies that can be applied is limited. The primary objective of 

containment is particularly limiting, and contaminant removal technologies that might be applied 

throughout the plume were not considered. All remediation technologies and processes will be 

revisited when the FS for the site-wide groundwater remedy is prepared. 
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Water Quality Criteria 
DRA Site Groundwater Feasibility Study 
Lockheed Martin, Martin State Airport 

Middle River, Maryland 
Page 1 of 2 

 

Parameter 
WQC Aquatic 

Life  
(ug/L) 

WQC HH 
(ug/L) 

MCL 
(ug/L) 

Organic Compounds    

1,1- Dichloroethene - 32 7 

1,2-Dichloroethane - 370 5 

1,2,4-Trichlorobenzene - 940 70 

1,3,5-Trimethylbenzene - - - 

1,4-Dioxane - - - 

Benzene - 510 5 

Chloroform - 4,700 80 (as TTHMs) 

cis-1,2-Dichloroethene - - 70 

Ethylbenzene - 29,000 700 

Naphthalene - - - 

Tetrachloroethene - 33 5 

Toluene - 200,000 1,000 

Trichloroethene - 300 5 

Vinyl chloride - 5,300 2 

Xylenes - - 10,000 

Inorganics    

Arsenic 150 41 10 

Barium - 2,000 (DW+O) 2,000 

Beryllium - 4 (DW+O) 4 

Cadmium 0.25 5 (DW+O) 5 

Chromium -/ 74 / 11 100 (DW+O) 100 

Copper 9 1,300 (DW+O) 1,300 (AL) 

Iron - - - 

Mercury 0.77 - 2 



Table D-1 
 

Water Quality Criteria 
DRA Site Groundwater Feasibility Study 
Lockheed Martin, Martin State Airport 

Middle River, Maryland 
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Parameter 
WQC Aquatic 

Life  
(ug/L) 

WQC HH 
(ug/L) 

MCL 
(ug/L) 

Manganese - - - 

Nickel 52 4,600 - 

Lead 2.5 - 15 (AL) 

Selenium 5 4,200 50 

Silver 3.2 - - 

Vanadium - - - 

Zinc 120 26,000 - 

 
WOC - Water Quality Criteria 
WQC Aquatic life - fresh water, lowest of chronic and acute. 
WQC HH - Human health, consumption of organisms only (unless noted). 
DW+O - Human health, based on drinking water and consumption of organisms. No WQC for 
consumption of organisms only. 
MCL - Maximum Contaminant Level 
AL - Action Level 
TTHMs - Total Trihalomethanes 
For metals, dissolved metals are shown. 
Max concentrations from June 2008 (Tetra Tech, 2008) and May 2009 (Tetra Tech, 2009) reports. 
Mean Concentrations are from June 2008 (Tetra Tech, 2008). 
For chromium, the WQC AL values are for total/III/VI 
"-" indicates not criteria. 

 



Table D-2 
 

Baltimore County Industrial Wastewater Discharge Standards  
DRA Site Groundwater Feasibility Study 
Lockheed Martin, Martin State Airport 

Middle River, Maryland 
 

 

Parameter Limit 
(mg/L) 

Cadmium 0.21 

Chromium 6.89 

Copper  6.59 

Lead 6.81 

Mercury 0.01 

Nickel 2.82 

Silver 1.20 

Zinc 17.85 

Fats, Oils, and Grease (FOG) 100.0 

Total Petroleum Hydrocarbons 100.0 

Total Toxic Organics 2.13 

pH 6.0 to 10.0 SU 

 

mg/L – milligram(s) per liter. 
SU – Standard units. 
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GROUNDWATER TREATMENT SYSTEM PROCESS DESCRIPTIONS 
 
 
 
 
  



PROCESS DESCRIPTION - ALTERNATIVE G-2 

Component 1: Hydraulic Control  

This component would consist of installing an array of groundwater extraction wells and 

operating this array for a period of up to 50 years. Modeling results for this component are 

provided in Appendix B. Design calculations for this component are provided in Appendix D 

Based on the results of groundwater modeling, sixteen extraction wells at various extraction 

depths would be sufficient to intercept the contaminated groundwater before it reaches Frog 

Mortar Creek. Seven wells would be screened within the upper zone (approximately 35 feet 

deep), five wells would be screened within the intermediate zone (approximately 65 feet deep), 

and four would be screened within the lower zone (approximately 90 feet deep). Each well 

screen would be a minimum of 10 feet long. The total groundwater extraction rate is estimated to 

be 40 gpm. The locations of the extraction wells are shown on Figure 4-1. 

Groundwater extraction wells would be installed at depths ranging from approximately 35 to 90 

feet bgs. A submersible centrifugal pump equipped with level controls to turn the pump on and 

off would be installed in each groundwater extraction well. The discharge line from each pump 

would be provided with a flow meter, flow control valve, shut-off valve, and pressure gauges. 

Valves and instrumentation would be housed in a subsurface concrete vault with a hinged 

hatchway. Piping within the vault would be protected from freezing.  

Each of these pumps would be connected to a piping network that would convey the extracted 

groundwater to a pump station on-site (see Figure 4-1). From there, the groundwater would be 

pumped to an off-site treatment system located near Eastern Boulevard. Because the 

concentrations of TCE and vinyl chloride in many of the wells the extracted groundwater will be 

conveyed through double walled piping. 

Component 2: Ex-Situ Treatment of Groundwater  

Based on recent groundwater modeling, the total groundwater extraction rate was estimated to be 

approximately 40 gpm. The treatment system conceptual design is sized for a maximum 

instantaneous flow of 50 gpm. This component would consist of installing an on-site treatment 



system and operating the system as long as groundwater is being extracted. As shown on Figure 

4-2, the extracted groundwater would enter the system at a feed tank; then flow through a metals 

removal system, filter unit, air stripper, advanced oxidation system, the liquid-phase GAC unit; 

and exit the system from the GAC unit. Sludge generated by the metals removal step would be 

thickened, dewatered, and disposed off-site. The treatment system is described further below and 

a process flow diagram (PFD) of the system is shown on Figure 4-2. A conceptual layout of the 

treatment building is shown on Figure 4-3. Design calculations for this component are provided 

in Appendix C. The following description is typical and the description of the final system will 

depend on the vendor-specific equipment selected. 

The purpose of the Feed Tank is to provide control of water flow through the treatment system. 

The tank would also blend the groundwater from the various extraction wells to dampen 

variations in the quality of the influent to treatment system. In addition, side streams from the 

wastewater treatment system process will also be sent to the Feed Tank. The Feed Tank could 

also be used to provide additional treatment, as may be required, such as pH adjustment. The 

Feed Tank would be a nominal 10,000 gallon capacity. 

The groundwater flow would be pumped by the Feed Pump, a 50 gpm centrifugal pump, to the 

metals removal system. The groundwater enters a 600-gallon Primary pH Adjustment Tank 

equipped with a 0.5 horsepower (hp) Adjustment Tank Mixer. In this tank, the pH is adjusted to 

10 with caustic soda (12 gallons per day of 50 percent solution), and hydrogen peroxide (3.5 

gallons per day of 35 percent solution) is added for the oxidation and precipitation of iron and 

manganese. The groundwater then enters a 600-gallon Secondary pH Adjustment Tank equipped 

with a 0.5 hp mixer. In this tank, the pH is adjusted to 11 with caustic soda for the precipitation 

of other metals, such as cadmium. The groundwater then flows into the Flocculation Tank 

equipped with a 0.5 hp flocculation mixer and mixed with a polymer (approximately 6 lb/day) to 

coagulate and flocculate the suspended solids. The groundwater then flows into the Clarifier 

where solids settle out. The Clarifier would be equipped with tube settlers. The clarified effluent 

flows into a Final pH Adjustment Tank where hydrochloric acid (3 gallons per day of 35 percent 

solution) is added to return the pH back into the range of 6 to 9 for discharge after final 

treatment. The Final pH Adjustment Tank would be 1,000 gallons with a 1 hp mixer. Chemicals 

would be stored in drums or tote tanks, depending on usage rates. 



Neutralized groundwater flows by gravity into the Clarified Water Feed Tank (750 gallons), 

from which it is pumped through to the air stripper treatment system by the Clarified Water 

Pump (3 hp). The clarified water is pumped directly to the air stripper then through a sand filter. 

Groundwater flows to the top of an air stripper where the groundwater would then cascade down 

through the multiple trays of a low-profile-type air stripper unit where a countercurrent of air 

would volatilize the VOCs, and the treated groundwater would be collected in a sump at the 

bottom of the air stripper unit. The air stripper unit would include four trays and be equipped 

with a 420 cubic feet per minute (cfm) centrifugal blower to provide the necessary 

countercurrent of air. Another pump would convey the treated groundwater to the AOP and GAC 

units. 

The sand filter will remove the balance of the suspended solids (including precipitated iron and 

manganese), as well as any particulate generated in the stripper. By removing suspended solids, 

the Sand Filter will also remove metals so that discharge limitations are met. There would be 

three Sand Filter tanks in parallel, two on-line and one off-line. As solids accumulate, the 

pressure drop in the Sand Filter increases. When a pre-set pressure drop is reached, the off-line 

sand filter will automatically be brought on line while the original sand filter is taken off-line. 

The off-line Sand Filter will be backwashed, as described further below. 

For the purposes of this GW/FS, the HiPOx system is described in the process description 

although other processes can be used. Water from the air stripper enters the HiPOx unit where 

ozone and hydrogen peroxide are added to the groundwater to oxidize organic compounds. 

Ozone is generated by an ozone generator that uses a stream of oxygen produced by a vacuum 

swing absorption (VSA) system Excess ozone is oxidized in the HiPOx unit prior to venting. The 

treated groundwater then flows through the GAC system. 

A GAC system is provided to polish the groundwater, to remove remaining DRO and GRO 

compounds, and to provide contingency treatment in the event that the AOP unit is 

malfunctioning. There are two GAC Tanks, each containing 4,000 pounds (lb) GAC, in series in 

a lead-lag configuration. When the GAC in the lead tank reaches capacity (based on analytical 

testing of the influent and effluent), the flow will be switched to the lag tank while the first tank 



is taken off-line so that the GAC can be replaced with fresh GAC. After the GAC is replaced, the 

GAC Tank is put back on-line in the lag position. 

Following GAC treatment, the treated water flows to the discharge piping to an existing sewer 

that is connected to the sanitary sewer system. A flow meter and totalizer measures the total 

discharge to the POTW.  

The gas exhausting from the top of the air stripper unit would pass through an offgas treatment 

unit to remove volatilized contaminants prior to venting to atmosphere. The offgas treatment unit 

would consist of an electric heater followed by two vapor-phase GAC adsorption units, each 

holding 4,000 lb of GAC and operating in parallel or series followed by two PPZ adsorption 

units, each holding 3,000 lb of PPZ. The purpose of the exhaust gas heater would be to reduce 

the relative humidity of the air stripper unit off gas from near 100 percent to approximately 50 

percent to allow efficient operation of the vapor-phase GAC adsorption units. The majority of 

the VOCs in the extracted vapors would be removed by the lead vapor-phase GAC adsorption 

unit, with the lag unit provided for polishing purposes. Upon exhaustion of the carbon of the lead 

vapor-phase GAC unit, it would be taken out for disposal or regeneration. The lag vapor-phase 

GAC adsorption unit would then be placed in the lead position and a fresh unit would be placed 

in the lag position. Because vinyl chloride is poorly sorbed by GAC, PPZ is used. The vinyl 

chloride is oxidized by the potassium permanganate. The PPZ units are in a parallel 

configuration only due to their high capacity and long bed life. Upon exhaustion of the PPZ unit, 

it would be taken out for disposal. 

For discharge to surface water, the contaminant concentrations must also conform to WQCs. For 

cadmium, the PRG is 5 µg/L, and conventional treatment by pH adjustment, clarification, and 

filtration cannot meet this level. To meet the cadmium requirement, an ion exchange (IE) unit 

would be provided following the GAC unit. Cartridge filters would be required upstream of the 

IE system to prevent clogging of the IE resin and to further remove metals sorbed onto fine 

suspended solids that pass through the sand filters. There would be two tanks each containing 60 

ft3 of cationic IE resin. One tank would be on line and the second tank would be on standby. The 

effluent would be routinely monitored for cadmium, and as the concentration approached the 

PRG, the tank would be taken offline, and the standby tank would be brought into service. The 



resin would be regenerated off-site by a resin regeneration service. For a small system such as 

this, the resin and tank would be removed from the site and replace with another tank filled with 

fresh resin. The new tank would be backwashed to remove fines, and the tank would be placed in 

standby mode. 

Part of the treated water will be diverted to a Backwash Supply Tank (5,000 Gallons). This tank 

would be equipped with level switches to divert treated water into the tank when it is not full. 

When the tank is full, all treated water flows to the sanitary sewer. The Backwash Supply Tank 

is sized to provide sufficient water for one backwash cycle each of a Sand Filter and GAC Tank.  

When a Sand Filter requires backwash, the Backwash Pump is activated and 40 gpm flows 

upward through the sand filter, suspending the sand, and carrying the solids out of the sand filter 

to the Waste Backwash Tank. Each backwash cycle requires approximately 800 gallons of water. 

After backwash is complete, the Backwash Pump is stopped, and the Sand Filter is ready to be 

used when the next on line Sand Filter reaches capacity. 

Similarly, when the GAC in a GAC Tank is replaced, fines are generated during transfer of the 

GAC, and these are removed by backwashing. When a GAC Tank requires backwash, the 

Backwash Pump is activated and 50 gpm flows upward through the GAC tank carrying the fines 

out of the tank to the Waste Backwash Tank. 

Because the backwash is a relatively large volume of water generated over a short period of time, 

the waste backwash water is directed to the Waste Backwash Tank (5,000 Gallons) so that it can 

be fed into the treatment system at a low rate. The water in the Waste Backwash Tank is metered 

back to the Feed Tank by the Waste Backwash Transfer Pump over a 20-hour period at 

approximately 1 gpm. 

Settled sludge (approximately 200 lb/day of dry solids) in the Clarifier is periodically transferred 

to a 10-foot diameter Sludge Thickener Tank by a 15 gpm Clarified Underflow Pump. In the 

Sludge Thickener the solids content of the sludge is increased by gravity sedimentation from 

approximately 0.5 percent (by weight) to approximately 4 percent (by weight). Thickened sludge 

is periodically transferred from the bottom of the Thickener to an 80 cubic feet (ft3) recessed 

plate type Filter Press by a 60 gpm Filter Press Feed Pump. In the Filter Press, the solids content 



of the thickened sludge is increased from approximately 4 percent by weight to 25- to 35 percent 

(by weight) to form a solid cake which would be stored in a roll-off container and later hauled 

away for appropriate disposal. Supernatant water from the Thickener and filtrate water from the 

Filter Press are collected in the 4,700-gallon Filtrate Tank and returned from there to the Feed 

Tank by a 15 gpm Filtrate Transfer Pump.  

A compressed air system will be used to operate air-operated diaphragm pumps for Sludge 

Transfer, Filter Press Feed, and other air-operated equipment.  

The DRA site is bordered by the taxiways and runways, the MDANG property, and Frog Mortar 

Creek which makes access for routine maintenance difficult, so the location of the treatment 

building is planned to be off of the Martin State Airport property. The estimated size of the 

building is 130 feet by 60 feet, and an area of approximately 180 feet by 120 feet would be 

needed to accommodate construction, parking, and deliveries. The tentative location is assumed 

to be along Lynbrook Road at the Martin State Airport property line (see Figure 4-4). Figure 4-4 

also shows an alternative location along the property line approximately 800 feet to the west. The 

properties would need to be purchased or leased. The Groundwater Treatment Plant Building 

will be designed to contain spills within the building. Spilled water will flow or be directed into 

the building sump and transferred by a Sump Pump to the Feed Tank.  

Influent, effluent, and intermediate locations in the process will be sampled routinely to monitor 

the effectiveness and progress of the treatment. These results will also be used to determine if 

GAC needs to be replaced. 

Component 3: Discharge to POTW and Surface Water  

Treated groundwater would be initially discharged to the Baltimore County sanitary sewer 

system and treated at the City of Baltimore Back River Wastewater Treatment Plant. The 

discharge from the groundwater treatment system would be pumped and tied into an existing 

sanitary sewer near the proposed treatment building. The discharge to the sanitary sewer would 

be metered and routinely sampled to comply with Baltimore County Industrial Wastewater 

Discharge Standards. The design discharge rate of 50 gpm is greater than the 25,000 gallons per 



day (gpd) threshold for a significant industrial user, so reporting is required twice per year and 

annual user fees are required in addition to sewage service charges. 

After the extraction and treatment system has been in operation for 2 to 3 years, the extraction 

flow rates, groundwater concentrations, and treated water concentrations will be well established. 

Using the data from plant operation, an NPDES permit application for a discharge to surface 

water can be prepared. This will include developing an MDE-approved estuary model to 

calculate effluent limitations, field calibration of the model, and obtaining effluent limitations 

from the MDE. The treated water would be discharged to surface water through a submerged 

multiple diffuser outfall. 

 

  



PROCESS DESCRIPTION - ALTERNATIVE G-3 

Component 1: Hydraulic Control  

This component would consist of installing an array of groundwater extraction wells and piping 

as described for Component 1 in Alternative G-2. As in Alternative G-2, the system would 

operate up to 50 years. The locations of the extraction wells are shown on Figure 4-5. 

Component 2: Ex-Situ Treatment of Groundwater  

As in Alternative G-2, the total groundwater extraction rate is approximately 40 gpm, but 

because of uncertainties in the groundwater extraction rates and to provide flexibility for future 

operation, the treatment system conceptual design is sized for 100 gpm, although the system is 

assumed to operate at 50 gpm. The additional flow capacity would allow significant recirculation 

to facilitate in-situ treatment of the HCAs. This component would consist of installing an on-site 

treatment system and operating this system for up to 50 years, and the process is essentially the 

same as the treatment system in Alternative G-2, and is described below.  

As shown on Figure 4-6, the extracted groundwater would enter the system at a feed tank, then 

flow through a metals removal system, filter unit, air stripper, advanced oxidation system, the 

liquid-phase GAC unit, IE unit; and exit the system. Sludge generated by the metals removal step 

would be thickened, dewatered, and disposed off-site. The treatment system is described further 

below and a PFD of the system is shown on Figure 4-6. A conceptual layout of the treatment 

building is shown on Figure 4-7. Design calculations for this component are provided in 

Appendix C. The following description closely follows Alternative G-2, but has been modified 

to reflect the larger size of the equipment for the higher design flow rate. 

The purpose of the Feed Tank is to provide control of water flow through the treatment system. 

The tank would also blend the groundwater from the various extraction wells to dampen 

variations in the quality of the influent to treatment system. In addition, side streams from the 

wastewater treatment system process will also be sent to the Feed Tank. The Feed Tank could 

also be used to provide additional treatment, as may be required, such as pH adjustment. The 

Feed Tank would be sized at 23,000 gallons. 



The groundwater flow would be pumped by the Feed Pump, a 100 gpm centrifugal pump to the 

metals removal system. The groundwater enters a 1,200-gallon Primary pH Adjustment Tank 

equipped with a 0.5 hp Adjustment Tank Mixer. In this tank, the pH is adjusted to 10 with 

caustic soda (24 gallons per day of 50 percent solution) and hydrogen peroxide (7 gallons per 

day of 35 percent solution) is added for the oxidation and precipitation of iron and manganese. 

The groundwater then enters a 1,200-gallon Secondary pH Adjustment Tank equipped with a 0.5 

hp mixer. In this tank, the pH is adjusted to 11 with caustic soda for the precipitation of other 

metals, such as cadmium. The groundwater then flows into the Flocculation Tank equipped with 

a 0.5 hp flocculation tank mixer and mixed with a polymer (approximately 12 lb/day) to 

coagulate and flocculate the suspended solids. The groundwater then flows into the Clarifier 

where solids settle out. The Clarifier would be an equipped with tube settlers. The clarified 

effluent flows into a Final pH Adjustment Tank where hydrochloric acid (6 gallons per day of 35 

percent solution) is added to return the pH back into the range of 6 to 9 for subsequent discharge. 

The Final pH Adjustment would be 2,000 gallons with a 1 hp mixer. Chemicals would be stored 

in drums or tote tanks, depending on usage rates. 

Neutralized groundwater flows by gravity into the Clarified Water Feed Tank (1,500 gallons), 

from which it is pumped through the rest of the treatment system by the Clarified Water Pump (5 

hp). The clarified water is pumped directly to the air stripper then through a sand filter. 

Groundwater flows to the top of an air stripper where the groundwater would then cascade down 

through the multiple trays of a low-profile-type air stripper unit where a countercurrent of air 

would volatilize the VOCs, and the treated groundwater would be collected in a sump at the 

bottom of the air stripper unit. The air stripper unit would include four trays and be equipped 

with a 850 cfm centrifugal blower to provide the necessary countercurrent of air. Another pump 

would convey the treated groundwater to the AOP and GAC units. 

The sand filter will remove the balance of the suspended solids (including precipitated iron and 

manganese), as well as any particulate generated in the stripper. By removing suspended solids, 

the Sand Filter will also remove metals so that discharge limitations are met. There would be 

three Sand Filter tanks in parallel, two on-line and one off-line. As solids accumulate, the 

pressure drop in the Sand Filter increases. When a pre-set pressure drop is reached, the off-line 



sand filter will automatically be brought on line while the original sand filter is taken off-line. 

The off-line Sand Filter will be backwashed, as described further below. 

For the purposes of this GW/FS, the HiPOx system is described in the process description 

although other processes can be used. Water from the air stripper enters the HiPOx unit where 

ozone and hydrogen peroxide are added to the groundwater to oxidize organic compounds. 

Ozone is generated by an ozone generator that uses a stream of oxygen produced by a vacuum 

swing absorption (VSA) system Excess ozone is oxidized in the HiPOx unit prior to venting. The 

treated groundwater then flows through the GAC system. 

A GAC system is provided to polish the groundwater, to remove remaining DRO and GRO 

compounds, and to provide contingency treatment in the event that the AOP unit is 

malfunctioning. There are two GAC Tanks, each containing 8,000 lb GAC, in series in a lead-lag 

configuration. When the GAC in the lead tank reaches capacity (based on analytical testing of 

the influent and effluent), the flow will be switched to the lag tank and while the first tank is 

taken off-line so that the GAC can be replaced with fresh GAC. After the GAC is replaced, the 

GAC Tank is put back on-line in the lag position. 

For re-injection of the treated groundwater, the contaminant concentrations must meet the 

groundwater PRGs, and for discharge to surface water, the contaminant concentrations must also 

conform to WQCs. For cadmium, the PRG is 5 µg/L, and conventional treatment by pH 

adjustment, clarification, and filtration cannot meet this level. To meet the cadmium requirement, 

an IE unit would be provided following the GAC unit. Cartridge filters would be required 

upstream of the IE system to prevent clogging of the IE resin and to further remove metals 

sorbed onto fine suspended solids. There would be two tanks each containing 60 ft3 of cationic 

IE resin. One tank would be on-line and the second tank would be on standby. The effluent 

would be routinely monitored for cadmium, and as the concentration approached the PRG, the 

tank would be taken off-line, and the standby tank would be brought into service. For a small 

system such as this, the resin and tank would be removed from the site and replaced with another 

tank filled with fresh resin. The new tank would be backwashed to remove fines, and the tank 

would be placed in standby mode. 



Following IE treatment, part of the treated water would be pumped through the discharge piping 

to an existing Baltimore County sanitary sewer system and treated at the City of Baltimore Back 

River Wastewater Treatment Plant, and the rest is pumped to the injection wells. Flow meters 

and totalizers measure the discharge to the POTW and to the injection wells.  

The gas exhausting from the top of the air stripper unit would pass through an offgas treatment 

unit to remove volatilized contaminants prior to venting to atmosphere. The offgas treatment unit 

would consist of an electric exhaust gas dryer followed by two vapor-phase GAC adsorption 

units, each holding 9,000 lb of GAC and operating in series and lead/lag configuration, which 

would be followed by two PPZ adsorption units, each holding 6,000 lb of PPZ. The purpose of 

the exhaust gas dryer would be to reduce the relative humidity of the air stripper unit off gas 

from near 100 percent to approximately 50 percent to allow efficient operation of the vapor-

phase GAC adsorption units. The majority of the VOCs in the extracted vapors would be 

removed by the lead vapor-phase GAC adsorption unit, with the lag unit provided for polishing 

purposes. Upon exhaustion of the carbon of the lead vapor-phase GAC unit, it would be taken 

out for disposal or regeneration. The lag vapor-phase GAC adsorption unit would then be placed 

in the lead position and a fresh unit would be placed in the lag position. Because vinyl chloride is 

poorly sorbed by GAC, PPZ is used. The vinyl chloride is oxidized by the potassium 

permanganate. Like the GAC, the PPZ units are in a lead/lag configuration. Upon exhaustion of 

the PPZ of the lead unit, it would be taken out for disposal. 

Part of the treated water will be diverted to a Backwash Supply Tank (5,000 Gallons). This tank 

would be equipped with level switches to divert flow into the tank when it is not full. When the 

tank is full, all treated water flows to the sanitary sewer. The Backwash Supply Tank is sized to 

provide sufficient water for one backwash cycle each of a Sand Filter and GAC Tank.  

When a Sand Filter requires backwash, the Backwash Pump is activated and 40 gpm flows 

upward through the sand filter, suspending the sand, and carrying the solids out of the sand filter 

to the Waste Backwash Tank. After backwash is complete, the Backwash Pump is stopped, and 

the Sand Filter is ready to be used when the on line Sand Filter reaches capacity. 

Similarly, when the GAC in a GAC Tank is replaced, fines are generated during transfer of the 

GAC, and these are removed by backwashing. When a GAC Tank requires backwash, the 



Backwash Pump is activated and 40 gpm flows upward through the GAC tank, carrying the fines 

out of the tank to the Waste Backwash Tank. 

Because the backwash flow rate is significantly larger in proportion to the groundwater 

extraction rate, the waste backwash water is directed to the Waste Backwash Tank (5,000 

Gallons). The water in the Waste Backwash Tank is metered back to the Feed Tank by the Waste 

Backwash Transfer Pump over a 20-hour period at approximately 1 gpm. 

Settled sludge (approximately 400 lb/day dry solids) in the Clarifier is periodically transferred to 

a 16-foot diameter Sludge Thickener Tank by a 15 gpm Clarified Underflow Pump. In the 

Thickener the solids content of the sludge is increased by gravity sedimentation from 

approximately 0.5 percent (by weight) to approximately 4 percent (by weight). Thickened sludge 

is periodically transferred from the bottom of the Thickener to a 160 ft3 recessed plate type filter 

press by a 100 gpm Filter Press Feed Pump. In the Filter Press, the solids content of the 

thickened sludge is increased from approximately 4 percent by weight to 25- to 35 percent (by 

weight) to form a solid cake which would be stored in a roll-off container and later hauled away 

for appropriate disposal. Supernatant water from the Sludge Thickener-Decanting Tank and 

filtrate water from the Filter Press are collected in the 9,200-gallon Filtrate Tank and returned 

from there to the Feed Tank by a 25 gpm Filtrate Transfer Pump.  

Some of the treated groundwater would be injected through approximately six injection wells 

located upgradient of the HCAs, as shown on Figure 4-5. Four wells would be screened in the 

shallow zone and two wells would be screened in the intermediate zone. The total injection rate 

would be approximately 13 gpm. Prior to injection, sodium lactate, an electron donor, would be 

added to promote bioremediation through reductive dechlorination. This will reduce 

concentrations of TCE, cis-1,2-DCE, and vinyl chloride, reduce the total loading of contaminants 

on the groundwater treatment system, and may shorten the overall time for remediation. The 

estimated feed rate of sodium lactate is 150 lb/day. The sodium lactate feed system is described 

below in Component 3. This portion of the alternative may be installed following the initial 

installation of the extraction wells and the groundwater treatment system, potentially in 

conjunction with the soil remedy. 



Groundwater that is not re-injected would be discharged to the POTW or surface water, as 

described in Alternative G-2. 

A compressed air system will be used to operate air-operated diaphragm pumps for Sludge 

Transfer, Filter Press Feed, and other air-operated equipment.  

The DRA site is bordered by the taxiways and runways, the MDANG property, and Frog Mortar 

Creek which makes access for routine maintenance difficult, so the location of the treatment 

building is assumed to be off of the Martin State Airport property. The estimated size of the 

building is 155 feet by 65 feet, and an area of approximately 200 feet by 130 feet would be 

needed to accommodate construction, parking, and deliveries. The tentative location is assumed 

to be along Lynbrook Road at the Martin State Airport property line (see Figure 4-4). Figure 4-4 

also shows an alternative location along the property line approximately 800 feet to the west. The 

properties would need to be purchased or leased. Other potential locations to be considered 

include the MSA/MDANG property along Lynbrook Road adjacent to the property line or on the 

MDANG property near the DRA Site. The Groundwater Treatment Plant Building will be 

designed to contain spills within the building. Spilled water will flow or be directed into the 

building sump and transferred by a Sump Pump to the Feed Tank.  

Influent, effluent, and intermediate locations in the process will be sampled routinely to monitor 

the effectiveness and progress of the treatment. These results will also be used to determine if 

GAC needs to be replaced. 

Component 3: Reinjection of Treated Groundwater  

Some of the groundwater would be reinjected in the vicinity of the HCAs. The reinjection would 

enhance the flushing rate of contaminants from these areas, and an ED would be mixed with the 

injected groundwater to promote anaerobic reductive dechlorination of the cVOCs. There would 

be six injection wells in areas contaminated with cVOCs, as shown on Figure 4-5. There would 

be no reinjection of groundwater in areas contaminated only with 1,4-dioxane. Four wells would 

be screened in the shallow zone, and two wells would be screened in the intermediate zone. The 

total flow rate to shallow zone wells would be approximately 10 gpm, and the total flow rate to 



the intermediate zone wells would be 3 gpm. The total injection rate would be approximately 13 

gpm. 

As noted, sodium lactate would be added to the injected groundwater at a rate of approximately 

150 lb/day. Sodium lactate solution would be prepared in a 500 gallon tank and injected into the 

injection well piping at approximately 4 gallons per hour. The injection of groundwater and 

electron donor would be intermittent to allow for the ED to be flushed away from the wells to 

minimize clogging of the wells. When there is no reinjection, all treated groundwater would be 

discharged to the POTW. This portion of the alternative may be installed following the initial 

installation of the extraction wells and the groundwater treatment system, potentially in 

conjunction with the soil remedy. 

Component 4: Discharge to POTW and Surface Water 

This component is the same as Component 3 in Alternative G-2. Because the potential discharge 

rate of 100 gpm is greater than the 25,000 gpd threshold for a significant industrial user, 

reporting would be required twice per year and annual user fees are required in addition to 

sewage service charges. Per Alternative G-2, a surface water discharge permit would be obtained 

at a later date.  

 

 

  



PROCESS DESCRIPTION - ALTERNATIVE G-4 

Component 1: Hydraulic Control  

This component would consist of installing an array of groundwater extraction wells and piping 

as described for Component 1 in Alternative G-2. As in Alternative G-2, the system would 

operate for up to 50 years. The locations of the extraction wells are shown on Figure 4-8. 

Component 2: Extraction of Groundwater from the HCAs  

This component would consist of installing groundwater extraction wells downgradient from the 

HCAs and operating them for up to 50 years. Modeling results for this component are provided 

in Appendix B. Design calculations for this component are provided in Appendix D. 

Seven extraction wells would be sufficient to extract contaminated groundwater from the HCAs. 

Three wells would be screened within the upper zone (approximately 35 feet deep), two wells 

would be screened within the intermediate zone (approximately 65 feet deep), and two would be 

screened within the lower zone (approximately 90 feet deep). Each well screen would be a 

minimum of 10 feet long. The groundwater extraction rate from the HCAs is estimated to be 28 

gpm. Six wells extract groundwater contaminated with cVOCs, and 1,4-dioxane, and one well 

extracts groundwater contaminated only with 1,4-dioxane. The locations of the extraction wells 

are shown on Figure 4-8. 

A submersible centrifugal pump equipped with level controls to turn the pump on and off would 

be installed in each groundwater extraction well. The discharge line from each pump would be 

provided with a flow meter, manual flow control valve, shut-off valve, and pressure gauges. 

Valves and instrumentation would be housed in a subsurface concrete vault at each wellhead 

with a hinged hatchway. Piping within the vault would be protected from freezing.  

Each of these pumps would be connected to a piping network that would convey the extracted 

groundwater to the pump station. Because the concentrations of TCE and vinyl chloride in many 

of the wells are greater than the TCLP criteria, and because the contaminated groundwater will 

be conveyed through clean areas, the extracted groundwater will be conveyed through double 

walled pipes. 



As with the hydraulic barrier extraction wells, the system would operate for up to 50 years. 

Component 3: Ex-Situ Treatment of Groundwater  

 Because of the groundwater extracted from the HCAs, the total groundwater flow rate requiring 

treatment will be higher, and the process will be essentially as described in Alternative G-3. 

Based on the model, the total groundwater extraction rate is approximately 70 gpm, but because 

of uncertainties in the groundwater extraction rates, the treatment system conceptual design is 

sized for 100 gpm. This component would consist of installing an on-site treatment system and 

operating this system as long as groundwater is extracted. As shown on Figure 4-9, the extracted 

groundwater would enter the system at a feed tank, then flow through a metals removal system, 

filter unit, air stripper, advanced oxidation system, the liquid-phase GAC unit, IE unit; and exit 

the system. Sludge generated by the metals removal step would be thickened, dewatered, and 

disposed off-site. The treatment system is as described for Alternative G-3 and a PFD of the 

system is shown on Figure 4-9. Design calculations for this component are provided in Appendix 

C.  

Component 4: Reinjection of Treated Groundwater  

This component is the same as Component 3 in Alternative G-3.  

Component 5: Discharge to POTW and Surface Water 

This component is the same as Component 3 in Alternative G-2. Because the potential discharge 

rate of 100 gpm is greater than the 25,000 gpd threshold for a significant industrial user, 

reporting would be required twice per year and annual user fees are required in addition to 

sewage service charges. 

 

 

  



PROCESS DESCRIPTION - ALTERNATIVE G-5 

Component 1: Hydraulic Control  

This component would consist of installing an array of groundwater extraction wells and piping 

as described for Component 1 in Alternative G-2. As in Alternative G-2, the system would 

operate for up to 50 years. The locations of the extraction wells are shown on Figure 4-10. 

Component 2: Ex-Situ Treatment of Groundwater  

This component is the same as Component 2 in Alternative G-3. No reinjection is included in 

this alternative, so injection wells would not be required. An IE unit would be required for future 

discharge to surface water. Figure 4-11 shows a PFD of the process.  

Component 3: In-Situ Bioremediation of HCAs  

This component would consist of injecting an oil-based electron donor, such as EOS (EOS 

Remediation LLC), into the groundwater through dedicated injection wells in the HCAs to 

promote biological reductive dechlorination of the cVOCs. Design calculations for this 

component are provided in Appendix D. Modeling results for this component are provided in 

Appendix B. 

EOS would be injected into the subsurface along lines (barriers) perpendicular to the 

groundwater flow direction (see Figure 4- 10). The spacing between the lines across the HCAs 

was based on the groundwater travel time in 5 years, the typical length of time that EOS remains 

effective. Thus, short plumes or plumes with relatively high velocity may be treated with a single 

barrier at the downgradient edge of the plume, and longer plumes or plumes with relatively slow 

velocity would require multiple barriers along the length of the plume. The spacing between the 

injection wells would be 10 feet. The estimated number of injection wells in each barrier and the 

quantity of EOS injected is summarized below. Because of the low alkalinity of the groundwater, 

a buffered EOS product is expected to be required. A pilot study would be performed to confirm 

well spacing and EOS application rate. 

Under this alternative, EOS would be injected into the subsurface via permanent wells so that a 

subsequent injection can be made at a later date, if needed. A pump capable of a pumping rate of 



5 to 10 gpm would be necessary to ensure the proper application of the EOS and to minimize 

application time. A subcontractor would provide the mixing and injection equipment, and the 

injections would be completed in a relatively short period of time. 

Plume Location 
(COC, Zone, and 

nearby well) 

Number of 
Barriers 

Number of Wells 
per Barrier 

Total EOS 
Added, lb 

Total Water 
Added, gallons 

TCE Upper 
(DMW11) 

4 10 8,100 10,000 

TCE Intermediate 
(DMW9) 

1 70 46,000 55,000 

DCE Intermediate 
(DMW1) 

1 20 13,000 16,000 

Vinyl Chloride 
Upper (MW20) 

10 40 80,000 95,000 

As a conservative cost assumption, a second injection of EOS would be applied to half of the 

injection wells after 5 years. Appendix C includes the cost information provided by EOS 

Remediation, Inc. Monitoring wells on both sides of each HCA would be used to monitor the 

progress and effectiveness of the EOS. 

Component 4: Discharge to POTW and Surface Water 

This component is the same as Component 4 in Alternative G-2.  
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ALTERNATIVE F-2: 
 

HYDRAULIC CONTROLS BY EXTRACTION, EX-SITU TREATMENT OF GROUNDWATER, 
DISCHARGE TO POTW, MONITORING, AND LUCS 

 
  



10/20/2010 11:07 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland

Alternative G-2: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, Discharge to POTW, Monitoring, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Bench Testing 1 ls $30,000.00 $30,000 $0 $0 $0 $30,000
1.2 Land Finders Fee 1 ls $100,000.00 $100,000 $0 $0 $0 $100,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization $40,000 $20,000 $40,000 $100,000
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 12 mo $360.00 $0 $0 $0 $4,320 $4,320
3.2 Field Office Equipment, Utilities, & Support 12 mo $470.00 $0 $5,640 $0 $0 $5,640
3.3 Storage Trailer 12 mo $92.50 $0 $0 $0 $1,110 $1,110
3.4 Survey Support 15 day $1,075.00 $16,125 $0 $0 $0 $16,125
3.5 Site Superintendent 252 day $164.00 $384.64  $0 $41,328 $96,929 $0 $138,257

3.5.1 Resident Engineering (1.5 persons) 0 day $164.00 $307.68 $0 $0 $0 $0 $0
3.6 Site Health & Safety and QA/QC 252 day $164.00 $307.68 $0 $41,328 $77,535 $0 $118,863
3.7 Underground Utility Clearance 1 ls $10,000.00 $10,000 $0 $0 $0 $10,000
3.8 Access Road & Parking 500 sy $15.50 $1.05 $1.94 $0 $7,750 $525 $970 $9,245
3.9 Clearing and Grubbing 3 acre $10,000.00 $30,000 $0 $0 $0 $30,000

3.10 Directional Drill Under Taxiway Tango 0 ls $50,000.00 $0 $0 $0 $0 $0
4 DECONTAMINATION

4.1 Decontamination Services 12 mo $1,220.00 $2,245.00 $1,550.00 $0 $14,640 $26,940 $18,600 $60,180
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 2,000 gal $0.20 $0 $400 $0 $0 $400
4.4 Decon Water Storage Tank, 6,000 gallon 12 mo $771.00 $0 $0 $0 $9,252 $9,252
4.5 Clean Water Storage Tank, 4,000 gallon 12 mo $693.00 $0 $0 $0 $8,316 $8,316
4.6 Disposal of Decon Waste (liquid & solid) 12 mo $985.00 $11,820 $0 $0 $0 $11,820

5 EXTRACTION SYSTEM
5.1 Install Extraction Wells, 16 wells 930 lf $100.00 $93,000 $0 $0 $0 $93,000

5.1.1 Well Development (1 day/well) 16 days $1,500.00 $164.00 $307.68 $24,000 $2,624 $4,923 $0 $31,547
5.2 Extraction Well Head/Vault (incl controls and other details( 16 ea $5,000.00 $80,000 $0 $0 $0 $80,000
5.3 Insulate/Heat Trace Well Head, 16 wells 160 lf $5.87 $3.89 $0 $939 $622 $0 $1,562
5.4 Submersible Pump w/ Controls, 0.5 hp 16 ea $1,000.00 $236.00 $0 $16,000 $3,776 $0 $19,776
5.5 Well Piping, 1" dia. PVC Sch 80 930 lf $1.70 $3.25 $0 $1,581 $3,023 $0 $4,604
5.6 Pump Station 1 ea $30,000.00 $1,800.00 $400.00 $0 $30,000 $1,800 $400 $32,200
5.7 Pump Station Pumps, 50 gpm, 3 hp 2 ea $781.20 $200.00 $0 $1,562 $400 $0 $1,962
5.8 Transfer Piping, 1" dia. PVC Sch 80, Double Wall 0 lf $12.44 $15.69 $0 $0 $0 $0 $0
5.9 Transfer Piping Fittings, 1" dia. PVC Sch 80, Double Wall 0 ea $124.40 $156.90 $0 $0 $0 $0 $0

5.10 Transfer Piping Valves, 1" dia. PVC Ball 0 ea $30.30 $18.10 $0 $0 $0 $0 $0
5.11 Transfer Piping, 2" dia. PVC Sch 80, Double Wall 400 lf $20.23 $20.88 $0 $8,092 $8,352 $0 $16,444
5.12 Transfer Piping Fittings, 2" dia. PVC Sch 80, Double Wall 128 ea $202.30 $208.80 $0 $25,894 $26,726 $0 $52,621
5.13 Transfer Piping Valves, 2" dia. PVC Ball 64 ea $70.50 $24.50 $0 $4,512 $1,568 $0 $6,080
5.14 Transfer Piping, 4" dia. PVC Sch 80, Double Wall 4,050 lf $22.14 $31.72 $0 $89,667 $128,466 $0 $218,133
5.15 Transfer Piping Fittings, 4" dia. PVC Sch 80, Double Wall 128 ea $221.40 $317.20 $0 $28,339 $40,602 $0 $68,941
5.16 Transfer Piping Valves, 4" dia. PVC Ball 4 ea $610.00 $37.50 $0 $2,440 $150 $0 $2,590
5.17 Backhoe/Loader 40 day $343.60 $387.60 $0 $0 $13,744 $15,504 $29,248
5.18 Site Labor (3 laborers) 120 day $264.80 $0 $0 $31,776 $0 $31,776

6 TREATMENT SYSTEM
6.1 Equipment Building, 155' by 65' 7,800 sf $125.00 $975,000 $0 $0 $0 $975,000
6.2 Property Acquisition 26,875 sf $20.00 $537,500 $0 $0 $0 $537,500
6.3 Equipment Building Foundation 179 cy $400.00 $71,600 $0 $0 $0 $71,600
6.4 Water Supply Pipe, 2" Polyetheylene 300 lf $2.49 $5.06 $1.17 $0 $747 $1,518 $351 $2,616
6.5 Water Supply Valves & Meters 1 ls $3,000.00 $3,000 $0 $0 $0 $3,000
6.6 Feed Tank, 10,200 gallons 1 ea $15,300.00 $1,440.00 $0 $15,300 $1,440 $0 $16,740
6.7 Feed Tank Foundation 5 cy $400.00 $2,000 $0 $0 $0 $2,000
6.8 Feed Tank Mixer, 10 hp 1 ea $6,600.00 $1,245.00 $0 $6,600 $1,245 $0 $7,845
6.9 Feed Pump, 50 gpm, 1.5 hp 2 ea $781.20 $200.00 $0 $1,562 $400 $0 $1,962

6.10 Piping, 2" PVC Sch 80 300 lf $3.93 $13.65 $0 $1,179 $4,095 $0 $5,274
6.11 Pipe Fittings, 2" PVC Sch 80 50 ea $39.30 $136.50 $0 $1,965 $6,825 $0 $8,790
6.12 Piping Valves, 2" dia. PVC Ball 20 ea $76.50 $24.50 $0 $1,530 $490 $0 $2,020
6.13 Piping, 4" PVC Sch 80 1,600 lf $11.15 $16.30 $0 $17,840 $26,080 $0 $43,920
6.14 Pipe Fittings, 4" PVC Sch 80 300 ea $111.50 $163.00 $0 $33,450 $48,900 $0 $82,350
6.15 Piping Valves, 4" dia. PVC Butterfly 120 ea $733.26 $43.00 $0 $87,991 $5,160 $0 $93,151
6.16 Piping, 6" PVC Sch 80 100 lf $24.50 $19.75 $0 $2,450 $1,975 $0 $4,425
6.17 Pipe Fittings, 6" PVC Sch 80 10 ea $245.00 $197.50 $0 $2,450 $1,975 $0 $4,425
6.18 Piping Valves, 6" dia. PVC Butterfly 5 ea $879.94 $65.00 $0 $4,400 $325 $0 $4,725
6.19 Air Stripper Piping 100 lf $24.50 $19.75 $0 $2,450 $1,975 $0 $4,425
6.20 Air Stripper Fittings 20 ea $245.00 $197.50 $0 $4,900 $3,950 $0 $8,850
6.21 Air Stripper Valves 10 ea $879.94 $65.00 $0 $8,799 $650 $0 $9,449

Metals Removal Package 1 ls $293,000.00 $134,032.50 $0 $293,000 $134,033 $0 $427,033
- Primary pH Adjustment Tank, 600 gallons 1 ea
- Primary pH Adjustment Tank Mixer, 0.5 hp 1 ea
- Secondary pH Adjustment Tank, 600 gallons 1 ea
- Secondary pH Adjustment Tank Mixer, 0.5 hp 1 ea
- H2O2 Feed System, 20 lb/day 1 ea
- NaOH Feed System, 24 lb/day; 5 gal/day 1 ea
- Floc Tank, 400 gallons 1 ea
- Floc Mixer, 0.5 hp 1 ea
- Polymer Feed system, 6 lb/day 1 ea
- Clarifier, 2,000 gallons 1 ea
- Sludge Transfer Pump, 15 gpm, AODD 2 ea
- Final pH Adjustment Tank, 1,000 gallons 1 ea
- Final pH Adjustment Tank Mixer, 0.5 hp 1 ea
- Acid (HCI) Feed System, 22 lb/day: 6.3 gal/day 1 ea
- Clarified Water Feed Tank, 750 gallons 1 ea
- SF Feed Pump, 50 gpm, 5 hp 2 ea
- Sand Filter, 2.5' dia. by 6' high 3 ea
- Cartridges Filters, 10 micron 2 ea
- Thickener, 12' dia. by 15' high 1 ea
- FP Feed Pump, 60 gpm, AODD 2 ea
- Filter Press, 130 cf 1 ea

6.22 Air Stripper, 6 Tray, 420 cfm 1 ea $35,000.00 $3,500.00 $0 $35,000 $3,500 $0 $38,500
6.23 Air Stripper Effluent Pump, 50 gpm, 3 hp 2 ea $781.20 $200.00 $0 $1,562 $400 $0 $1,962
6.24 Vapor-Phase GAC System 2 ea $5,000.00 $1,200.00 $0 $10,000 $2,400 $0 $12,400
6.25 PPI Zeolite System 2 ea $2,000.00 $500.00 $0 $4,000 $1,000 $0 $5,000
6.26 HiPOx System 1 ea $280,000.00 $1,360.00 $0 $280,000 $1,360 $0 $281,360
6.27 Ion Exchange System, 60 cf resin; 450 gallons 2 ea $2,700.00 $0.00 $0 $5,400 $0 $0 $5,400
6.28 Liquid Phase GAC System, 4,000 lbs. 2 ea $28,000.00 $2,076.00 $0 $56,000 $4,152 $0 $60,152
6.29 Backwash Supply Tank, 4,500 gallons 1 ea $6,750.00 $750.00 $0 $6,750 $750 $0 $7,500
6.30 Backwash Supply Tank Foundation 3 cy $400.00 $1,200 $0 $0 $0 $1,200
6.31 Backwash Pump, 40 gpm, 1 hp 2 ea $735.00 $122.00 $0 $1,470 $244 $0 $1,714
6.32 Waste Backwash Tank, 4,500 gallon 1 ea $6,750.00 $750.00 $0 $6,750 $750 $0 $7,500
6.33 Waste Backwash Tank Foundation 3 cy $400.00 $1,200 $0 $0 $0 $1,200
6.34 Waste Backwash Transfer Pump, 1 gpm, 0.5 hp 2 ea $339.60 $84.00 $0 $679 $168 $0 $847
6.35 Filtrate Tank, 4,700 gallons 1 ea $7,050.00 $698.00 $0 $7,050 $698 $0 $7,748
6.36 Filtrate Tank Foundation 4 cy $400.00 $1,600 $0 $0 $0 $1,600
6.37 Filtrate Tank Mixer, 5 hp 1 ea $5,500.00 $1,073.00 $0 $5,500 $1,073 $0 $6,573
6.38 Filtrate Transfer Pump, 15 gpm, 0.5 hp 2 ea $339.60 $84.00 $0 $679 $168 $0 $847
6.39 Air Compressor System, 50 scfm, 100 psi 1 ea $8,900.00 $1,450.00 $0 $8,900 $1,450 $0 $10,350
6.40 Sump Pump, 10 gpm, 0.5 hp 2 ea $283.20 $83.50 $0 $566 $167 $0 $733
6.41 Discharge Pump Tank, 750 gallons 0 ea $1,500.00 $163.00 $0 $0 $0 $0 $0
6.42 Discharge Pump, 50 gpm, 1.5 hp 0 ea $535.20 $133.00 $0 $0 $0 $0 $0
6.43 ED Tank, 500 gallon 0 ea $1,225.00 $311.40 $0 $0 $0 $0 $0
6.44 ED Tank Mixer & Stand, 0.5 hp 0 ea $1,666.00 $415.20 $0 $0 $0 $0 $0
6.45 ED Feed Pump, 4 gallons/hr 0 ea $1,500.00 $415.20 $0 $0 $0 $0 $0
6.46 Discharge Pipe (POTW and SW), 4" Polyetheylene 800 lf $11.00 $16.00 $1.17 $0 $8,800 $12,800 $936 $22,536
6.47 Outfall Diffuser 1 ls $50,000.00 $50,000 $0 $0 $0 $50,000
6.48 Utility Service Line 1 ls $59,808.50 $15,691.40 $0 $59,809 $15,691 $0 $75,500
6.49 Electrical and Controls 1 ls $223,785.00 $109,790.00 $0 $223,785 $109,790 $0 $333,575
6.50 System Start-Up and Testing 1 ls $3,000.00 $65,550.00 $0 $3,000 $65,550 $0 $68,550

7 MONITORING WELL INSTALLATION
7.1 Well Installation (4 wells) 290 lf $45.00 $13,050 $0 $0 $0 $13,050
7.2 Protective Well Casing & Apron 4 ea $750.00 $3,000 $0 $0 $0 $3,000
8 INJECTION WELLS

8.1 Well Installation (6 wells) 0 lf $100.00 $0 $0 $0 $0 $0
8.2 Injection Well Head/Vault (incl controls and other details) 0 ea $5,000.00 $0 $0 $0 $0 $0

Dump Road Area Site
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10/20/2010 11:07 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland

Alternative G-2: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, Discharge to POTW, Monitoring, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Dump Road Area Site

8.3 Main Header Pipe, 2" PVC 0 lf $1.97 $5.64 $0 $0 $0 $0 $0
8.4 Main Header Pipe Fittings, 2" PVC 0 ea $19.70 $56.40 $0 $0 $0 $0 $0
8.5 Piping Valves, 2" dia. PVC Ball 0 ea $76.50 $24.50 $0 $0 $0 $0 $0
8.6 Well Piping, 1" dia. PVC 0 lf $0.76 $2.35 $0 $0 $0 $0 $0
8.7 Pipe Fittings, 2" PVC 0 ea $7.60 $23.50 $0 $0 $0 $0 $0
8.8 Piping Valves, 1" dia. PVC Ball 0 ea $30.30 $18.10 $0 $0 $0 $0 $0
9 WASTE DISPOSAL

9.1 Decon Fluids 1,100 gal $1.00 $1,100 $0 $0 $0 $1,100
9.2 Well Development Water (5,000 gal/well) 80,000 gal $1.00 $80,000 $0 $0 $0 $80,000
9.3 Drill Cuttings (12-inch dia boreholes, non-haz) 25 cy $100.00 $2,500 $0 $0 $0 $2,500
9.4 Soil Excavate (2700 lf, 3'x4' trench, non-haz) 880 cy $100.00 $88,000 $0 $0 $0 $88,000
10 IMPORTED CLEAN FILL

10.1 Import and place clean backfill 880 cy $25.00 $22,000 $0 $0 $0 $22,000
10.2 Stabilize and restore disturbed areas (3 acres) 101,000 sy $8.00 $808,000 $0 $0 $0 $808,000

 
Subtotal $3,055,695 $1,577,552 $953,004 $103,559 $5,689,810

Overhead on Labor Cost @ 30% $285,901 $285,901
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $305,570 $157,755 $95,300 $10,356 $568,981

Tax on Materials and Equipment Cost @ 6% $94,653 $6,214 $100,867

Total Direct Cost $3,361,265 $1,829,960 $1,334,206 $120,128 $6,645,559

Indirects on Total Direct Cost @ 25%  $1,661,390
Profit on Total Direct Cost @ 10% $664,556

Subtotal $8,971,504

Health & Safety Monitoring @ 2%  $179,430

Subtotal $9,150,935

Record Drawings and Completion Report 1%  $91,509

Feasibility Study Level Costs $9,242,444

Design Cost $831,820
Engineering Contingency 20%  $1,848,489
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10/20/2010 11:07 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Operation and Maintenance Cost for Years 1 through 5

Item Quantity Unit Unit Cost Subtotal Notes

Treatment System per year

1 Energy - Electric 563,000 kWh $0.12 $67,560
   

2 System Maintenance 1 ls $87,718 $87,718 5% of Installed Equipment Cost

3 Liquid Phase GAC Replacement 8,000                  lbs $2.00 $16,000

4 Vapor Phase GAC Replacement 48,000 lbs $2.00 $96,000

5 PPI Zeolite Replacement 36,000 lbs $2.25 $81,000

6 PPI Zeolite Disposal 18 ton $66.00 $1,188 assume non-hazardous

7 Treatment Plant Chemicals
a)  Hydrogen Peroxide - Fe/Mn Oxidation (12 lbs/day) 4,380                  lbs $2.00 $8,760
b)  NaOH (220 lbs/day) 80,300                lbs $0.35 $28,105
c)  Polymer (6 lbs/day) 2,190                  lbs $1.00 $2,190
d)  Hydrochloric Acid (22 lbs/day) 8,030                  lbs $0.80 $6,424
e)  Hydrogen Peroxide - HiPOx (2.1 gal/day) 1,059                  gal $3.50 $3,705

8 Sludge Disposal 86 ton $65.00 $5,590 4,000 cf per year @ 70 lb/cf

9 Sanitary Sewer Fees 3513 1K cf $35.89 $126,082 1,000 cubic feet @ $35.89

10 Sanitary Sewer Annual Fees 1 year $3,000.00 $3,000

11 Sanitary Sewer Analysis 2 ea $450.00 $900

12 NPDES Analysis 0 ea $350.00 $0 monthly sampling @ 1 location

13 Ion Exchange Replacement
a) tanks 0 year $24,000.00 $0
b) resin 0 year $35,000.00 $0

14 Cartridge Filters, 25 micron 0 ea $3.91 $0

15 Process Monitoring (VOCs, 1,4-D, metals), Aqueous 48 ea $350.00 $16,800 monthly sampling @ 4 locations

16 Process Monitoring (VOCs ), Vapor 36 ea $150.00 $5,400 monthly sampling @ 3 locations

17 Potable Water 50,000 gal $0.20 $10,000

18 Miscellaneous Services (sanitation, rubbish) 1 ls $1,000.00 $1,000

19 Treatment Plant Operator 2,496 hours $65.00 $162,240 48 hours per week

20 Quarterly Reports 4 ea $2,500.00 $10,000
  

Total $739,661

Alternative G-2: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, Discharge to POTW, Monitoring, and LUCs
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10/20/2010 11:07 AM

LOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Operation and Maintenance Cost for Years 6 through 10

Item Quantity Unit Unit Cost Subtotal Notes

Treatment System per year

1 Energy - Electric 563,000 kWh $0.12 $67,560
   

2 System Maintenance 1 ls $87,718 $87,718 5% of Installed Equipment Cost

3 Liquid Phase GAC Replacement 6,000                  lbs $2.00 $12,000

4 Vapor Phase GAC Replacement 36,000                lbs $2.00 $72,000

5 PPI Zeolite Replacement 27,000                lbs $2.25 $60,750

6 PPI Zeolite Disposal 13.5                    ton $66.00 $891 assume non-hazardous

7 Treatment Plant Chemicals
a)  Hydrogen Peroxide - Fe/Mn Oxidation (9 lbs/day) 3,285                  lbs $2.00 $6,570
b)  NaOH (165 lbs/day) 60,225                lbs $0.35 $21,079
c)  Polymer (5 lbs/day) 1,643                  lbs $1.00 $1,643
d)  Hydrochloric Acid (17 lbs/day) 6,023                  lbs $0.80 $4,818
e)  Hydrogen Peroxide - HiPOx (1.6 gal/day) 794                     gal $3.50 $2,779

8 Sludge Disposal 65                       ton $65.00 $4,225 4,000 cf per year @ 70 lb/cf

9 Sanitary Sewer Fees 0 1K cf $35.89 $0 1,000 cubic feet @ $35.89

10 Sanitary Sewer Annual Fees 0 year $3,000.00 $0

11 Sanitary Sewer Analysis 0 ea $450.00 $0

12 NPDES Analysis 12 ea $350.00 $4,200 monthly sampling @ 1 location

13 Ion Exchange Replacement
a) tanks 1 year $18,000.00 $18,000
b) resin 1 year $26,250.00 $26,250

14 Cartridge Filters, 25 micron 98 ea $3.91 $383

15 Process Monitoring (VOCs, 1,4-D, metals), Aqueous 48 ea $350.00 $16,800 monthly sampling @ 4 locations

16 Process Monitoring (VOCs ), Vapor 36 ea $150.00 $5,400 monthly sampling @ 3 locations

17 Potable Water 50,000 gal $0.20 $10,000

18 Miscellaneous Services (sanitation, rubbish) 1 ls $1,000.00 $1,000

19 Treatment Plant Operator 2,496 hours $65.00 $162,240 48 hours per week

20 Quarterly Reports 4 ea $2,500.00 $10,000
   

Total $596,305

Alternative G-2: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, Discharge to POTW, Monitoring, and LUCs
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10/20/2010 11:07 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Operation and Maintenance Cost for Years 11 through 30

Item Quantity Unit Unit Cost Subtotal Notes

Treatment System per year

1 Energy - Electric 563,000 kWh $0.12 $67,560
   

2 System Maintenance 1 ls $87,718 $87,718 5% of Installed Equipment Cost

3 Liquid Phase GAC Replacement 4,000                  lbs $2.00 $8,000

4 Vapor Phase GAC Replacement 24,000                lbs $2.00 $48,000

5 PPI Zeolite Replacement 18,000                lbs $2.25 $40,500

6 PPI Zeolite Disposal 9                         ton $66.00 $594 assume non-hazardous

7 Treatment Plant Chemicals
a)  Hydrogen Peroxide - Fe/Mn Oxidation (6 lbs/day) 2,190                  lbs $2.00 $4,380
b)  NaOH (110 lbs/day) 40,150                lbs $0.35 $14,053
c)  Polymer (3 lbs/day) 1,095                  lbs $1.00 $1,095
d)  Hydrochloric Acid (11 lbs/day) 4,015                  lbs $0.80 $3,212
e)  Hydrogen Peroxide - HiPOx (1.0 gal/day) 529                     gal $3.50 $1,852

8 Sludge Disposal 43                       ton $65.00 $2,795 4,000 cf per year @ 70 lb/cf

9 Sanitary Sewer Fees 0 1K cf $35.89 $0 1,000 cubic feet @ $35.89

10 Sanitary Sewer Annual Fees 0 year $3,000.00 $0

11 Sanitary Sewer Analysis 0 ea $450.00 $0

12 NPDES Analysis 12 ea $350.00 $4,200 monthly sampling @ 1 location

13 Ion Exchange Replacement
a) tanks 1 year $12,000.00 $12,000
b) resin 1 year $17,500.00 $17,500

14 Cartridge Filters, 25 micron 65 ea $3.91 $254

15 Process Monitoring (VOCs, 1,4-D, metals), Aqueous 48 ea $350.00 $16,800 monthly sampling @ 4 locations

16 Process Monitoring (VOCs ), Vapor 36 ea $150.00 $5,400 monthly sampling @ 3 locations

17 Potable Water 50,000 gal $0.20 $10,000

18 Miscellaneous Services (sanitation, rubbish) 1 ls $1,000.00 $1,000

19 Treatment Plant Operator 2,496 hours $65.00 $162,240 48 hours per week

20 Quarterly Reports 4 ea $2,500.00 $10,000
   

Total $519,153

Alternative G-2: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, Discharge to POTW, Monitoring, and LUCs
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10/20/2010 11:07 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Annual Cost
Item Cost Item Cost Item Cost

Item year 1 years 2 - 3 years 4 - 30 Notes

Site Inspection: Visit $1,620 $1,620 $1,620 One-day visit to verify LUC RD
Site Inspection: Report $1,680 $1,680 $1,680

Groundwater Sampling $57,440 $28,720 $14,360 Labor and supplies to collect samples from 40 wells using a crew of two, 
quarterly year 1, semi-annual years 2 & 3, annual years 4-30.

Groundwater Sampling 
Analysis/Water

$61,600 $30,800 $15,400 Analyze groundwater samples

 Sampling Report $33,600 $16,800 $8,400

TOTAL $155,940 $79,620 $41,460

Alternative G-2: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, Discharge to POTW, Monitoring, and LUCs
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10/20/2010 11:07 AMLOCKHEED MARTIN
Martin State Airport
Dump Road Area Site
Middle River, Maryland

Present Worth Analysis
Capital Operation & Annual Total Year Annual Discount Present Current Value

Year Cost Maintenance Cost Cost Cost Rate at 7% Worth 2% inflation
0 $11,922,753 $11,922,753 1.000 $11,922,753 11,922,753
1 $739,661 $155,940 $895,601 0.935 $837,387 913,513
2 $739,661 $79,620 $819,281 0.873 $715,232 852,380
3 $739,661 $79,620 $819,281 0.816 $668,533 869,428
4 $739,661 $41,460 $781,121 0.763 $595,995 845,511
5 $739,661 $41,460 $781,121 0.713 $556,939 862,421
6 $596,305 $41,460 $637,765 0.666 $424,751 718,227
7 $596,305 $41,460 $637,765 0.623 $397,328 732,591
8 $596,305 $41,460 $637,765 0.582 $371,179 747,243
9 $596,305 $41,460 $637,765 0.544 $346,944 762,188

10 $596,305 $41,460 $637,765 0.508 $323,985 777,432
11 $519,153 $41,460 $560,613 0.475 $266,291 697,052
12 $519,153 $41,460 $560,613 0.444 $248,912 710,993
13 $519,153 $41,460 $560,613 0.415 $232,654 725,213
14 $519,153 $41,460 $560,613 0.388 $217,518 739,717
15 $519,153 $41,460 $560,613 0.362 $202,942 754,511
16 $519,153 $41,460 $560,613 0.339 $190,048 769,601
17 $519,153 $41,460 $560,613 0.317 $177,714 784,993
18 $519,153 $41,460 $560,613 0.296 $165,941 800,693
19 $519,153 $41,460 $560,613 0.277 $155,290 816,707
20 $519,153 $41,460 $560,613 0.258 $144,638 833,041
21 $519,153 $41,460 $560,613 0.242 $135,668 849,702
22 $519,153 $41,460 $560,613 0.226 $126,699 866,696
23 $519,153 $41,460 $560,613 0.211 $118,289 884,030
24 $519,153 $41,460 $560,613 0.197 $110,441 901,711
25 $519,153 $41,460 $560,613 0.184 $103,153 919,745
26 $519,153 $41,460 $560,613 0.172 $96,425 938,140
27 $519,153 $41,460 $560,613 0.161 $90,259 956,903
28 $519,153 $41,460 $560,613 0.150 $84,092 976,041
29 $519,153 $41,460 $560,613 0.141 $79,046 995,561
30 $519,153 $41,460 $560,613 0.131 $73,440 1,015,473

$17,062,889 $1,434,600 36,940,210

TOTAL PRESENT WORTH $20,180,489

Alternative G-2: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, Discharge to POTW, Monitoring, 
and LUCs
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Dump Road Area Groundwater Containment System Design Costs

Feasibility Study Level Capital Costs $9,242,444
(Excluding Contingency)

Total Design Costs @ 9% of FS Level Capital Costs 

(excluding contingency) $831,820

30% Design Cost (Procurement EESHBDF-02384_R631) 

@ 26% of Line 6 $216,273

60% Design Cost @ 44% of line 6 $366,001

90% Design Cost @ 20% of line 6 $166,364

100% Design Cost @ 10% of line 6 $83,182



 

TETRA TECH: LOCKHEED MARTIN, MARTIN STATE AIRPORT, DRA SITE, DRAFT INTERIM REMEDIAL ACTION, FS FOR GROUNDWATER 

ALTERNATIVE F-3: 
 

HYDRAULIC CONTROLS BY EXTRACTION, EX-SITU TREATMENT OF GROUNDWATER,  
RE-INJECTION OF GROUNDWATER, DISCHARGE TO POTW, MONITORING, AND LUCS 

 
  



10/20/2010 11:08 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland

Alternative G-3: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, Re-injection of Groundwater, Discharge to POTW, Monitoring, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Bench Testing 1 ls $30,000.00 $30,000 $0 $0 $0 $30,000
1.2 Land Finders Fee 1 ls $100,000.00 $100,000 $0 $0 $0 $100,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization $40,000 $30,000 $40,000 $110,000
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 12 mo $360.00 $0 $0 $0 $4,320 $4,320
3.2 Field Office Equipment, Utilities, & Support 12 mo $470.00 $0 $5,640 $0 $0 $5,640
3.3 Storage Trailer 12 mo $92.50 $0 $0 $0 $1,110 $1,110
3.4 Survey Support 15 day $1,075.00 $16,125 $0 $0 $0 $16,125
3.5 Site Superintendent 252 day $164.00 $384.64  $0 $41,328 $96,929 $0 $138,257

3.5.1 Resident Engineering (1.5 persons) 0 day $164.00 $307.68 $0 $0 $0 $0 $0
3.6 Site Health & Safety and QA/QC 252 day $164.00 $307.68 $0 $41,328 $77,535 $0 $118,863
3.7 Underground Utility Clearance 1 ls $10,000.00 $10,000 $0 $0 $0 $10,000
3.8 Access Road & Parking 500 sy $15.50 $1.05 $1.94 $0 $7,750 $525 $970 $9,245
3.9 Clearing and Grubbing 3 acre $10,000.00 $30,000 $0 $0 $0 $30,000

3.10 Directional Drill Under Taxiway Tango 1 ls $50,000.00 $50,000 $0 $0 $0 $50,000
4 DECONTAMINATION

4.1 Decontamination Services 12 mo $1,220.00 $2,245.00 $1,550.00 $0 $14,640 $26,940 $18,600 $60,180
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 2,000 gal $0.20 $0 $400 $0 $0 $400
4.4 Decon Water Storage Tank, 6,000 gallon 12 mo $771.00 $0 $0 $0 $9,252 $9,252
4.5 Clean Water Storage Tank, 4,000 gallon 12 mo $693.00 $0 $0 $0 $8,316 $8,316
4.6 Disposal of Decon Waste (liquid & solid) 12 mo $985.00 $11,820 $0 $0 $0 $11,820

5 EXTRACTION SYSTEM
5.1 Install Extraction Wells, 16 wells 930 lf $100.00 $93,000 $0 $0 $0 $93,000

5.1.1 Well Development (1 day/well) 16 days $1,500.00 $164.00 $307.68 $24,000 $2,624 $4,923 $0 $31,547
5.2 Extraction Well Head/Vault (incl controls and other details( 16 ea $5,000.00 $80,000 $0 $0 $0 $80,000
5.3 Insulate/Heat Trace Well Head, 16 wells 160 lf $5.87 $3.89 $0 $939 $622 $0 $1,562
5.4 Submersible Pump w/ Controls, 0.5 hp 16 ea $1,000.00 $236.00 $0 $16,000 $3,776 $0 $19,776
5.5 Well Piping, 1" dia. PVC Sch 80 930 lf $1.70 $3.25 $0 $1,581 $3,023 $0 $4,604
5.6 Pump Station 1 ea $30,000.00 $1,800.00 $400.00 $0 $30,000 $1,800 $400 $32,200
5.7 Pump Station Pumps, 100 gpm, 3 hp 2 ea $883.20 $210.00 $0 $1,766 $420 $0 $2,186
5.8 Transfer Piping, 1" dia. PVC Sch 80, Double Wall 0 lf $12.44 $15.69 $0 $0 $0 $0 $0
5.9 Transfer Piping Fittings, 1" dia. PVC Sch 80, Double Wall 0 ea $124.40 $156.90 $0 $0 $0 $0 $0

5.10 Transfer Piping Valves, 1" dia. PVC Ball 0 ea $30.30 $18.10 $0 $0 $0 $0 $0
5.11 Transfer Piping, 2" dia. PVC Sch 80, Double Wall 400 lf $20.23 $20.88 $0 $8,092 $8,352 $0 $16,444
5.12 Transfer Piping Fittings, 2" dia. PVC Sch 80, Double Wall 128 ea $202.30 $208.80 $0 $25,894 $26,726 $0 $52,621
5.13 Transfer Piping Valves, 2" dia. PVC Ball 64 ea $70.50 $24.50 $0 $4,512 $1,568 $0 $6,080
5.14 Transfer Piping, 4" dia. PVC Sch 80, Double Wall 4,050 lf $22.14 $31.72 $0 $89,667 $128,466 $0 $218,133
5.15 Transfer Piping Fittings, 4" dia. PVC Sch 80, Double Wall 128 ea $221.40 $317.20 $0 $28,339 $40,602 $0 $68,941
5.16 Transfer Piping Valves, 4" dia. PVC Ball 4 ea $610.00 $37.50 $0 $2,440 $150 $0 $2,590
5.17 Backhoe/Loader 40 day $343.60 $387.60 $0 $0 $13,744 $15,504 $29,248
5.18 Site Labor (3 laborers) 120 day $264.80 $0 $0 $31,776 $0 $31,776

6 TREATMENT SYSTEM
6.1 Equipment Building, 155' by 65' 10,075 sf $125.00 $1,259,375 $0 $0 $0 $1,259,375
6.2 Property Acquisition 26,875 sf $20.00 $537,500 $0 $0 $0 $537,500
6.3 Equipment Building Foundation 256 cy $400.00 $102,400 $0 $0 $0 $102,400
6.4 Water Supply Pipe, 2" Polyetheylene 300 lf $2.49 $5.06 $1.17 $0 $747 $1,518 $351 $2,616
6.5 Water Supply Valves & Meters 1 ls $3,000.00 $3,000 $0 $0 $0 $3,000
6.6 Feed Tank, 23,000 gallons 1 ea $30,000.00 $3,200.00 $0 $30,000 $3,200 $0 $33,200
6.7 Feed Tank Foundation 6 cy $400.00 $2,400 $0 $0 $0 $2,400
6.8 Feed Tank Mixer, 15 hp 1 ea $8,200.00 $1,465.00 $0 $8,200 $1,465 $0 $9,665
6.9 Feed Pump, 100 gpm, 1.5 hp 2 ea $883.20 $210.00 $0 $1,766 $420 $0 $2,186

6.10 Piping, 2" PVC Sch 80 300 lf $3.93 $13.65 $0 $1,179 $4,095 $0 $5,274
6.11 Pipe Fittings, 2" PVC Sch 80 50 ea $39.30 $136.50 $0 $1,965 $6,825 $0 $8,790
6.12 Piping Valves, 2" dia. PVC Ball 20 ea $76.50 $24.50 $0 $1,530 $490 $0 $2,020
6.13 Piping, 4" PVC Sch 80 1,600 lf $11.15 $16.30 $0 $17,840 $26,080 $0 $43,920
6.14 Pipe Fittings, 4" PVC Sch 80 300 ea $111.50 $163.00 $0 $33,450 $48,900 $0 $82,350
6.15 Piping Valves, 4" dia. PVC Butterfly 120 ea $733.26 $43.00 $0 $87,991 $5,160 $0 $93,151
6.16 Piping, 6" PVC Sch 80 100 lf $24.50 $19.75 $0 $2,450 $1,975 $0 $4,425
6.17 Pipe Fittings, 6" PVC Sch 80 10 ea $245.00 $197.50 $0 $2,450 $1,975 $0 $4,425
6.18 Piping Valves, 6" dia. PVC Butterfly 5 ea $879.94 $65.00 $0 $4,400 $325 $0 $4,725
6.19 Air Stripper Piping 100 lf $29.40 $19.75 $0 $2,940 $1,975 $0 $4,915
6.20 Air Stripper Fittings 20 ea $352.80 $197.50 $0 $7,056 $3,950 $0 $11,006
6.21 Air Stripper Valves 10 ea $1,055.93 $65.00 $0 $10,559 $650 $0 $11,209

Metals Removal Package 1 ls $347,000.00 $134,032.50 $0 $347,000 $134,033 $0 $481,033
- Primary pH Adjustment Tank, 1,100 gallons 1 ea
- Primary pH Adjustment Tank Mixer, 0.5 hp 1 ea
- Secondary pH Adjustment Tank, 1,100 gallons 1 ea
- Secondary pH Adjustment Tank Mixer, 0.5 hp 1 ea
- H2O2 Feed System, 32 lb/day 1 ea
- NaOH Feed System, 38 lb/day; 8 gal/day 1 ea
- Floc Tank, 770 gallons 1 ea
- Floc Mixer, 0.5 hp 1 ea
- Polymer Feed system, 10 lb/day 1 ea
- Clarifier, 3,700 gallons 1 ea
- Sludge Transfer Pump, 15 gpm, AODD 2 ea
- Final pH Adjustment Tank, 1,500 gallons 1 ea
- Final pH Adjustment Tank Mixer, 1 hp 1 ea
- Acid (HCI) Feed System, 35 lb/day: 10 gal/day 1 ea
- Clarified Water Feed Tank, 1,100 gallons 1 ea
- SF Feed Pump, 80 gpm, 5 hp 2 ea
- Sand Filter, 2.5' dia. by 6' high 3 ea
- Cartridges Filters, 10 micron 2 ea
- Thickener, 14' dia. by 12' high 1 ea
- FP Feed Pump, 80 gpm, AODD 2 ea

6.22 - Filter Press, 130 cf 1 ea
6.23 Air Stripper, 6 Tray, 850 cfm 1 ea $55,000.00 $4,000.00 $0 $55,000 $4,000 $0 $59,000
6.24 Air Stripper Effluent Pump, 100 gpm, 3 hp 2 ea $883.20 $210.00 $0 $1,766 $420 $0 $2,186
6.25 Vapor-Phase GAC System 2 ea $8,000.00 $1,200.00 $0 $16,000 $2,400 $0 $18,400
6.26 PPI Zeolite System 2 ea $3,000.00 $500.00 $0 $6,000 $1,000 $0 $7,000
6.27 HiPOx System 1 ea $380,000.00 $1,360.00 $0 $380,000 $1,360 $0 $381,360
6.28 Ion Exchange System, 60 cf resin; 450 gallons 2 ea $2,700.00 $0.00 $0 $5,400 $0 $0 $5,400
6.29 Liquid Phase GAC System, 8,000 lbs. 2 ea $42,000.00 $2,076.00 $0 $84,000 $4,152 $0 $88,152
6.30 Backwash Supply Tank, 5,000 gallons 1 ea $7,500.00 $750.00 $0 $7,500 $750 $0 $8,250
6.31 Backwash Supply Tank Foundation 3 cy $400.00 $1,200 $0 $0 $0 $1,200
6.32 Backwash Pump, 40 gpm, 1 hp 2 ea $735.00 $122.00 $0 $1,470 $244 $0 $1,714
6.33 Waste Backwash Tank, 5,000 gallon 1 ea $7,500.00 $750.00 $0 $7,500 $750 $0 $8,250
6.34 Waste Backwash Tank Foundation 3 cy $400.00 $1,200 $0 $0 $0 $1,200
6.35 Waste Backwash Transfer Pump, 1 gpm, 0.5 hp 2 ea $339.60 $84.00 $0 $679 $168 $0 $847
6.36 Filtrate Tank, 9,000 gallons 1 ea $13,500.00 $1,410.00 $0 $13,500 $1,410 $0 $14,910
6.37 Filtrate Tank Foundation 4 cy $400.00 $1,600 $0 $0 $0 $1,600
6.38 Filtrate Tank Mixer, 7.5 hp 1 ea $6,300.00 $1,240.00 $0 $6,300 $1,240 $0 $7,540
6.39 Filtrate Transfer Pump, 30 gpm, 0.5 hp 2 ea $499.00 $96.00 $0 $998 $192 $0 $1,190
6.40 Air Compressor System, 50 scfm, 100 psi 1 ea $8,900.00 $1,450.00 $0 $8,900 $1,450 $0 $10,350
6.41 Sump Pump, 10 gpm, 0.5 hp 2 ea $283.20 $83.50 $0 $566 $167 $0 $733
6.42 Discharge Pump Tank, 1,500 gallons 1 ea $3,000.00 $450.00 $0 $3,000 $450 $0 $3,450
6.43 Discharge Pump, 100 gpm, 2 hp 2 ea $535.20 $133.00 $0 $1,070 $266 $0 $1,336
6.44 ED Tank, 500 gallon 1 ea $1,225.00 $311.40 $0 $1,225 $311 $0 $1,536
6.45 ED Tank Mixer & Stand, 0.5 hp 1 ea $1,666.00 $415.20 $0 $1,666 $415 $0 $2,081
6.46 ED Feed Pump, 4 gallons/hr 2 ea $1,500.00 $415.20 $0 $3,000 $830 $0 $3,830
6.47 Discharge Pipe (POTW and SW), 4" Polyetheylene 800 lf $11.00 $16.00 $1.17 $0 $8,800 $12,800 $936 $22,536
6.48 Outfall Diffuser 1 ls $50,000.00 $50,000 $0 $0 $0 $50,000
6.49 Utility Service Line 1 ls $59,808.50 $15,691.40 $0 $59,809 $15,691 $0 $75,500
6.50 Electrical and Controls 1 ls $286,083.76 $176,543.40 $0 $286,084 $176,543 $0 $462,627
6.51 System Start-Up and Testing 1 ls $3,000.00 $65,550.00 $0 $3,000 $65,550 $0 $68,550

7 MONITORING WELL INSTALLATION
7.1 Well Installation (4 wells) 290 lf $45.00 $13,050 $0 $0 $0 $13,050
7.2 Protective Well Casing & Apron 4 ea $750.00 $3,000 $0 $0 $0 $3,000
8 INJECTION WELLS

8.1 Well Installation (6 wells) 270 lf $100.00 $27,000 $0 $0 $0 $27,000
8.2 Injection Well Head/Vault (incl controls and other details) 6 ea $5,000.00 $30,000 $0 $0 $0 $30,000

Dump Road Area Site
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10/20/2010 11:08 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland

Alternative G-3: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, Re-injection of Groundwater, Discharge to POTW, Monitoring, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Dump Road Area Site

8.3 Main Header Pipe, 2" PVC 3,860 lf $1.97 $5.64 $0 $7,604 $21,770 $0 $29,375
8.4 Main Header Pipe Fittings, 2" PVC 12 ea $19.70 $56.40 $0 $236 $677 $0 $913
8.5 Piping Valves, 2" dia. PVC Ball 4 ea $76.50 $24.50 $0 $306 $98 $0 $404
8.6 Well Piping, 1" dia. PVC 950 lf $0.76 $2.35 $0 $722 $2,233 $0 $2,955
8.7 Pipe Fittings, 2" PVC 60 ea $7.60 $23.50 $0 $456 $1,410 $0 $1,866
8.8 Piping Valves, 1" dia. PVC Ball 8 ea $30.30 $18.10 $0 $242 $145 $0 $387
9 WASTE DISPOSAL

9.1 Decon Fluids 2,200 gal $1.00 $2,200 $0 $0 $0 $2,200
9.2 Well Development Water (5,000 gal/well) 160,000 gal $1.00 $160,000 $0 $0 $0 $160,000
9.3 Drill Cuttings (12-inch dia boreholes, non-haz) 50 cy $100.00 $5,000 $0 $0 $0 $5,000
9.4 Soil Excavate (2700 lf, 3'x4' trench, non-haz) 1,800 cy $100.00 $180,000 $0 $0 $0 $180,000
10 IMPORTED CLEAN FILL

10.1 Import and place clean backfill 1,800 cy $25.00 $45,000 $0 $0 $0 $45,000
10.2 Stabilize and restore disturbed areas (3 acres) 21,100 sy $8.00 $168,800 $0 $0 $0 $168,800

 
Subtotal $3,037,670 $1,899,765 $1,061,806 $103,559 $6,102,801

Overhead on Labor Cost @ 30% $318,542 $318,542
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $303,767 $189,977 $106,181 $10,356 $610,280

Tax on Materials and Equipment Cost @ 6% $113,986 $6,214 $120,199

Total Direct Cost $3,341,437 $2,203,728 $1,486,529 $120,128 $7,151,822

Indirects on Total Direct Cost @ 25%  $1,787,956
Profit on Total Direct Cost @ 10% $715,182

Subtotal $9,654,960

Health & Safety Monitoring @ 2%  $193,099

Subtotal $9,848,059

Record Drawings and Completion Report 1%  $98,481

Feasibility Study Level Costs $9,946,540

Design Cost $895,189
Engineering Contingency 20%  $1,989,308
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10/20/2010 11:08 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Operation and Maintenance Cost for Years 1 through 5

Item Quantity Unit Unit Cost Subtotal Notes

Treatment System per year

1 Energy - Electric 563,000 kWh $0.12 $67,560
   

2 System Maintenance 1 ls $100,541 $100,541 5% of Installed Equipment Cost

3 Liquid Phase GAC Replacement 8,000                  lbs $2.00 $16,000

4 Vapor Phase GAC Replacement 48,000 lbs $2.00 $96,000

5 PPI Zeolite Replacement 36,000 lbs $2.25 $81,000

6 PPI Zeolite Disposal 18 ton $66.00 $1,188 assume non-hazardous

7 Treatment Plant Chemicals
a)  Hydrogen Peroxide - Fe/Mn Oxidation (12 lbs/day) 4,380                  lbs $2.00 $8,760
b)  NaOH (220 lbs/day) 80,300                lbs $0.35 $28,105
c)  Polymer (6 lbs/day) 2,190                  lbs $1.00 $2,190
d)  Hydrochloric Acid (22 lbs/day) 8,030                  lbs $0.80 $6,424
e)  Hydrogen Peroxide - HiPOx (2.1 gal/day) 1,059                  gal $3.50 $3,705

8 Sludge Disposal 86 ton $65.00 $5,590 4,000 cf per year @ 70 lb/cf

9 Sanitary Sewer Fees 3513 1K cf $35.89 $126,082 1,000 cubic feet @ $35.89

10 Sanitary Sewer Annual Fees 1 year $3,000.00 $3,000

11 Sanitary Sewer Analysis 2 ea $450.00 $900

12 NPDES Analysis 0 ea $350.00 $0 monthly sampling @ 1 location

13 Ion Exchange Replacement
a) tanks 0 year $24,000.00 $0
b) resin 0 year $35,000.00 $0

14 Cartridge Filters, 25 micron 0 ea $3.91 $0

15 Process Monitoring (VOCs, 1,4-D, metals), Aqueous 48 ea $350.00 $16,800 monthly sampling @ 4 locations

16 Process Monitoring (VOCs ), Vapor 36 ea $150.00 $5,400 monthly sampling @ 3 locations

17 Potable Water 50,000 gal $0.20 $10,000

18 Miscellaneous Services (sanitation, rubbish) 1 ls $1,000.00 $1,000

19 Treatment Plant Operator 2,496 hours $65.00 $162,240 48 hours per week

20 Quarterly Reports 4 ea $2,500.00 $10,000
  

Total $752,484

21 Electron Donor Addition (injection) 54750 lbs $2.00 $109,500 for year one and year two only

Alternative G-3: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, Re-injection of Groundwater, Discharge to POTW, Monitoring, and LUCs
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10/20/2010 11:08 AM

LOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Operation and Maintenance Cost for Years 6 through 10

Item Quantity Unit Unit Cost Subtotal Notes

Treatment System per year

1 Energy - Electric 563,000 kWh $0.12 $67,560
   

2 System Maintenance 1 ls $100,541 $100,541 5% of Installed Equipment Cost

3 Liquid Phase GAC Replacement 6,000                  lbs $2.00 $12,000

4 Vapor Phase GAC Replacement 36,000                lbs $2.00 $72,000

5 PPI Zeolite Replacement 27,000                lbs $2.25 $60,750

6 PPI Zeolite Disposal 13.5                    ton $66.00 $891 assume non-hazardous

7 Treatment Plant Chemicals
a)  Hydrogen Peroxide - Fe/Mn Oxidation (9 lbs/day) 3,285                  lbs $2.00 $6,570
b)  NaOH (165 lbs/day) 60,225                lbs $0.35 $21,079
c)  Polymer (5 lbs/day) 1,643                  lbs $1.00 $1,643
d)  Hydrochloric Acid (17 lbs/day) 6,023                  lbs $0.80 $4,818
e)  Hydrogen Peroxide - HiPOx (1.6 gal/day) 794                     gal $3.50 $2,779

8 Sludge Disposal 65                       ton $65.00 $4,225 4,000 cf per year @ 70 lb/cf

9 Sanitary Sewer Fees 0 1K cf $35.89 $0 1,000 cubic feet @ $35.89

10 Sanitary Sewer Annual Fees 0 year $3,000.00 $0

11 Sanitary Sewer Analysis 0 ea $450.00 $0

12 NPDES Analysis 12 ea $350.00 $4,200 monthly sampling @ 1 location

13 Ion Exchange Replacement
a) tanks 1 year $18,000.00 $18,000
b) resin 1 year $26,250.00 $26,250

14 Cartridge Filters, 25 micron 98 ea $3.91 $383

15 Process Monitoring (VOCs, 1,4-D, metals), Aqueous 48 ea $350.00 $16,800 monthly sampling @ 4 locations

16 Process Monitoring (VOCs ), Vapor 36 ea $150.00 $5,400 monthly sampling @ 3 locations

17 Potable Water 50,000 gal $0.20 $10,000

18 Miscellaneous Services (sanitation, rubbish) 1 ls $1,000.00 $1,000

19 Treatment Plant Operator 2,496 hours $65.00 $162,240 48 hours per week

20 Quarterly Reports 4 ea $2,500.00 $10,000
   

Total $609,128

Alternative G-3: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, Re-injection of Groundwater, Discharge to POTW, Monitoring, and LUCs
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10/20/2010 11:08 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Operation and Maintenance Cost for Years 11 through 30

Item Quantity Unit Unit Cost Subtotal Notes

Treatment System per year

1 Energy - Electric 563,000 kWh $0.12 $67,560
   

2 System Maintenance 1 ls $100,541 $100,541 5% of Installed Equipment Cost

3 Liquid Phase GAC Replacement 4,000                  lbs $2.00 $8,000

4 Vapor Phase GAC Replacement 24,000                lbs $2.00 $48,000

5 PPI Zeolite Replacement 18,000                lbs $2.25 $40,500

6 PPI Zeolite Disposal 9                         ton $66.00 $594 assume non-hazardous

7 Treatment Plant Chemicals
a)  Hydrogen Peroxide - Fe/Mn Oxidation (6 lbs/day) 2,190                  lbs $2.00 $4,380
b)  NaOH (110 lbs/day) 40,150                lbs $0.35 $14,053
c)  Polymer (3 lbs/day) 1,095                  lbs $1.00 $1,095
d)  Hydrochloric Acid (11 lbs/day) 4,015                  lbs $0.80 $3,212
e)  Hydrogen Peroxide - HiPOx (1.0 gal/day) 529                     gal $3.50 $1,852

8 Sludge Disposal 43                       ton $65.00 $2,795 4,000 cf per year @ 70 lb/cf

9 Sanitary Sewer Fees 0 1K cf $35.89 $0 1,000 cubic feet @ $35.89

10 Sanitary Sewer Annual Fees 0 year $3,000.00 $0

11 Sanitary Sewer Analysis 0 ea $450.00 $0

12 NPDES Analysis 12 ea $350.00 $4,200 monthly sampling @ 1 location

13 Ion Exchange Replacement
a) tanks 1 year $12,000.00 $12,000
b) resin 1 year $17,500.00 $17,500

14 Cartridge Filters, 25 micron 65 ea $3.91 $254

15 Process Monitoring (VOCs, 1,4-D, metals), Aqueous 48 ea $350.00 $16,800 monthly sampling @ 4 locations

16 Process Monitoring (VOCs ), Vapor 36 ea $150.00 $5,400 monthly sampling @ 3 locations

17 Potable Water 50,000 gal $0.20 $10,000

18 Miscellaneous Services (sanitation, rubbish) 1 ls $1,000.00 $1,000

19 Treatment Plant Operator 2,496 hours $65.00 $162,240 48 hours per week

20 Quarterly Reports 4 ea $2,500.00 $10,000
   

Total $531,976

Alternative G-3: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, Re-injection of Groundwater, Discharge to POTW, Monitoring, and LUCs
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10/20/2010 11:08 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Annual Cost
Item Cost Item Cost Item Cost

Item year 1 years 2 - 3 years 4 - 30 Notes

Site Inspection: Visit $1,620 $1,620 $1,620 One-day visit to verify LUC RD
Site Inspection: Report $1,680 $1,680 $1,680

Groundwater Sampling $57,440 $28,720 $14,360 Labor and supplies to collect samples from 40 wells using a crew of two, 
quarterly year 1, semi-annual years 2 & 3, annual years 4-30.

Groundwater Sampling 
Analysis/Water

$61,600 $30,800 $15,400 Analyze groundwater samples

 Sampling Report $33,600 $16,800 $8,400

TOTAL $155,940 $79,620 $41,460

Alternative G-3: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, Re-injection of Groundwater, Discharge to POTW, 
Monitoring, and LUCs
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10/20/2010 11:08 AMLOCKHEED MARTIN
Martin State Airport
Dump Road Area Site
Middle River, Maryland

Present Worth Analysis
Capital Operation & Annual Total Year Annual Discount Present Current Value

Year Cost Maintenance Cost Cost Cost Rate at 7% Worth 2% inflation
0 $12,831,036 $12,831,036 1.000 $12,831,036 12,831,036
1 $861,984 $155,940 $1,017,924 0.935 $951,759 1,038,283
2 $861,984 $79,620 $941,604 0.873 $822,021 979,645
3 $752,484 $79,620 $832,104 0.816 $678,997 883,036
4 $752,484 $41,460 $793,944 0.763 $605,780 859,391
5 $752,484 $41,460 $793,944 0.713 $566,082 876,579
6 $609,128 $41,460 $650,588 0.666 $433,292 732,668
7 $609,128 $41,460 $650,588 0.623 $405,316 747,321
8 $609,128 $41,460 $650,588 0.582 $378,642 762,268
9 $609,128 $41,460 $650,588 0.544 $353,920 777,513

10 $609,128 $41,460 $650,588 0.508 $330,499 793,063
11 $531,976 $41,460 $573,436 0.475 $272,382 712,996
12 $531,976 $41,460 $573,436 0.444 $254,606 727,256
13 $531,976 $41,460 $573,436 0.415 $237,976 741,801
14 $531,976 $41,460 $573,436 0.388 $222,493 756,637
15 $531,976 $41,460 $573,436 0.362 $207,584 771,770
16 $531,976 $41,460 $573,436 0.339 $194,395 787,205
17 $531,976 $41,460 $573,436 0.317 $181,779 802,949
18 $531,976 $41,460 $573,436 0.296 $169,737 819,008
19 $531,976 $41,460 $573,436 0.277 $158,842 835,388
20 $531,976 $41,460 $573,436 0.258 $147,947 852,096
21 $531,976 $41,460 $573,436 0.242 $138,772 869,138
22 $531,976 $41,460 $573,436 0.226 $129,597 886,521
23 $531,976 $41,460 $573,436 0.211 $120,995 904,251
24 $531,976 $41,460 $573,436 0.197 $112,967 922,336
25 $531,976 $41,460 $573,436 0.184 $105,512 940,783
26 $531,976 $41,460 $573,436 0.172 $98,631 959,598
27 $531,976 $41,460 $573,436 0.161 $92,323 978,790
28 $531,976 $41,460 $573,436 0.150 $86,015 998,366
29 $531,976 $41,460 $573,436 0.141 $80,854 1,018,333
30 $531,976 $41,460 $573,436 0.131 $75,120 1,038,700

$17,666,585 $1,434,600 38,604,724

TOTAL PRESENT WORTH $21,445,871

Alternative G-3: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, Re-injection of Groundwater, 
Discharge to POTW, Monitoring, and LUCs
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Dump Road Area Groundwater Containment System Design Costs

Feasibility Study Level Capital Costs $9,946,540
(Excluding Contingency)

Total Design Costs @ 9% of FS Level Capital Costs 

(excluding contingency) $895,189

30% Design Cost (Procurement EESHBDF-02384_R631) 

@ 26% of Line 6 $232,749

60% Design Cost @ 44% of line 6 $393,883

90% Design Cost @ 20% of line 6 $179,038

100% Design Cost @ 10% of line 6 $89,519



 

TETRA TECH: LOCKHEED MARTIN, MARTIN STATE AIRPORT, DRA SITE, DRAFT INTERIM REMEDIAL ACTION, FS FOR GROUNDWATER 

ALTERNATIVE FF4: 
 

HYDRAULIC CONTROLS BY EXTRACTION, EXTRACTION OF HCA,  
EX-SITU TREATMENT OF GROUNDWATER, RE-INJECTION OF GROUNDWATER,  

DISCHARGE TO POTW, MONITORING, AND LUCS 
 
 

  



10/20/2010 11:08 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland

Alternative G-4: Hydraulic Controls by Extraction, Extraction of HCA, Ex-Situ Treatment of Groundwater, Re-injection of Groundwater, Discharge to POTW, Monitoring, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Bench Testing 1 ls $30,000.00 $30,000 $0 $0 $0 $30,000
1.2 Land Finders Fee 1 ls $100,000.00 $100,000 $0 $0 $0 $100,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization $40,000 $27,000 $40,000 $107,000
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 12 mo $360.00 $0 $0 $0 $4,320 $4,320
3.2 Field Office Equipment, Utilities, & Support 12 mo $470.00 $0 $5,640 $0 $0 $5,640
3.3 Storage Trailer 12 mo $92.50 $0 $0 $0 $1,110 $1,110
3.4 Survey Support 15 day $1,075.00 $16,125 $0 $0 $0 $16,125
3.5 Site Superintendent 252 day $164.00 $384.64  $0 $41,328 $96,929 $0 $138,257

3.5.1 Resident Engineering (1.5 persons) 0 day $164.00 $307.68 $0 $0 $0 $0 $0
3.6 Site Health & Safety and QA/QC 252 day $164.00 $307.68 $0 $41,328 $77,535 $0 $118,863
3.7 Underground Utility Clearance 1 ls $10,000.00 $10,000 $0 $0 $0 $10,000
3.8 Access Road & Parking 500 sy $15.50 $1.05 $1.94 $0 $7,750 $525 $970 $9,245
3.9 Clearing and Grubbing 3 acre $10,000.00 $30,000 $0 $0 $0 $30,000

3.10 Directional Drill Under Taxiway Tango 1 ls $50,000.00 $50,000 $0 $0 $0 $50,000
4 DECONTAMINATION

4.1 Decontamination Services 12 mo $1,220.00 $2,245.00 $1,550.00 $0 $14,640 $26,940 $18,600 $60,180
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 2,000 gal $0.20 $0 $400 $0 $0 $400
4.4 Decon Water Storage Tank, 6,000 gallon 12 mo $771.00 $0 $0 $0 $9,252 $9,252
4.5 Clean Water Storage Tank, 4,000 gallon 12 mo $693.00 $0 $0 $0 $8,316 $8,316
4.6 Disposal of Decon Waste (liquid & solid) 12 mo $985.00 $11,820 $0 $0 $0 $11,820

5 EXTRACTION SYSTEM
5.1 Install Extraction Wells, 23 wells 1,350 lf $100.00 $135,000 $0 $0 $0 $135,000

5.1.1 Well Development (1 day/well) 23 days $1,500.00 $164.00 $307.68 $34,500 $3,772 $7,077 $0 $45,349
5.2 Extraction Well Head/Vault (incl controls and other details( 23 ea $5,000.00 $115,000 $0 $0 $0 $115,000
5.3 Insulate/Heat Trace Well Head, 16 wells 230 lf $5.87 $3.89 $0 $1,350 $895 $0 $2,245
5.4 Submersible Pump w/ Controls, 0.5 hp 23 ea $1,000.00 $236.00 $0 $23,000 $5,428 $0 $28,428
5.5 Well Piping, 1" dia. PVC Sch 80 1,350 lf $1.70 $3.25 $0 $2,295 $4,388 $0 $6,683
5.6 Pump Station 1 ea $30,000.00 $1,800.00 $400.00 $0 $30,000 $1,800 $400 $32,200
5.7 Pump Station Pumps, 100 gpm, 3 hp 2 ea $883.20 $210.00 $0 $1,766 $420 $0 $2,186
5.8 Transfer Piping, 1" dia. PVC Sch 80, Double Wall 0 lf $12.44 $15.69 $0 $0 $0 $0 $0
5.9 Transfer Piping Fittings, 1" dia. PVC Sch 80, Double Wall 0 ea $124.40 $156.90 $0 $0 $0 $0 $0

5.10 Transfer Piping Valves, 1" dia. PVC Ball 0 ea $30.30 $18.10 $0 $0 $0 $0 $0
5.11 Transfer Piping, 2" dia. PVC Sch 80, Double Wall 1,600 lf $20.23 $20.88 $0 $32,368 $33,408 $0 $65,776
5.12 Transfer Piping Fittings, 2" dia. PVC Sch 80, Double Wall 128 ea $202.30 $208.80 $0 $25,894 $26,726 $0 $52,621
5.13 Transfer Piping Valves, 2" dia. PVC Ball 64 ea $70.50 $24.50 $0 $4,512 $1,568 $0 $6,080
5.14 Transfer Piping, 4" dia. PVC Sch 80, Double Wall 4,050 lf $22.14 $31.72 $0 $89,667 $128,466 $0 $218,133
5.15 Transfer Piping Fittings, 4" dia. PVC Sch 80, Double Wall 128 ea $221.40 $317.20 $0 $28,339 $40,602 $0 $68,941
5.16 Transfer Piping Valves, 4" dia. PVC Ball 4 ea $610.00 $37.50 $0 $2,440 $150 $0 $2,590
5.17 Backhoe/Loader 40 day $343.60 $387.60 $0 $0 $13,744 $15,504 $29,248
5.18 Site Labor (3 laborers) 120 day $264.80 $0 $0 $31,776 $0 $31,776

6 TREATMENT SYSTEM
6.1 Equipment Building, 155' by 65' 10,075 sf $125.00 $1,259,375 $0 $0 $0 $1,259,375
6.2 Property Acquisition 26,875 sf $20.00 $537,500 $0 $0 $0 $537,500
6.3 Equipment Building Foundation 256 cy $400.00 $102,400 $0 $0 $0 $102,400
6.4 Water Supply Pipe, 2" Polyetheylene 300 lf $2.49 $5.06 $1.17 $0 $747 $1,518 $351 $2,616
6.5 Water Supply Valves & Meters 1 ls $3,000.00 $3,000 $0 $0 $0 $3,000
6.6 Feed Tank, 23,000 gallons 1 ea $30,000.00 $3,200.00 $0 $30,000 $3,200 $0 $33,200
6.7 Feed Tank Foundation 6 cy $400.00 $2,400 $0 $0 $0 $2,400
6.8 Feed Tank Mixer, 15 hp 1 ea $8,200.00 $1,465.00 $0 $8,200 $1,465 $0 $9,665
6.9 Feed Pump, 100 gpm, 1.5 hp 2 ea $883.20 $210.00 $0 $1,766 $420 $0 $2,186

6.10 Piping, 2" PVC Sch 80 300 lf $3.93 $13.65 $0 $1,179 $4,095 $0 $5,274
6.11 Pipe Fittings, 2" PVC Sch 80 50 ea $39.30 $136.50 $0 $1,965 $6,825 $0 $8,790
6.12 Piping Valves, 2" dia. PVC Ball 20 ea $76.50 $24.50 $0 $1,530 $490 $0 $2,020
6.13 Piping, 4" PVC Sch 80 1,600 lf $11.15 $16.30 $0 $17,840 $26,080 $0 $43,920
6.14 Pipe Fittings, 4" PVC Sch 80 300 ea $111.50 $163.00 $0 $33,450 $48,900 $0 $82,350
6.15 Piping Valves, 4" dia. PVC Butterfly 120 ea $733.26 $43.00 $0 $87,991 $5,160 $0 $93,151
6.16 Piping, 6" PVC Sch 80 100 lf $24.50 $19.75 $0 $2,450 $1,975 $0 $4,425
6.17 Pipe Fittings, 6" PVC Sch 80 10 ea $245.00 $197.50 $0 $2,450 $1,975 $0 $4,425
6.18 Piping Valves, 6" dia. PVC Butterfly 5 ea $879.94 $65.00 $0 $4,400 $325 $0 $4,725
6.19 Air Stripper Piping 100 lf $29.40 $19.75 $0 $2,940 $1,975 $0 $4,915
6.20 Air Stripper Fittings 20 ea $352.80 $197.50 $0 $7,056 $3,950 $0 $11,006
6.21 Air Stripper Valves 10 ea $1,055.93 $65.00 $0 $10,559 $650 $0 $11,209

Metals Removal Package 1 ls $347,000.00 $134,032.50 $0 $347,000 $134,033 $0 $481,033
- Primary pH Adjustment Tank, 1,100 gallons 1 ea
- Primary pH Adjustment Tank Mixer, 0.5 hp 1 ea
- Secondary pH Adjustment Tank, 1,100 gallons 1 ea
- Secondary pH Adjustment Tank Mixer, 0.5 hp 1 ea
- H2O2 Feed System, 32 lb/day 1 ea
- NaOH Feed System, 38 lb/day; 8 gal/day 1 ea
- Floc Tank, 770 gallons 1 ea
- Floc Mixer, 0.5 hp 1 ea
- Polymer Feed system, 10 lb/day 1 ea
- Clarifier, 3,700 gallons 1 ea
- Sludge Transfer Pump, 15 gpm, AODD 2 ea
- Final pH Adjustment Tank, 1,500 gallons 1 ea
- Final pH Adjustment Tank Mixer, 1 hp 1 ea
- Acid (HCI) Feed System, 35 lb/day: 10 gal/day 1 ea
- Clarified Water Feed Tank, 1,100 gallons 1 ea
- SF Feed Pump, 80 gpm, 5 hp 2 ea
- Sand Filter, 2.5' dia. by 6' high 3 ea
- Cartridges Filters, 10 micron 2 ea
- Thickener, 14' dia. by 12' high 1 ea
- FP Feed Pump, 80 gpm, AODD 2 ea

6.22 - Filter Press, 130 cf 1 ea
6.23 Air Stripper, 6 Tray, 850 cfm 1 ea $55,000.00 $4,000.00 $0 $55,000 $4,000 $0 $59,000
6.24 Air Stripper Effluent Pump, 100 gpm, 3 hp 2 ea $883.20 $210.00 $0 $1,766 $420 $0 $2,186
6.25 Vapor-Phase GAC System 2 ea $8,000.00 $1,200.00 $0 $16,000 $2,400 $0 $18,400
6.26 PPI Zeolite System 2 ea $3,000.00 $500.00 $0 $6,000 $1,000 $0 $7,000
6.27 HiPOx System 1 ea $380,000.00 $1,360.00 $0 $380,000 $1,360 $0 $381,360
6.28 Ion Exchange System, 60 cf resin; 450 gallons 2 ea $2,700.00 $0.00 $0 $5,400 $0 $0 $5,400
6.29 Liquid Phase GAC System, 8,000 lbs. 2 ea $42,000.00 $2,076.00 $0 $84,000 $4,152 $0 $88,152
6.30 Backwash Supply Tank, 5,000 gallons 1 ea $7,500.00 $750.00 $0 $7,500 $750 $0 $8,250
6.31 Backwash Supply Tank Foundation 3 cy $400.00 $1,200 $0 $0 $0 $1,200
6.32 Backwash Pump, 40 gpm, 1 hp 2 ea $735.00 $122.00 $0 $1,470 $244 $0 $1,714
6.33 Waste Backwash Tank, 5,000 gallon 1 ea $7,500.00 $750.00 $0 $7,500 $750 $0 $8,250
6.34 Waste Backwash Tank Foundation 3 cy $400.00 $1,200 $0 $0 $0 $1,200
6.35 Waste Backwash Transfer Pump, 1 gpm, 0.5 hp 2 ea $339.60 $84.00 $0 $679 $168 $0 $847
6.36 Filtrate Tank, 9,000 gallons 1 ea $13,500.00 $1,410.00 $0 $13,500 $1,410 $0 $14,910
6.37 Filtrate Tank Foundation 4 cy $400.00 $1,600 $0 $0 $0 $1,600
6.38 Filtrate Tank Mixer, 7.5 hp 1 ea $6,300.00 $1,240.00 $0 $6,300 $1,240 $0 $7,540
6.39 Filtrate Transfer Pump, 30 gpm, 0.5 hp 2 ea $499.00 $96.00 $0 $998 $192 $0 $1,190
6.40 Air Compressor System, 50 scfm, 100 psi 1 ea $8,900.00 $1,450.00 $0 $8,900 $1,450 $0 $10,350
6.41 Sump Pump, 10 gpm, 0.5 hp 2 ea $283.20 $83.50 $0 $566 $167 $0 $733
6.42 Discharge Pump Tank, 1,500 gallons 1 ea $3,000.00 $450.00 $0 $3,000 $450 $0 $3,450
6.43 Discharge Pump, 100 gpm, 2 hp 2 ea $535.20 $133.00 $0 $1,070 $266 $0 $1,336
6.44 ED Tank, 500 gallon 1 ea $1,225.00 $311.40 $0 $1,225 $311 $0 $1,536
6.45 ED Tank Mixer & Stand, 0.5 hp 1 ea $1,666.00 $415.20 $0 $1,666 $415 $0 $2,081
6.46 ED Feed Pump, 4 gallons/hr 2 ea $1,500.00 $415.20 $0 $3,000 $830 $0 $3,830
6.47 Discharge Pipe (POTW and SW), 4" Polyetheylene 800 lf $11.00 $16.00 $1.17 $0 $8,800 $12,800 $936 $22,536
6.48 Outfall Diffuser 1 ls $50,000.00 $50,000 $0 $0 $0 $50,000
6.49 Utility Service Line 1 ls $59,808.50 $15,691.40 $0 $59,809 $15,691 $0 $75,500
6.50 Electrical and Controls 1 ls $286,083.76 $176,543.40 $0 $286,084 $176,543 $0 $462,627
6.51 System Start-Up and Testing 1 ls $3,000.00 $65,550.00 $0 $3,000 $65,550 $0 $68,550

7 MONITORING WELL INSTALLATION
7.1 Well Installation (4 wells) 290 lf $45.00 $13,050 $0 $0 $0 $13,050
7.2 Protective Well Casing & Apron 4 ea $750.00 $3,000 $0 $0 $0 $3,000
8 INJECTION WELLS

8.1 Well Installation (6 wells) 270 lf $100.00 $27,000 $0 $0 $0 $27,000
8.2 Injection Well Head/Vault (incl controls and other details) 6 ea $5,000.00 $30,000 $0 $0 $0 $30,000

Dump Road Area Site
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10/20/2010 11:08 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland

Alternative G-4: Hydraulic Controls by Extraction, Extraction of HCA, Ex-Situ Treatment of Groundwater, Re-injection of Groundwater, Discharge to POTW, Monitoring, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Dump Road Area Site

8.3 Main Header Pipe, 2" PVC 3,860 lf $1.97 $5.64 $0 $7,604 $21,770 $0 $29,375
8.4 Main Header Pipe Fittings, 2" PVC 12 ea $19.70 $56.40 $0 $236 $677 $0 $913
8.5 Piping Valves, 2" dia. PVC Ball 4 ea $76.50 $24.50 $0 $306 $98 $0 $404
8.6 Well Piping, 1" dia. PVC 950 lf $0.76 $2.35 $0 $722 $2,233 $0 $2,955
8.7 Pipe Fittings, 2" PVC 60 ea $7.60 $23.50 $0 $456 $1,410 $0 $1,866
8.8 Piping Valves, 1" dia. PVC Ball 8 ea $30.30 $18.10 $0 $242 $145 $0 $387
9 WASTE DISPOSAL

9.1 Decon Fluids 2,000 gal $1.00 $2,000 $0 $0 $0 $2,000
9.2 Well Development Water (5,000 gal/well) 145,000 gal $1.00 $145,000 $0 $0 $0 $145,000
9.3 Drill Cuttings (12-inch dia boreholes, non-haz) 35 cy $100.00 $3,500 $0 $0 $0 $3,500
9.4 Soil Excavate (2700 lf, 3'x4' trench, non-haz) 1,600 cy $100.00 $160,000 $0 $0 $0 $160,000
10 IMPORTED CLEAN FILL

10.1 Import and place clean backfill 1,600 cy $25.00 $40,000 $0 $0 $0 $40,000
10.2 Stabilize and restore disturbed areas (3 acres) 19,140 sy $8.00 $153,120 $0 $0 $0 $153,120

 
Subtotal $3,067,790 $1,933,314 $1,089,305 $103,559 $6,193,969

Overhead on Labor Cost @ 30% $326,792 $326,792
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $306,779 $193,331 $108,931 $10,356 $619,397

Tax on Materials and Equipment Cost @ 6% $115,999 $6,214 $122,212

Total Direct Cost $3,374,569 $2,242,645 $1,525,027 $120,128 $7,262,369

Indirects on Total Direct Cost @ 25%  $1,815,592
Profit on Total Direct Cost @ 10% $726,237

Subtotal $9,804,199

Health & Safety Monitoring @ 2%  $196,084

Subtotal $10,000,283

Record Drawings and Completion Report 1%  $100,003

Feasibility Study Level Costs $10,100,286

Deign Cost $909,026
Engineering Contingency 20%  $2,020,057
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10/20/2010 11:08 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Operation and Maintenance Cost for Years 1 through 5

Item Quantity Unit Unit Cost Subtotal Notes

Treatment System per year

1 Energy - Electric 778,000 kWh $0.12 $93,360
   

2 System Maintenance 1 ls $103,544 $103,544 5% of Installed Equipment Cost

3 Liquid Phase GAC Replacement 16,000                lbs $2.00 $32,000

4 Vapor Phase GAC Replacement 96,000 lbs $2.00 $192,000

5 PPI Zeolite Replacement 72,000 lbs $2.25 $162,000

6 PPI Zeolite Disposal 36 ton $66.00 $2,376 assume non-hazardous

7 Treatment Plant Chemicals
a)  Hydrogen Peroxide - Fe/Mn Oxidation (12 lbs/day) 8,760                  lbs $2.00 $17,520
b)  NaOH (220 lbs/day) 160,600              lbs $0.35 $56,210
c)  Polymer (6 lbs/day) 4,380                  lbs $1.00 $4,380
d)  Hydrochloric Acid (22 lbs/day) 16,060                lbs $0.80 $12,848
e)  Hydrogen Peroxide - HiPOx (2.1 gal/day) 2,081                  gal $3.50 $7,284

8 Sludge Disposal 175 ton $65.00 $11,375 4,000 cf per year @ 70 lb/cf

9 Sanitary Sewer Fees 7025 1K cf $35.89 $252,127 1,000 cubic feet @ $35.89

10 Sanitary Sewer Annual Fees 1 year $3,000.00 $3,000

11 Sanitary Sewer Analysis 2 ea $450.00 $900

12 NPDES Analysis 0 ea $350.00 $0 monthly sampling @ 1 location

13 Ion Exchange Replacement
a) tanks 0 year $24,000.00 $0
b) resin 0 year $35,000.00 $0

14 Cartridge Filters, 25 micron 0 ea $3.91 $0

15 Process Monitoring (VOCs, 1,4-D, metals), Aqueous 48 ea $350.00 $16,800 monthly sampling @ 4 locations

16 Process Monitoring (VOCs ), Vapor 36 ea $150.00 $5,400 monthly sampling @ 3 locations

17 Potable Water 50,000 gal $0.20 $10,000

18 Miscellaneous Services (sanitation, rubbish) 1 ls $1,000.00 $1,000

19 Treatment Plant Operator 2,496 hours $65.00 $162,240 48 hours per week

20 Quarterly Reports 4 ea $2,500.00 $10,000
  

Total $1,156,364

21 Electron Donor Addition (injection) 54,750 lbs $2.00 $109,500 for year one and year two only

Alternative G-4: Hydraulic Controls by Extraction, Extraction of HCA, Ex-Situ Treatment of Groundwater, Re-injection of Groundwater, Discharge to POTW, 
Monitoring, and LUCs
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10/20/2010 11:08 AM

LOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Operation and Maintenance Cost for Years 6 through 10

Item Quantity Unit Unit Cost Subtotal Notes

Treatment System per year

1 Energy - Electric 778,000 kWh $0.12 $93,360
   

2 System Maintenance 1 ls $103,544 $103,544 5% of Installed Equipment Cost

3 Liquid Phase GAC Replacement 12,000                lbs $2.00 $24,000

4 Vapor Phase GAC Replacement 72,000                lbs $2.00 $144,000

5 PPI Zeolite Replacement 54,000                lbs $2.25 $121,500

6 PPI Zeolite Disposal 27.0                    ton $66.00 $1,782 assume non-hazardous

7 Treatment Plant Chemicals
a)  Hydrogen Peroxide - Fe/Mn Oxidation (9 lbs/day) 6,570                  lbs $2.00 $13,140
b)  NaOH (165 lbs/day) 120,450              lbs $0.35 $42,158
c)  Polymer (5 lbs/day) 3,285                  lbs $1.00 $3,285
d)  Hydrochloric Acid (17 lbs/day) 12,045                lbs $0.80 $9,636
e)  Hydrogen Peroxide - HiPOx (1.6 gal/day) 1,561                  gal $3.50 $5,463

8 Sludge Disposal 130                     ton $65.00 $8,450 4,000 cf per year @ 70 lb/cf

9 Sanitary Sewer Fees 0 1K cf $35.89 $0 1,000 cubic feet @ $35.89

10 Sanitary Sewer Annual Fees 0 year $3,000.00 $0

11 Sanitary Sewer Analysis 0 ea $450.00 $0

12 NPDES Analysis 12 ea $350.00 $4,200 monthly sampling @ 1 location

13 Ion Exchange Replacement
a) tanks 1 year $18,000.00 $18,000
b) resin 1 year $26,250.00 $26,250

14 Cartridge Filters, 25 micron 196 ea $3.91 $766

15 Process Monitoring (VOCs, 1,4-D, metals), Aqueous 48 ea $350.00 $16,800 monthly sampling @ 4 locations

16 Process Monitoring (VOCs ), Vapor 36 ea $150.00 $5,400 monthly sampling @ 3 locations

17 Potable Water 50,000 gal $0.20 $10,000

18 Miscellaneous Services (sanitation, rubbish) 1 ls $1,000.00 $1,000

19 Treatment Plant Operator 2,496 hours $65.00 $162,240 48 hours per week

20 Quarterly Reports 4 ea $2,500.00 $10,000
   

Total $824,974

Alternative G-4: Hydraulic Controls by Extraction, Extraction of HCA, Ex-Situ Treatment of Groundwater, Re-injection of Groundwater, Discharge to POTW, 
Monitoring, and LUCs
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10/20/2010 11:08 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Operation and Maintenance Cost for Years 11 through 30

Item Quantity Unit Unit Cost Subtotal Notes

Treatment System per year

1 Energy - Electric 778,000 kWh $0.12 $93,360
   

2 System Maintenance 1 ls $103,544 $103,544 5% of Installed Equipment Cost

3 Liquid Phase GAC Replacement 8,000                  lbs $2.00 $16,000

4 Vapor Phase GAC Replacement 48,000                lbs $2.00 $96,000

5 PPI Zeolite Replacement 36,000                lbs $2.25 $81,000

6 PPI Zeolite Disposal 18                       ton $66.00 $1,188 assume non-hazardous

7 Treatment Plant Chemicals
a)  Hydrogen Peroxide - Fe/Mn Oxidation (6 lbs/day) 4,380                  lbs $2.00 $8,760
b)  NaOH (110 lbs/day) 80,300                lbs $0.35 $28,105
c)  Polymer (3 lbs/day) 2,190                  lbs $1.00 $2,190
d)  Hydrochloric Acid (11 lbs/day) 8,030                  lbs $0.80 $6,424
e)  Hydrogen Peroxide - HiPOx (1.0 gal/day) 1,041                  gal $3.50 $3,642

8 Sludge Disposal 88                       ton $65.00 $5,720 4,000 cf per year @ 70 lb/cf

9 Sanitary Sewer Fees 0 1K cf $35.89 $0 1,000 cubic feet @ $35.89

10 Sanitary Sewer Annual Fees 0 year $3,000.00 $0

11 Sanitary Sewer Analysis 0 ea $450.00 $0

12 NPDES Analysis 12 ea $350.00 $4,200 monthly sampling @ 1 location

13 Ion Exchange Replacement
a) tanks 1 year $12,000.00 $12,000
b) resin 1 year $17,500.00 $17,500

14 Cartridge Filters, 25 micron 130 ea $3.91 $508

15 Process Monitoring (VOCs, 1,4-D, metals), Aqueous 48 ea $350.00 $16,800 monthly sampling @ 4 locations

16 Process Monitoring (VOCs ), Vapor 36 ea $150.00 $5,400 monthly sampling @ 3 locations

17 Potable Water 50,000 gal $0.20 $10,000

18 Miscellaneous Services (sanitation, rubbish) 1 ls $1,000.00 $1,000

19 Treatment Plant Operator 2,496 hours $65.00 $162,240 48 hours per week

20 Quarterly Reports 4 ea $2,500.00 $10,000
   

Total $685,581

Alternative G-4: Hydraulic Controls by Extraction, Extraction of HCA, Ex-Situ Treatment of Groundwater, Re-injection of Groundwater, Discharge to POTW, 
Monitoring, and LUCs
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10/20/2010 11:08 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Annual Cost
Item Cost Item Cost Item Cost

Item year 1 years 2 - 3 years 4 - 30 Notes

Site Inspection: Visit $1,620 $1,620 $1,620 One-day visit to verify LUC RD
Site Inspection: Report $1,680 $1,680 $1,680

Groundwater Sampling $57,440 $28,720 $14,360 Labor and supplies to collect samples from 40 wells using a crew of two, 
quarterly year 1, semi-annual years 2 & 3, annual years 4-30.

Groundwater Sampling 
Analysis/Water

$61,600 $30,800 $15,400 Analyze groundwater samples

 Sampling Report $33,600 $16,800 $8,400

TOTAL $155,940 $79,620 $41,460

Alternative G-4: Hydraulic Controls by Extraction, Extraction of HCA, Ex-Situ Treatment of Groundwater, Re-injection of Groundwater, 
Discharge to POTW, Monitoring, and LUCs
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10/20/2010 11:08 AMLOCKHEED MARTIN
Martin State Airport
Dump Road Area Site
Middle River, Maryland

Present Worth Analysis
Capital Operation & Annual Total Year Annual Discount Present Current Value

Year Cost Maintenance Cost Cost Cost Rate at 7% Worth 2% inflation
0 $13,029,368 $13,029,368 1.000 $13,029,368 13,029,368
1 $1,265,864 $155,940 $1,421,804 0.935 $1,329,387 1,450,240
2 $1,265,864 $79,620 $1,345,484 0.873 $1,174,608 1,399,842
3 $1,156,364 $79,620 $1,235,984 0.816 $1,008,563 1,311,636
4 $1,156,364 $41,460 $1,197,824 0.763 $913,940 1,296,563
5 $1,156,364 $41,460 $1,197,824 0.713 $854,049 1,322,494
6 $824,974 $41,460 $866,434 0.666 $577,045 975,745
7 $824,974 $41,460 $866,434 0.623 $539,788 995,260
8 $824,974 $41,460 $866,434 0.582 $504,264 1,015,165
9 $824,974 $41,460 $866,434 0.544 $471,340 1,035,469

10 $824,974 $41,460 $866,434 0.508 $440,148 1,056,178
11 $685,581 $41,460 $727,041 0.475 $345,345 903,984
12 $685,581 $41,460 $727,041 0.444 $322,806 922,064
13 $685,581 $41,460 $727,041 0.415 $301,722 940,505
14 $685,581 $41,460 $727,041 0.388 $282,092 959,316
15 $685,581 $41,460 $727,041 0.362 $263,189 978,502
16 $685,581 $41,460 $727,041 0.339 $246,467 998,072
17 $685,581 $41,460 $727,041 0.317 $230,472 1,018,033
18 $685,581 $41,460 $727,041 0.296 $215,204 1,038,394
19 $685,581 $41,460 $727,041 0.277 $201,390 1,059,162
20 $685,581 $41,460 $727,041 0.258 $187,577 1,080,345
21 $685,581 $41,460 $727,041 0.242 $175,944 1,101,952
22 $685,581 $41,460 $727,041 0.226 $164,311 1,123,991
23 $685,581 $41,460 $727,041 0.211 $153,406 1,146,471
24 $685,581 $41,460 $727,041 0.197 $143,227 1,169,400
25 $685,581 $41,460 $727,041 0.184 $133,776 1,192,788
26 $685,581 $41,460 $727,041 0.172 $125,051 1,216,644
27 $685,581 $41,460 $727,041 0.161 $117,054 1,240,977
28 $685,581 $41,460 $727,041 0.150 $109,056 1,265,796
29 $685,581 $41,460 $727,041 0.141 $102,513 1,291,112
30 $685,581 $41,460 $727,041 0.131 $95,242 1,316,935

$23,837,314 $1,434,600 46,852,405

TOTAL PRESENT WORTH $24,758,344

Alternative G-4: Hydraulic Controls by Extraction, Extraction of HCA, Ex-Situ Treatment of Groundwater, Re-injection of 
Groundwater, Discharge to POTW, Monitoring, and LUCs
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Dump Road Area Groundwater Containment System Design Costs

Feasibility Study Level Capital Costs $10,100,286
(Excluding Contingency)

Total Design Costs @ 9% of FS Level Capital Costs 

(excluding contingency) $909,026

30% Design Cost (Procurement EESHBDF-02384_R631) 

@ 26% of Line 6 $236,347

60% Design Cost @ 44% of line 6 $399,971

90% Design Cost @ 20% of line 6 $181,805

100% Design Cost @ 10% of line 6 $90,903



 

TETRA TECH: LOCKHEED MARTIN, MARTIN STATE AIRPORT, DRA SITE, DRAFT INTERIM REMEDIAL ACTION, FS FOR GROUNDWATER 

ALTERNATIVE F-5: 
 

HYDRAULIC CONTROLS BY EXTRACTION, EX-SITU TREATMENT OF GROUNDWATER, 
IN-SITU BIOREMEDIATION OF HCA, DISCHARGE TO POTW, MONITORING, AND LUCS 

 
  



10/20/2010 11:09 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland

Alternative G-5: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, In-Situ Bioremediation of HCA, Discharge to POTW, Monitoring, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Bench Testing 1 ls $30,000.00 $30,000 $0 $0 $0 $30,000
1.2 Land Finders Fee 1 ls $100,000.00 $100,000 $0 $0 $0 $100,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization $50,000 $30,000 $50,000 $130,000
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 12 mo $360.00 $0 $0 $0 $4,320 $4,320
3.2 Field Office Equipment, Utilities, & Support 12 mo $470.00 $0 $5,640 $0 $0 $5,640
3.3 Storage Trailer 12 mo $92.50 $0 $0 $0 $1,110 $1,110
3.4 Survey Support 15 day $1,075.00 $16,125 $0 $0 $0 $16,125
3.5 Site Superintendent 252 day $164.00 $384.64  $0 $41,328 $96,929 $0 $138,257

3.5.1 Resident Engineering (1.5 persons) 0 day $164.00 $307.68 $0 $0 $0 $0 $0
3.6 Site Health & Safety and QA/QC 252 day $164.00 $307.68 $0 $41,328 $77,535 $0 $118,863
3.7 Underground Utility Clearance 1 ls $10,000.00 $10,000 $0 $0 $0 $10,000
3.8 Access Road & Parking 500 sy $15.50 $1.05 $1.94 $0 $7,750 $525 $970 $9,245
3.9 Clearing and Grubbing 3 acre $10,000.00 $30,000 $0 $0 $0 $30,000

3.10 Directional Drill Under Taxiway Tango 1 ls $50,000.00 $50,000 $0 $0 $0 $50,000
4 DECONTAMINATION

4.1 Decontamination Services 12 mo $1,220.00 $2,245.00 $1,550.00 $0 $14,640 $26,940 $18,600 $60,180
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 2,000 gal $0.20 $0 $400 $0 $0 $400
4.4 Decon Water Storage Tank, 6,000 gallon 12 mo $771.00 $0 $0 $0 $9,252 $9,252
4.5 Clean Water Storage Tank, 4,000 gallon 12 mo $693.00 $0 $0 $0 $8,316 $8,316
4.6 Disposal of Decon Waste (liquid & solid) 12 mo $985.00 $11,820 $0 $0 $0 $11,820

5 EXTRACTION SYSTEM
5.1 Install Extraction Wells, 16 wells 930 lf $100.00 $93,000 $0 $0 $0 $93,000

5.1.1 Well Development (1 day/well) 16 days $1,500.00 $164.00 $307.68 $24,000 $2,624 $4,923 $0 $31,547
5.2 Extraction Well Head/Vault (incl controls and other details( 16 ea $5,000.00 $80,000 $0 $0 $0 $80,000
5.3 Insulate/Heat Trace Well Head, 16 wells 160 lf $5.87 $3.89 $0 $939 $622 $0 $1,562
5.4 Submersible Pump w/ Controls, 0.5 hp 16 ea $1,000.00 $236.00 $0 $16,000 $3,776 $0 $19,776
5.5 Well Piping, 1" dia. PVC Sch 80 930 lf $1.70 $3.25 $0 $1,581 $3,023 $0 $4,604
5.6 Pump Station 1 ea $30,000.00 $1,800.00 $400.00 $0 $30,000 $1,800 $400 $32,200
5.7 Pump Station Pumps, 100 gpm, 3 hp 2 ea $883.20 $210.00 $0 $1,766 $420 $0 $2,186
5.8 Transfer Piping, 1" dia. PVC Sch 80, Double Wall 0 lf $12.44 $15.69 $0 $0 $0 $0 $0
5.9 Transfer Piping Fittings, 1" dia. PVC Sch 80, Double Wall 0 ea $124.40 $156.90 $0 $0 $0 $0 $0

5.10 Transfer Piping Valves, 1" dia. PVC Ball 0 ea $30.30 $18.10 $0 $0 $0 $0 $0
5.11 Transfer Piping, 2" dia. PVC Sch 80, Double Wall 400 lf $20.23 $20.88 $0 $8,092 $8,352 $0 $16,444
5.12 Transfer Piping Fittings, 2" dia. PVC Sch 80, Double Wall 128 ea $202.30 $208.80 $0 $25,894 $26,726 $0 $52,621
5.13 Transfer Piping Valves, 2" dia. PVC Ball 64 ea $70.50 $24.50 $0 $4,512 $1,568 $0 $6,080
5.14 Transfer Piping, 4" dia. PVC Sch 80, Double Wall 4,050 lf $22.14 $31.72 $0 $89,667 $128,466 $0 $218,133
5.15 Transfer Piping Fittings, 4" dia. PVC Sch 80, Double Wall 128 ea $221.40 $317.20 $0 $28,339 $40,602 $0 $68,941
5.16 Transfer Piping Valves, 4" dia. PVC Ball 4 ea $610.00 $37.50 $0 $2,440 $150 $0 $2,590
5.17 Backhoe/Loader 40 day $343.60 $387.60 $0 $0 $13,744 $15,504 $29,248
5.18 Site Labor (3 laborers) 120 day $264.80 $0 $0 $31,776 $0 $31,776

6 TREATMENT SYSTEM
6.1 Equipment Building, 155' by 65' 10,075 sf $125.00 $1,259,375 $0 $0 $0 $1,259,375
6.2 Property Acquisition 26,875 sf $20.00 $537,500 $0 $0 $0 $537,500
6.3 Equipment Building Foundation 256 cy $400.00 $102,400 $0 $0 $0 $102,400
6.4 Water Supply Pipe, 2" Polyetheylene 300 lf $2.49 $5.06 $1.17 $0 $747 $1,518 $351 $2,616
6.5 Water Supply Valves & Meters 1 ls $3,000.00 $3,000 $0 $0 $0 $3,000
6.6 Feed Tank, 23,000 gallons 1 ea $30,000.00 $3,200.00 $0 $30,000 $3,200 $0 $33,200
6.7 Feed Tank Foundation 6 cy $400.00 $2,400 $0 $0 $0 $2,400
6.8 Feed Tank Mixer, 15 hp 1 ea $8,200.00 $1,465.00 $0 $8,200 $1,465 $0 $9,665
6.9 Feed Pump, 100 gpm, 1.5 hp 2 ea $883.20 $210.00 $0 $1,766 $420 $0 $2,186

6.10 Piping, 2" PVC Sch 80 300 lf $3.93 $13.65 $0 $1,179 $4,095 $0 $5,274
6.11 Pipe Fittings, 2" PVC Sch 80 50 ea $39.30 $136.50 $0 $1,965 $6,825 $0 $8,790
6.12 Piping Valves, 2" dia. PVC Ball 20 ea $76.50 $24.50 $0 $1,530 $490 $0 $2,020
6.13 Piping, 4" PVC Sch 80 1,600 lf $11.15 $16.30 $0 $17,840 $26,080 $0 $43,920
6.14 Pipe Fittings, 4" PVC Sch 80 300 ea $111.50 $163.00 $0 $33,450 $48,900 $0 $82,350
6.15 Piping Valves, 4" dia. PVC Butterfly 120 ea $733.26 $43.00 $0 $87,991 $5,160 $0 $93,151
6.16 Piping, 6" PVC Sch 80 100 lf $24.50 $19.75 $0 $2,450 $1,975 $0 $4,425
6.17 Pipe Fittings, 6" PVC Sch 80 10 ea $245.00 $197.50 $0 $2,450 $1,975 $0 $4,425
6.18 Piping Valves, 6" dia. PVC Butterfly 5 ea $879.94 $65.00 $0 $4,400 $325 $0 $4,725
6.19 Air Stripper Piping 100 lf $29.40 $19.75 $0 $2,940 $1,975 $0 $4,915
6.20 Air Stripper Fittings 20 ea $352.80 $197.50 $0 $7,056 $3,950 $0 $11,006
6.21 Air Stripper Valves 10 ea $1,055.93 $65.00 $0 $10,559 $650 $0 $11,209

Metals Removal Package 1 ls $347,000.00 $134,032.50 $0 $347,000 $134,033 $0 $481,033
- Primary pH Adjustment Tank, 1,100 gallons 1 ea
- Primary pH Adjustment Tank Mixer, 0.5 hp 1 ea
- Secondary pH Adjustment Tank, 1,100 gallons 1 ea
- Secondary pH Adjustment Tank Mixer, 0.5 hp 1 ea
- H2O2 Feed System, 32 lb/day 1 ea
- NaOH Feed System, 38 lb/day; 8 gal/day 1 ea
- Floc Tank, 770 gallons 1 ea
- Floc Mixer, 0.5 hp 1 ea
- Polymer Feed system, 10 lb/day 1 ea
- Clarifier, 3,700 gallons 1 ea
- Sludge Transfer Pump, 15 gpm, AODD 2 ea
- Final pH Adjustment Tank, 1,500 gallons 1 ea
- Final pH Adjustment Tank Mixer, 1 hp 1 ea
- Acid (HCI) Feed System, 35 lb/day: 10 gal/day 1 ea
- Clarified Water Feed Tank, 1,100 gallons 1 ea
- SF Feed Pump, 80 gpm, 5 hp 2 ea
- Sand Filter, 2.5' dia. by 6' high 3 ea
- Cartridges Filters, 10 micron 2 ea
- Thickener, 14' dia. by 12' high 1 ea
- FP Feed Pump, 80 gpm, AODD 2 ea

6.22 - Filter Press, 130 cf 1 ea
6.23 Air Stripper, 6 Tray, 850 cfm 1 ea $55,000.00 $4,000.00 $0 $55,000 $4,000 $0 $59,000
6.24 Air Stripper Effluent Pump, 100 gpm, 3 hp 2 ea $883.20 $210.00 $0 $1,766 $420 $0 $2,186
6.25 Vapor-Phase GAC System 2 ea $8,000.00 $1,200.00 $0 $16,000 $2,400 $0 $18,400
6.26 PPI Zeolite System 2 ea $3,000.00 $500.00 $0 $6,000 $1,000 $0 $7,000
6.27 HiPOx System 1 ea $380,000.00 $1,360.00 $0 $380,000 $1,360 $0 $381,360
6.28 Ion Exchange System, 60 cf resin; 450 gallons 2 ea $2,700.00 $0.00 $0 $5,400 $0 $0 $5,400
6.29 Liquid Phase GAC System, 8,000 lbs. 2 ea $42,000.00 $2,076.00 $0 $84,000 $4,152 $0 $88,152
6.30 Backwash Supply Tank, 5,000 gallons 1 ea $7,500.00 $750.00 $0 $7,500 $750 $0 $8,250
6.31 Backwash Supply Tank Foundation 3 cy $400.00 $1,200 $0 $0 $0 $1,200
6.32 Backwash Pump, 40 gpm, 1 hp 2 ea $735.00 $122.00 $0 $1,470 $244 $0 $1,714
6.33 Waste Backwash Tank, 5,000 gallon 1 ea $7,500.00 $750.00 $0 $7,500 $750 $0 $8,250
6.34 Waste Backwash Tank Foundation 3 cy $400.00 $1,200 $0 $0 $0 $1,200
6.35 Waste Backwash Transfer Pump, 1 gpm, 0.5 hp 2 ea $339.60 $84.00 $0 $679 $168 $0 $847
6.36 Filtrate Tank, 9,000 gallons 1 ea $13,500.00 $1,410.00 $0 $13,500 $1,410 $0 $14,910
6.37 Filtrate Tank Foundation 4 cy $400.00 $1,600 $0 $0 $0 $1,600
6.38 Filtrate Tank Mixer, 7.5 hp 1 ea $6,300.00 $1,240.00 $0 $6,300 $1,240 $0 $7,540
6.39 Filtrate Transfer Pump, 30 gpm, 0.5 hp 2 ea $499.00 $96.00 $0 $998 $192 $0 $1,190
6.40 Air Compressor System, 50 scfm, 100 psi 1 ea $8,900.00 $1,450.00 $0 $8,900 $1,450 $0 $10,350
6.41 Sump Pump, 10 gpm, 0.5 hp 2 ea $283.20 $83.50 $0 $566 $167 $0 $733
6.42 Discharge Pump Tank, 1,500 gallons 1 ea $3,000.00 $450.00 $0 $3,000 $450 $0 $3,450
6.43 Discharge Pump, 100 gpm, 2 hp 2 ea $535.20 $133.00 $0 $1,070 $266 $0 $1,336
6.44 ED Tank, 500 gallon 1 ea $1,225.00 $311.40 $0 $1,225 $311 $0 $1,536
6.45 ED Tank Mixer & Stand, 0.5 hp 1 ea $1,666.00 $415.20 $0 $1,666 $415 $0 $2,081
6.46 ED Feed Pump, 4 gallons/hr 2 ea $1,500.00 $415.20 $0 $3,000 $830 $0 $3,830
6.47 Discharge Pipe (POTW and SW), 4" Polyetheylene 800 lf $11.00 $16.00 $1.17 $0 $8,800 $12,800 $936 $22,536
6.48 Outfall Diffuser 1 ls $50,000.00 $50,000 $0 $0 $0 $50,000
6.49 Utility Service Line 1 ls $59,808.50 $15,691.40 $0 $59,809 $15,691 $0 $75,500
6.50 Electrical and Controls 1 ls $286,083.76 $176,543.40 $0 $286,084 $176,543 $0 $462,627
6.51 System Start-Up and Testing 1 ls $3,000.00 $65,550.00 $0 $3,000 $65,550 $0 $68,550

7 MONITORING WELL INSTALLATION
7.1 Well Installation (4 wells) 290 lf $45.00 $13,050 $0 $0 $0 $13,050
7.2 Protective Well Casing & Apron 4 ea $750.00 $3,000 $0 $0 $0 $3,000
8 INJECTION WELLS - ISB

8.1 Well Installation 12,250 lf $45.00 $551,250 $0 $0 $0 $551,250
8.2 Protective Well Casing & Apron 530 ea $125.00 $66,250 $0 $0 $0 $66,250

Dump Road Area Site
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10/20/2010 11:09 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland

Alternative G-5: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, In-Situ Bioremediation of HCA, Discharge to POTW, Monitoring, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Dump Road Area Site

8.3 Injection Labor and Equipment 14 day $794.40 $200.00 $0 $0 $11,122 $2,800 $13,922
8.4 EOS 1 ls $320,000.00 $0 $320,000 $0 $0 $320,000
9 WASTE DISPOSAL

9.1 Decon Fluids 1,100 gal $1.00 $1,100 $0 $0 $0 $1,100
9.2 Well Development Water (5,000 gal/well) 80,000 gal $1.00 $80,000 $0 $0 $0 $80,000
9.3 Drill Cuttings (12-inch dia boreholes, non-haz) 25 cy $100.00 $2,500 $0 $0 $0 $2,500
9.4 Soil Excavate (2700 lf, 3'x4' trench, non-haz) 880 cy $100.00 $88,000 $0 $0 $0 $88,000
10 IMPORTED CLEAN FILL

10.1 Import and place clean backfill 880 cy $25.00 $22,000 $0 $0 $0 $22,000
10.2 Stabilize and restore disturbed areas (3 acres) 10,600 sy $8.00 $84,800 $0 $0 $0 $84,800

 
Subtotal $3,315,570 $2,220,198 $1,046,595 $116,359 $6,698,723

Overhead on Labor Cost @ 30% $313,979 $313,979
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $331,557 $222,020 $104,660 $11,636 $669,872

Tax on Materials and Equipment Cost @ 6% $133,212 $6,982 $140,193

Total Direct Cost $3,647,127 $2,575,430 $1,465,233 $134,976 $7,822,767

Indirects on Total Direct Cost @ 25%  $1,955,692
Profit on Total Direct Cost @ 10% $782,277

Subtotal $10,560,736

Health & Safety Monitoring @ 2%  $211,215

Subtotal $10,771,950

Record Drawings and Completion Report 1%  $107,720

Feasibility Study Level Costs $10,879,670

Design Cost $870,374
Engineering Contingency 20%  $2,175,934
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10/20/2010 11:09 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Operation and Maintenance Cost for Years 1 through 5

Item Quantity Unit Unit Cost Subtotal Notes

Treatment System per year

1 Energy - Electric 563,000 kWh $0.12 $67,560
   

2 System Maintenance 1 ls $100,541 $100,541 5% of Installed Equipment Cost

3 Liquid Phase GAC Replacement 8,000                  lbs $2.00 $16,000

4 Vapor Phase GAC Replacement 48,000 lbs $2.00 $96,000

5 PPI Zeolite Replacement 36,000 lbs $2.25 $81,000

6 PPI Zeolite Disposal 18 ton $66.00 $1,188 assume non-hazardous

7 Treatment Plant Chemicals
a)  Hydrogen Peroxide - Fe/Mn Oxidation (12 lbs/day) 4,380                  lbs $2.00 $8,760
b)  NaOH (220 lbs/day) 80,300                lbs $0.35 $28,105
c)  Polymer (6 lbs/day) 2,190                  lbs $1.00 $2,190
d)  Hydrochloric Acid (22 lbs/day) 8,030                  lbs $0.80 $6,424
e)  Hydrogen Peroxide - HiPOx (2.1 gal/day) 1,059                  gal $3.50 $3,705

8 Sludge Disposal 86 ton $65.00 $5,590 4,000 cf per year @ 70 lb/cf

9 Sanitary Sewer Fees 3513 1K cf $35.89 $126,082 1,000 cubic feet @ $35.89

10 Sanitary Sewer Annual Fees 1 year $3,000.00 $3,000

11 Sanitary Sewer Analysis 2 ea $450.00 $900

12 NPDES Analysis 0 ea $350.00 $0 monthly sampling @ 1 location

13 Ion Exchange Replacement
a) tanks 0 year $24,000.00 $0
b) resin 0 year $35,000.00 $0

14 Cartridge Filters, 25 micron 0 ea $3.91 $0

15 Process Monitoring (VOCs, 1,4-D, metals), Aqueous 48 ea $350.00 $16,800 monthly sampling @ 4 locations

16 Process Monitoring (VOCs ), Vapor 36 ea $150.00 $5,400 monthly sampling @ 3 locations

17 Potable Water 50,000 gal $0.20 $10,000

18 Miscellaneous Services (sanitation, rubbish) 1 ls $1,000.00 $1,000

19 Treatment Plant Operator 2,496 hours $65.00 $162,240 48 hours per week

20 Quarterly Reports 4 ea $2,500.00 $10,000
  

Total $752,484

21 Re-Application of EOS for Year 5 1 ls $233,745.00 $233,745

Alternative G-5: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, In-Situ Bioremediation of HCA, Discharge to POTW, Monitoring, and 
LUCs
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10/20/2010 11:09 AM

LOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Operation and Maintenance Cost for Years 6 through 10

Item Quantity Unit Unit Cost Subtotal Notes

Treatment System per year

1 Energy - Electric 563,000 kWh $0.12 $67,560
   

2 System Maintenance 1 ls $100,541 $100,541 5% of Installed Equipment Cost

3 Liquid Phase GAC Replacement 6,000                  lbs $2.00 $12,000

4 Vapor Phase GAC Replacement 36,000                lbs $2.00 $72,000

5 PPI Zeolite Replacement 27,000                lbs $2.25 $60,750

6 PPI Zeolite Disposal 13.5                    ton $66.00 $891 assume non-hazardous

7 Treatment Plant Chemicals
a)  Hydrogen Peroxide - Fe/Mn Oxidation (9 lbs/day) 3,285                  lbs $2.00 $6,570
b)  NaOH (165 lbs/day) 60,225                lbs $0.35 $21,079
c)  Polymer (5 lbs/day) 1,643                  lbs $1.00 $1,643
d)  Hydrochloric Acid (17 lbs/day) 6,023                  lbs $0.80 $4,818
e)  Hydrogen Peroxide - HiPOx (1.6 gal/day) 794                     gal $3.50 $2,779

8 Sludge Disposal 65                       ton $65.00 $4,225 4,000 cf per year @ 70 lb/cf

9 Sanitary Sewer Fees 0 1K cf $35.89 $0 1,000 cubic feet @ $35.89

10 Sanitary Sewer Annual Fees 0 year $3,000.00 $0

11 Sanitary Sewer Analysis 0 ea $450.00 $0

12 NPDES Analysis 12 ea $350.00 $4,200 monthly sampling @ 1 location

13 Ion Exchange Replacement
a) tanks 1 year $18,000.00 $18,000
b) resin 1 year $26,250.00 $26,250

14 Cartridge Filters, 25 micron 98 ea $3.91 $383

15 Process Monitoring (VOCs, 1,4-D, metals), Aqueous 48 ea $350.00 $16,800 monthly sampling @ 4 locations

16 Process Monitoring (VOCs ), Vapor 36 ea $150.00 $5,400 monthly sampling @ 3 locations

17 Potable Water 50,000 gal $0.20 $10,000

18 Miscellaneous Services (sanitation, rubbish) 1 ls $1,000.00 $1,000

19 Treatment Plant Operator 2,496 hours $65.00 $162,240 48 hours per week

20 Quarterly Reports 4 ea $2,500.00 $10,000
   

Total $609,128

Alternative G-5: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, In-Situ Bioremediation of HCA, Discharge to POTW, Monitoring, and 
LUCs
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10/20/2010 11:09 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Operation and Maintenance Cost for Years 11 through 30

Item Quantity Unit Unit Cost Subtotal Notes

Treatment System per year

1 Energy - Electric 563,000 kWh $0.12 $67,560
   

2 System Maintenance 1 ls $100,541 $100,541 5% of Installed Equipment Cost

3 Liquid Phase GAC Replacement 4,000                  lbs $2.00 $8,000

4 Vapor Phase GAC Replacement 24,000                lbs $2.00 $48,000

5 PPI Zeolite Replacement 18,000                lbs $2.25 $40,500

6 PPI Zeolite Disposal 9                         ton $66.00 $594 assume non-hazardous

7 Treatment Plant Chemicals
a)  Hydrogen Peroxide - Fe/Mn Oxidation (6 lbs/day) 2,190                  lbs $2.00 $4,380
b)  NaOH (110 lbs/day) 40,150                lbs $0.35 $14,053
c)  Polymer (3 lbs/day) 1,095                  lbs $1.00 $1,095
d)  Hydrochloric Acid (11 lbs/day) 4,015                  lbs $0.80 $3,212
e)  Hydrogen Peroxide - HiPOx (1.0 gal/day) 529                     gal $3.50 $1,852

8 Sludge Disposal 43                       ton $65.00 $2,795 4,000 cf per year @ 70 lb/cf

9 Sanitary Sewer Fees 0 1K cf $35.89 $0 1,000 cubic feet @ $35.89

10 Sanitary Sewer Annual Fees 0 year $3,000.00 $0

11 Sanitary Sewer Analysis 0 ea $450.00 $0

12 NPDES Analysis 12 ea $350.00 $4,200 monthly sampling @ 1 location

13 Ion Exchange Replacement
a) tanks 1 year $12,000.00 $12,000
b) resin 1 year $17,500.00 $17,500

14 Cartridge Filters, 25 micron 65 ea $3.91 $254

15 Process Monitoring (VOCs, 1,4-D, metals), Aqueous 48 ea $350.00 $16,800 monthly sampling @ 4 locations

16 Process Monitoring (VOCs ), Vapor 36 ea $150.00 $5,400 monthly sampling @ 3 locations

17 Potable Water 50,000 gal $0.20 $10,000

18 Miscellaneous Services (sanitation, rubbish) 1 ls $1,000.00 $1,000

19 Treatment Plant Operator 2,496 hours $65.00 $162,240 48 hours per week

20 Quarterly Reports 4 ea $2,500.00 $10,000
   

Total $531,976

Alternative G-5: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, In-Situ Bioremediation of HCA, Discharge to POTW, Monitoring, and 
LUCs

S:\Lockheed Martin - MSA FS - Chris Pike\GW FS Oct 2010\Appendix F\Source files\Costs G-5 Oct 2010\o&m 11 to 30 Page 6 of 8



10/20/2010 11:09 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Annual Cost
Item Cost Item Cost Item Cost

Item year 1 years 2 - 3 years 4 - 30 Notes

Site Inspection: Visit $1,620 $1,620 $1,620 One-day visit to verify LUC RD
Site Inspection: Report $1,680 $1,680 $1,680

Groundwater Sampling $57,440 $28,720 $14,360 Labor and supplies to collect samples from 40 wells using a crew of two, 
quarterly year 1, semi-annual years 2 & 3, annual years 4-30.

Groundwater Sampling 
Analysis/Water

$61,600 $30,800 $15,400 Analyze groundwater samples

 Sampling Report $33,600 $16,800 $8,400

TOTAL $155,940 $79,620 $41,460

Alternative G-5: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, In-Situ Bioremediation of HCA, Discharge to 
POTW, Monitoring, and LUCs

S:\Lockheed Martin - MSA FS - Chris Pike\GW FS Oct 2010\Appendix F\Source files\Costs G-5 Oct 2010\anulcost Page 5 of 8



10/20/2010 11:09 AMLOCKHEED MARTIN
Martin State Airport
Dump Road Area Site
Middle River, Maryland

Present Worth Analysis
Capital Operation & Annual Total Year Annual Discount Present Current Value

Year Cost Maintenance Cost Cost Cost Rate at 7% Worth 2% inflation
0 $13,925,977 $13,925,977 1.000 $13,925,977 13,925,977
1 $986,229 $155,940 $1,142,169 0.935 $1,067,928 1,165,013
2 $986,229 $79,620 $1,065,849 0.873 $930,487 1,108,910
3 $752,484 $79,620 $832,104 0.816 $678,997 883,036
4 $752,484 $41,460 $793,944 0.763 $605,780 859,391
5 $752,484 $41,460 $793,944 0.713 $566,082 876,579
6 $609,128 $41,460 $650,588 0.666 $433,292 732,668
7 $609,128 $41,460 $650,588 0.623 $405,316 747,321
8 $609,128 $41,460 $650,588 0.582 $378,642 762,268
9 $609,128 $41,460 $650,588 0.544 $353,920 777,513

10 $609,128 $41,460 $650,588 0.508 $330,499 793,063
11 $531,976 $41,460 $573,436 0.475 $272,382 712,996
12 $531,976 $41,460 $573,436 0.444 $254,606 727,256
13 $531,976 $41,460 $573,436 0.415 $237,976 741,801
14 $531,976 $41,460 $573,436 0.388 $222,493 756,637
15 $531,976 $41,460 $573,436 0.362 $207,584 771,770
16 $531,976 $41,460 $573,436 0.339 $194,395 787,205
17 $531,976 $41,460 $573,436 0.317 $181,779 802,949
18 $531,976 $41,460 $573,436 0.296 $169,737 819,008
19 $531,976 $41,460 $573,436 0.277 $158,842 835,388
20 $531,976 $41,460 $573,436 0.258 $147,947 852,096
21 $531,976 $41,460 $573,436 0.242 $138,772 869,138
22 $531,976 $41,460 $573,436 0.226 $129,597 886,521
23 $531,976 $41,460 $573,436 0.211 $120,995 904,251
24 $531,976 $41,460 $573,436 0.197 $112,967 922,336
25 $531,976 $41,460 $573,436 0.184 $105,512 940,783
26 $531,976 $41,460 $573,436 0.172 $98,631 959,598
27 $531,976 $41,460 $573,436 0.161 $92,323 978,790
28 $531,976 $41,460 $573,436 0.150 $86,015 998,366
29 $531,976 $41,460 $573,436 0.141 $80,854 1,018,333
30 $531,976 $41,460 $573,436 0.131 $75,120 1,038,700

$17,915,075 $1,434,600 39,955,659

TOTAL PRESENT WORTH $22,765,447

Alternative G-5: Hydraulic Controls by Extraction, Ex-Situ Treatment of Groundwater, In-Situ Bioremediation of HCA, 
Discharge to POTW, Monitoring, and LUCs

S:\Lockheed Martin - MSA FS - Chris Pike\GW FS Oct 2010\Appendix F\Source files\Costs G-5 Oct 2010\pwa Page 7 of 8



Dump Road Area Groundwater Containment System Design Costs

Feasibility Study Level Capital Costs $10,879,670
(Excluding Contingency)

Total Design Costs @ 8% of FS Level Capital Costs 

(excluding contingency) $870,374

30% Design Cost (Procurement EESHBDF-02384_R631) 

@ 26% of Line 6 $226,297

60% Design Cost @ 44% of line 6 $382,964

90% Design Cost @ 20% of line 6 $174,075

100% Design Cost @ 10% of line 6 $87,037



 

TETRA TECH: LOCKHEED MARTIN, MARTIN STATE AIRPORT, DRA SITE, DRAFT INTERIM REMEDIAL ACTION, FS FOR GROUNDWATER 

ALTERNATIVE F-6: 
 

ZVI-PRB, MONITORING, AND LUCS [NO GROUNDWATER TREATMENT] 
 

 

 



10/20/2010 11:09 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland

Alternative G-6: ZVI-PRB, Monitoring, and LUCs [No groundwater treatment]
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Bench Testing 1 ls $38,000.00 $38,000 $0 $0 $0 $38,000
1.2 Land Finders Fee 1 ls $100,000.00 $100,000 $0 $0 $0 $100,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization $60,000 $30,000 $60,000 $150,000
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 9 mo $360.00 $0 $0 $0 $3,240 $3,240
3.2 Field Office Equipment, Utilities, & Support 9 mo $470.00 $0 $4,230 $0 $0 $4,230
3.3 Storage Trailer 9 mo $92.50 $0 $0 $0 $833 $833
3.4 Survey Support 10 day $1,075.00 $10,750 $0 $0 $0 $10,750
3.5 Site Superintendent 189 day $164.00 $384.64  $0 $30,996 $72,697 $0 $103,693

3.5.1 Resident Engineering (1.5 persons) 0 day $164.00 $307.68 $0 $0 $0 $0 $0
3.6 Site Health & Safety and QA/QC 189 day $164.00 $307.68 $0 $30,996 $58,152 $0 $89,148
3.7 Underground Utility Clearance 1 ls $10,000.00 $10,000 $0 $0 $0 $10,000
3.8 Access Road & Parking 500 sy $15.50 $1.05 $1.94 $0 $7,750 $525 $970 $9,245
3.9 Clearing and Grubbing 1 acre $10,000.00 $10,000 $0 $0 $0 $10,000

3.10 Directional Drill Under Taxiway Tango 0 ls $50,000.00 $0 $0 $0 $0 $0
4 DECONTAMINATION

4.1 Decontamination Services 3 mo $1,220.00 $2,245.00 $1,550.00 $0 $3,660 $6,735 $4,650 $15,045
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 3,000 gal $0.20 $0 $600 $0 $0 $600
4.4 Decon Water Storage Tank, 6,000 gallon 3 mo $771.00 $0 $0 $0 $2,313 $2,313
4.5 Clean Water Storage Tank, 4,000 gallon 3 mo $693.00 $0 $0 $0 $2,079 $2,079
4.6 Disposal of Decon Waste (liquid & solid) 3 mo $985.00 $2,955 $0 $0 $0 $2,955
5 MONITORING WELL INSTALLATION

5.1 Well Installation (15 wells) 2,700 lf $45.00 $121,500 $0 $0 $0 $121,500
5.2 Protective Well Casing & Apron 15 ea $750.00 $11,250 $0 $0 $0 $11,250
6 PRB Installation

6.1 Subcontractor Labor & Equipment 1 ls $2,440,000.00 $2,440,000 $0 $0 $0 $2,440,000
6.2 PRB Materials 2,080 ton $750.00 $0 $1,560,000 $0 $0 $1,560,000
6.3 Field Oversight 100 day $414.00 $41,400 $0 $0 $0 $41,400
6.4 Waste Characterization 30 ea $785.00 $30.00 $50.00 $30.00 $23,550 $900 $1,500 $900 $26,850
6.5 Waste Transportation and Disposal, Subtitle C 5,200 ton $235.00 $1,222,000 $0 $0 $0 $1,222,000
6.6 Topsoil, 4" thick 55 cy $23.00 $1.68 $4.21 $0 $1,265 $92 $232 $1,589
6.7 Seed Area 4,840 sy $3.48 $16,843 $0 $0 $0 $16,843
6.8 License Fee - 12% 1 ls $484,968.00 $484,968 $0 $0 $0 $484,968

7 WASTE DISPOSAL (other than PRB)
7.1 Decon Fluids 1,000 gal $1.00 $1,000 $0 $0 $0 $1,000
7.2 Well Development Water (5,000 gal/well) 75,000 gal $1.00 $75,000 $0 $0 $0 $75,000
7.3 Drill Cuttings (12-inch dia boreholes, non-haz) 24 cy $100.00 $2,400 $0 $0 $0 $2,400

 
Subtotal $4,611,616 $1,702,897 $171,701 $79,016 $6,565,230

Overhead on Labor Cost @ 30% $51,510 $51,510
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $461,162 $170,290 $17,170 $7,902 $656,523

Tax on Materials and Equipment Cost @ 6% $102,174 $4,741 $106,915

Total Direct Cost $5,072,778 $1,975,361 $240,381 $91,659 $7,380,178

Indirects on Total Direct Cost @ 25%  $1,845,045
Profit on Total Direct Cost @ 10% $738,018

Subtotal $9,963,241

Health & Safety Monitoring @ 2%  $199,265

Subtotal $10,162,505

Record Drawings and Completion Report 1%  $101,625

Feasibility Study Level Costs $10,264,130

Design Cost $923,772
Engineering Contingency 20%  $2,052,826

Dump Road Area Site

S:\Lockheed Martin - MSA FS - Chris Pike\GW FS Oct 2010\Appendix F\Source files\Costs G-6 Oct 2010\capcost Page 1 of 5



10/20/2010 11:09 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland

Alternative G-6: ZVI-PRB, Monitoring, and LUCs [No groundwater treatment]
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Bench Testing 1 ls $38,000.00 $38,000 $0 $0 $0 $38,000
1.2 Land Finders Fee 1 ls $100,000.00 $100,000 $0 $0 $0 $100,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization $60,000 $30,000 $60,000 $150,000
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 9 mo $360.00 $0 $0 $0 $3,240 $3,240
3.2 Field Office Equipment, Utilities, & Support 9 mo $470.00 $0 $4,230 $0 $0 $4,230
3.3 Storage Trailer 9 mo $92.50 $0 $0 $0 $833 $833
3.4 Survey Support 10 day $1,075.00 $10,750 $0 $0 $0 $10,750
3.5 Site Superintendent 189 day $164.00 $384.64  $0 $30,996 $72,697 $0 $103,693

3.5.1 Resident Engineering (1.5 persons) 0 day $164.00 $307.68 $0 $0 $0 $0 $0
3.6 Site Health & Safety and QA/QC 189 day $164.00 $307.68 $0 $30,996 $58,152 $0 $89,148
3.7 Underground Utility Clearance 1 ls $10,000.00 $10,000 $0 $0 $0 $10,000
3.8 Access Road & Parking 500 sy $15.50 $1.05 $1.94 $0 $7,750 $525 $970 $9,245
3.9 Clearing and Grubbing 1 acre $10,000.00 $10,000

3.10 Directional Drill Under Taxiway Tango 0 ls $50,000.00 $0
4 DECONTAMINATION

4.1 Decontamination Services 3 mo $1,220.00 $2,245.00 $1,550.00 $0 $3,660 $6,735 $4,650 $15,045
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 3,000 gal $0.20 $0 $600 $0 $0 $600
4.4 Decon Water Storage Tank, 6,000 gallon 3 mo $771.00 $0 $0 $0 $2,313 $2,313
4.5 Clean Water Storage Tank, 4,000 gallon 3 mo $693.00 $0 $0 $0 $2,079 $2,079
4.6 Disposal of Decon Waste (liquid & solid) 3 mo $985.00 $2,955 $0 $0 $0 $2,955
5 MONITORING WELL INSTALLATION

5.1 Well Installation (15 wells) 2,700 lf $45.00 $121,500 $0 $0 $0 $121,500
5.2 Protective Well Casing & Apron 15 ea $750.00 $11,250 $0 $0 $0 $11,250
6 PRB Installation

6.1 Subcontractor Labor & Equipment 1 ls $2,440,000.00 $2,440,000 $0 $0 $0 $2,440,000
6.2 PRB Materials 2,080 ton $750.00 $0 $1,560,000 $0 $0 $1,560,000
6.3 Field Oversight 100 day $414.00 $41,400 $0 $0 $0 $41,400
6.4 Waste Characterization 30 ea $785.00 $30.00 $50.00 $30.00 $23,550 $900 $1,500 $900 $26,850
6.5 Waste Transportation and Disposal, Subtitle C 5,200 ton $235.00 $1,222,000 $0 $0 $0 $1,222,000
6.6 Topsoil, 4" thick 55 cy $23.00 $1.68 $4.21 $0 $1,265 $92 $232 $1,589
6.7 Seed Area 4,840 sy $3.48 $16,843 $0 $0 $0 $16,843
6.8 License Fee - 12% 1 ls $484,968.00 $484,968 $0 $0 $0 $484,968

7 WASTE DISPOSAL (other than PRB)
7.1 Decon Fluids 0 gal $1.00 $0 $0 $0 $0 $0
7.2 Well Development Water (5,000 gal/well) 0 gal $1.00 $0 $0 $0 $0 $0
7.3 Drill Cuttings (12-inch dia boreholes, non-haz) 0 cy $100.00 $0 $0 $0 $0 $0

 
Subtotal $4,523,216 $1,702,897 $171,701 $79,016 $6,486,830

Overhead on Labor Cost @ 30% $51,510 $51,510
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $452,322 $170,290 $17,170 $7,902 $647,683

Tax on Materials and Equipment Cost @ 6% $102,174 $4,741 $106,915

Total Direct Cost $4,975,538 $1,975,361 $240,381 $91,659 $7,282,938

Indirects on Total Direct Cost @ 25%  $1,820,735
Profit on Total Direct Cost @ 10% $728,294

Subtotal $9,831,967

Health & Safety Monitoring @ 2%  $196,639

Subtotal $10,028,606

Record Drawings and Completion Report 1%  $100,286

Feasibility Study Level Costs $10,128,892

Engineering Contingency 20%  $2,025,778

Dump Road Area Site

S:\Lockheed Martin - MSA FS - Chris Pike\GW FS Oct 2010\Appendix F\Source files\Costs G-6 Oct 2010\Replace PRB - Year 15 Page 2 of 5



10/20/2010 11:09 AMLOCKHEED MARTIN
Martin State Airport
Middle River, Maryland
Dump Road Area Site

Annual Cost
Item Cost Item Cost Item Cost

Item year 1 years 2 - 3 years 4 - 30 Notes

Site Inspection: Visit $1,620 $1,620 $1,620 One-day visit to verify LUC RD
Site Inspection: Report $1,680 $1,680 $1,680

Groundwater Sampling $79,840 $39,920 $19,960 Labor and supplies to collect samples from 40 wells using a crew of two, 
quarterly year 1, semi-annual years 2 & 3, annual years 4-30.

Groundwater Sampling 
Analysis/Water

$84,000 $42,000 $21,000 Analyze groundwater samples

 Sampling Report $33,600 $16,800 $8,400

TOTAL $200,740 $102,020 $52,660

Alternative G-6: ZVI-PRB, Monitoring, and LUCs [No groundwater treatment]

S:\Lockheed Martin - MSA FS - Chris Pike\GW FS Oct 2010\Appendix F\Source files\Costs G-6 Oct 2010\anulcost Page 3 of 5



10/20/2010 11:09 AMLOCKHEED MARTIN
Martin State Airport
Dump Road Area Site
Middle River, Maryland

Present Worth Analysis
Capital Operation & Annual Total Year Annual Discount Present Current Value

Year Cost Maintenance Cost Cost Cost Rate at 7% Worth 2% inflation
0 $13,240,728 $13,240,728 1.000 $13,240,728 13,240,728
1 $25,000 $200,740 $225,740 0.935 $211,067 230,255
2 $25,000 $102,020 $127,020 0.873 $110,888 132,152
3 $25,000 $102,020 $127,020 0.816 $103,648 134,795
4 $25,000 $52,660 $77,660 0.763 $59,255 84,062
5 $100,000 $52,660 $152,660 0.713 $108,847 168,549
6 $25,000 $52,660 $77,660 0.666 $51,722 87,458
7 $25,000 $52,660 $77,660 0.623 $48,382 89,207
8 $25,000 $52,660 $77,660 0.582 $45,198 90,991
9 $25,000 $52,660 $77,660 0.544 $42,247 92,811

10 $100,000 $52,660 $152,660 0.508 $77,551 186,092
11 $25,000 $52,660 $77,660 0.475 $36,889 96,560
12 $25,000 $52,660 $77,660 0.444 $34,481 98,492
13 $25,000 $52,660 $77,660 0.415 $32,229 100,461
14 $25,000 $52,660 $77,660 0.388 $30,132 102,471
15 $12,154,670 $52,660 $12,207,330 0.362 $4,419,054 16,429,459
16 $25,000 $52,660 $77,660 0.339 $26,327 106,611
17 $25,000 $52,660 $77,660 0.317 $24,618 108,743
18 $25,000 $52,660 $77,660 0.296 $22,987 110,918
19 $25,000 $52,660 $77,660 0.277 $21,512 113,136
20 $100,000 $52,660 $152,660 0.258 $39,386 226,845
21 $25,000 $52,660 $77,660 0.242 $18,794 117,707
22 $25,000 $52,660 $77,660 0.226 $17,551 120,061
23 $25,000 $52,660 $77,660 0.211 $16,386 122,462
24 $25,000 $52,660 $77,660 0.197 $15,299 124,911
25 $100,000 $52,660 $152,660 0.184 $28,089 250,455
26 $25,000 $52,660 $77,660 0.172 $13,358 129,958
27 $25,000 $52,660 $77,660 0.161 $12,503 132,557
28 $25,000 $52,660 $77,660 0.150 $11,649 135,208
29 $25,000 $52,660 $77,660 0.141 $10,950 137,912
30 $25,000 $52,660 $77,660 0.131 $10,173 140,670

$13,179,670 $1,826,600 33,442,694

TOTAL PRESENT WORTH $18,941,901

Alternative G-6: ZVI-PRB, Monitoring, and LUCs [No groundwater treatment]

S:\Lockheed Martin - MSA FS - Chris Pike\GW FS Oct 2010\Appendix F\Source files\Costs G-6 Oct 2010\pwa Page 4 of 5



Dump Road Area Groundwater Containment System Design Costs

Feasibility Study Level Capital Costs $10,264,130
(Excluding Contingency)

Total Design Costs @ 9% of FS Level Capital Costs 

(excluding contingency) $923,772

30% Design Cost (Procurement EESHBDF-02384_R631) 

@ 26% of Line 6 $240,181

60% Design Cost @ 44% of line 6 $406,460

90% Design Cost @ 20% of line 6 $184,754

100% Design Cost @ 10% of line 6 $92,377
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INTRODUCTION 

Lockheed Martin Corporation (Lockheed Martin) is seeking public comment on a Proposed Plan for the groundwater 

 at the Dump Road Area (DRA) Site at Martin State Airport (MSA) in Middle River, Maryland.

. This Proposed Plan is the recommended alternative for achieving this goal, and consists of the following: 

 Extraction of groundwater; 

 Ex situ  treatment (an action that will be accomplished above ground) using a water treatment facility to clean 

groundwater;  

 Reinjection of treated groundwater in high concentration areas; 

 Discharge of treated water to the publicly owned treatment works (POTW) or to surface water; 

 Monitoring; and  

 Land use controls. 

The public is invited to provide written comments on the Proposed 

Plan between February 8 and March 8, 2012. 

This Proposed Plan fact sheet includes a description of the Martin 

State Airport site and a summary of investigations conducted at the 

site. This document is based on the Interim Remedial Action – 

Feasibility Study for the Groundwater Operable Unit at the Dump 

Road Area Site at Martin State Airport, Middle River, Maryland, Tetra 

Tech, October 2010 (Groundwater FS). Also included is a discussion on 

the Remedial Action Objectives (RAOs) for the site, and a summary of 

the alternatives evaluated for the site cleanup. A detailed description 

of the preferred alternative is presented at the end of this document.  

PURPOSE OF THE PREFERRED ALTERNATIVE 

The preferred alternative meets the Interim Remedial Action goal in 

that it captures and treats trichloroethene (TCE), 1,4-dioxane, and 

other site contaminants before groundwater reaches Frog Mortar 

Creek. This approach also will provide for additional groundwater 

extraction and treatment, if it is needed in the future. 
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SITE DESCRIPTION 

Martin State Airport (MSA) is located at 701 Wilson 
Point Road in Middle River, Maryland, and is bounded 
by Frog Mortar Creek to the east and Stansbury Creek 
to the west. Both creeks join the Chesapeake Bay at 
the southern side of the airport. The Dump Road Area 
(DRA) Site is on the southeast portion of Martin State 
Airport, and is bounded by Frog Mortar Creek to the 
east and Taxiway Tango and the main airport runway 
to the west. See the figure to the left for a site wide 
aerial photograph.  

SITE HISTORY 

Martin State Airport was owned and operated by the 

Glenn L. Martin Company (a predecessor firm of Martin 

Marietta Corporation, and Lockheed Martin) from 

approximately 1929 to 1975. The facility was originally 

used for aircraft manufacturing, which began in 1932. 

Runways and hangars were built in 1939–1940. The 

Glenn L. Martin Company consolidated with American 

Marietta Corporation in September 1961 to form Martin Marietta Corporation. Lockheed Corporation and Martin Marietta 

merged in 1996 to form Lockheed Martin Corporation. In July 1955, the Maryland Air National Guard (MDANG) began leasing a 

portion of the property from the Glenn L. Martin Company. In September 1975, the Maryland Aviation Administration (MAA) 

purchased the land now used as the airfield.  

Environmental issues associated with the Dump Road Area 

Site were initially identified in July 1991, when the Maryland 

Aviation Administration encountered four drums adjacent to 

Taxiway Tango during trenching to install an electrical cable. 

These drums were subsequently disposed of properly in an 

off-site licensed landfill. The discovery of these buried drums 

led to an investigation of the surrounding area for possible 

soil and groundwater contamination. These investigations 

showed that the Dump Road Area Site had been used as a 

landfill for wastes associated with industrial activity. 

The Maryland Aviation Administration (1991–1997) and 

Lockheed Martin (1998-present) performed several site 

investigations and/or sampling events to outline the extent 

of environmental contamination at the Dump Road Area 

Site. The early investigations identified four areas of 

concern: 

 Taxiway Tango Median Anomaly 

 Drum Area 
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 Two Existing Ponds 

 Petroleum Hydrocarbon Area 

These areas of concern were identified based on analyses of soil samples and observations of debris and waste material found at 

these locations. Site investigations have included monitoring well installation, soil and groundwater sampling, test pit 

excavations, and geophysical surveys. These investigations also identified the extent of historical landfilling and waste disposal. 

More than 540 groundwater samples were collected from 87 permanent monitoring wells, 125 temporary monitoring wells, and 

temporary groundwater sampling points. More than 320 soil samples were collected from approximately 180 borings and 65 

test pits or trenches. 

HISTORICAL SITE INVESTIGATIONS 

This Proposed Plan is based on the Groundwater Feasibility Study conducted for the Dump Road Area Site at Martin State 

Airport. Included within the Feasibility Study were summaries of previous investigations, including a Remedial Investigation (RI).  

The Remedial Investigation was conducted to define the lateral and vertical extent of landfill material and groundwater 

contamination and to provide the basis for remedial designs for the landfill area. The Remedial Investigation included an 

evaluation of the nature and extent of environmental contamination at the Dump Road Area Site, a human health risk 

assessment (HHRA), and an Ecological Risk Assessment (ERA). The results of the Remedial Investigation were used in the 

Groundwater Feasibility Study to establish current environmental conditions and to help choose an appropriate remedial action. 

A summary of the Remedial Investigation, including the Human Health Risk Assessment and the Ecological Risk Assessment, is 

presented below. 

Remedial Investigation Results for Groundwater 

Based on the extensive groundwater investigations at this site, TCE, cis-1,2-dichloroethene (DCE), vinyl chloride, and 1,4-dioxane 

were identified as primary groundwater chemicals of concern (COCs) because they are detected frequently throughout the site 

at concentrations significantly greater than their preliminary remediation goals (PRGs). Other chemicals detected above 

preliminary remediation goals, but less frequently, include cadmium and petroleum hydrocarbons. Preliminary remediation 

goals are concentrations that are established to be protective of human health and the environment. 

The following is a summary of the nature and extent of the contamination in groundwater (for the primary chemicals of 

concern) at the Dump Road Area Site:  

 Concentrations of chlorinated volatile organic compounds (cVOCs) such as TCE, cis-1,2-DCE, and vinyl chloride, which were 

commonly used in industrial processes in the past, exceeded federal and Maryland groundwater standards throughout a 

large portion of the investigation area and at multiple depths. The figure on the following page shows the groundwater TCE 

concentrations throughout the site; the other chlorinated volatile organic compounds listed above follow patterns similar 

to those seen for TCE. 

 The compound 1,4-dioxane was primarily detected in groundwater samples from below the ground surface, down to 45 
feet deep. It is generally present in areas containing the highest concentrations of chlorinated volatile organic compounds.  

 Concentrations of cadmium exceeded the Maryland groundwater standards in 20 percent of samples. The greatest 

concentrations of cadmium are co-located with high levels of chlorinated volatile organic compounds from 15 feet to 45 

feet below the ground surface.  
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For all the Interim 
Remedial Action (IRA) 
alternatives addressed in 
the Groundwater 
Feasibility Study (FS) 
(and thus this Proposed 
Plan), the primary 
objective is 
containment. Active 
remediation of 
groundwater with the 
highest contaminant 
concentrations would 
decrease the duration of 
containment. Therefore, 
limited treatment of the 
high concentration 
areas was also 
considered in 
developing some of the 
remedial alternatives in 
the Groundwater FS.  

Further identification of 
high concentration areas 
is planned for 2012 and, 
if needed , additional 
active remediation of 
these areas may be 
added to the IRA at a 
later date.   

 Petroleum-related compounds such as benzene, toluene, ethylbenzene, and xylenes (BTEX) were detected less frequently, 

and at lower concentrations with respect to groundwater standards, than the chlorinated volatile organic compounds. 

Groundwater at the site generally flows eastward toward Frog Mortar Creek. Recent sampling in the creek has shown that 

contaminants such as TCE and vinyl chloride are detectable in the creek. The primary goal of this Interim Remedial Action is to 

capture and treat the contaminated groundwater before it reaches the creek. 
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Human Health Risk Assessment 

A Human Health Risk Assessment (HHRA) was conducted in 2010 and included in the Remedial Investigation report. It used the 
Remedial Investigation results to evaluate the levels that would be necessary to negatively impact human health, and it 
considered whether people could be exposed to the groundwater contamination under current and likely future land uses. The 
Human Health Risk Assessment was conducted in accordance with U.S. Environmental Protection Agency (EPA) and Maryland 
Department of the Environment (MDE) guidelines. The Human Health Risk Assessment considered potential exposure under 
non-residential (e.g., industrial, recreational) land use scenarios. Although the site is not expected to be used for residential 
purposes in the foreseeable future, residential land uses also were evaluated to identify what cleanup goals may be required 
under all potential land uses.  

Chemicals of potential concern (COPCs) identified in the Human Health Risk Assessment, based on direct contact exposure, are 
the following: 

• chlorinated volatile organic compounds (via direct contact with soils, groundwater, and pond sediments), 

• benzene, toluene, ethylbenzene and xylenes (via soils and groundwater), 

• substituted benzene compounds (via soils and groundwater), 

• polycyclic aromatic hydrocarbons, referred to as PAHs (via soils and pond sediments), and 

• several heavy metals such as cadmium, lead, copper, chromium, nickel (via soils and groundwater).  

Groundwater is not currently used as a source of drinking water (potable) or industrial water at the site, nor is such use likely in 

the future. A groundwater user survey indicated the possibility of wells near Martin State Airport, but these wells, if they exist, 

would be upgradient of Martin State Airport and would not be affected by any on-site contaminant sources. Groundwater 

remediation at this site is appropriate due to the risks identified in the Human Health Risk Assessment, and the presence of 

groundwater contaminants at concentrations greater than EPA and MDE standards. 

Ingestion of groundwater at the Dump Road Area Site is expected to be limited to exposures that might occur under an unlikely 

future residential scenario. Incidental ingestion of groundwater by construction workers might occur during 

construction/excavation activities. Future workers and residents could be exposed to unacceptable concentrations of volatile 

organic compounds via vapor intrusion into buildings built over the contaminant plume. Trespassers/visitors could incidentally 

ingest surface water from the on-site ponds while on site. However,no chemicals of concern were detected in the pond water. 

The Human Health Risk Assessment considered only on-site risk and did not specifically evaluate risk in Frog Mortar Creek. 

Recent surface water data has indicated that groundwater contaminants are likely moving to Frog Mortar Creek. More 

comprehensive surface water monitoring began in 2011, and monitoring will continue in 2012.  The data will be used to conduct 

risk assessments to evaluate if any negative or undesirable effects to the creek are occurring.   

Ecological Risk Assessment  

An Ecological Risk Assessment also was conducted in 2010 as part of Remedial Investigation activities, in accordance with EPA 

guidelines, to evaluate risk to potential ecological receptors in surface soil, pond sediment, and groundwater. The central area of 

the site northwest of Pond No. 1 appears to be the area of greatest ecological risk, based on sampling data. Surface soil 

ecological chemicals of potential concern for invertebrates and plants include: 

• TCE 

• cis-1,2-DCE 

• copper 

• manganese 

• antimony  

• molybdenum 

• chromium  

• zinc 
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As part of Lockheed Martin’s “Go Green” program, sustainability was a factor in selecting the recommended remedial 
alternative, and sustainability practices will be included in the design, installation, and operation of the IRA for groundwater. 

Sustainability practices in general are those that consider economic and natural resources, ecology, human health and 
safety, quality of life, and reduction of the overall environmental “footprint.”  

Additionally, polycyclic aromatic hydrocarbons are chemicals of potential concern only for soil invertebrates; and cadmium, 

lead, nickel, and selenium are chemicals of potential concern only for plants. Several metals (mercury, cadmium, lead, and 

molybdenum) in the surface soil were identified as risks to wildlife (e.g., quail, shrews, and robins). VOCs, PAHs, polychlorinated 

biphenyls (PCBs), and several metals in Pond No. 1 sediment were considered an ecological risk. For groundwater evaluated as 

surface water, several VOCs and metals exceeded criteria.  

REMEDIAL ACTION OBJECTIVES 

Remedial Action Objectives (RAOs) are goals that a cleanup plan should achieve. They were established during the Groundwater 

Feasibility Study, based on investigation data and risk assessments, to assist in the development of remedial alternatives for 

protection of human health and the environment. At the Dump Road Area Site, the following Remedial Action Objectives were 

developed for groundwater for the interim remedial action: 

• Groundwater RAO No. 1 — Prevent lateral movement of contaminated groundwater toward Frog Mortar Creek. 
 
• Groundwater RAO No. 2 — Prevent human exposure (by showering, drinking and irrigation) to groundwater containing 

chemical-of-concern concentrations greater than preliminary remediation goals. 
 

• Groundwater RAO No. 3 — Prevent exposure of industrial workers, construction workers, and hypothetical residents to 
volatile organic compounds resulting from vapor intrusion from groundwater into buildings that cause unacceptable risk 

(defined as a total incremental lifetime cancer risk [ILCR] greater than 1 x 10
-5 

[or one in 100,000], or a hazard index [HI] 

greater than 1). 

In the Proposed Plan, RAO No. 1 will be met by the installation of the groundwater extraction and treatment system. RAO Nos. 2 
and 3 will be met by land use controls such as limiting land use to industrial purposes, prohibiting residential use, and 
prohibiting surficial aquifer use for drinking and industrial purposes. 
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SUMMARY OF ALTERNATIVES 

Remedial alternatives, or cleanup options, that would meet the Remedial Action Objectives were identified in the Groundwater 
Feasibility Study and are summarized below. These alternatives are different combinations of methods or plans to restrict access 
and/or to contain, remove, or treat contamination, in order to protect human health and the environment.  

• Alternative G-1 — No action 

Alternative G-1 was developed and analyzed as a baseline against which the other alternatives can be compared, as 
required by the National Oil and Hazardous Substances Pollution Contingency Plan (NCP). 

• Alternative G-2 — Hydraulic control by extraction, ex situ treatment of groundwater, discharge to Baltimore County 
sanitary sewer or discharge to surface water, monitoring, and land use controls. 

Alternative G-2 was developed as a base case with hydraulic control of the plume only. Groundwater contaminants 
upgradient of the extraction wells will flow to the extraction wells. This design does not incorporate groundwater cleanup in 
the high concentration areas. 

• Alternative G-3 — Hydraulic control by extraction, ex situ treatment of groundwater, reinjection of groundwater, discharge 

to publicly owned treatment works or discharge to surface water, monitoring, and land use controls. 

Alternative G-3 is a modification to Alternative G-2, where a portion of the treated groundwater will be reinjected along 
with biodegradable chemicals in the high concentration areas to promote in situ biological remediation. The treatment 
system in this alternative is sized for a larger flow rate to address the potential for flexibility in future operations, including 
the final site groundwater remedy. 

• Alternative G-4 — Hydraulic control by extraction, extraction in high concentration areas, ex situ treatment of 

groundwater, reinjection of groundwater, discharge to publicly owned treatment works or discharge to surface water, 
monitoring, and land use controls. 

Alternative G-4 is an extraction and treatment approach similar to Alternative G-3 that includes additional extraction wells 
in the high concentration areas, along with reinjection of treated groundwater (with amendments to promote biological 
activity that degrades the contamination). Treating additional groundwater may reduce the time required to restore 
groundwater quality. 

• Alternative G-5 — Hydraulic control by extraction, ex situ treatment of groundwater, in situ bioremediation of high 

contaminated areas,  discharge to publicly owned treatment works or discharge to surface water, monitoring, and land 
use controls. 

Alternative G-5 is similar to Alternative G-4 in that highly contaminated groundwater in the high concentration areas is 
treated. In Alternative G-5, highly contaminated groundwater in the high concentration areas is treated in situ by adding 
amendments to promote biological activity that degrades the contamination to reduce the time to restore groundwater 
quality, but extracted groundwater is not reinjected. The treatment system in this alternative is also sized for a larger flow 
rate to permit flexibility in future operations. 

• Alternative G-6 — Zero-valent iron (ZVI) permeable reactive barrier (PRB), monitoring, and land use controls. 

Alternative G-6 uses a permeable reactive barrier for passive treatment instead of a groundwater extraction and treatment 
system. A description and detailed analysis of all the listed alternatives are presented in the Groundwater Feasibility Study. 
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Threshold Criteria (The selected remedy must satisfy these criteria): 

Overall Protection of Human Health and the Environment: determines whether an alternative eliminates, reduces, or 

controls threats to public health and the environment.  

Compliance with Applicable or Relevant and Appropriate Requirements (ARARs): evaluates whether the alternative 

meets federal and state environmental statutes, regulations, and other requirements that pertain to the site, or 

whether a waiver is justified.  

Balancing Criteria (These criteria are used to weigh the relative merits of the alternatives): 

Long-Term Effectiveness and Permanence: considers the ability of an alternative to maintain the reduction of risk over 

the long-term. 

Reduction of Toxicity, Mobility, or Volume of Contaminants through Treatment: evaluates an alternative’s use of 

treatment to reduce the amount of contamination present, and to reduce the harmful effects of contaminants and 

their ability to move in the environment. 

Short-Term Effectiveness: considers the length of time needed to implement an alternative, and the risk the 

alternative poses to workers, residents, and the environment during implementation. 

Implementability: considers the technical and administrative feasibility of implementing the alternative. 

Sustainability: incorporates the environmental (i.e. resource consumption and waste generation), economic and social 

effects of each alternative. The evaluation of sustainability is part of Lockheed Martin’s ‘Go Green’ program. 

Cost: includes estimated capital and annual operation and maintenance costs, as well as a net present worth cost. 

Present worth cost is the total cost of an alternative over time in terms of today’s dollar value. Cost estimates are 

expected to be accurate within a range of +50 to -30 percent.  

Modifying Criteria (These criteria are also considered during evaluation and may require a 

modification to the Proposed Plan): 

Regulatory Acceptance: Decisions by federal, state, and local regulatory agencies affecting aspects of the Proposed 

Plan will be incorporated as the project planning progresses. 

Community Acceptance considers whether the local community agrees with the preferred alternative. Comments 

received on the Proposed Plan are an important indicator of community acceptance. 

What are the evaluation criteria used for selection of the alternative? 
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COMPARISON OF GROUNDWATER ALTERNATIVES BY CRITERIA 

 

Alternative G-1 G-2 G-3 G-4 G-5 G-6 

Threshold Criteria 

Threshold Criteria Protects human health and the environment       

Meets federal and state ARARs       

Balancing Criteria 

Provides long-term effectiveness and is permanent       

Reduces mobility, toxicity, and volume of contaminants 

through treatment 
      

Provides short-term protection       

Can be implemented NA      

Sustainability       

Cost ($) 

 Upfront cost to design and construct the alternative NA $12.0 M $12.9 M $13.1 M $14.0 M $13.3 M 

 Net present worth of operating and maintaining the 

system associated with the alternative (30 years) 
NA $8.2 M $8.6 M $11.7 M $8.8 M $5.7 M 

 Total cost net present worth NA $20.2 M $21.5 M $24.8 M $22.8 M $19.0 M 

Modifying Criteria 

Regulatory agency acceptance 
 

To be determined after the public comment period. 

Community acceptance 
 

To be determined after the public comment period. 

Relative comparison of criteria and each alternative: 

 – High,  – Medium,  – Low; NA – not applicable 

Cost ($): M – million 

 

  



 
 
 
 
 
 

 

 

PROPOSED PLAN 
Interim Remedial Action  

Groundwater Operable Unit at the 

Dump Road Area Site at Martin State Airport  
Middle River, Maryland 
 
 

 

January 2012 

10 

 
Preferred Alternative 

 
 

SELECTION OF PREFERRED GROUNDWATER ALTERNATIVE 

Alternative G-3 (hydraulic control by extraction, ex situ treatment of groundwater, reinjection of groundwater, discharge to 

publicly owned treatment works or surface water, monitoring, and land use controls) was selected as the Proposed Plan for 
the Interim Remedial Action at the Dump Road Area site. This alternative meets the primary Interim Remedial Action goal, as it 
provides for capture and treatment of the contaminated groundwater at the site before it reaches Frog Mortar Creek. It also 
provides additional groundwater treatment capacity so that the groundwater extraction system can be expanded in the future, 
particularly after the high concentration areas have been better defined, and the soil and landfill waste are fully managed. 

The alternative also provides flexibility for expansion to include groundwater recirculation and in situ bioremediation in the high 
concentration areas to provide some additional destruction of chlorinated volatile organic compounds. Although rated similarly 
to Alternatives G-2, G-4, and G-5, this alternative provides the significant operational flexibility at a reasonable cost. 

Alternative G-2 was not selected primarily because it offers too little flexibility for future operations if higher flow rates or 
extraction of groundwater from other areas is required. In addition, the overall time to meet preliminary remediation goals 
under Alternative G-2 is longer than G-3. Alternative G-6 was not selected because 1,4-dioxane and BTEX constituents would not 
be affected, and the level of metals treated is uncertain. Alternative G-6 has the highest capital cost, and installation of the 
permeable reactive barrier to the required depth would be very difficult.  

Alternatives G-4 and G-5 were not selected because they require a commitment to a greater capital expenditure before the 
effects of the groundwater capture can be fully evaluated. After several years of Alternative G-3 system operation, components 
of Alternatives G-4 and/or G-5 could be optimally phased in using data and observations from the Alternative G-3 system 
operation, and knowledge of the details of the final soil/landfill waste remedy. Therefore, Alternative G-3 was selected to 
provide hydraulic containment and to allow for a phased approach to remediation of other parts of the plume, such as the high 
concentration areas. 

The six major design components of the Proposed Plan are: 

(1) hydraulic control of the plume by extraction 

(2) ex situ treatment of groundwater 

(3) reinjection of some of the treated groundwater to the aquifer 

(4) discharge of treated groundwater to the publicly owned treatment  
works or surface water 

(5) monitoring  

(6) land use controls 
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Detailed design description of the preferred alternative, G-3: 

1) Hydraulic Control — This component includes installing an array of 16 groundwater extraction wells parallel to and near 
Frog Mortar Creek. The system would operate until containment is no longer required. 

2) Ex situ treatment of groundwater — The total groundwater extraction rate to provide containment is expected to be 
approximately 40 gallons per minute (gpm). The treatment system conceptual design is sized for 100 gpm to 
conservatively address uncertainties in groundwater extraction rates and to provide flexibility for future expanded 
operations. The additional flow capacity would allow significant recirculation to facilitate in situ treatment of the high 
concentration areas as part of a future site remedy. This component would consist of installing a treatment system and 
operating it until containment is no longer required.  

The extracted groundwater would enter the system at a feed tank, then flow through a metals removal system, filter 
unit, air stripper, advanced oxidation system for the removal of 1,4-dioxane, the liquid-phase granular activated carbon 
(GAC) and ion exchange (IE) units, and then exit the system. Sludge generated by the metals removal step would be 
thickened, dewatered, and properly disposed of at a licensed off-site facility. 

3) Reinjection of treated groundwater — Following a period of successful operation, some groundwater may be 
reinjected near the high concentration areas under this alternative. Reinjection would enhance the flushing rate of 
contaminants from these areas, and a compound would be mixed with the reinjected treated groundwater to promote 
anaerobic reductive dechlorination of cVOCs, a process in which naturally occurring bacteria break down the 
contamination. 

Six injection wells would be placed in areas contaminated with high concentrations of chlorinated volatile organic 
compounds. Treated groundwater would not be reinjected in areas contaminated with 1,4-dioxane only, because the 
compound is not effective in degrading 1,4-dioxane. Four wells would be screened in the upper zone and two in the 
intermediate zone. The total flow rate to upper zone wells would be approximately 10 gallons per minute; the total 
flow rate to the intermediate zone wells would be 3 gallons per minute. The total injection rate would be approximately 
13 gallons per minute. 

Sodium lactate would be added to the reinjected treated groundwater as an electron-donor compound to promote 
treatment of the chlorinated volatile organic compounds. Treated groundwater augmented with the electron-donor 
compound would be intermittently reinjected to the aquifer to allow the electron-donor compound to be flushed away 
from the wells. Reinjection facilities may be installed following initial installation of the extraction wells and the 
groundwater treatment system, potentially in conjunction with the soil/landfill waste remedy.  

4) Discharge to publicly owned treatment works and surface water — Reporting would be required twice annually 
because the potential discharge rate of 100 gallons per minute is greater than the 25,000 gallon per day (gpd) threshold 
for a significant industrial user. Annual user fees are also required, in addition to sewage service charges. A surface 
water discharge permit would be obtained after two or three years of operation, once treatment system operating 
parameters have been established. However, because Baltimore County may not accept the discharge due to treatment 
capacity issues, discharge to surface water, under permit with the State, may be required from the beginning. 

5) Monitoring — Monitoring would consist of regularly measuring groundwater levels and collecting and analyzing 
groundwater samples to evaluate changes in contaminant concentrations due to extraction. Water level data will be 
used to confirm hydraulic capture of the plume. Samples would be collected from existing as well as new monitoring 
wells installed specifically to evaluate system performance. Wells in the monitoring program would include the 
extraction wells, five three-well clusters in the plume (between the Taxiway Tango and Frog Mortar Creek), two three-
well clusters between the runway and Taxiway Tango, and a newly installed pair of two-well clusters (extending into the 
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intermediate and lower zones), with each pair installed downgradient of the extraction wells. Final selection of 
monitoring wells will be made in the design phase of the project, with the concurrence of relevant regulatory agencies. 

Groundwater samples will be analyzed for volatile organic compounds, 1,4-dioxane, petroleum hydrocarbons, and 
metals. The extraction wells would be sampled semiannually for the first three years because concentrations in these 
wells are expected to change quickly. Thereafter, they will be sampled annually. All other wells would be sampled 
annually. Groundwater sampling and analysis reports would be submitted annually to the relevant regulatory agencies. 
The groundwater monitoring program would be reviewed at least every five years to determine if changes are needed 
in sampling frequency, analyses, or the wells that are sampled. Pumping rates of the extraction wells would also be 
evaluated for optimization. 

Additional monitoring wells may need to be installed to monitor the effect of adding the electron-donor to the injection 
wells.  

6) Land Use Controls — Land use controls for groundwater would include limiting land use to industrial purposes, 
prohibiting residential use, and prohibiting surficial aquifer use for drinking and industrial purposes. Land use controls 
would also be applied to areas overlying shallow groundwater where volatile organic compound concentrations are 
greater than the vapor intrusion-based preliminary remediation goals. This land use control would require special 
construction methods, such as installation of vapor barriers and foundation venting, to prevent unacceptable exposure 
to volatile organic compounds via vapor intrusion. Deed restrictions would be required to implement the land use 
controls. Land use controls would be maintained as long as groundwater contaminant concentrations are greater than 
preliminary remediation goals. 
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COMMUNITY PARTICIPATION INFORMATION  
 
The public is encouraged to participate in the decision-making process for the  Dump Road Area Site at Martin 

State Airport by reviewing and commenting on this Proposed Plan during the public comment period. Dates of 

public comment period for the Proposed Plan: 
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GLOSSARY 

This glossary defines the technical terms used in this Proposed Plan. The definitions in this glossary apply specifically to this 

Proposed Plan, and may have other meanings when used in different circumstances 

 

Anaerobic reductive dechlorination — A natural 
breakdown or treatment process in which anaerobic 
bacteria (i.e., bacteria that do not require oxygen) 
remove chlorine from chlorinated compounds (such as 
trichloroethene). Once all possible chlorine atoms are 
taken away, a chemical called ‘ethene’ is formed, which 
is not harmful to human health or the environment. 

Applicable or relevant and appropriate requirements 
(ARARs) — Environmental cleanup standards and 
requirements (federal and state laws and regulations) 
that must be attained during cleanup operations, and 
maintained at project completion. 

Aquifer — An underground layer of rock, sand, silt, or 
clay that contains water in sufficient amounts to serve 
as sources of groundwater for wells and springs. 

BTEX - benzene, toluene, ethylbenzene and xylenes. 

Chemical of concern (COC) — Chemicals, identified by a 
regulatory agency, that are found at concentrations 
higher than those considered to be safe, and must be 
cleaned up and/or monitored. 

Chemical of potential concern (COPC) — Chemicals 
identified during a remedial investigation (RI) which are 
at concentrations that have the potential to harm 
human health and/or the environment. 

Chlorinated volatile organic compound (cVOCs) — 
examples include trichloroethene (TCE) and cis-1,2-
dichloroethene (cis-1,2-DCE), see VOCs for additional 
information. 

Containment — A technology that prevents the 
movement of contaminants from a site but does not 
necessarily treat or remove the contaminants. 

cis-1,2-Dichloroethene (cis-1,2-DCE) – A degradation 
product of trichloroethene (TCE). 

1,4-Dioxane — A clear, flammable volatile organic 
compound mainly used as an industrial solvent or 
solvent stabilizer in a variety of manufacturing 
processes, including electronics, metal finishing, fabric 
cleaning, pharmaceuticals, herbicides, pesticides, 
antifreeze, and paper. It is also found in household 
products such as detergents, shampoos, body lotions, 

dishwashing soap, and cosmetics. It does not break 
down naturally in the environment, so it tends to linger 
in soil and groundwater for a very long time. 

Ecological Risk Assessment (ERA) — A study that 
evaluates risk to plants and animals in the ecosystem. 

Ex situ — Away from the original location or place 
where pollutants are found; in this report, ex situ 
means on-site and at the surface, but not in place 
(under ground). 

Granular activated carbon (GAC) — Proven treatment 
method for VOC removal from contaminated 
groundwater and air stripper off-gas. Would not be 
effective on metals and its effect on 1,4-dioxane is 
uncertain. 

Groundwater — Water found beneath the ground 
surface that fills open spaces between particles such as 
sand, soil, and gravel, or that fills cracks and fractures in 
rock.  

High concentration areas – Areas where 
concentrations of TCE, cis-1,2-DCE, or vinyl chloride in 
the groundwater are significantly greater than 
preliminary remediation goals and may require 
additional investigation and/or remediation. 

Human Health Risk Assessment (HHRA) — A study that 
evaluates the harmful effects and risks from eating, 
breathing or touching a chemical (current and future). 

Ion exchange (IE) — Removal of dissolved ions through 
exchange with similarly charged ions held on the active 
sites of a synthetic resin that is contacted with the 
liquid to be treated. 

In situ — For this project, in situ means on-site and in 
place. 

Land use controls - Engineered and non-engineered 

(administrative) controls formulated and enforced to 

regulate current and future land use options. 

Engineered controls include fencing and posting. Non-

engineered controls typically consist of administrative 

restrictions – such as deed restrictions - that prohibit 

residential development and/or groundwater use. 
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National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP) — A federal plan that dictates 
who will, and how to, respond to an oil spill or a 
release, or threat of release, of a hazardous substance. 
It establishes a National Response Team (NRT), which is 
headed up by EPA, and outlines requirements for 
accident reporting, spill containment, and cleanup. 

Net present worth — A present worth analysis that 
evaluates costs over a specific period of time by 
discounting all future costs to a common base year. It 
represents the amount of money that, if invested in the 
base year and dispersed as needed, would be sufficient 
to cover all costs associated with the remedial action 
over its planned life. Net present worth considers both 
capital (construction) and annual (such as maintenance 
and labor) costs. 

Operation and maintenance (O&M) — Activities 

conducted after a site action has been completed to 

ensure that the action is effective. 

Polycyclic aromatic hydrocarbon (PAHs) — A group of 
carcinogenic compounds derived from the combustion 
of materials. 

Permeable reactive barrier (PRB) — Reactive materials 
placed in the subsurface (by trenching or drilling) to 
catch contaminated groundwater and change 
contaminants, as they pass through the barrier, into 
less harmful environmentally acceptable products. 

Plume — A body of contaminated groundwater moving 
away from its source. The movement of contaminants 
is influenced by such factors as local groundwater flow 
patterns, aquifer characteristics, and the nature and 
type of contaminant. 

Preliminary remediation goal (PRG) — Contaminant 

concentration goals for soil, sediment, water, and air, 

listed by land use option, that are considered to be 

protective to human health and the environment. 

Customarily used at Superfund, federal facilities, 

Brownfield, and RCRA sites, PRGs comply with all 

ARARs. Preliminary remediation goals serve as a target 

during the initial development, analysis, and selection 

of cleanup alternatives. 

Remedial action — The construction or 
implementation phase of the selected remedial 
alternative at a site cleanup program. 

Remedial action objectives (RAOs) — Cleanup 
objectives that specify contaminants to be cleaned up, 
the cleanup standard, the area of cleanup, and the time 
required to achieve cleanup, for the purpose of 
protecting human health and the environment. 

Remediation — The process of correcting and/or 
cleaning up environmental contamination. Remediation 
involves taking action to reduce, isolate, or remove 
contamination from an environmental medium (e.g., 
soil, air, groundwater, surface water), with the goal of 
preventing exposure of people or animals to that 
contamination and reducing impact to the 
environment. 

Trichloroethene (TCE) — A nonflammable, colorless 
liquid chemical with a slightly sweet odor, commonly 
used as an industrial solvent and metal degreaser. TCE 
is also used in household and consumer products such 
as typewriter correction fluid, paint removers, 
adhesives, and spot removers. 

Vapor intrusion — The movement (migration) of 
chemical vapors from under the ground into overlying 
buildings. 

Volatile organic compounds (VOCs) — A group of 
chemicals (organic compounds) that will vaporize or 
evaporate at room temperature into the atmosphere. 
They often have a sharp smell and can come from many 
products such as office equipment, adhesives, 
carpeting, upholstery, paints, petroleum products, 
solvents, and cleaning products.  

Zero-valent iron (ZVI) — A type of pure iron, typically in 
the form of small particles, used in the construction of 
subsurface reactive walls to treat and reduce the levels 
of contamination in groundwater. 
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