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Executive Summary

Introduction

- This feasibility study (FS) develops and evaluates remedial alternatives to address
contamination and related risks from Site 49 at the former Naval Surface Warfare Center
White Oak (NSWC White Oak) in Silver Spring, Maryland. Site 49 is that portion of the
former NSWC White Oak located at the eastern end of the Amold Engineering
Development Center (AEDC) in the north-central portion of the facility (see Figure 1-2). The
site consists of groundwater in the vicinity and downgradient of Building 427.

The primary objective of the FS was to develop and evaluate groundwater remedial
alternatives that will mitigate the current and potential future risks posed by contamination
in the groundwater throughout Site 49.

Contamination at Site 49 initially was identified during a screening investigation of the
sanitary sewer system at White Oak. Trichloroethene (TCE) was detected in groundwater
samples collected using direct-push technology (DPT) on two occasions from one location
(near Manhole 32142) along the backfill of Washington Suburban Sanitary Comumission
(WSSC) sewers that run along Paint Branch hydraulically downgradient of AEDC.
Groundwater samples collected from sewer bedding up- and down-pipe of AEDC did not
contain TCE. A subsequent screening investigation indicated that the TCE was originating

- on what is now the AEDC facility at concentrations as great as approximately 4,000
micrograms per liter (ug/L). Following a review of the screening investigation data, this
area was designated Site 49. A comprehensive remedial investigation (RI) was conducted to
define the nature and extent of contamination in the groundwater and surface water within
Site 49, and to identify the possible sources of this contamination throughout the area.

Site 49 Description

The former NSWC White Oak, located 4 miles northeast of Washington, DC, is situated
close to the Fall Line, which marks the surficial expression of the contact between the
Piedmont and Atlantic Coastal Plain physiographic provinces. Site 49 is that portion of the
facility located at the eastern end of the AEDC, located in the north-central portion of the
former NSWC White Oak (Figure 1-2). The site consists of the groundwater in the vicinity
and downgradient of Building 427, and extends to Paint Branch from approximately 200 feet
north of Perimeter Road Bridge to approximately 200 feet south of the Dahlgren Road
bridge (Figure 1-3).

The groundwater contaminants associated with this area and the resultant plume exceed
maximum contaminant levels (MCLs) for drinking water. The contaminants of concern
(COCs) for Site 49 are iron and TCE and its degradation by-products: cis-1,2-dichloroethene
(cis-DCE), and vinyl chloride. No site-related contaminants are present in the soil within
the Site 49 area nor in the surface water in Paint Branch.

WDC040560003.ZIP/KTM (]



FEASIBILITY STUDY FOR SITE 48 AT NSWC WHITE OAK

Feasibility Study Process
The CERCLA feasibility study process consists of the following steps:

1. Development of remedial action objectives (What risks do the remedial actions need to
address?) and chemical-specific preliminary remediation goals (What concentrations do
site contaminants need to be reduced to in order to meet the remedial action objectives?)

2. Identification of general response actions (What are the general methods for achieving
the remedial action objectives?)

3. Identification and screening of remedial technologies (Of all potentially applicable
remediation technologies available, which could be applied to the site based on what is
known about the site?)

4. Development of remedial alternatives (Using the technologies likely to be applicable to
the site, develop a range of remedial alternatives, or conceptual plans for
- implementation.)

5. Evaluation of remedial alternatives (How do the developed remedial alternatives rate
against the seven CERCLA evaluation criteria and against each other, including what
would they cost to implement and how long would they take to clean up the site?)

‘The remedial action objectives identified for Site 49 are to:

e Prevent unacceptable risks to human receptors from exposure to contaminants in the
groundwater

* Where practicable, restore the contaminated groundwater to a quality thatis amenable
to beneficial use

e Prevent further migration of contaminants

To help achieve these objectives, preliminary remediation goals (PRGs) were established for
the groundwater. PRGs were calculated to ensure that the camulative risks associated with

the PRGs are within EPAs acceptable range and that the PRG for any one chemical is below
the d'rinking water standard (if one exists for that chemical).

The contaminants found in the groundwater were compared to the PRGs to determine if
remedial action is necessary. If contaminants found exceeded the PRGs, remedial action
‘would be warranted.

This comparison concluded that exceedances are present at Site 49. As a result it was deter-
mined that remedial alternatives would be developed and evaluated to address the ground-
water contamination. No site-related soil or surface water contamination has been identified.

The remedial alternatives were developed following Steps 2 through 4 above. The following
alternatives were developed:

* Alternative 1-—No Action
e Alternative 2—Institutional Controls with Long-Term Monitoring

v WDC040560003.ZIP/KTM




EXECUTIVE SUMMARY

e Alternative 3— Groundwater Extraction and Treatment (P&T)
Alternative 3A- Groundwater Extraction and Treatment (P&T) with Rock Fracturing

e Alternative 4— In situ Chemical Oxidation (ISCO)
Alternative 4A- In situ Chemical Oxidation (ISCO) with Rock Fracturing

¢ Alternative 5— Enhanced In situ Anaerobic Bioremediation with Rock Fracturing

Remedial Alternatives Evaluation

Each alternative was evaluated with respect to threats to human health and the environment
posed by contamination at each site. The National Contingency Plan (NCP) requires that the
first seven of the nine criteria identified below are addressed in the FS process. The last two
will be addressed in the record of decision (ROD). The nine criteria are:

Protection of human health and the environment

Compliance with applicable or relevant and appropriate requirements (ARARs)
Long-term effectiveness and permanence

Reduction of toxicity, mobility, and volume

Short-term effectiveness

Implementability

Cost

State acceptance

Community acceptance

The first two criteria are considered the threshold criteria and must be met by any proposed
remedial alternative. With the exception of the no-action alternative, any alternative that did
not meet the first two criteria was not considered in the FS. The next five criteria are
considered balancing criteria. Section 4.4.1 provides a detailed description of the specific
characteristics of a remedial alternative that are evaluated under each criteria. The
evaluation process involved a qualitative assessment including assigning a numerical value
from 0 to 5 for each of the five balancing criteria. Where significant uncertainty existed in
the value of the ranking, a numerical range was provided to include the bracket of
uncertainty. The values were added to arrive at a final total score for each alternative. Each
criterion was assigned equal weight in the final score.

The evaluation also involved doing a comparative cost estimate (+50 to ~30percent) of each
alternative and an estimate of time to remediation. The results of these evaluations are
presented in the following table:

‘ Present Worth
Remedial Alternatives Relative Score Cost ($1,000s)
1. No Action 10 17
2. Institutional Controls (ICs) with Long-Term Monitoring (LTM) 14 312
3. Groundwater Exiraction and Treatment (P&T) 13 1,507
3A. P&T with Rock Fracturing 13-15 1,715
4. In situ Chemical Oxidation {ISCO) 19 832
4A. ISCO with Rock Fracturing 19-20 1,174
5. Enhanced In situ Anaerobic Bioremediation with Rock Fracturing 16 1,340
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SECTION 1

Introduction

This feasibility study (FS) report is submitted to the Department of the Navy, Engineering
Field Activity, Chesapeake (EFA CHES), Naval Facilities Engineering Command (NAVFAC)
under the Atlantic Division (LANTDIV) Comprehensive Long-term Action Navy (CLEAN)
II Program, Contract No. N62470-95-D-6007. The FS was conducted at Site 49 at the former
Naval Surface Warfare Center White Oak (NSWC White Oak) in Silver Spring, Maryland
(see Figure 1-1) to identify appropriate remedial strategies to mitigate unacceptable human
health risks.

The FS was conducted in response to the closure of the former NSWC White Oak under the
Base Realignment and Closure (BRAC) program. The ES is prepared in accordance with the
process outlined in the Navy’s Installation Restoration (IR) Program and the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
guidance. The regulatory basis for the process is described further in the latest version of the
BRAC Cleanup Plan (BCP) for the former NSWC White Oak (DON, 1999).

Site 49 is that portion of the facility located at the eastern end of the Arnold Engineering
Development Center (AEDC), in the north-central portion of the former NSWC White Oak
(Figure 1-2). The contaminated medium requiring remediation is groundwater, extending
from Building 427 to Paint Branch from approximately 200 feet north of Perimeter Road
Bridge to approximately 200 feet south of the Dahlgren Road bridge (Figure 1-3).

The FS addresses the areas of Site 49 where chemicals in the groundwater have been found
to pose an unacceptable risk, as identified in the Site 49 Remedial Investigation (RT) (CH2M
HILL, May 2004). That document presents an evaluation of the nature and extent of
contamination and human health risks in the groundwater, surface water, and soil within
Site 49. The conclusions of the Site 49 RI indicate that no unacceptable risks are associated
with the surface water or the soil at Site 49.

Contamination at Site 49 initially was identified during the Washington Suburban
Sanitation Commission (WSSC) sanitary sewer lines investigation (CH2M HILL, January
2004). Trichloroethene (TCE) was detected in groundwater samples collected using direct-
push technology (DPT) on two occasions from one location (near Manhole 32142) along the
bedding of the WSSC sewer that runs along Paint Branch hydraulically downgradient of
AEDC (Figure 1-4). Groundwater samples collected from sewer bedding up- and down-pipe
of AEDC did not contain TCE. A subsequent screening investigation indicated that TCE was
present in groundwater near Building 427 at concentrations as great as approximately 4,000
micrograms per liter (ug/L). The locations of the groundwater sample collected from the
sewer bedding and the samples collected during the screening investigation are shown in

Figure 1-4. Following a review of the screening investigation data, this area was designated
IR Site 49.

WDC040560003 ZIP/KTM 1-1



FEASIBILITY STUDY FOR SITE 49 AT NSWC WHITE OAK

1.1 Objectives of the Feasibility Study ~

The RI determined that contaminant sources at Site 49 have affected groundwater quality
and presented unacceptable risks to human health under specific future groundwater use
scenarios, including future residential potable use.

The unacceptable human health risks were due primarily to chlorinated volatile organic
compounds including TCE, ¢is-1 2-dichloroethene (r-1a_n(’13\ and vrnvl chloride {VP\ Soil
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sampling at the site has not identified any continuing source of contauunatlon above the
water table. The objectives of this FS are:

o Identify applicable or relevant and appropriate requirements (ARARs) and to-be-
considered (TBC) criteria that may affect remedy selection for groundwater at site 49;

¢ Develop remedial action objectives (RAOs) and preliminary remediation goals (PRGs);
and

e Develop and evaluate remedial alternatives to mitigate risks from exposure to
groundwater in the site.

1.2 Organization of the Feasibility Study

Section 1 of the FS summarizes the history of Site 49 at White Oak and describes the

_ previous environmental investigations conducted to date. Section 2 discusses the physical
characteristics and environmental site conditions of Site 49. Section 3 presents the ARARs
that may affect remedy selection and identifies the RAOs and PRGs that the selected remedy
should be capable of attaining. Section 3 also outlines the remedial action alternative

analysis process. Section 4 provides the initial technology screening. Section 5 presents the
remedial action alternative development and evaluation for the site. Section 6 is a list of the
references cited in this report. Supporting information is provided in the appendices to this -
report. Additionally, an Executive Summary is presented at the beginning of this report.

1.3 Description and History of Site 49

The former NSWC White Oak, located 4 miles northeast of Washington, DC, is situated
close to the Fall Line, which marks the surficial expression of the contact between the
Piedmont and Atlantic Coastal Plain physiographic provinces. Site 49 is that portion of the
facility located at the eastern end of the AEDC, located in the north-central portion of the
former NSWC White Oak (Figure 1-2). The site consists of the groundwater in the vicinity
and downgradient of Building 427, and extends to Paint Branch from approximately 200 feet
north of Perimeter Road Bridge to approximately 200 feet south of the Dahlgren Road
bridge (Figure 1-3).

Details of the administrative history of the former NSWC White Oak are provided in the

Master Work Plans (Brown and Root Environmental, 1998) and are not repeated here. The

Navy facility officially closed in mid-1997 following the 1995 BRAC Commission closure

decisions. The majority of the former Navy facility was transferred to, and is currently .
managed by, the General Services Administration (GSA), in preparation for eventual reuse :

1-2 WDC040560003.ZiP/KTM




1—INTRODUCTION

by other government agencies. A portion of the original Navy facility, including part of
Site 49, currently is occupied by AEDC, which leases the property from GSA.

The terrain in the vicinity of Site 49 consists of a steep stream valley. The drainage pattern at
Site 49 is dominated by Paint Branch. The land cover at Site 49 varies between woodland,
grass lawn, paved areas, and buildings. Elevations at Site 49 range from approximately

275 feet above mean sea level (msl) around Buﬂdmg 427 to approximately 180 feet above
msl, at Paint Branch (Figure 1-3).

Building 427 is a nine-story hydrostatic testing facility that includes a 35-ft by 100-ft by 75-ft-
deep interior water tank. This tank was fed by the exterior aboveground storage tank
located immediately southeast of Building 427 (Figure 1-3). Much of Building 427 (three
floors) is below ground. Building 427 was built in the mid 1960s and used by the Navy up
until the mid 1990s. It has since been abandoned and is slated for demolition within the next
few years.

The Navy used the tank and building for hydrostatic testing of underwater weapons.
Discussions with personnel who worked in, or had knowledge of the activities that took
place in, Building 427 indicated that there was no known use of TCE in the building. A 2002
visual inspection of the interior of the abandoned Building 427 found two 2 empty five-
gallon cans labeled “solvent, dry-cleaning type” in a storage room on the 100 level.

A “limestone pit” or leaching well was present on the west side of the building and,
according to construction drawings, was to be used for disposing of acidic waste water from
the water treatment system used to pre-treat water before filling the testing tank. Former
building personnel stated that the leaching well was never used for its designed purpose
and that the wastewater lines leading to the leaching well were reportedly connected to
sinks in rooms that were initially designed to be laboratories but were in actuality used as
offices. The leaching well was excavated in 2002 as part of the Site 49 remedial investigation
(RI). Design drawings of the building and leaching well, and pictures and details of the
removal are provided in the RI report (CH2M HILL, May 2004).

It was noted by former building personnel that inert torpedoes used for testing in the tank
were sometimes cleaned on the loading dock area on the north side of Building 427. It was
also noted that a small area outside the back (east) gate along the perimeter road was used
for debris disposal and may conceivably been used for unauthorized dumping of wastes
because it is relatively remote and hidden from view. This area is designated as the Debris
Disposal Area on Figure 1-3.

Construction drawings also indicate that a subsurface foundation drain runs along the
perimeter of the building about 17 to 27 feet below grade. The drain consists of 6-inch
perforated clay pipe draining to two manholes, one at the northwest corner of the building
and one near the southeast corner of the building. The northwest manhole is a sump that
collects and pumps water to the southeast manhole. The southeast manhole also receives
water from two interior basement sumps. Water was discharged from the southeast
manhole to Paint Branch by a pipe and open channel.

WDCO40560003 ZIP/KTM 13



FEASIBILITY STUDY FOR SITE 49 AT NSWC WHITE OAK

1.4 Previous Investigations | —

An RI was conducted for Site 49 (CH2M HILL, May 2004). During the investigation
activities the former leaching well, also referred to as a limestone pit (Figure 1-3) was
excavated using a backhoe. Samples were collected from two basement sumps in Building
427, and the two manholes used to access a perimeter foundation drain around Building
427. Soil samples were collected from beneath the former leaching well and in an area where
debris was reportedly dumped (debris disposal area; Figure 1-3). Groundwater samples
were collected using grab methods from the bedding of sewer lines, from nine temporary
and permanent monitoring wells, and using direct push methods along the west bank of

~ Paint Branch. Surface water samples were collected from Paint Branch.

The primary chemicals found in the environment at Site 49 are chlorinated solvents (TCE

and its likely degradation products, cis-DCE and VC) occurring in groundwater. The

maximum concentration of TCE was 4,400 ug/L and was encountered at well 49GW201D.

~ Based on the site geology, the contaminated groundwater is mostly located in the fractured

bedrock, and was encountered to a maximum depth of 200 feet. The contaminant plume

- extends downgradient to Paint Branch. Investigation of soil conditions and potential source
areas found no significant sources for the TCE. Surface water quality is consistent with '
background data, and therefore there are no anthropogenic influences from Site 49 into

- Paint Branch. ‘

o
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SECTION 2

Description of Site Conditions

This section presents a summary of the site conditions including the site physical
characteristics, the nature and extent of contamination and contaminant transport pathways.
The section also summarizes the current and potential future risks to human health and the
environment posed by the chemicals in the groundwater. This information is provided in
greater detail in the RI. This summary is presented as background for the remedial
alternative development and evaluation process provided in Sections 4 and 5 of this FS.

2.1 Physical Characteristics of Site 49

2.1.1 Physiography, Topography, and Climate

The former NSWC White Oak, located 4 miles northeast of Washington, DC, is situated
close to the Fall Line, which marks the surficial expression of the contact between the
Piedmont and Atlantic Coastal Plain physiographic provinces. The terrain in the vicinity of
Site 49 is hilly and dissected by a stream channel forming a steep valley (Figure 2-1). The -
drainage pattern at Site 49 is dominated by Paint Branch. The land cover at Site 49 varies
between woodland, lawns, paved areas, and buildings.

Elevations at Site 49 range from approximately 275 feet above msl around Building 427 to
approximately 180 feet above ms} at Paint Branch (Figure 2-1).

Average annual precipitation is about 42 inches with little seasonal variation, based on data
available from 1961 through 1990. Fluctuation is gradual, with a minimum of 2.6 mches in
February and a maximum of 4.3 inches in May.

2.1.2 Hydrology

The only surface water body in the vicinity of Site 49 is Paint Branch, which forms its eastern
boundary. Paint Branch flows generally southeast from headwaters north of the former
NSWC White Oak to its discharge into the upper reaches of the Anacostia River
approximately 5 miles downstream, draining an area of 17.5 square miles. In the immediate
vicinity of Site 49, Paint Branch flows south. The Paint Branch channel likely is fracture-
controlled and its channel appears to be incised into bedrock in places.

2.1.3 Soil

Soil consists of weathered rock and organic material that has been broken down by physical
processes, bacteria, and other small biota (e.g., plants, fungi, and small animals). The two
main classes of soils on the facility are:

o The Glenelg-Manor-Chester (GMC) association, which was developed from materials
weathered from the Piedmont metamorphic rocks. It is present in the stream valleys of
Paint Branch, West Farm Branch, and smaller streams present on the facility. These soils
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are silty, micaceous, and more homogeneous than the local Atlantic Coastal Plain soils .

TICNMA 1041
\WOorsra, L7064,

e The Chillum-Beltsville-Croom (CBC) association, which was developed from the
Atlantic Coastal Plain deposits. Found across the site, these soils often contain varying
amounts of gravel, sand, silt, and clay. A sub-cemented subsoil layer of considerably
lower permeability than the surface, known as a fragipan, commonly exists a few feet
below the surface. The soil horizons in this association have a greater range in
permeability due to the larger variability in grain size distribution (USDA, 1961).

Generally, the soils at the former NSWC White Oak are moderately drained to well-drained
and tend toward the acidic because as they are heavily influenced by organic acids derived
from decaying organic matter. Soils in wooded areas may have a pH as low as 4 due to the
relatively higher source of organic plant material. Grassland areas are expected to be
slightly less acidic and have a pH closer to 6. (USDA, 1961).

214 Geology

The geologic characteristics of Site 49 and the surrounding region are discussed in this
section. This discussion focuses on the geologic units encountered at the site and their
hydrogeologic features. Table 2-1 summarizes the geological material encountered at the site
in the context of various characterization systems (i.e., physiographic, chronostratigraphic,
lithostratigraphic, and hydrostratigraphic units).!

2.1.4.1 Regional Geology N

The regional geology is discussed in detail in the Master Project Plans for the former NSWC~
White Oak (Brown and Root Environmental, 1998). In summary, the facility is located about

- one mile east of the boundary between the Piedmont and Atlantic Coastal Plain
physiographic provinces, also known as the Fall Line. This boundary runs southwest to
northeast and is generally parallel to the Montgomery — Prince George’s County line in the
White Oak area (shown in Figure 1-1). Geologically, the Fall Line represents the
unconformable contact where older Precambrian to Cambrian? Piedmont bedrock, exposed
to the northwest, dips beneath the unconsolidated, Cretaceous-age Potomac Group deposits,
which increase in thickness to the southeast, and recent surficial deposits.

The Atlantic Coastal Plain in the region comprises unconsolidated fluvial sediments of the
Potomac Group. These sediments consist of micaceous quartz, quartz sandstone, and
quartzite grains ranging in size from sands to cobbles, in close association with clays and
silts. The gravels at the base of the formation may be cemented with iron oxide (Volkes and
Edwards, 1974). These sediments form a wedge that pinches out at the Fall Line and
thickens in a southeasterly direction. Underlying the Atlantic Coastal Plain sediments is the
crystalline Piedmont bedrock.

1 Chronostratigraphic units are generally formal, named geologic units based on temporal associations, as described in
scientific literature; Lithostratigraphic units are informally named, generally site-specific geologic units that are organized on the
basis of lithology (i.e., geologic materials having similar physical characteristics). These units may be the same as, subdivisions
_ of, or different from chronostratigraphic units; Hydrostratigraphic units are informally named geologic units, generally site-

" specific, that are organized on the basis of hydrogeologic similarities and connections {i.e., geologic materials through which
groundwater moves in a consistent manner). These units may be the same as, subdivisions of, or different from
chronostratigraphic or lithostratigraphic units.

2 More recent research indicates that the Wissahickon may be late-Cambrian to early-Ordovician in age (MGS, 2003).

i,
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The Piedmont bedrock in this region is generally characterized by sequences of
metamorphic rocks such as gneiss and schist of Precambrian to Cambrian age. The upper
portion of the Piedmont has weathered to a saprolite, which has been removed in many
stream valleys (including that of Paint Branch) by erosion.

Cloos (1964) reports fractures and foliation in the Piedmont rocks. Specifically, Froelich
(1975) reported foliations with a northeast-southwest strike, dipping southeast and joints
with a north-south or northeast-southwest strike and a vertical orientation at outcrops in -
Paint Branch.

2.14.2 Site 49 Geology

There are two primary lithostratigraphic units underlying Site 49: Piedmont bedrock and
derived saprolite. Potomac Group deposits and recent sediments are present at Site 49 only
as a thin layer. Figures 2-2 and 2-5 show the schematic of a geologic cross-section generated
from Site 49-specific information to illustrate schematically the geology of the site.

2.143 Saprolite -

The term saprolite describes a rock that has been subjected to in situ chemical weathering,
resulting in the breakdown of the parent material by dissolution of the more labile
constituent minerals, often preserving the structural elements of the parent rock. In the
context of this report, the term saprolite also is used as the name of the layer of generally
unconsolidated materials immediately above the bedrock. At Site 49, the saprolite is
composed of the same materials as the underlying schist bedrock (i.e., no diagenetic or
metasomatic alteration during weathering). The saprolite is strongly foliated, preserving the
structures of the parent schist. Its thickness ranges from about 5 feet in the north and west to
about 25 feet to the south and east. Although the upper part of the saprolite is heavily
weathered, soft, and friable, lower portions are less weathered, more consolidated, and
‘harder to penetrate (split-spoon samplers could not penetrate to depths greater than auger
refusal). The boundary between saprolite and bedrock is gradational.

2.1.4.4 Bedrock

Underlying the saprolite is a crystalline bedrock likely belonging to the Wissahickon
Formation of the Glenarm Series (Volkes and Edwards, 1974; Froelich, 1975). The
Wissahickon is a metasedimentary rock of late Precambrian to Cambrian age.

The top of bedrock appears generally to conform to topography. A continuous rock core
was collected during the installation of bedrock monitoring well 499GW201DD. In the
remaining ten (of eleven) wells advanced into bedrock, cuttings were observed as they were
brought to the surface during drilling. Garnet-bearing schist was the primary rock
encountered in the collected core; however, quartzite or psammitic granulite was observed
near the surface. These components are consistent with descriptions of the Wissahickon in
published literature. Fractures were numerous in the shallower portion of the core and
decreased with depth. Many of the fractures contained iron and manganese staining, likely
present due to fluid flow, with some exhibiting evidence of secondary mineralization. One
outcrop of the Wissahickon is exposed along the side of Dahlgren Road southeast of Site 49.
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2.1.5  Hydrogeology

2.1.5.1 Regional Hydrogeology

As mentioned earlier, the former NSWC White Oak is located near the Fall Line. The
primary hydrostratigraphic units in the region are the unconsolidated Potomac Groups
deposits and the Wissahickon bedrock. Recent surficial deposits generally are not large
enough to provide a significant reservoir of groundwater.

Regionally, aquifers within the Potomac Group are a much larger source of water than those
of the Wissahickon bedrock. As noted in Section 2.1.4 on regional geology, Potomac Group
deposits contain varying sequences of clays, silts, sands, and gravels extending to depths of
1,500 feet or more increasing eastward from the former NSWC White Oak region, including
several distinct hydrostratigraphic units and aquifers within these sequences. Groundwater
in the aquifers of the Potomac Group exists under both unconfined conditions at the water
table and under confined conditions in deeper portions of the sequences, though this
phenomenon generally occurs much further east in the Atlantic Coastal Plain. In the region
around the former NSWC White Oak, the Potomac Group deposits constitute a relatively
shallow, unconsolidated aquifer from which the few groundwater supply wells in the area
extract water.

The saprolite present at the gradational contact between the Potomac Group and the
Wissahickon bedrock also contains significant amounts of water under unconfined
conditions. Saprolite often exhibits secondary porosity induced by relict structures.
Groundwater flow in the saprolite often is affected by these relict structures as well as by
interstitial pore spaces.

~ The Wissahickon bedrock underlying the Atlantic Coastal Plain deposits, however,
- primarily contains water in fractures within the rock. However, these fractures generally are
~ not productive sources of water in the former NSWC White Oak region.

2.1.5.2 Site 49 Hydrogeology

There are two primary hydrostratigraphic units at the Site 49 area (Table 2-1), the saprolite
and the bedrock. Monitoring wells at Site 49 are screened in these units. The Potomac Group
and Recent surficial deposits, present only as a thin veneer, are unsaturated and are not
therefore transmissive enough to exert a significant influence on Site 49 hydrogeology.

Groundwater at Site 49 originates as recharge during and following precipitation events.
Precipitation at the Site generally exceeds the infiltration rate, producing overland flow and
directed stormwater discharge to Paint Branch. Some portion of the precipitation infiltrates
into the saprolite and moves in a primarily vertical direction until it reaches the water table
to become part of the groundwater flow system.

The water table occurs in the bedrock in the western portions of Site 49 and in the saprolite
in the eastern portions. Groundwater flows from west to east and discharges to Paint Branch
(Figure 2-3). Presumably, at some depth, flow becomes more regional and discharge likely
occurs directly to the Anacostia River. On the basis of the water levels measured on

March 25, 2003 (CH2M HILL, May 2004), it is determined that the depth at which
groundwater bypasses Paint Branch and discharges to the Anacostia River is greater than
that penetrated by site monitoring wells.

2.4 WDC040560003.Z1P/KTM
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The hydraulic gradient of the water table, represented graphically on the cross section in
Figure 2-5, varies depending upon location, and generally follows the topographic gradient.

Site 49 is in close proximity to White Oak Operable Unit 1 (OU-1), located to the east across
Paint Branch. A comprehensive discussion of the hydrogeology at the former NSWC-White
Oak is presented in the Final Remedial Investigation of Operable Unit 1, NSWC-White Oak
(CH2M HILL, 2002). The hydraulic conductivity of the saprolite unit was estimated to be in
the range of 6.9 x106 and 1.0 x 10+ feet per minute (ft/min). The hydraulic conductivity of
the bedrock units was estimated to be in the range of 2.3 x10-6 and 2.8 x 10-¢ ft/min.

At Site 49, groundwater appears to have a downward component of flow, based on the
water levels in monitoring wells 49GW206S, M, and D. The water elevation measured in the
deep well (D) is approximately 150 feet lower than that measured in the shallow well (S).
This indicates that either a strong downward gradient is present, or that the water-bearing
fractures sampled during the packer testing program have been dewatered and are
recovering at extremely slow rates. Further east and downgradient, water levels in the
monitoring well cluster 499GW201 are in much closer agreement, differing by approximately
2 feet between shallow, intermediate and deep wells. The gradient from the intermediate
monitoring well to the shallow monitoring well is upward, and from the intermediate to the
deep well is downward, indicating a potential divergence of flow. In the 49GW202 monitoring
-well cluster, located hydraulically cross-gradient, the vertical gradient is downward.

Groundwater likely discharges to Paint Branch (Figure 2-2), which is perennial, indicating
that this stream is baseflow-controlled. Some underflow of groundwater likely occurs, but
not directly across, or perpendicular to Paint Branch. The topographic and hydraulic
gradient on the east side of Paint Branch will preclude significant groundwater flow from
-Site 49 east past Paint Branch. Some refraction of groundwater flow likely occurs at depth in
the bedrock, inducing a southerly component of flow.

2.2 Nature and Extent of Contaminaﬁon

‘This section provides a discussion on the nature and extent of contamination.

2.2.1 Soil

The potential source areas for groundwater contamination at Site 49 included the Building
427 leaching well and the Debris Disposal Area (Figure 2-4). Soil samples collected during
the leaching well excavation were analyzed for only VOCs and contained no significant
amounts of anthropogenic chemicals in soil. Soil samples from the Debris Disposal Area
were analyzed for the full suite of TCL and TAL parameters.

2.2.1.1 Volatile Organic Compounds

Relatively few VOCs were detected in soil at Site 49 during the RI. Tetrachloroethene (PCE)
was ubiquitous throughout the Debris Disposal Area, detected in all seven soil samples
collected from this area at low (estimated) concentrations (from 1.5 to 3.0 micrograms per
kilogram (ug/kg)). Chloromethane was detected less frequently (in five of nine samples), at
similarly low concentrations. Bromomethane and carbon disulfide (common laboratory
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artifacts) were detected in one sample each at concentrations of 1.4 and 1.7 pg/kg, ~
respectively.

22.1.2 Explosives

No explosives-related compounds were detected in soil samples during the RCRA Facility
Investigation.

2.2.1.3 Pesticides and PCBs

Two pesticides, 4,4’-DDT and dieldrin, were detected in one soil sample from boring
495B201 at estimated® concentrations of 2.4 and 6.6 pg/kg, respectively. No other pestmdes
were detected in soil. PCBs were not detected in any samples.

2214 Semivolatile Organic Compounds

Semivolatile organic compounds (SVOCs) were detected in all seven samples associated
with the Debris Disposal Area. Sixteen individual SVOCs were detected at least once. One
SVOC, bis(2-ethylhexl)phthalate [BEHP], was detected in all seven samples, at
concentrations ranging from 230 to 2,200 pg/kg. BEHP is a very commonly used chemical in
plasticizers and is often detected as a laboratory or sampling equipment artifact; its
detections in these samples may not represent site conditions.

2215 Metals
Metals, which are common mineral constituents of soil, were detected in all seven soil

samples. Detected metals included: N
Aluminum Arsenic Barium Beryllium

Cadmium Calcium Chromium Cobalt

Copper Iron Lead Magnesium

Manganese Nickel Potassium Sodium

Vanadium Zinc

Concentrations at which these metals were detected ranged from trace levels (part-per-
million; ppm) to percent levels (i.e., 10,000 ppm) for common soil mineral constituents. The
only metals that were detected in one or more samples at concentrations above EPA Region
3 residential soil risk-based concentrations are arsenic, iron, and manganese.

The results of soil sampling were compared to background data reported in the Background
Investigation Report (TENUS, December 1998b). The data also were compared to the following
reference documents for background concentrations of metals:

e Shacklette, H.T. and J.G. Boerngen, 1984. Elemental Concentrations in Soil and Other
Surficial Materials of the Conterminous United States. US Geological Survey Professional |
Paper 1270.

¢ Dragun, ].,. 1991. Elements in North American Soils. HMCRI, Greenbelt, Maryland.

3 Estimated concentration because detected concentration was below laboratory reporting limit.
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The maximum detected concentration of arsenic was below the 95 percent upper confidence
limits (UCLs) for background. The maximum detected concentration of iron and manganese
exceeded the 95 percent UCLs for background. The maximum detected concentration of
manganese was also greater than the maximum detected background concentration. It is
unlikely, however, that these iron and manganese results indicate anthropogenic soil -
contamination. The metal concentrations observed in subsurface soils are highly variable,
but consistent with the regional-scale ranges (i.e., for Maryland or eastern United States;
Dragun, 1991) for background concentrations as noted in the reference documents.

In addition to the inter-boring variability, intra-boring variability (i.e., variations and lack of
associations between individual metals and/ or different soil horizons) suggest that the
exceedances of background concentrations are due to natural variability rather than
anthropogenic influences.

2.2.2 . Groundwater

The Rl included the installation and sampling of temporary wells, the installation and
sampling of permanent monitoring wells, and sampling discrete vertical intervals of open
deep boreholes using packer test methods (Figure 2-5).

A phased approach was employed to investigate Site 49. Initial groundwater samples
collected in the bedding of sewer lines along Paint Branch contained TCE, suggesting that
VOCs (specifically the chlorinated solvent TCE and its degradation products) were
originating from the area surrounding Building 427. The groundwater quality investigation -
continued by collecting samples from nine temporary monitoring wells installed with
hollow stem auger and percussion techniques. Four of the temporary wells were installed in
2001 and five in June and July 2002. Eleven permanent monitoring wells were installed or
converted from temporary wells between August 2002 and February 2003 in six locations
throughout Site 49. Three of these locations included nested wells designed to provide
vertical delineation of contamination. In addition, direct push groundwater samples were
collected from eight locations along Paint Branch in November 2002. The locations of all
permanent and temporary wells, and direct push sampling points are shown on Figure 2-4.
To refine the vertical delineation, packer test samples were collected on 10-foot intervals
(Figure 2-5) from the open boreholes of two deep monitoring wells (49GW201DD and
49GW206D) prior to completion. The permanent monitoring wells were sampled in phases
as they were installed and in subsequent partially synoptic sampling events. Concentrations
of all analytes detected in groundwater are summarized in Appendix A.

2.2.2.1 Volatile Organic Compounds (VOCs)

The primary VOCs detected in groundwater samples were TCE and its degradation
products (cis-DCE, and VC). The discussion of TCE degradation and its products is present
in Appendix D. Concentrations of TCE are shown in Figures 2-6 through 2-8. Figure 2-9
shows a generalized delineation of the TCE concentrations in shallow groundwater. Figure
2-10 shows a vertical delineation of the TCE concentrations in groundwater.

The following discussion will treat TCE as the parent product and ¢is-DCE and VC as its
breakdown products. TCE is a widely-used industrial solvent, whereas cis-DCE and VC are
less common as industrial or commercial chemicals and are known degradation products of
TCE. Therefore, the most likely usage and disposal history of these compounds assumes
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that TCE was employed in one or more processes with the subsequent generation of cis-DCE N
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be noted that, without documentation pertaining to processes that have taken place at

Building 427, this usage and disposal history cannot be confirmed.

TCE was detected in shallow groundwater during the three sampling events. TCE
concentrations in shallow groundwater generally increase with distance from Building 427.
TCE concentrations increased from the postulated source towards Paint Branch. TCE was
detected in well 49GW203 at 120 micrograms per liter (ug/L) near the Leaching Well and
380 png/L at 49GW201S downgradient. TCE concentrations in well 490GW203 increased from
17 pg /L in June 2002 to 120 pg/L in October 2002. TCE concentrations in well 49GW?201S,

however, decreased from 730 | pg /L in August 2002 to 380 pg /L in October 2002. TCE was
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in Qctober 2002.

TCE concentrations increase with depth near the source area and decrease with depth away.
from the source (Figure 2-10). This may be due to the complex vertical gradients and
groundwater flow patterns near Paint Branch. TCE concentrations in borehole/well
49GW206D increased from 54 pg/L at approximately 175 feet msl to 1,900 pg/L at 100 feet
msl. The permanent screen was installed in this borehole at approximately 85 feet msl
(screen midpoint elevations); TCE was detected in this horizon at 1,600 pg/L. However, this
concentration declined to 140 pg/L in subsequent sampling events. This may indicate a true
decrease in concentrations, though the samples were collected with different methods (i.e.,
open borehole packer test versus low-flow sampling from the permanent well). Further o
downgradient, in the well 499GW201 cluster, TCE was detected in shallow groundwater -
(185 feet MSL) at 380 pg/L and 4,400 pg/L at 155 feet msl (at the greatest concentration
detected at Site 49), then declined to 4.3 pg/L. at approximately 100 feet MSL. Detected
concentrations in the deepest horizon at 499GW201 remained relatively constant at low
concentrations during subsequent sampling events.

™,

Generally, all samples contained ¢is-DCE and VC at concentrations ranging from a factor of
four to several orders of magnitude less than respective TCE concentrations. The samples
collected from 49GW2015 and 49GW201D contained concentrations of VC two orders of
magnitude lower than their respective cis-DCE concentrations.

The three clustered monitoring wells 40GW206S, 499GW206M, and 49GW206D, each
contained TCE and cis-DCE. Concentrations of TCE decrease somewhat with depth, ranging
from 560 pg/L in 49GW206S to 140 ug/L in 49GW206D. Concentrations of cis-DCE fluctuate
with depth, decreasing from 150 pg/L in 49GW206S to 64 pig/L in 49GW206M, then
increase to 90 pg/L in 49GW206D.

2222 SVOCs, Pesticides, and PCBs

Three SVOCs (acenaphthene, dimethylphthalate, and phenanthrene) were detected at very
low concentrations in groundwater: 2.8, 7.1, and 1.3 pg/L, respectively. Each was detected
in a single groundwater sample. No PCBs or pesticides were detected in Site 49 groundwater.
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2.2.2.3 Metals

Total and dissolved metals were detected in samples from the permanent monitoring wells.
The metals detected were consistent with those detected in soil, surface water, and with the
expected geochemical signatures for natural groundwater in this environment.

2224 Explosives and Perchlorate
No explosives-related compounds or perchlorate were detected in Site 49 groundwater.

223 Surface Water

Surface water samples were collected during the RFI from three locations along Paint
Branch. These samples were analyzed for VOCs, SVOCs, total and dissolved metals, and
hardness.

2.23.1 Volatile Organic Compounds
~ No VOCs were detected in surface water samples.

2232 Semivolatile Organic Compounds

Two SVOCs, 4-chloro-3-methylphenol and bis(2-ethylexyl)phthalate, were detected in the
surface water samples at low concentrations, ranging from 1.4 to 3.9 ug/L.

2233 Metals

Paint Branch surface water appears to be of the general Ca-Na-Mg-K association, which is
_ consistent with the background data set discussed in the Background Investigation Report
(TtNUS, December 1998b). Other detected metals included barium, iron, manganese, nickel,
and vanadium. The minor constituent metals were detected at concentrations ranging from
- 1to 511 pg/L. All detected concentrations were less than the corresponding 95 percent
UCLSs for background surface water quality. :

Dissolved metals concentration patterns generally parallel the total metals concentrations. In
addition, surface water quality data generally are consistent with the patterns of metals
detected in groundwater.

224 Perimeter Drain and Building Sump Samples

Water samples were collected during the RI from various components of the Building 427
perimeter drain system. Two samples were collected from sumps inside Building 427. Two
samples were collected from manholes outside the building on the northwest and southeast
corners of the building. All four samples were analyzed for VOCs. Only the manhole
sample from the northwest corner of the building contained any detectable concentrations

. of VOCs: TCE was detected at a concentration of 0.33 pg/L, as well as ethylbenzene,
toluene, and total xylenes at concentrations of 0.27, 0.38, and 0.91 pg/L, respectively. All
these detected concentrations are estimated, below the laboratory reporting limits.
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2.3 Fate and Transport

Many organic and inorganic constituents were detected in environmental media at Site 49.
However, the only anthropogenic chemicals detected in groundwater at concentrations
impairing groundwater quality are TCE, cis-DCE, and VC. Other VOCs were detected in soil
and groundwater, but at concentrations below screening criteria. Of these, TCE likely is the
primary contaminant released. Cis-DCE and VC, while sometimes used as primary
products, are much less commonly used in cleaning/degreasing applications. Accordingly,
it is assumed that these chemicals were not released directly into the environment, but
produced from TCE as a consequence of well-accepted degradation processes discussed
later in this section. This assumption is consistent with conceptual models of other sites at
the former NSWC White Oak and is supported by the ratios of contaminants detected in
groundwater.

There appears to be one general source area at Site 49: Building 427. This is the only feature
at Site 49 at which chemicals were likely to have been used. Releases from research,
development, and testing operations and waste management practices at and around
Building 427 are assumed to be the source of TCE. The topography of Site 49 away from

~ Building 427 likely inhibited other operations. Because the specific purpose(s) for which
TCE may have been used are unknown, the point(s) and mechanism(s) of release are not
known. However, Building 427 and the adjacent Leaching Well and Debris Disposal Areas
are the potential source area(s). It is unclear, however, based on soil sampling, the leaching
well excavation, and the building inspection, where the actual release or releases have
occurred. The most likely scenario for release is TCE disposal in the Leaching Well,
discharging TCE directly to the subsurface, from which it subsequently migrated to the
water table.

TCE may have been released as a separate phase liquid or as an aqueous (dissolved or
emulsion) phase from cleaning operations in and around Building 427. For the purpose of
the fate and transport discussion, TCE releases are assumed to have been to the shallow
subsurface soil (i.e., the unsaturated or vadose zone).

2.3.1 Contaminant Migration and Fate

Groundwater originating in the area surrounding Building 427, travels east-northeast
towards and discharges to Paint Branch. Flow occurs primarily in the bedrock at higher
elevations and the bedrock and saprolite at lower elevations. Groundwater flows toward
Paint Branch, contributing to base flow, based on the steep topography between Building
427 and Paint Branch and the hydraulic gradients that follow topography, as well as the
perennial nature of Paint Branch. Although Paint Branch may not capture all groundwater
flow, the similar gradients on the east side of Paint Branch preclude groundwater flow past
Paint Branch. Groundwater flow in deeper horizons may refract south, along Paint Branch,
as indicated by the hydraulic head data and detected TCE concentrations in well
49GW202D. '

Monitoring well 49GW204, located south of Building 427, is the background monitoring
well at Site 49. The well is located approximately 150 feet south (cross-gradient) of the
former leaching well. The samples collected from 49GW204 during initial round of
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groundwater sample did not contain detectable concentrations of VOCs, SVOCs, or
explosives.

One presumed source of VOCs (the leaching well) was previously abandoned and, as
discussed above, a remaining soil source is not likely. Effects to groundwater remain
evident near Building 427; however, the highest concentrations are observed downgradient
near Paint Branch (49GW201S and 49GW201D). This suggests that although contaminant
mass is distributed areally throughout Site 49 and vertically in the bedrock, much of the
mass has migrated towards Paint Branch. Further, although an estimate of the initial mass
released is not possible, it is likely that much has already discharged to the stream, where
the turbulent nature of ambient conditions caused the VOCs to volatilize. No impairment of
water quality in Paint Branch has been observed, indicating that the mass loading to Paint
Branch from Site 49 groundwater is small relative to the overall water balance and
attenuates rapidly.

2.4 Human Health Risk Assessment Summary

A baseline human health risk assessment was conducted during the Rl to assess the
potential adverse affects from exposure to groundwater and surface water at the site under
current and future conditions. This risk assessment was prepared using conservative
assumptions and was presented in the RL.

The baseline risk assessment was conducted to evaluate the potential human health risks
associated with the site-related activities for:

e surface water in Paint Branch, and
e bedrock groundwater.

Potential risks were calculated fora:

future adult resident, -
future child resident,

future lifetime resident, and
future construction worker.

The risk assessment quantifies potential human health risks at Site 49 under current and
future use scenarios, if no remediation is implemented.

No chemicals of potential concern (COPCs) were retained for Paint Branch surface water
and, therefore, no unacceptable risks were identified for this medium. The bedrock aquifer
groundwater presents carcinogenic risks and non-carcinogenic hazards greater than the
USEPA target levels. USEPA target levels for carcinogens and non-carcinogens are
incremental excess lifetime cancer risks of 1x106 to 1x104 and a hazard index (HI) greater
than 1.0, respectively. Risks exceeded these target levels for the following receptors under

reasonable maximum exposure scenario (HI and CR from the Site 49 RI report, CH2M HILL,
May 2004): . »

e For a future residential adult and child exposed to groundwater, the non-carcinogenic
HIs are 34 and 79 respectively. The carcinogenic risk associated with groundwater
lifetime exposure is 1.3x10-1.
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» For a future construction worker exposed to groundwater, the non-carcinogenic HI is 3.7
and the carcinogenic risk associated with exposure to groundwater is 9.7x10-.

Risks for these same receptors were significantly less under the central tendency scenarios:

e For a future residential adult and child exposed to groundwater, the His are 0.79 and 2.5
respectively. Only the value for the child resident exceeds the USEPA target HI 1.0. The
carcinogenic risk associated with groundwater lifetime exposure is 1.3x103,

e For a future construction worker exposed to groundwate, the HI is 0.11, which is below
the USEPA target hazard index of 1.0. The carcinogenic risk associated with exposure to
groundwater is 2.7x10-6,

Central tendency is defined as the center or general location of the cancer risk or hazard index.
The main risk drivers for the bedrock aquifer groundwater are TCE, cis-DCE, 1,2-
dibromoethane, and VC. PCE, chromium, iron, and manganese also contribute to the risks
and hazards, but to a much lesser extent.
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Table 2-1
. Summary of Geologic Units
Site 49, NSWC White Oak
Silver Spring, Maryland

Physiographic Chronostratigraphic Lithostratigraphic Hydrostratigraphic

Provinces Units Subunits Age Units Lithology Units

NA Recent! NA Overburden soil Soll NS
Glensig-Manor-
Chester
Chililum-Beltsville-
Croom

ry —
Atiantic Coastal Plain | Potomac Group'? Patapsco Fm.? | Creteceous | potomac Group® ;{:\zg;‘sg;“a‘ed NS

silt, sand, gravel

Arundel Fm.?
Patuxent Fm.2

Piedmont Province Wissahickon Late- Saprolite Saprolite derived | Saprolite
Formation® Precambrian from underlying

. to Early- bedrock
Glen Arm Series Cambrian®

Bedrock Crystalline schist, | Bedrock
quartzite

Notes:

-Units presented in order encountered with increasing depth from ground surface

‘~Chronostratigraphic units are generally formal, named geologic units based on temporal associations, as described in scientific literature.
-Lithostratigraphic units are informally named, generally site-specific geclogic units that are organized on the basis of lithology (i.e., geologic materials
having similar physical characteristics). These units may be the same as, subdivisions of, or different from chronostratigraphic units.
-Hydrostratigraphic units are informally named geologic units, generally site-specific, that are organized on the basis of hydrogeologic similarities and
connections (i.e., geologic materials through which groundwater moves in a consistent manner). These units may be the same as, subdivisions of, or
different from chronostratigraphic or lithostratigraphic units.

NA-Not applicable

NS-Not significant at Site; may be significant at regional- and larger-scales

1. Unconformable contact with lower unit

2. Undifferentiated at site, not all named members may be present or differentiable

3. The Wissahickon has been differentiated by some authors into several components, with the consensus that "Wissahickon" is an obsolete term
(MGS, 2003). In the vicinity of NSWC White Oak, the most likely Wissahickon component is the Lower Paiitic Schist, formerly mapped as the
Wissahickon, Eastern Sequence or the Wissahickon-oligoclase facies (MGS, 2003; Southwick and Fisher, 1967). The designation Wissahickon will be
used in this report for consistency with earlier reports.

4. More recent research indicates that the Wissahickon may be late-Cambrian to early-Ordovician in age (MGS, 2003),
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SECTION 3

Remedial Action Objectives

This Section presents general and site-specific RAOs and identifies ARARs for Site 49.

Because the site characterization and remediation process at White Oak is being conducted

in accordance with the guidelines established under CERCLA, the general RAOs are defined

by the National Contingency Plan (NCP) and CERCLA as amended by the Superfund

Amendments and Reauthorization Act of 1986 (SARA). CERCLA defines the statutory
requirements for developing remedies.

Site-specific RAOs relate to specific contaminated media and the potential exposure routes.
Site-specific RAOs, which require an understanding of the contaminants and the physical
properties in their respective media, are based on an evaluation of the risks to public health :
and to the environment and evaluation of the ARARs.

Section 121(d) of SARA mandates that site remediation under CERCLA must achieve a level
or standard of control for hazardous substances that at least attains such levels as specified
in ARARs. Only promulgated Federal and State laws and regulations can be considered
ARARs. In addition to ARARSs, proposed rules, guidance documents, directives, etc., that
may impact the conduct of a CERCLA action are called TBC documents.

3.1 NCP and CERCLA Obijectives

The NCP requires that the selected remedy meet the following general RAOs:

¢ Each remedial action selected shall be protective of human health and the environment
[40 Code of Federal Regulations (CFR) 300.430 (f)(ii)(A)].

* Onsite remedial actions that are selected must attain those ARARs that are identified at
the time of the Record of Decision (ROD) signature [40 CFR 300.430 (f)(ii)(B)].

¢ Each remedial action selected shall be cost-effective. A remedy shall be cost-effective if
its costs are proportional to its overall effectiveness [40 CFR 300.430 (f)(ii)(D)].

* Each remedial action shall use permanent solutions and alternative treatment
technologies or resource-recovery technologies to the maximum extent practicable
{40 CFR 300.430 (f)(ii)(E)].

* Where practicable, contaminated groundwater will be restored to a quality at which it
can be put to beneficial use.

The statutory scope of CERCLA was amended by SARA to include the following general
objectives for remedial action at all CERCLA sites:

* Remedial actions “shall attain a degree of cleanup of hazardous substances, pollutants,
and contaminants released into the environment and of control of further releases at a
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minimum which assures protection of human health and the environment” (CERCLA
Section 121(d)).

e Remedial actions “in which treatment that permanently and significantly reduces the
volume, toxicity, or mobility of the hazardous substances, pollutants, and contaminants
is a principal element” (CERCLA Section 121(b)) are preferred. If the treatment or
recovery technologies selected are not a permanent solution, an explanation must be
‘provided.

¢ The least-favored remedial actions are those that include “offsite transport and disposal
of hazardous substances or contaminated materials without treatment where practicable
treatment technologies are available” (CERCLA Section 121(b)).

e The selected remedy must comply with or attain the level of any “standard,
requirement, criteria, or limitation under Federal environmental law...or any
promulgated standard, requirement, criteria, or limitation under a State environmental
or facility siting law that is more stringent than any Federal standard, requirement,
criteria, or limitation” (CERCLA Section 121(d)(2)(A)).

3.2 Development of Site-Specific Remedial Action Objectives

Site-specific RAOs are developed to address potential exposure scenarios for groundwater
at Site 49. The potential exposure routes for Site 49 were identified in the Baseline Human
Health Risk Assessment presented in the Site 49 Rl report (CH2M HILL, May 2004) and are
summarized below.

3.2.1 Identification of Environmental Media

The Rl identified the following environmental media as posing a potential risk to human
health or the environment:

¢ Groundwater beneath Site 49, if used as a source of drinking water.

No COCs were identified in surface water, and soil did not contain site-related
contaminants; therefore, these media were eliminated from this analysis.

3.22 Site-Speéiﬁc Remedial Action Objectives

The site-specific RAOs are based on mitigating the current and potential future risks to
human health and the environment. The site-specific RAOs for Site 49 are to:

e Prevent unacceptable risks to human receptors from exposure to contaminants in the
groundwater; . ' o

¢ Where practicable, restore contaminated groundwater to a quality such that it could be
put to beneficial use; and

s Prevent further migration of contaminants.

The remedial action alternatives presented and evaluated in Sections 4 and 5 were
developed with the objective of meeting the site-specific RAOs. Remedial action alternatives
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must meet standards as defined by the ARARs of EPA and MDE. If the ARARs do not

address a narticular e1h1nhnﬂ remedial actions should be based on the TBC criteria or
aress a pa crijeria

guidelines. ARARs and TBC criteria are described below.

3.2.3 . Applicable or Relevant and Appropriate Requirements

As required by Section 121 of CERCLA, remedial actions carried out under Section 104 or
secured under Section 106 must attain the levels of standards of control for hazardous
substances, pollutants, or contaminants specified by the ARARs of federal and state
environmental laws and state facility-siting laws, unless waivers are obtained. According to
USEPA guidance, remedial actions should also be based on nonpromulgated TBC criteria or
guidelines if the ARARs do not address a particular situation.

ARARSs are identified by the USEPA as either being applicable to a situation or relevant and
appropriate to it. These distinctions are critical to understanding the constraints imposed on
remedial alternatives by environmental regulations other than CERCLA. The definitions of
ARARSs below are from the USEPA guidance (USEPA, October 1988).

“ Applicable requirements” are standards and other environmental protection requirements
of federal or state law dealing with a hazardous substance, pollutant, or contammant and its
remedial action.

“Relevant and appropriate requirements” are standards and environmental protection
criteria of federal or state law that, although not “applicable” to a hazardous substance or
remedial action, address situations sufficiently similar to those at the site that their use is
suitable and appropriate. ‘

A requirement may be “relevant” to a particular situation but not “appropriate” because of
differences in the duration of the regulated activity or the physical characteristics of the
affected media.

A requirement that is relevant and appropriate must be met as if it were applicable.
Relevant and appropriate requirements that are more stringent than applicable
requirements take precedence. However, more discretion is allowed in determining relevant
and appropriate requirements than in determining applicable requirements.

Another factor in determining which response or remedial requirements must be met is
whether the requirement is substantive or administrative. Onsite CERCLA response actions
must meet substantive requirements but not administrative requirements. Substantive
requirements are those dealing directly with actions or with conditions in the environment.
Administrative requirements implement substantive requirements by prescribing
procedures such as fees, permitting, and inspection that make substantive requirements
effective. This distinction applies to onsite actions only; offsite response actions are subject
to all applicable standards and regulations, including administrative requirements such as
permits. However, remedial actions must meet all substantive requirements of ARARs, even
when administrative requirements are not met.

3.2.4 Other Criteria or Guidelines to be Considered

Many Federal and State programs have criteria, advisories, guidelines, and proposed
standards that provide recommended procedures if no ARARs exist or if existing ARARs
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are inadequate. In such instances, the TBC criteria or guidelines should be used to set
remedial action levels.

3.25 Determination of Applicable or Relevant and Appropriate Requirements

The purpose of this ARARs section is to identify and summarize those Federal and State
laws, regulations, and guidance that affect remediation activities at Site 49.

There are three classifications of ARARs: chemical-specific, location-specific, and action-
specific ARARs. Potential chemical-, location-, and achon-spemﬁc ARARSs for Site 49 are
presented in the following subsections.

The remedial action alternatives developed in this FS were analyzed for compliance with the
potential Federal and State ARARs. The analysis involved identifying potential
requirements for each of the alternatives, evaluating their applicability or relevance and
-appropriateness, and determining if the remedial alternatives can achieve the ARARs. The
results of the analyses are found in Section 5 of this report.

3.25.1 . Chemical-Specific ARARs and TBC Criteria

Chemical-specific ARARs set health-based concentration limits or discharge limits in
various environmental media for specific hazardous substances, pollutants, or
contaminants. Examples of federal chemical specific ARARs for Site 49 are Safe Drinking
Water Act (SDWA) Maximum Contaminant Levels (MCLs) and MCL goals which are
enforceable standards for drinking water sources and water quality criteria, which set limits
for the discharge of water to surface water bodies. TBC criteria would include EPA

Region Il risk-based criteria and other site specific human health and ecological risk based
criteria developed for Site 49. PRGs for groundwater, which were developed based on the
chemical-specific ARARs and TBCs, are discussed in section 3.3. A summary of potential
regulatory programs identifying chemical specific ARARs and TBCs is provided in Table B-
1 of Appendix B.

3.25.2  Location-Specific ARARs and TBC Criteria

Location-specific requirements are design requirements or activity restrictions that are
based on the geographic position of a site. The analysis of Federal and State of Maryland
location-specific ARARs and TBC criteria is presented in Table B-2 of Appendix B.

3.25.3  Action-Specific ARARs and TBC Criteria

Action-specific requirements set performance, design, or other standards for particular
activities in managing hazardous substances or pollutants. The analysis of Federal and State
of Maryland action-specific ARARs is presented in Table B-3 of Appendix B.

3.3 Development of Preliminary Remediation Goals

PRGs are proposed for each of the COPCs found in the affected environmental media at Site
49. As discussed in section 3.2.1, groundwater is the only affected environmental medium at
the site. The following sections identify the COPCs and PRGs for groundwater and, based
on these, identify the specific areas of Site 49 that may require remediation.
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Risk-based PRGs were developed for each of the COPCs identified in the groundwater (i.e.:
those constituents with concentrations contributing appreciably to the calculated risks and
hazards from exposure to groundwater within Site 49.)

Based on the baseline human-health risk assessment conducted as part of the RI for Site 49
(CH2M HILL, May 2004), eight COPCs were identified (See Table 3-1).

PRGs for groundwater are set with the goal of reducing the cumulative risk from all non-
background-related constituents to an acceptable level.

PRGs were identified for the list of COPCs identified in Table 3-1. These values were
developed to ensure that overall cancer risk from COPCs across the site will not exceed
5x10+5, and the overall HI will not exceed 1 for a specific target organ. For each of the
identified COPCs in Table 3-1, relevant MCLs were also identified where they have been
established. Where they exist, MCLs are used as PRGs. The proposed PRGs for each COPC
are shown in Table 3-2. The backup calculations for identifying COCs and PRGs are
presented in Appendix E.

The PRGs were then compared to the maximum detected contaminant concentration at the
site in order to identify chemicals of concern (COCs). COCs are a subset of the COPCs
comprising those chemicals requiring remedial action. In general, if the maximum
concentration of a chemical exceeds the PRG, then that chemical is considered a COC.
Exceptions to this include:

e If a chemical is present at background concentrations;
o If a metal exceeds its PRG in an unfiltered sample but not in a filtered sample; or

e If a chemical only exceeds a risk-based PRG in one or two isolated wells (if a chemical
exceeds a MCL-based PRG in a well it is considered a COC).

The COPCs that have qualified as COCs are identified in Table 3-2. The table includes an
explanation for those COPCs that are not carried through as COCs.
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Table 3-1
Chemicals of Potential Concern for Groundwater Throughout Site 49
Feasibility Study for Site 49
Former NSWC White Oak, Silver Spring, Maryland

VOCs
1,2-Dibromoethane
Chloroform
cis-1,2-Dichloroethene
trans-1,2-Dichloroethene
Tetrachloroethene
Trichloroethene

Vinyl Chloride

Metals
Aluminium
Chromium
Iron
Manganese
Nickel
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Table 3-2
Risk-Based PRGs and MCLs for Chemicals of Potential Concern for Groundwater Throughout Site 49
Feasibility Study for Site 49
Former NSWC White Oak, Silver Spring, Maryland

"Attainment Area/Chemical Proposed PRG Source® |MaxConc] COC?
(mg/L) (mg/L)

ISite 49 PRG Attainment Area

1,2-Dibromoethane ' 6.50E-02  No®
Chloroform 8.00E-02 M 3.80E-02 No®
cis-1, 2-D|chloroethene 7.00E-02 M 1.10E+00 Yes
trans-1,2-Dichloroethene 1.00E-01 M 4.60E-02 No®
Tetrachloroethene 5.00E-03 M 1.10E-03 No®
Trichloroethene 5.00E-03 M 4.40E-+00 Yes
Vinyl Chloride 2.00E-03 M 570E-03 - Yes
Aluminium (Dissolved) 7.80E+00 RB 6.80E+00 No®
Chromium 1.00E-01 M 7.50E-03 No©
Iron (Dissolved) 4.70E+00 . RB 1.41E+01 Yes
Manganese (Dissolved) 1.50E-01 RB 2.29E+00 No®
Nickel (Dissolved) 3.10E-01 RB 8.10E-03 No©

Footnotes:

AM=Proposed PRG is based on MCL, RB=proposed PRG is based on calculated risk-based PRG (HI=0.5 for aluminum and manganese, HI=1 for iron and nickel)
8 Chemical is not considered a COC because it was only found in one or two scattered wells/samples at concentrations above the nsk-based PRG

¢ Chemical is not considered a COC because maximum concentration does not exceed PRG

P Chemical is not considered a COC because it is present at concentrations similar to background.
Boldface chemicals are those considered COCs
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SECTION 4 :

Alternative Evaluation Process and Screening

of Remedial Technologies

This Section presents the process by which remedial alternatives were developed and
evaluated. The process consist of the following steps: -

1. Identification of general response actions

2. Identification and screening of remedial technologies
3. Development of remedial alternatives

4. Evaluation of remedial alternatives

The general approach for meeting the RAOs for groundwater at Site 49 is to remediate
(actively or passively) the dissolved-phase plumes downgradient of Building 427 that
contain chemical concentrations above PRGs.

With this in mind, general response actions were identified and remedial technologies were
screened as they may pertain to conditions found in the dissolved-phase portions of the
plume. Remedial alternatives were then developed from the general response actions.

4.1 General Response Actions

General response actions are broad classes of responses, remedies, or technologies
developed to meet the site-specific RAOs. Each general response action is intended to
address specific contaminants and the possible migration pathways and exposure routes in -
groundwater. Although an action may be capable of meeting the objective, combinations of
actions may later prove to be more effective in meeting all the objectives for the site.
Therefore, to comply with the site RAOs, the general response actions are combined to form
Site-wide remedial alternatives.

The general response actions listed below have been identified are as follows:

No Action

Institutional Control Actions (possibly with long-term monitoring)
Containment Actions '

Removal Actions

— Disposal Actions

¢ Treatment Actions

Under the no-action response, the current site conditions would remain. The NCP requires
that a no-action alternative be developed as a baseline for evaluating remedial alternatives.

Institutional control actions consist of a number of alternatives that rely on legal restrictions of
access. They can be used singly or in concert with other remedies to mitigate risk. Access
restrictions can be effective as a means of preventing exposure to the groundwater and
preventing unacceptable risks to future residential populations. Examples of institutional
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controls include legal restrictions on groundwater withdrawal and use, recorded in the deed
for the land.

Monitoring actions include long-term monitoring, monitoring active remediation, or
monitoring natural attenuation. Long-term monitoring consists of tracking groundwater
quality over time to assess the potential for offsite plume migration or improving or
worsening conditions.

Containment actions for groundwater would include engineering controls like physical
barriers (e.g. caps) to preclude exposure or hydraulic controls like pumping systems to
prevent contaminated groundwater from migrating.

A removal action for groundwater would be groundwater extraction with the objective of
removing mass and reaching PRGs throughout the plume. This differs from extraction for
containment where the objective is to prevent off-site migration.

Treatment actions include technologies that reduce the toxicity, mobility, or volume of the
contaminants in groundwater in situ. An example would be enhanced biodegradation for .
-groundwater. Treatment actions may include biological, physical, or chemical processes.
Monitored natural attenuation is considered an in situ treatment action. Treatment
technologies may be used also to facilitate disposal for extracted media.

Disposal actions for groundwater include discharge of treated or untreated water to sanitary
sewers or surface water, via permitted conveyances.

The above general response actions have been used to create a range of site-wide
alternatives that can be compared on the NCP criteria and compliance with the site-specific
RAOs.

4.2 Target Remed‘iation Zone and Mass Estimate

Figures 2-9 and 2-10 present the approximate horizontal and vertical extent of groundwater
contamination. This area encompasses TCE and all other VOCs present at concentrations
greater than PRGs. No significant or widespread area of soil contamination was
encountered above or below the water table that would indicate the presence of nonaqueous
phase liquid (NAPL).

The source of the plume is presumed to be the former leaching well on the west side of
Building 427. Paint Branch is the eastern (downgradient) limit to the plume. The plume is
estimated to extend somewhat south of monitoring well 49GW202D, and beyond the
property boundary towards the north. The plume area is approximately 5 acres. The vertical
extent is approximately 130 feet below the ground surface (on average) or approximately
105 feet below the water table.

The estimate of contaminant mass within the plume is based on the following assumptions:

Target treatment area = 217,000 sf
Average thickness of plume = 105 ft
Porosity = 0.05 (fractured rock)

Average TCE concentration = 1,000 pg/L
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4—ALTERNATIVE EVALUATION PROCESS AND SCREENING OF REMEDIAL TECHNOLOGIES

e Average DCE concentration = 150 ug/L
s Average VC concentration =2 pug/L

This translates into an approximate volume of 8.5 million gallons of contaminated
groundwater containing approximately 85 Ibs. of chlorinated VOCs of which 71 Ibs. are
TCE.

These mass estimates can be considered order-of-magnitude estimates only and are based
on best available information. In addition to the simplifying assumptions, subsurface
heterogeneities render the sampling data, upon which these estimates are based, only
partially effective for use in quantifying the mass of contamination present in the
subsurface. -

4.3 Identification and Screening of Technologies

A broad list of remedial technologies were identified for each general response action -
which, when implemented separately or combined with other actions have the potential to
meet the RAO:s for Site 49. These technologies were then subject to a preliminary and
secondary screening. The screening process is presented in Table 4-1. The preliminary
screen focussed on the question of whether the technology was appropriate for the site
contaminants or the site physical characteristics. The secondary screening considered the
effectiveness, implementability, and cost of the technology relative to other technologies
within the same general response action.

The contaminants of concern and the volume and type of media to be treated are
summarized in section 4.2. A detailed discussion of the nature and extent of contamination
at the site is provided in Section 2.2.

Technologies that were found to be suitable were carried through to the remedial alternative
development process and were considered for inclusion in a remedial alternative. Table 4-1
identifies the technologies that passed the screening.

4.4 Alternative Development and Analysis Process

Six alternatives were developed for the groundwater at Site 49.

4.41 Evaluation Criteria

Each alternative was evaluated with respect to the site RAOs and ability of the alternative to
mitigate threats to human health and the environment posed by contamination. The NCP
requires that the remedial alternatives be evaluated using the nine criteria listed below, as
defined in the NCP. The first seven criteria are addressed in this Feasibility Study (FS). The
last two will be addressed in the ROD after the state and public have the opportunity to
comment. The nine NCP criteria comprise three categories: (1) threshold criteria;
(2)balancing criteria; and (3) modifying criteria. Threshold criteria are binary criteria; an
alternative meets or does not meet the criterion (note that certain ARARs may be waived).
Balancing criteria are used to compare the relative merits of each alternative, both singly
and collectively. Modifying criteria are used to assess the acceptability of an alternative to
other stakeholders. The nine criteria are:
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FEASIBILITY STUDY FOR SITE 49 AT NSWC WHITE OAK

Threshold criteria
e Protection of human health and the envu'onment
e Compliance with applicable or relevant and appropriate requirements (ARARs)

Balancing criteria

* Long-term effectiveness and permanence

o Reduction of toxicity,rmobi]ity, and volume
DDOIT'IEI'IR EIIéCﬂVQRESS

. Implementabmty
e Cost

Modifying criteria
e State acceptance
¢ Community acceptance

The following paragraphs define and detail each of the nine criteria.

441.1  Overall Protection of Human Health and the Environment

This evaluation criterion is an assessment of whether each alternative achieves and
maintains adequate protection of human health and the environment. The overall appraisal
of protection draws on the assessments conducted under other evaluation criteria, especially
long-term effectiveness and permanence, and short-term effectiveness. Another
consideration is the CERCLA statutory preference treatment.

4412  Compliance with ARARs

This evaluation criterion is used to determine whether an alternative would meet all federal,
state, and local ARARs. When an ARAR is not met, the basis for justifying one of the six
waivers allowed under CERCLA would be dlscussed

4.4.1.3 Long-Term Effectiveness and Permanence

Under this criterion the results of a remedial alternative are evaluated in terms of the risk
remaining at the site after response objectives have been met. The primary focus of this
evaluation is the extent and effectiveness of the actions or controls that may be required to
manage the risk posed by treatment residuals or untreated wastes. Factors to be considered
and addressed are magnitude of residual risk, adequacy of controls, and reliability of
controls. Magnitude of residual risk is the assessment of the risk remaining from untreated
waste or treatment residuals after remediation. Adequacy and reliability of controls is the
evaluation of the controls that can be used to manage treatment residuals or untreated
wastes that remain at the facility. The evaluation may include an assessment of institutional
controls to determine whether they are sufficient to ensure that any exposure to human and
environmental receptors is within protective levels.

4.4.1.4 Reductioh of Toxicity, Mobility, and Volume

This evaluation criterion addresses the statutory preference for selecting remedial actions
that, as their principal element, use technologies that permanently remediate and
significantly reduce the toxicity, mobility, or volume of the hazardous substances. This
preference is satisfied when treatment is used to reduce the principal threats at a site
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4—ALTERNATIVE EVALUATION PROCESS AND SCREENING OF REMEDIAL TECHNOLOGIES

through destruction of toxic contaminants, reduction of the total mass of toxic contaminants,
irreversible reduction of contaminant mobility, or reduction of total volume of contaminated
media. When evaluating this criterion, an assessment is made as to whether remediation is
used to reduce principal threats, including the extent to which toxicity, mobility, or volume
are reduced either separately or in combination with one another. Factors to be considered
include:

¢ Remediation processes employed by the remedy;
e Amount of hazardous materials that would be remediated;

¢ Degree of expected reduction in toxicity, mobility, or volume measured as a percentage
of reduction; ‘

¢ Degree to which the remediation would be irreversible;
¢ Type and quantity of treatment residuals that would remain following remediation; and

¢  Whether the alternative would sa’asfy the statutory preference for treatment as a
principal element.

44.15 Short-Term Effectiveness

This evaluation criterion addresses the effects of the alternative during the construction and
implementation phase until RAOs are met. Alternatives would be evaluated with respect to
their effects on human health and the environment during implementation of the remedial
action. The following factors would be addressed for each alternative:

Protection of the community during remedial actions
Protection of workers during remedial actions
Environmental impacts during remedial actions
Time until RAOs are achieved

44.1.6  Implementability

- The implementability criterion addresses the technical and administrative feasibility of
executing a given alternative and the availability of various services and materials required
during its implementation. Technical feasibility includes construction, operation, reliability
of technology, ease of undertaking additional remedial action, and monitoring.
Administrative feasibility refers to the activities needed to coordinate with other offices and
agencies (e.g., local permits). Availability of services and materials includes availability of
adequate off-facility treatment, storage capacity, and disposal services; necessary equipment
and specialists; services and materials; and prospective technologies.

4.4.1.7 - Cost

For the cost analysis of alternatives, the expenditures required to complete each remedial
action are estimated in terms of both capital and annual operation and maintenance (O&M)
costs. Using these values with an estimate of time to meet RAOs, a present-worth cost
estimate for each alternative then can be made for comparison.
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Capital costs consist of direct and indirect costs. Direct costs include the cost of construction,
equipment, land and site development, treatment, transportation, and disposal. Indirect
costs include engineering expenses, license or permit costs, and contingency allowances.
Reasonable allowances are typically provided for sitework, mechanical, instrumentation
and controls, electrical, and miscellaneous equipment as a percentage of capital costs based

' on engineering experience. The typical range of values for these allowances varies
depending upon the size and complexity of the project, but generally ranges from 5 to

15 percent of the subtotal capital cost.

Annual O&M costs are the post-construction costs required to ensure the continued
effectiveness of the remedial action. Components of annual O&M cost include the cost of
operating labor, maintenance materials and labor, auxiliary materials and energy, residue -
disposal, purchased services, administration, maintenance reserve and contingency funds,
rehabilitation, monitoring, and periodic site reviews.

Appropriate allowances were provided for Project Management, Remedial
Design/Technical Support, Construction Management, Subcontractor General
Requirements, and Contingency, based on guidance provided by the EPA and USACE
(USEPA and USACE, 2000) and engineering experience. Subcontractor General
Requirements includes items such as cost for bonds, insurance, and permits.

Expenditures that occur in the future are analyzed using present worth, which discounts all
future costs to a common base year. Present-worth analysis allows the cost of remedial
action alternatives to be compared on the basis of a single figure representing the amount of
money that, if invested in the base year and disbursed as needed, would be sufficient to -
cover all costs associated with the life of the remedial project. Assumptions associated with
the present-worth calculations include a discount rate of 4.2 percent (OMB Circular

No. A-94, Appendix C, Revised February 2003), cost estimates in the planning years in
constant dollars, and a period of performance that would vary depending on the activity,
but would not exceed 30 years.

In accordance with USEPA guidance, cost estimates in feasibility studies are intended to
represent a range of +50 percent to -30 percent of the final cost. The alternative cost:
estimates are in 2004 dollars and are based on conceptual design from information available
at the time of this study. The actual cost of the project will depend on the final scope and
design of the selected remedial action, the schedule of implementation, competitive market
conditions, and other variables. Most of these factors are not expected to affect the relative
cost differences between alternatives.

4.41.8  State Acceptance

This assessment evaluates the technical and administrative issues and concerns that the
State of Maryland may have regarding each of the alternatives. This criterion is not
discussed in this report, but would be addressed in the ROD.

4.4.1.9 Community Acceptance

This assessment evaluates the issues and concerns the public may have regarding each of
the alternatives. As with state acceptance, this criterion is not discussed in this report, but
would be addressed in the ROD.
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4--ALTERNATIVE EVALUATION PROCESS AND SCREENING OF REMEDIAL TECHNOLOGIES

4.4.2 Qualitative Comparative Screening Process

The remedial alternatives were then compared to each other as they address the seven
criteria. A numeric value ranging from 0 to 5 was assigned to each alternative depending on
how it meets a particular evaluation criteria relative to other alternatives. The values
assigned for each criteria were added to arrive at a final total score. These scores are not
used as the sole means of selecting the proposed alternative, but rather are used as a means
of comparing alternatives.
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Table 4-1
Remedial Action Technology Screening Table for Groundwater
Feasibility Study for Site 49
Former NSWC White Oak, Silver Spring, Maryland

Primary Screening Secondary Screening .
General Response Action | Remedial Technolo Process Options Description Retain | Reject Primary Screening Comments Effectiveness implementability Relative Cost Secondary Screening Comments
1 kNo Action None iN/A JNo action provided. X Retained as baseline comparison. Retained as baseline compatison
}institutionat Controf Administrative Deed Restrictions and Notices| May also include restrictive covenant on deed for X Although there are currently no groundwater [Maderate to high. Can be-effective in|Moderate to High. Requires working [Very low. Retained
Restrictions onsite property. uses onsite or offsite, a Land Use Control protecting human health given with the local government to
’ {Remedial Design will be required for any consistent implementation, establish well prohibition within and

remediation that will not meet the PRGs adjacent to the plume. Legal aspects
instaptaneously. can require extended timeframe.

Groundwater Containment  |Physical Barriers

Hydiaulic Baifiers

. o - HpEvel I Gt b o %%
Groundwater Removal - |Groundwater Vertical Extraction Wells Series of wells to exiract contaminated X Technically feasible. Requires litile space for Moderate to high. Effective at Low. Easily implemented. - {Low to moderate. Requires treatment]Relained to extract contaminated
JExtraction groundwater. ' construction. hydraulic containment, but less ] system for discharge to surface water while creating a hydraufic
: effective for aquifer freatment. Likely water. barrier to prevent lateral migration of
to require a long timeframe fo meet ’ plume. Can be utilized in deep

. MCLs in aquifer. aquifer zones

T

- & i = LR R S T 35 S
Groundwater Treatment - {Chemical Chemical Oxidation Oxidant such as hydrogen peroxide, X Technically feasible Moderate. Effective, but requires Moderate. Injection methodologies  {Moderate. Evolving technology, Retained. Effective technology in
) (In-situ) ) permanganate, and ozone is injected, which good contact between contaminant  lare improving, difficult to achieve  {considered to have good potential for{sites with elevated CVOC
- chemically oxidizes organic contaminants fo less and reagent. good mixing in situ. cost-effectiveness in proper concentrations.
harmiul compounds such as CO, and H;0. situations. Oxidation may not be cost-

effective on large volume dilute
dissolved VOC plumes. Bench and
pilot scale test would be required to
determine appropriate chemical and
. 3 : dosage.
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Table 4-1
Remedial Action Technology Screening Table for Groundwater
Feasibility Study for Site 49
Former NSWC White Oak, Silver Spring, Maryland

Primary Screening Secondary Screening
General Response Action | Remedial Technolog Effectiveness Implementability Relative Cost Secondary Screening Comments
Groundwater Treatment Physical Treatment
(In-situ} Cont. .
% ik e

Hydraulic Fracturing High-pressure injection of fluids, followed by Retained to augment in-situ treatment Low to moderate. Fracturingis an.  {Moderate. Fracturing is widely used {Low. Cost may be higher for longer |Retained to augment in-situ
granular slutry, to create porous subsurface technologies, if necessary, especially to enhancement technology designed tofin the petroleum and water-well remediation programs that require  Jtreatment technologies such as
fracture patierns that enharnce vapor or fluid address contamination in the bedrock. increase the efficiency of other in situfconstruction industries. While refracturing. chernical oxidation and in-situ bio, to
extraction technologies. The fracturing extends and| technologies (i.e:, fluid injection) in Jcommercially available, it is an achieve betier distribution of
enlarges existing fissures and introduces new low permeability soil/rock conditions. {innovative method for use in chemicals.

- Hractures, primarily in the horizontal direction. Its effectiveness is highly dependent [hazardous waste remediation. :
upon bedrack conditions. Extreme care must be taken around
existing structures and subsurface
utilities.

Pneumatic Fracturing High-pressure injection of air to create self- X . Retained to augment in-situ treatment Low to moderate. Fracturingisan  [Moderate. Fracturing is widely used FMdderate. The approximate cost Retained to augment inrsitu
propped porous subsurface fracture patterns that technologies, if necessary, especiallyto *~  Jenhancement technology designed to}in the petroleum and water-well range for pneumatic fracturing is $9  |treatment technologies such as
enhance vapor and fluid exdraction/injection - address contamination in the bedrock. increase the efficiency of other in situjconstruction industries. While to $13 per metric ton ($8 to $12 per fchemical oxidation and in-situ bio, to
technologies. The fracturing extends and enlarges technologies (i.e., fiuid injection) in  [commercially available, it is an ton). Costs may be higher for longer jachieve bettor distribution of
existing fissures and introduces new fraclures, difficult soflfrock conditions. lts innovative method for usein- remediation programs that require  {chemicals,

“{primarily.in the horizontat direction. effectiveness is highly dependent hazardous waste remediation. _ jrefracturing.
, B upon soil/bedrock condifions. Extreme care must be taken around .
existing structures and subsurface
utilities.

Enhanced Reductive - . .}Use of an organic substrate such as hydrogen X Effective in expediting remediation of {Low to moderate. Athough stilfan  |Moderate to high. Easily Moderate to high. it is typically Retained .

Dechilorination.{anaerobic releasing compound, vegetable oit, or molasses to ) chiorinated VOCs over natural attenuation. emerging technology, it has been implemented, but challenging to considered a cost-effective

bioremediation} - . promote chlorinated compound degradation via ) proven to be effective at reducing obtain good distribution of alternative, but depends greatly upon

: dechlorination mechanism where the chiorine b low to moderate levels of CVOCs to jamendment into the contaminated  |the amount of substiate required.
molecular is replaced by hydrogen. Also involves . below MCLs. aquifer. -
the use of enginestred microorganisms to promote
biodegradation. .

Monitored Natural Attenuation [Natural attenuation processes such as dilution, X Natural attenuation is occurring in the Low to moderate. Effective for sites  JHigh. Easily implemented, only Low Retained.
biotransformation, volatilization, adsorption, and groundwater and may be sufficient to continue fwhere there are no unacceptable monitoring would be required to
dispérsion coupled with regular monitoring for to remediate the plume and prevent risks from Jcurrent risks and future risks are monitor the progress.
chemicals of concern as well as a range of . acourting. minimal.

Jindicators of biodegradation.
Groundwater Treatment Chernical Treatment 1 th
(Ex-sit)
ks oy Organ e o 5 e
Air Stripping . Large volumes of air mixed with water in a low- Well-established technology and highly High. Generally achieves over 95% [Requires permitting for disharge. Moderate. Retained for its proven effectiveness
. Jprofile tray system or packed column to promote reliable for removing VOCs. removal of VOCs. : ’ in VOG removal . . :
transfer of VOCs to air. . . ]
Carbon Adsorption Contaminants adsorbed onto activated carbon by X Effective and well established at removing High to moderate. Well proven Requires permitting for disharge. Moderate to high. There are costs to {Retained for its proven effectiveness
. passing contaminated water or air through a organic compounds with the exception of vinyl Jtechnology with high removal regenerate and replace GAC. in VOC removal .
granular activated carbon unit, chloride. efficiency. The duration of GAC is
: usuaity short-term. Vinyl chioside is
poorly adsorbed on carbon.
Disposal Discharge of Treated =
Groundwater
. ge : :
Treated groundwater discharged into a riearby Existing purp and treat systems in the base  Discharge criteria protective of Requires an NPDES permit. Retained. Is currently the preferred
stream or river. are discharging to Paint Branch. - thuman health and aquatic life can |method of discharge for sites located|
consistently be met by the treatment near the streams.
system.
Note:

Technologies in darker areas are rejected in primary or secondary screening.
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SECTION 5

Site 49 Groundwater Alternatlves Analysis

As discussed in Section 2, a plume of contaminated groundwater originates in the vicinity of
Building 427 and extends annroximately 400 £t downeradient to Paint Branch. The
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contaminant concentrations are at a level that would require action in order to meet PRGs.
No contamination has been identified in the unsaturated zone soil. This section presents a
an analysis of remedial alternatives for the groundwater within the plume at Site 49.

E1 Damnan
J.i1 nciie
Several remedial alternatives were developed to address the COCs in groundwater at
Site 49. These alternatives were developed on the basis of the results of the screening of
remedial technologies presented in Section 4. The alternatives identified for detailed
evaluation include the following:

e Alternative 1-—No Action
e Alternative 2—Institutional Controls with Long-Term Monitoring

e Alternative 3— Groundwater Extraction and Treatment (P&T)
Alternative 3A- Groundwater Extraction and Treatment (P&T) with Fracturing

e Alternative 4— In situ Chemical Oxidation (ISCO) with MNA
Alternative 4A- In situ Chemical Oxidation (ISCO) with MNA with Fracturing

e Alternative 5— Enhanced In situ Anaerobic Bioremediation with Fracturing

A brief description of each alternative is presented in Table 5-1. Detailed descriptions and
analyses are provided in Section 5.3 and evaluations against the seven CERCLA criteria (the
two threshold criteria and the five primary balancing criteria) are provided in Table 5-2.
Cost estimates for each alternative are provided in Appendix C. :

5.2 Detailed Description and Evaluation of Remedial
Alternatives for Groundwater
5.2.1 Alternative 1—No Action

The no action alternative is required by the NCP and serves as the baseline alternative for
comparison purposes. All other remedial action alternatives are judged against the no action
alternative. Under this alternative, no controls or remedial technologies would be
implemented. No additional monitoring would be performed. The no action alternative
involves no effort to meet ARARs or PRGs and therefore, risk of potential future exposure to
contaminated groundwater remain.

CERCLA (Section 121(c)), as amended by SARA (1986), requires that, even under the No-
action alternative, the site be reviewed every 5 years since contamination in the
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groundwater would remain onsite. Reporting costs are minimal because it is assumed that
this will be a small part of a larger 5-year report that addresses other sites at White Oak.
Estimated costs for this alternative are presented in Appendix C-1.

5.2.2 Alternative 2—Institutional Controls with Long-Term Monitoring
The primary components of this alternative are:

* The preparation and implementation of a Land Use Control Remedial Design
¢ Installation of additional monitoring wells to delineate extent of ICs
* Long-term monitoring of the groundwater

Under this alternative, a Land Use Control Remedial Design would be prepared,
implemented, and enforced to prohibit installation of water supply wells into the
contaminated aquifer. The goal would be to prevent the future use of the aquifer in areas
where exposure to contaminants above drinking water standards might occur. Natural
attenuation processes may reduce contaminant concentrations over time.

Offsite land overlying the contaminated groundwater plume could be purchased or
restrictions against groundwater pumping could be implemented to eliminate the potential
exposure pathway. Such conditions exist in the north portion of the Site 49 plume, on land
owned by the Maryland /National Capital Parks and Planning Commission. The work
required includes preparation, negotiation, and final implementation of the Land Use
Control Remedial Design including legal and administrative activities with the federal, state
and county governments to impart any deed restrictions. These could include placing a
notation in the property development plan (or similar) indicating that groundwater use in
the vicinity of this plume is prohibited. Future sale of this land would carry restrictions for
groundwater use.

It is assumed that as many as four new bedrock monitoring wells would be needed to
monitor the presence of contamination within the deeper groundwater formations to
identify the horizontal extent to which the groundwater restrictions would apply. * -

Under this alternative, groundwater monitoring would be performed every 9 months to
track contaminant concentrations within and migrating from the current plume. Monitoring
will be required as long as contaminants are present above PRGs. It is anticipated that
monitoring will be required for 30 years. This data will be used during the 5-year reviews to
determine the effectiveness of the controls (i.e., do controls need to be expanded to include a
greater area or can they be relaxed.) It was assumed that 5 wells would be sampled for
VOCs.

Since contamination will remain on site, 5-year reviews will be required. Estimated costs for
this alternative are presented in Appendix C-2.

5.2.3 Alternative 3—Groundwater Extraction and Treatment

Alternative 3 involves installation of a groundwater extraction system to achieve both
hydraulic control of the plume and mass removal throughout the plume. It would include a
combination of several response actions that were retained during the initial screening:
groundwater removal followed by ex situ treatment to address the contaminants of concern.
The primary components of this alternative are:
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5—SITE 49 GROUNDWATER ALTERNATIVES ANALYSIS

o Installation, testing and startup of groundwater extraction wells

¢ Construction of a groundwater conveyance and treatment system for extracted water

e SR Ll

e Instrumentation and process conirol, to monitor and record flow rates and notify
maintenance personnel of malfunction

¢ Discharging the treated water to Paint Branch under a National Pollutant Discharge
Elimination System (NPDES)-permit

s Amansinl Aamnsentia 3 +, £, rm
¢ Anntai Operauoit and mamienance o monitor pericrmandce and assure proper
operation

e Groundwater monitoring for contaminant concentrations and hydraulic capture
e Preparation of annual technical memoranda and 5-year report
¢ Implementation of institutional controls until PRGs are met

Each primary componént is discussed beiow. Costs are presented in Appendix C-3.

5.2.3.1 Installation of Gli'oundwaterfExtraction Wells and Piezometers

Groundwater extraction serves two purposes: contaminant mass removal and hydraulic
containment, by altering the natural hydraulic gradient to prevent contaminated
groundwater flow (horizontally or vertically) from migrating outside the current area of the
plume. The technology that was retained for consideration for this site during the initial
screening process was vertical wells. A network of ten groundwater extraction wells is
assumed to be necessary to achieve remedial goals (Figure 5-1).

In addition, approximately five piezometers would also be installed to monitor water levels
around the extraction wells and determine if the necessary capture zones were being
established. It is assumed that these p1ezometers would be constructed identical to 2-inch
monitoring wells.

A pre-design aquifer test is recommended for Site 49 to ensure that groundwater can be
extracted from the bedrock at a reasonable rate. The test would comprise installing an
extraction well and several piezometers in an area with significant levels of contamination
and performing and evaluating a pumping test. For cost estimating purposes, a lump sum
cost for a predesign pumping test was included.

5.2.3.2 Groundwater Treatment System

Given the uncertainties associated with the fractured bedrock flow system and the low
permeabilities, it is difficult to predict the pumping system’s performance. Extracted
groundwater will be directed to a centralized treatment system consisting of a filter,
equalization tank, liquid-phase granular activated carbon (LGAC) system with gravity drain .
to Paint Branch.

LGAC was selected as the preferred technology for groundwater treatment of the COCs due
to its low maintenance and relatively good treatment efficiency. Appendix C-3 contains
calculations supporting the selection of LGAC. It was assumed that the water would be
treated in continuous flow. It was conservatively assumed that approximately 3,800 Ib. of
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LGAC would be consumed annually. This is based on as assumed adsorption rate of
2.8 percent by weight, average influent flow rate of 10 gpm, and an average influent total
chlorinated VOC concentration of 1,150 pg/L.

The treatment system would be equipped with instrumentation to record and totalize flow
rates and to shut down the system and notify maintenance personnel in the event of
malfunction.

5.23.3 Discharge of Treated Water

The treated water would be discharged by gravity flow to Paint Branch, under a NPDES-
permit. Discharge concentrations would have to meet the State of Maryland surface water
discharge requirements.

5.23.4 Annual O&M and Groundwater Monitoring

The time estimated to achieve PRGs in the plume via groundwater extraction and treatment
is difficult to determine and can range from 10 years to higher than 30 depending on the
aquifer’s behavior under pumping and the amount of adsorbed-phase contaminant in the
rock matrix. An estimate of 10 years was used for the purposes of this FS; however, the
model assumes no residual- or adsorbed-phase mass remains as a source.

During this 10-year period, annual O&M and monitoring would be performed. In addition
to routine mechanical system maintenance and checks, O&M would include sampling the
discharge from each well quarterly and LGAC influent and effluent monthly, and collectmg
water levels in the surrounding wells and piezometers monthly.

Groundwater monitoring would include collecting groundwater samples from a network of
an estimated eight wells quarterly for 2 years and then semiannually for the duration of the
remediation (estimated at 10 years). All samples would be analyzed for VOCs and some
attenuation parameters. '

5.23.5 Reporting

A 5-year report would be prepared that documents the effectiveness of the treatment system
. and meets the requirements of CERCLA. Technical memoranda would be prepared on a
quarterly basis during the first 2 years and semiannually thereafter to report treatment
performance.

5.2.3.6 Institutional Controls

Institutional controls to prevent groundwater exposure from the site would be the same as
included in Alternative 2. These would remain in effect until groundwater PRGs are met
and risks to groundwater are shown to be reduced to acceptable levels.

5.2.3.7 Uncertainties and Assumptions

The time to remediation and subsequent costs are based on the assumption that only very
little or no residual contamination remains adsorbed to the soil/rock that will continue to
act as a source of contamination. The validity of this assumption and definition of the
remediation timeframe is questionable and has a large effect on the alternative cost.
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Groundwater flow through a formation composed of unconsolidated sediment can be well
characterized in terms of direction and magnitude at the macro-level as well as smaller
scales. In addition, pumping tests can be conducted to determine the expected pumping rate
and capture zone of a well, which can then be applied throughout the formation with
relative accuracy. However, the fractured bedrock flow system at Site 49 is not so easily
characterized. At the largest scale, it is known that groundwater flows from west to east
and discharges to Paint Branch. Beyond this, not much is known about flow paths.
Pumping tests can be conducted to try to determine capture zones, but the data from one
well is not necessarily applicable to a second well that may be only tens of feet away
because it may intercept different water-bearing fractures. Because of this, there is
considerable uncertainty regarding the effectiveness of the number and location of the
extraction wells assumed under this alternative.

5.24 Alternative 3-A—Groundwater Extraction and Treatment with Fracturing

In order to enhance the effectiveness of the extraction system, the existing fractures in the
bedrock will be expanded using pneumatic fracturing techniques. Pneumatic fracturing.
would be conducted to create better flow through the existing fractured network. This
process involves injecting gas (nitrogen) at high pressures into packered intervals of an open
borehole. Existing fractures are widened outward from the borehole to various distances
depending on the site geology. Experience indicates that fractures are expanded up-to

30 feet from the borehole. This procedure will allow for a reduction in the time required to
achieve PRGs due to the increase in hydraulic conductivity. It is assumed that the number of
extraction wells will not decrease over Alternative 3 (see Figure 5-1). Estimated costs for this
alternative are presented in Appendix C-3A

525  Alternative 4—In situ Chemical Oxidation

In this alternative, an oxidative reagent would be injected and distributed throughout the
target remediation zone in the aquifer to promote oxidization of the contaminants to
innocuous compounds such as carbon dioxide and water. The distribution of the reagent
would be done using the injection well configuration presented in figure 5-2. The objective -
is to oxidize targeted contaminants to meet the PRGs.

The primary components of this alternative are:

e Installation of additional wells to define treatment area, collect oxidant demand samples,
and to establish an optimum groundwater monitoring network

e Performance of a source area pilot test

¢ Installation of injection wells

* Injection of oxidizing reagent

¢ Groundwater monitoring of baseline and post-injection conditions
e Preparation of a remediation completion report and 5-year reviews
¢ Long-term monitoring of the plume until PRGs are met |

e Implementation of institutional controls until PRGs are met
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5.2.5.1 In situ Chemical Oxidation Technology Background and Reagents

ISCO is considered an accepted technology for the treatment of chlorinated VOCs. Typical
oxidants include potassium and sodium permanganate, Fenton’s Reagent (iron and
hydrogen peroxide), hydrogen peroxide, sodium persulfate, and ozone. ISCO has been used
to successfully treat TCE in groundwater to less than PRGs at multiple sites.

The major components of this alternative are diséussed below. Costs are provided in
Appendix C-4.

5.25.2 Installation.of Additional Wells

A design phase investigation involving the installation of an estimated five monitoring
wells would be conducted. The wells would be used to more precisely define the treatment
area to avoid injecting oxidant in areas not needing treatment and to monitor current and
future conditions in the vertical direction of groundwater flow. Samples would be collected
from aquifer solids and groundwater for natural oxidant demand tests.

5.2.5.3 Performance of a Pilot Test

A detailed ISCO design and implementation work plan would be required as part of this
alternative to identify the optimum oxidant based on literature review and geochemical
conditions of the groundwater. The pilot test will be performed within the target treatment

- zone. COC degradation will be tracked with time at surrounding monitoring points to
determine the parameters for full-scale application. '

For cost estimating purposes, it was assumed that potassium permanganate (KMnOj) would

‘be appropriate. Potassium permanganate is an oxidant that is suitable for in situ application
at this site because it is a strong oxidizer, and has been proven to oxidize TCE. Its rapid
reaction kinetics are favorable for expedited site remediation. A lump sum cost was
included in Alternative 4 for a pilot test.

5254 Installation of Injection Wells, and Oxidizing Reagent Injection

- A series of 25 4-inch diameter open boreholes would be installed in the contaminant plume
to 130 feet bgs. The borings would be placed at 20-foot centers.

The potassium permanganate would be injected one well at a time in 3-foot packered
intervals working from the bottom of the bore hole to the water table.

It is estimated that approximately 307 Ibs. of potassium permanganate (at a 3-percent
solution) would be required. Groundwater conditions are reported to return to background
conditions within several days after injection.

Through pressurized injection, the oxidant/catalyst solution will be distributed throughout
the contaminated groundwater to destroy dissolved and adsorbed chlorinated VOCs. It is
estimated that approximately 20 days will be required to drill the injection wells and

20 working days will be required perform chemical injection into all the points.

Aside from the aforementioned well network, equipment requirements for ISCO Would
include fracturing and injection equipment.

The estimated design parameters are shown in Appendix C-4 and are summarized below:
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e Size of Target Remediation Zone - two 200 foot-long treatment arrays
¢ Radius of Influence - 12 ft

e Number of Injection Wells and Spacing - 25 wells

e KMnO; Dose Concentration— approx. 100 gallons per boring

o KMnO4 Requirement - 2,500 gallons of 3% solution

A typical industry practice is two chemical treatments, an initial injection followed by a

- polishing injection within a small fraction of the target treatment zone where monitoring
well data shows COC rebound. A polishing injection would typically be required where
conditions of solubility and chemical partitioning cause further desorption of the
contaminant of concern. Since ISCO is a relatively rapid treatment process, it is assumed
that the site can be treated to PRGs within 4 years using one or two injections in the first
2 years to obtain the necessary treatment. A range of costs are provided for this alternative
with the low end corresponding to one injection and the upper end corresponding to two
injections. The borings would be left in the ground after the first treatment so as to be used
for the second treatment (and any subsequent treatment) until PRGs are met.

5.2.5.5 Baseline and Post-injection Monitoring

Effectiveness of the treatment will be monitored by collecting and analyzing groundwater
samples from selected wells prior to and following the treatment. Sampling and analysis
will be conducted to track disappearance of chlorinated VOCs and other chemicals for
which PRGs have been established, to determine if additional applications are necessary.

Baseline sampling will be conducted prior to the injection of the oxidant, and then at

3 months, 6 months, 9 months, and 12 months after the initial injection to determineifa
second injection is needed. After the final injection, additional sampling rounds would be
performed semiannually until PRGs are met (assumed 4 years). Field sampling efforts to
support the injection effort would include testing monitoring wells for the oxidant
concentration using a field test kit and temperature, pH, DO, ORP, and specific conductance
using standard field instrumentation. Laboratory samples will be collected from the
monitoring wells and analyzed for chlorinated VOCs. The data would be evaluated to

- determine if additional oxidant injection is necessary. Field sampling efforts may be
conducted more frequently for parameters such as oxidant concentration, DO, and ORP.
The frequency of sampling events may be adjusted based on the results of the early
sampling events.

5.2.5.6 Reporting

A closeout report would be generated to document the result of the ISCO treatment.
Technical memoranda would also be generated to document the results of the out-year
verification sampling rounds. 5-year reports would be generated if PRGs are not met within
5 years. :

5.25.7 Institutional Controls

Institutional controls to prevent exposure to contaminated groundwater at the site would be
the same as those included in Alternative 2. These would remain in effect until groundwater
PRGs are met and risks to groundwater are shown to be reduced to acceptable levels.
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5.2.5.8 Uncertainties and Assumptions

Appropriate design and implementation of a large ISCO system such as this typically
benefits from a pilot test to determine performance. Factors such as natural oxidant demand
of the groundwater will have a large effect on the oxidant dose requirement.

Similar to any in situ technology, its effectiveness will be limited by the subsurface
heterogeneities present at the site and the ability to deliver the chemicals throughout the
heterogeneous formation. Groundwater flow through a formation composed of
unconsolidated sediment can be well characterized in terms of direction and magnitude at
the macro-level as well as smaller scales. However, the fractured bedrock flow system at Site
49 is not so easily characterized. At the largest scale, it is known that groundwater flows
from west to east and discharges to Paint Branch. Beyond this, not much is known about
flow paths. The effectiveness and radius of distribution achieved at one injection boring will
not be applicable to others, and it will not be possible to confirm or even estimate what
radius has been achieved. The term “radius of distribution” is also misleading because
distribution will be governed by the number and continuity of the fractures that are
intercepted by an injection boring and will not be comparable from boring to boring, at
different depths within the same boring, nor even in all directions at a particular depth in a
boring. Because of these inherent properties of fractured rock it is highly unlikely that all
fractures containing impacted groundwater will be treated under this alternative.

It has been observed at other sites that after the injection of the treatment fluid, some trace
metals (iron, chromium, mercury, potassium, and manganese) are released from the
formation into the groundwater. Elevated concentrations of manganese , potassium
chromium, and mercury could be associated with the permanganate reagent. Elevated
concentrations of metals like iron, occur through reactions by the treatment fluid with the
aquifer matrix. Manganese dioxide usually precipitates on existing manganese or iron oxide
coatings on fracture surfaces. Metals previously sorbed to these surfaces are displaced by
the manganese dioxide surface precipitation reaction, releasing metals into the surrounding
groundwater. Regardless of the mechanism that results in the elevated metals (iron,
chromium, and mercury), their concentrations within the treatment area would remain
above background concentrations only as long as permanganate persists. However, based
on the small volume of chemical oxidant required to treat the TCE and overcome the
demands of the natural carbon content of the formation, it is considered unlikely that an
increase in soluble metals in the groundwater or Paint Branch surface water will be
observed.

5.2.6 Alternative 4-A—In situ Chemical Oxidation with Fracturing

Pneumatic fracturing would be conducted to create better flow and chemical distribution
through the existing fractured bedrock. This process involves injecting gas (nitrogen) at high
pressures into packered intervals of an open borehole. Existing fractures are widened
outward from the borehole to various distances depending on the site geology. Experience
indicates that fractures are expected to be expanded up-to 30 feet from the borehole. It is
assumed that the oxidizing reagent can then be injected out to at least a 20-foot radius.
Under current conditions, 12-foot radius is expected.

By increasing the radius of distribution of the injection wells to 20 feet or more, the spacing
between wells can be increased from 20 to 40 feet (allowing for overlap). This leads to a
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reduction in the number of injection wells. It is expected that 13 injection wells will be
~ sufficient to reach the same coverage if fracturing is used (Figure 5-3). Estimated costs for
this alternative are presented in Appendix C-4A.

527  Alternative 5—Enhanced In situ Anaerobic Bioremediation with
Fracturing

The primary components of this alternative are:

o Installation of additional wells to define treatment area and establish an optimum
groundwater monitoring network

¢ Installation of injection wells, pneumatic fracturing, and injection of electron donor in
the contaminated aquifer '

¢ Groundwater monitoring of baseline and post-injection conditions
e Preparation of annual technical memoranda and 5-year report
¢ Implementation of institutional controls until PRGs are met

In this alternative, the naturally occurring process of biological decomposition of site
contaminants under reducing conditions will be enhanced through injection and
distribution of an electron donor or cosubstrate (food source) to increase the biodegradation
rates of the contaminants by indigenous microorganisms. Reagents such as acetate,
molasses, sodium lactate, or the proprietary agent Hydrogen Release Compound (HRC) by
Regenesis are possible electron donor candidates for this type of application. Complete
biodegradation would transform the contaminants to innocuous compounds such as carbon
dioxide and water along the pathways described in Appendix C-5.

The reducing conditions enhanced by the addition of the electron donor may be important

in several respects. It may enable bacteria to utilize the contaminants as an electron acceptor,

or the hydrogen generated may be used by anaerobic bacteria, or as part of the direct

chemical attack on the chemical constituent. Addition of electron donors to the environment

to promote reducing conditions has also been used to remediate groundwater containing
mixtures of contaminants. ' v

Various types of electron donors may be used to enhance anaerobic bioremediation. Sodium
lactate or HRC appears to be the most promising. HRC is used for costing purposes because
its use and costs are better documented; lactate would be slightly less expensive. Numerous
field studies have indicated that HRC may be used to promote reductive dechlorination of
TCE.

The major components of this alternative are discussed below.

5.2.7.1 Installation of Additional Monitoring Wells

Five additional wells would be installed at Site 49 to assist with design, and provide an
optimum monitoring network for enhanced bloremedlahon
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5.2.7.2  Performance of a Pilot Test —

Evaluation of the selected amendment will be conducted during a field-scale pilot test.
Distribution of the amendment and disappearance of TCE, as well as byproduct generation
will be tracked with time at surrounding monitoring points to determine the feasibility of
full-scale application. A lump sum cost was included in Alternative 5 fora pﬂot test.

5.2.7.3 Installation of Injection Wells, Pneumatic Fracturing and Hydrogen Releasing
Compound Injection

HRC is a proprietary polylactate ester that, upon being deposited into the subsurface,
slowly releases lactate. Lactate is metabolized by naturally occurring microorganisms,
resulting in the creation of anaerobic aquifer conditions and the production of hydrogen.
HRC is manufactured as a viscous gel that can be injected into the saturated zone for plume
remediation. :

An HRC slurry would be injected along a two 200-foot long treatment arrays as presented in
Figure 5-3. Rock fracturing using high pressure nitrogen gas would be done at every well
prior to HRC injection. Sampling and analysis would then be performed to ensure
degradation of TCE, and to determine if an additional HRC application is necessary.

A series of 13 4-inch diameter open boreholes would be installed in the contaminant plume
to 130 feet bgs. The borings would be placed at 40-foot centers. The bore holes would be 130
ft deep on average. The HRC will be heated for injection using a heated grout pump, to
reduce the viscosity and allow improved migration of the HRC into the formation. The

estimated HRC application configurations is summarized as follows: N
* Size of Target Remediation Zone - 5 acres

¢ Radius of Influence - 20ft

¢ Number of Injection Wells and Spacing — 13 wells;

e Dose Rate in Ibs/vertical ft of Injection— 4 pounds/linear foot

e Material Requirement — 12,480 pounds

The duration of an enhanced in situ bioremediation is difficult to predict with any accuracy
due to uncertainty about the total contaminant mass and site specific biodegradation rates
that can be achieved. Based on previous studies and the site hydrogeological conditions, the
remediation goals may be achieved in 4 years. For costing purposes, it is assumed that
remediation to PRGs at Site 49 will take 5 to 6 years.

5274 Baseline and Post-injection Monitoring

Bioremediation effectiveness will be monitored by collecting and analyzing groundwater
samples from selected wells prior to, and throughout the duration of, the treatment.
Sampling and analysis will be conducted to track the degradation of contaminants and
byproduct generation, and the dispersion of the electron donor, to determine effectiveness
and if additional applications are necessary.

The scope of each sampling event would be similar to that described in Alternative 4, with
modifications to better understand the effectiveness of the electron donor injection.
Laboratory analysis of the initial sampling rounds would involve analysis of additional .
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parameters, particularly metabolic organic acids, to track the degradation of the HRC
material.

Baseline sampling will be conducted prior to the injection of the electron donor, quarterly
for the next year, and then semiannually until PRGs are achieved. Field sampling efforts
may be conducted more frequently for parameters such as metabolic acids, DO and ORP.
The frequency of sampling events may be adjusted based on the results of the early
sampling events. It is estimated that sampling will be performed at 8 wells during each
round.

5.2.7.5 Reporting

A closeout report would be generated to document the result of the treatment. Technical
memoranda would also be generated to document the results of the out-year verification
sampling rounds. Five-year reports would be prepared as required by CERCLA to
document the effectiveness of the remedy, if PRGs are not met within 5 years.

5.2.7.6 Institutional Controls

Institutional controls to prevent exposure to contaminated groundwater at the site would be
the same as those included in Alternative 2. These would remain in effect until groundwater
PRGs are met throughout the plume and nsks to groundwater are shown to be reduced to
acceptable levels.

5.2.7.7 Uncertainties and Assumption |

The effectiveness of the various reagents that could be used to enhance in situ
bioremediation in fractured rock have not been well documented to date. The rock matrix
will present some inherent problems in trying to establish a viable colony of dechlorinating
bacteria that can effectively treat the groundwater. The microbes grow on solid surfaces,

- and the large diameter void spaces in rock fractures (as compared to unconsolidated soil)
would not allow the necessary contact time between the contaminants in the water and the
microbes on the rock edges.

Similar to any in situ technology, its effectiveness will be limited by the subsurface
heterogeneities present at the site and the ability to deliver the chemicals throughout the
heterogeneous formation. Groundwater flow through a formation composed of
unconsolidated sediment can be well characterized in terms of direction and magnitude at
the macro-level as well as smaller scales. However, the fractured bedrock flow system at Site
49 is not so easily characterized. At the largest scale, it is known that groundwater flows
from west to east and discharges to Paint Branch. Beyond this, not much is known about
flow paths. The effectiveness and radius of distribution achieved at one injection boring will
not be applicable to others, and it will not be possible to confirm or even estimate what
radius has been achieved. The term “radius of distribution” is also misleading because
distribution will be governed by the number and continuity of the fractures that are
intercepted by an injection boring and will not be comparable from boring to boring, at
different depths within the same boring, nor even in all directions at a particular depth in a
boring. Because of these inherent properties of fractured rock it is highly unlikely that all
fractures containing impacted groundwater will be treated under this alternative.
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The areal extent and vertical distribution of the plume is not completely defined. Further o
groundwater sampling may lead to a modified area of treatment.

‘53 Comparative Analysis and Summary of Groundwater
Alternatives

Table 5-3 provides a summary of the results of the detailed analysis and a numeric ranking
of each criterion. A numeric value from 0 to 5 was assigned to each of the balancing criteria.
Where significant uncertainty existed in the value of the ranking, a numeric range was
provided to include the bracket of uncertainty. The values were added to arrive at a final
total score for each alternative. Each criterion was assigned equal weight in the final score.

~ The highest-ranking alternatives are as follows:

e Alternatives 4 and 4A — In situ Chemical Oxidation without/with Rock Fracturing
¢ Alternative 5 - Enhanced In situ Anaerobic Bioremediation with Rock Fracturing

Alternative 4, ISCO has a similar ranking to Alternative 4A, however the increase in
effectiveness due to the rock fracturing compensates for the small increase in price.
Alternatives 4 and 4A would be closer in price if a second injection is required.

Alternative 5, enhanced in situ bioremediation, had a score of 16, 4 points below the highest
score. This alternative has a higher cost and its short term effectiveness is lower due to the
fact that bioremediation is slower than ISCO and because there is considerable uncertainty
with the ability to grow a viable and effective dechlorinating microbe colony in the rock
matrix. However, the need for a second injection is less likely with Alternative 5 than it is
under Alternative 4A.

. Pump and treat alternatives 3 and 3A have scores of 13 to 15, and are not as effective in-
reducing the contamination at Site 49. Also the cost of implementing these alternatives is

- considerably higher due to the long-term operation and maintenance requirements for the
- treatment system.

Two alternatives do not comply with the threshold criteria. These alternatives are no-further
~action and institutional controls.

Sy,
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TABLE 5-1

Summary of Remediation Altematives for Site 49 Groundwater
Feasibility Study for Site 49

Former NSWC White Qak, Silver Spring, Maryland

AtID Alternative Name Description and Objective

ALT-1 No Action No remedy will be implemented. No additional monitoring will be
performed. This alternative is included in part for baseline
comparison. lt is assumed that 5-year reviews will be conducted
because contamination will be left in place

ALT-2  Institutional Controls and A Land Use Control and Implementation Plan (LUCIP) will be
Monitored Natural Attenuation prepared, implemented, and enforced to prohibit installation of

production wells into the contaminated aquifer. This will ensure
that there is no human exposure pathway to the contaminants left
in-place. Remediation of the site will be left to the naturally
occurring processes of biodegradation, adsorption, dilution, and
dispersion. A network of monitoring wells will be observed for
trends in contaminant concentrations and NA indicator parameters
to support the effectiveness of MNA. The objective is to attenuate
contaminants to PRGs in groundwater.

ALT-3  Groundwater Extraction and A groundwater pump and treat system will be installed to
Treatment (P&T) hydraulically control and remove dissolved contaminants from the

groundwater in the TRZ. A network of pumping wells will
discharge to a centralized treatment system comprised of a liquid-
phase granular activated carbon (LGAC) system o remove the
VOCs from the groundwater prior to discharge to a surface water
body via an NPDES permit. The objective is to conirol migration of
the dissolved contamination containing elevated contaminant
concentrations and remediate the groundwater to PRGs.

ALT-3A P&T with rock fracturing The effectiveness of the pump and treat system will be enhanced
by fracturing the rock.

ALT-4 Insitu Chemical Oxidation (ISCO)} A chemical such as potassium permanganate will be injected and
distributed throughout the TRZ of groundwater contamination to
oxidize the contaminants to innocuous compounds such as
carbon dioxide and water. The objective is to oxidize
contaminants to PRGs in groundwater.

ALT-4A  ISCO with rock fracturing The effectiveness of the potassium permanganate will be
enhanced by fracturing the rock.
ALT-5  Enhanced Reductive The naturally occurring process of reductive anaerobic
" Dechlorination with rock degradation will be enhanced through injection and distribution of
fracturing an electron donor and/or bioaugmentation to increase the

biodegradation rates of the contaminants. The objective is
biodegradation of the groundwater contaminants to PRGs.
Institutional Controls as described in Alternative 2 will be put in
place until BAOs are achieved by this technology. Rock fracturing
will be used to improve the effectiveness of HRC.
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TABLE 5-2

Detailed Analysis of Site 49 Groundwater Remediation Altematives
Feasibility Study for Site 49

Former NSWC White Oak, Silver Spring, Maryland

CERCLA Criteria ALT-1 —No Action

ALT-2 — Institutional Controls with LTM

ALT-3 ~ Groundwater Extraction and Treatment

ALT-3A - Groundwater Extraction and
treatment with Rock Fracturing

Protection of Human Health and the NOT PROTECTIVE - This alternative does not

PROTECTIVE - Site specific administrative

PROTEGTIVE - Plume migration will be controlied and mass

PROTECTIVE ~ See ALT-3

Environment provide any increased protection of human health measures will be used to prevent exposure to removed from the site via dissolution and pumping. There is
8 and the environment. However there are no contaminated groundwater. significant uncertainties as to whether ARARSs can be met,
2 current risks and there are local ordinances that and the theoretical time to remediation which varies widely
3 prevent the private use of groundwater for (10 year estimate).
% drinking water purposes. ) .
@ . Compliance with ARARs - NOT COMPLIANT- Groundwater above MCLs . NOT COMPLIANT - Contaminant concentrations COMPLIANT — P&T systems are effective at plume control, COMPLIANT ~ See ALT-3
= ; will be left in-place. - exceeding MCLs will persist in the groundwater, but LESS effective at returning groundwater to MCLs. Ex-situ
= , : . however monitoring will be implemented assess granular activated carbon treatment systems have been
- .contaminant trends over time. proven highly reliable to treat the extracted groundwater to
oo _ surface water discharge criteria over the long-term.
~* Long-term Effectiveness and- NONE (0) — No measures will be taken to manage  MODERATE (3) — Administrative measures can be MODERATE (3) - The P&T system would remove the MODERATE (3-4) - Effectiveness and
- - Permanence - contamination feft in-place. No site-specific ] effective, but only if long-term site access is managed contaminants from the. subsurface y!eld{ng low residual risk performance are improved over alternative
: restrictions would be put in place to prevent future  diligently. Sale of reuse of the land will be affected by  evels. However, as with use of any in-situ treatment 3.
exposure.. » ’ " Yestrictions on use of groundwater. technplogy, small pockets of undetected gontamlnatlon may
v - remain after treatment and pose a small risk. Rebound
h effects are also common in pump and treat applications. ,
Reduction in Toxicity, Mobility, or NONE (0) — The site will be left as is and only the = NONE (0) — The site will be left as is and only the MODEBATE,@) n The P&T systerp will b.e very effective at MODERATE (4) ~Mass remoyal rales are
Volume : : relatively slow natural processes of dilution, ' relatively slow natural processes of dilution, controlling migration of the contaminants in the groundwater. - increased compared to altemative 3.
‘ volatilization, biodegradation, adsorption, and  volatilization, biodegradation, adsorption, and it will, however, be slow at mass removal. Contaminants that
dispersion will act to reduce the levels of dispersion wilf act to reduce the levels of groundwater 3'€ T emoved will be transferred to the carbon.
groundwater contamination. contamination. :
- Short-term Effectiveness NONE (0) — no remediation activity, however the -~ LOW to MODERATE (2) - There is no increased risk ~ MODERATE (3) —There is a relatively long remediation time  MODERATE (3-4) — Since system
' remediation timeframe is estimated at over 30~ "-during implementation however the remediation frame, between 10 and 30 years depending on system performance is improved, six years is more
years depending on NA pracesses’ effectiveness. timeframe is estimated to be grater than 30 g?srsfzgmgr‘:cgﬁIf'aﬁ'eect;l:x?r;&;-n'sgitt::c‘i:inr]gr\:]eesdgggﬁ through  achievable compared to alternative 3.
© . o .. S s . 2
,E depending on the NA processes’ effectiveness. timeframe if NAPL or significant adsorbed phase is present.
'6—' The ability of the P&T system to meet MCLs in a reasonable
o timeframe is uncertain. It will depend upon the presence of
5 residual-NAPL stringers that will act as long-term sources of
5 contamination. Risks to workers and the community during
§—.§ construction are minimal since it involves well, piping, and

- Implementability HIGH (5) — Nothing to implement.

HIGH (5) - While this alternative is highly feasible on

" atechnical basis, it may present administrative issues

~if controls are to be in place in perpetuity.

Cost * LOW (5)

-$ 17,000 present worth cost
- $ 0.00 capital cost

- $ 5,500 Five-Year Review

- $ 0.00 post-closure cost

LOW to MODERATE (4)

- $ 312,000 present worth cost
- $ 65,000 capital cost

- $ 13,000 annual O&M cost

equipment installation only. P&T will not adversely affect
downgradient attenuation of the dissolved contaminarit
plume.

MODERATE (3) — A National Pollutant Discharge
Elimination System (NPDES) permit will be required to
discharge treated water to a nearby surface water stream.
The facility already holds NPDES permit for an-existing P&T

system, therefore, this is not expected to be difficult to obtain. -

P&T system components are all readily accessible.

HIGH (1)

- $ 1,506,000 present worth cost

- $ 717,000 capital cost
- $ 83,000 annual O&M
- $ 76,000 posi-closure cost

MODERATE (3) — See alternative 3.

HIGH (0)

- $ 1,716,000 present worth cost
- $ 1,126,000 capital cost

- $ 89,000 annual O&M

- $ 76,000 post-closure cost

* The cost estimates provided are to an accuracy of +50 percent to -30 percent and are prepared for the sole purpose of alternative comparison. The alternative cost estimates are in 2003 dollars and are based on conceptual design from information available at the time
of this study. The actual cost of the project would depend on the final scope and design of the selected remedial action, the schedule of implementation, competitive market conditions, and other variables.

DEN\TABLE 52.D0C

005385BBTZ.



TABLE 52 (CONTINUED)
Detailed Analysis of Site Site 49 Groundwater Remediation Alternatives
Feasibility Study for Site 49
Former NSWC White Oak, Silver Spring, Maryland

CERCLA Criteria

ALT-4 — In- Situ Chemical Oxidation

ALT-4 A~ In- Situ Chemical Oxidation
with Rock Fracturing

ALT-5 — Enhanced Reductive Dechlorination with Rock Fracturing

Threshold Criteria

Protection of Human Health
and the Environment

Compliance with ARARs

PROTECTIVE — Human health and the environment will be
protected through permanent insitu destruction of the
contamination. ICs will be used to control exposure to
contamination during implementation of the remedy.

COMPLIANT — Theoretically, ISCO should be able to treat the
TCE in groundwater to MCLs. However, there are few sne case
studies where MCLs have been achteved ,

PROTECTIVE — See Alternative 4.

COMPLIANT — Oxidant delivery
problems should be solved with
pneumatic fracturing.

PROTECTIVE — Human health and the environment will be protected through treatment of the -
contamination. Groundwater monitoring will be performed to track the plume during treatment. ICs will
be used to control exposure to contamination during implementation of the remedy. While there a
significant uncertainties as to whether ARARSs can be met, the theoretical time to remediation is
moderately fast. A pilot test would be warranted.

COMPLIANT - ERD is primarily effective at treating dissolved contamination and will treat residual
NAPL. The ability of ERD to meet ARARSs (i.e., MCLs).will depend on the ability to deliver the electron
donor to the aquifer effectively through the rock formation. If residual NAPL is present, then ERD
alone will likely not meet MCLs in a reasonable timeframe.

Balancing Criteria

Long-term Effectiveness and

Permanence

Reduction in Toxicity,
Mobility, or Volume

Short-term Effectiveness

Implementability

Cost

MODERATE TO HIGH(4) — Coﬁtaminants are destroyed in place |

through permanent, rapid, irreversible reactions. -

HIGH (5} — TCE and other alkenes will be destroyed insitu
through chemical oxidation to harmless by-products..

MODERATE TQO HIGH (4) - Remediation timeframe is relatively
fast if ISCO is effective: an estimated 1-2 years. ISCO is effective
at treating residual TCE NAPL, if present, and therefore, can
greatly reduce the remediation timeframe. Handling of hazardous
chemicals presents a minimal risk to workers, but can be simply
controlled using proper equipment and trained personnel. ISCO
will likely negatively impact MNA by consuming electron donor
and raising redox conditions, hawever rebound of favorable
conditions would be expected in a relatively quick time frame (less
than a year after ISCO treatment stops).

MODERATE (3) — A class V injection permit may be required for
treatment using ISCO. Many states allow injection of ISCO
chemicals, therefore, it is not expected to be.a problem since the
chemicals are for treatment and will be consumed as part of the
process. ISCO chemicals are readily available. Successful
implementation of this remedy requires delivery of reagent to and
mixing with contaminants. Given the uncertainties associated
with the fractured bedrock flow system and the low permeability of
the bedrock, delivery efficiency is expected to be low, requiring
dense injection well grids, uncertainty in time to achieve RAQOs
and high contingency costs. Pilot test would be warranted.

MODERATE (3)

- $ 833,000 — 983,000 present worth cost
(depending on second injection)

- $ 590,000 capital cost

- $ 21,000 annual O&M

- $ 68,000 post-closure cost

MODERATE TO HIGH(4) — See
alternative 4.

HIGH (5). — See alternative 4

HIGH (4 -5)— Effectiveness and
performance are improved by using
rock fracturing.

MODERATE (3} — Pneumatic fracturing
is relatively innovative and would add
complexity to alternative 4. Pneumatic
fracturing will improve the delivery
efficiency of the reagent. Pilot test
would be warranted to measure the
effectiveness of rock fracturing.

MODERATE (3)

- $ 1,175,000 — 1,275,000 present worth
{Depending on second injection)

- $ 938,000 capital cost

- $ 22,000 annual O&M

- $ 57,000 post-closure cost

MODERATE to HIGH (4) - The mechanisms of ERD will act to convert the contaminants to harmless
by-products. Therefore, assuming MCLs are met and there are no rebound effects the residual risk
level will be fow. However, as with use of any in-situ treatment technology, small pockets of
contamination may remain after treatment and pose a small nsk Use of the land will be unrestricted
after treatment.

MODERATE to HIGH (4) - The effect of ERD on reduction of TCE is similar to the Alternative 2,
however the enhancement of the biological process would likely make it more dominant than would
otherwise be experienced in ALT 2. (more degradation and less dispsrsion and dilution). The
expedited remediation timeframe, will lessen the risk for potential plume migration.

MODERATE (3) — The remediation timeframe is estimated at 5 years for the Target Remediation
Zone (TRZ), Significant uncertainties are present due to the low permeability of the rock. Chemical
handling of the electron donor is not especially-hazardous and can be performed using typical
injection wells and pumps.

MODERATE (3) — A subsurface injection permit wili be required for treatment using ERD. Many states
allow injection of ERD chemicals, therefore, it is not expected to be a problem since the chemicals are
generally harmless and will be consumed as part of the process. ERD chemicals are readily available.
Successful implementation of this remedy requires delivery of reagent to and mixing with
contaminants. Given the uncertainties associated with the fractured bedrock flow system and the low
permeability of the bedrock, delivery efficiency is expected to be low, requiring dense injection well

. grids, uncertainty in time to achieve RAOs and high contingency costs.. Pilot test would be warranted.

MODERATE TO HIGH (2)

- $ 1,341,000 present worth cost
- $ 1,020,000 capital cost

- $ 43,000 annual O&M cost

- $ 51,000 posi-closure cost




TABLE 5-3

Summary of Detailed Alternatives Analysis for Site 49 Groundwater
Feasibility Study for Site 49
Former NSWC White Oak, Silver Spring, Maryland

CERCLA Criteria

Site 49 Groundwater Remediation Alternatives

Protection of Human Health and the Environment

Threshold
criteria Compliance with ARARs
Long-term Effectiveness and Permanence’
Redugtion in Toxicity, Mobility, or Volume'
Balancing | gpot-term Effectiveness'
criteria
Implementability’
Cost?
TOTAL SCORE
NOTES:

ALT-1

NFA

ALT-2
IC

ALT-3 ALT-3A ALT-4 ALT-4A ALT-5
P&T P&T 4 ISCO ISCO + ERD
RF RF
Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes
3 34 4 4 4
3 4 5 5 4
3 3-4 4 4-5 | 3
3 3 3 3 3
1 0 3 3 2
13 1315 19 19-20 16

1 - Alternatives are ranked relative to each other in each category with zero (0) the lowest ranking and five (5) the highest ranking. A numeric range is
provided in parenthesis where significant uncertainty exists.
2 - The ranking for cost is reversed, an assessed quality of Low Cost is equivalent to the highest score of five (5).
3 — Shaded columns failed one or both of the threshold criteria

DEN\TABLE 5-3.00C
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Table A-1

Detections In Groundwater Samples from Temporary Wells
Site 49 RF| Report
NSWC - White Qak, Silver Spring, Maryland

Chemical Name

Station ID 400DP0O1 400DP002 400DP003 400DP004 49DP205 49DP206 49DP207 49DP209 49DP210
Sample ID 400DP01-25 | 400DP002-82 | 400DP003-53 | 400DPQ04-48 | 049DP20562 |  049DP20636 049DP20763 049DP20946 | 049DP21032
Sample Date 08/21/0 11/07/01 11/97/01 11/08/01 06/27/02 07/01/02 06/30/02 os/goio2 1 __07/02/02

Volatile Organic Compounds (UG/L)

1,1-Dichloroethane

1,1-Dichloroethene

cis-1,2-Dichloroethene

trans-1,2-Dichloroethene

NA - Not analyzed

B - Blank contamination

J - Estimated

UJ - Undetected, estimated limit
U - Undetected

Acetone 5\U , a
Carbon disulfide 1lU iU 11U

Chioroform . 11U 1U
Chioromethane 11U 11U 11U

Toluene 1{U 1{U 1lU
Trichloroethene '

Vinyl chloride

Page 1 of 1




Table A-2
Detections In Groundwater Samples from Drive Points along Point Branch Bed
Site 49 RFI Report
NSWC - White Oak, Silver Spring, Maryland

IStation iD 49DP301 49DP302 49DP303 49DP304 49DP305 49DP306 49DP307 49DP308
ISampIe ID 049DP30102 § 049DP30203 j 049DP30302 | 049DP30402 049DP30503 049DP30602 049DP30702 049DP30802
ISample Date 11/20/02 11/20/02 11/20/02 11/20/02 11/22/02 11/22/02 11/22/02 11/22/02
IDepth of Sample (ft) 2 3 2 | 5 3 2 2 2
{Chemical Name

Volatile Organic Compounds (UG/L)

1,1-Dichloroethane 0.5\U 0.5\U 0.5/U 0.5{U 0.5|U 05U [ - 0.5/U
1,1-Dichloroethene 0.5|U 0.5|U 0.5|U 0.5|U 0,5\U 0.5|U 0.5{U 0.5{U
Acetone 7.7|B 9.2|B B B

Carbon disulfide 0.5|U 0.5|U 5(U U

Chioroform 0.5(U 0.5|U 51U U

Chioromethane 0.5|U 0.5|U 5{U

Toluene 0.5|U 0.5|U 5|U

T richloroethene 0.5U 0.5U

Vinyl chloride 0.51U 0.5{U

cis-1,2-Dichloroethene 0.5{U 0.5{U

ftrans-1,2-Dichloroethene 0.5{U 0.5|U

NA - Not analyzed

B - Blank contamination

J - Estimated

UJ - Undetected, estimated limit
U-Upr "~cted

P ~10f1



NSWC - White Oak, Silver Spring, Maryland

Table A-3
Detections In Monitoring Well Samples
Site 49 RFI Report

|station ID

49GW200

49GW201D

49GW2010D

49GW2018

Isample ID

049GW2000001

049GW2000002

049GW201D001

049GW201D002

049GW201DD001

049GW2015001

049GW2018002

049GW20189902

Isample Date

08/02/02

10/10/02

08/02/02 10/10/02

02/10/08

08/02/02

10/10/02

10110/02

INotes

Duplicate

Chemical Name

Volatile Organic Compounds (UG/L)

1,1,1-Trichloroethane

1,1-Dichloroethane

1,1-Dichloroethene

1,2-Dibromoethane

1,2-Dichloropropane

UJ

0.5

G|, o

uJ

0.5

Acetone

26

=]

R

59

Bromoform

Bromomethane

Chloroform

UJ

0.5

Cyclohexane

Methane

Methyl-tert-butyl ether (MTBE)

Styrene

Tetrachloroethene

clicim|jCcicic|Cc|C

UJ

0.5

cliciclicinicic

O ¢ o
o
cicijc|c|m|Ccic}

Toluene

Trichloroethene

Vinyl chloride

cis-1,2-Dichloroethene

trans-1,2-Dichloroethene

iSemivolatile Organic Compounds (UG/L)

Acenaphthene NA 5.3|U NA NA 5.3{U NA NA

Dimethyl phthalate NA 5.3/U NA NA 5.3|U NA NA

Phenanthrene NA 5.3/U NA NA 5.3|U NA NA

|Explosives (UG/L)

No Detections

{Unfiltered Metals (UG/L) |

Aluminum | NA NA

Arsenic 2.8{U | NA NA

Barium = 2| NA NA
NA - Not analyzed R - Unusable

B - Blank contamination
J - Estimated

K - Biased high

L. - Biased low

U ~ Undetected
UJ - Undetected, estimated limit
UL - Undetected, limit biased low

Page 10f 9




Table A-3
Detections In Menitoring Well Samples
Site 49 RFI Report
NSWC - White Oak, Silver Spring, Maryland
IStation 1D 49GW200 49GW201D 49GW201DD 49GW201S
|Sample 1D - 049GW2000001 049GW2000002 049GW201D001 049GW201D002 049GW201DDQ01 049GW2018001 049GW2015002. | 049GW20159902
|Sample Date 08/02/02 10/10/02 08/02/02 10/10/02 02/10/03 08/02/02 10/10/02 10/10/02
[Notes Dupliate
Beryllium NA NA 0.1 0.1 NA NA
Cadmium ' NA 0.3)L 0.2 NA NA
Calcium NA NA
Chromium NA NA
Cobalt NA NA
Copper NA NA
firon NA NA
lLead NA NA
IMagnesium NA NA
IManganese NA NA
Nickel NA NA
Potassium NA NA
Selenium NA NA
Sodium NA NA
Vanadium NA NA
Zine NA NA
IFiltered Metals (UG/L)
Aluminum NA NA
Barium NA NA
Beryllium NA NA
Cadmium NA NA
Calcium NA NA
Chromium NA NA
Cobalt NA NA
Copper NA NA
iron NA NA
lLead NA NA
iMagnesium NA NA
!Manganese NA NA
Nickel NA NA
Potassium NA NA
Selenium NA NA
Sodium NA NA
Vanadium NA NA
NA - Not analyzed R - Unusable
B - Blank contamination U - Undetected
J - Estimated UJ - Undetected, estimated limit
K - Biased high UL - Undetected, limit biased low
. 220f9
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Table A-3

Site 49 RFI Report

Detections In Monitoring Well Samples

NSWC - White Oak, Silver Spring, Maryland

Station ID 49GW200 49GW201D 49GW201DD 49GW2018

Sampie ID 049GW 2000001 049GW2000002 049GW201D001 049GW201D002 049GW201DD001 049GW201S001 049GW2015002 049GW20159902
Sample Date 08/02/02 10/10/02 08/02/02 10/10/02 02/10/03 08/02/02 10/10/02 10/10/02
|Notes Duplicate
Zinc NA 4.9/B NA NA
Wet Chemistry (MG/L)

Alkalinity NA NA
Chloride ‘NA NA
Nitrate NA NA
Nitrogen NA NA
{Phosphorus NA NA
|Sulfate NA NA

. NA - Not analyzed
B ~ Biank contamination
J - Estimated
K - Biased high
L - Biased low

R - Unusable
U - Undetected

UJ - Undetected, estimated fimit
UL - Undetected, limit biased low

Page 30of 9




Table A-3

Detections In Monitoring Well Samples

Site 49 RFI Report

NSWC - White Oak, Siiver Spring, Maryland

Station iD 49GW202D 49GW2028 49GW203 49GW204

Sample ID 049GW202D001 049GW2020001 049GW 2029901 049GW 2020002 049GW2030001 | 049GW2030002 | 049GW2040001 | 049GW2040002
Sample Date 02/11/03 08/01/02 08/01/02 10/09/02 08/02/02 10/09/02 08/01/02 10/09/02
Notes Duplicate :

Chemical Name T

Volatile Organic Compounds (UG/L)

1,1,1-Trichlorosthane U

1,1-Dichlorosthane 101U U

1,1-Dichloroethene 10{U U

1,2-Dibromoethane 10{U u

1,2-Dichloropropane 10{U U

Acetong 10{U B

Bromoform 10{U U

Bromomethane 10(U U

Chioreform 10(U B 2 .

Cyclohexane 10|U U 0.5/ 0.5|UdJ 0.5/UJ 0.5]UJ
Methane NA : b At NA Bl NA
IMethyt-tert-butyl ether (MTBE) 10|U u 0.5|U 0.5|UJ 0.5|UJ 0.5|Ud
Styrene 10|U 0.5/ 0.5{UJ 0.5|U 0.5]UJ 0.5|UJ 0.5/UJ 0.5{UJ
Tetrachloroethene 10(U g ‘ 0 0.61U 0.5{U 0.23|B 0.5/UJ 0.5|UJ
Tolusne 10{U 0.5/UJ Q.5]UJ 0.5]U 0.5iUJ 0.5|UJ 0.5/ Q.6{UJ
Trichloroethsne e i G : | 0 0.5/UJ 0.27|B
Vinyl chloride 10{U 0.5|UJ 0.5|UJ 0.5|U 0.5[UJ 0.5(UJ 0.51UJ 0.5(UJ
cis-1,2-Dichlorogthens s e ' o ‘ 0.5\UJ 0.5/
trans-1,2-Dichloroethene 10iU 0.5|UJ 0.5|U) 0.5|U 0.5/UJ 0.5{UJ 0.51UJ 0.5|UJ
ISemivolatile Qrganic Compounds (UG/L)

)Acenaphthens NA 5.6:R 56]|R NA NA 5.3|U NA
Dimethy! phthalate NA 5.61R 5.8[R NA NA 5.3|U NA
Phenanthrene NA 5.6{R 5.6{R NA NA 5.3(U NA
IExplosives (UG/L)

No Detections

Unfiltered Metals (UG/L)

Aluminum 62.2 NA
Arsenic 2.3 NA
Barium st NA
NA - Not analyzed R - Unusable

B - Blank contamination U - Undetected

J - Estimated UJ - Undetected, estimated limit

K - Blased high UL - Undetected, fimit biased low

L - Biase
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Table A-3

Deteétions In Monitoring Well Samples

Site 49 RF| Report

NSWG - White Qak, Silver Spring, Maryland

{Station ID 49GW202D 48GW2028 49GW203 49GW204
Sample 1D 049GW202D001 | 049GW2020001 | 049GW2029301 049GW2020002 | 049GW2030001 | 049GW2030002 | 049GW2040001 | 049GW2040002
Sample Date 02/11/03 08/01/02 08/01/02 10/09/02 08/02/02 10/09/02 08/01/02 10/08/02

[Notes Duplicate
Boryllium ; NA
Cadmium 0.2|U NA
Calgiim NA
Chromium NA
Cobalt NA
Copper 21.6|B NA
Iron NA
Lead 5.3|B NA

{Magnesium { | NA

IManganese i NA
Nickel NA
Potassium 3 . NA
Selenium 2.5|U NA
Sodium NA
Vanadium NA
Zinc NA

|Filtered Metals (UG/L)

Aluminum NA/
Barium NA
Beryllium NA
Cadmium NA|
Calcium NA
Chromium NA
Cobalt NA
Copper NA
glron NA

ILead NA

iMagnesium NA

IManganese NA

{Nickel NA
Potassium NA
Selonium NA
Sodium NA
Yanadium NA
NA - Not analyzed R - Unusable
B - Blank ¢ontamination * U - Undetected
J - Estimated UJ - Undetected, estimated limit
K - Biased high UL - Undetected, limit biased low
L - Biased low . Page 50f 8




Table A-3
W VIONIRONNG We

Site 49 RFI Repont

In Maritacins Wall ©
LAl

NSWC - White Qak, Silver Spring, Maryland

IStation iD 49GW202D 49GW2028 49GW203 49GW204
ISample 1D 049GW202D001 | 049GW2020001 | 049GW2029901 049GW2020002 | 049GW2030001 | 049GW2030002 | 049GW2040001 | 049GW2040002
|Samp|e Date 02/11/03 08/01/02 08/01/02 10/09/02 08/02/02 10/09/02 08/01/02 10/09/02
INotes Duplicate ‘

Zine 39.5/B e NA NA
Wet Chemistry (MG/L)

Alkcalinity NA
Chloride NA
Nitrate NA
Nitrogen NA
Phosphorus NA
Sulfate - NA

NA - Not analyzed

B - Blank contamination
J - Estimated

K - Biased high

L-Blase:

1R - Unusable
tJ - Undetected
UJ - Undetected, estimated limit
UL, - Undetected, limit biased low




NA - Not analyzed

B - Blank contamination
J - Estimated

K - Biased high

L - Biased low

Table A-3
Detections In Monitoring Well Samples
Site 49 RFI Report
NSWGC - White Oak, Silver Spring, Maryland

IStation iD

49GW206D

49GW206M

49GW20685

|Isample ID

049GW206D9901 | 049GW206D001

049GW206M001

049GW20650001

Isample Date

02/12/03 02/13/03

02/12/03

02/11/03

INotes

Ichemical Name

Volatile Organic Compounds (UG/L)

1,1,1-Trichloroethane

10

1,1-Dichloroethane

10

1,1-Dichloroethene

10

1 ;2-Dibromoethane

10

1,2-Dichloropropane

10

Acetone

43

Bromoform

10

Bromomethane

-
(=]

clcimic|cicici{C

c|Ccijm|cjcicic|c

10

Chloroform

Cyclohexane

~
N
cicic|cimiclcicicic

[Methane

IMethyi-tert-butyl ether (MTBE)

Styrene

Tetrachloroethene

(Toluene

Trichioroethene

Vinyi chloride

cis-1,2-Dichloroethene

i ? &

R - Unusable
U - Undetected

UJ - Undetected, estimated limit
UL - Undetected, limit biased low

trans-1,2-Dichloroethene

ISemivolatile Organic Compounds (UG/L)

Acenaphthene NA NA NA NA
Dimethyl phthalate NA NA NA NA
Phenanthrene NA NA NA NA
|Explosives (UG/L)

No Detections
fUnfiltered Metals (UG/L)

Aluminum 161
Arsenic o i 2.3
Barium . 1 o 76
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NA - Not analyzed

B - Blank contamination
J - Estimated

K - Biased high

L - Biase '

Table A-3
Detections In Monitoring Well Samples
Site 49 RFI Report
NSWC - White Qak, Silver Spring, Maryland

IStation ID 49GW206D 49GW206M 49GW206S
Sample ID 049GW206D9901 | 049GW206D001 049GW206M001 | 049GW206S0001
Sample Date 0212/03 02/13/03 02/12/03 02/11/03
INotes Duplicate
Beryllium 0.1 0.1
Cadmium 0.3
Calcium ;
Chromium
Cobalt
Copper
firon
ILead
IMagnesium
|Manganese
Nickel
Potassium
Selenium
Sodium
Vanadium
Zinc
[Filtered Metals (UG/L)

Aluminum NA
Barium NA
Beryllium NA
Cadmium NA
Calcium NA
Chromium NA
Cobalt NA
Copper NA
firon NA
ILead NA
IMagnesium NA
IManganese NA
Nickel NA
Potassium NA
iSelenium NA
Sodium NA
Vanadium NA
R - Unusable

U - Undetected
UJ - Undetected, estimated limit
UL - Undetected. limit biased low

‘?sofg



NA - Not analyzed

B - Blank contamination
J - Estimated

K - Biased high

L - Biased low

Table A-3
Detections In Monitoring Well Samples
Site 49 RFI Report
NSWGC - White Oak, Siiver Spring, Maryland

Station ID

49GW206D

49GW206M

49GW206S

Sample ID

049GW208D9901 | 049GW208D001

049GW206M001

049GW20650001

Sample Date

02/12/03 02/13/03

02/12/03

02/11/03

INotes

Duplicate

Zing

NA 28.1

44.8/B

17.8/B

Wet Chemistry (MG/L)

Alkalinity

Chloride

INitrate

INitrogen

IPhosphorus

|Sulfate

R - Unusable
U - Undetected
UJ - Undetected, estimated limit
UL - Undetected, limit biased low
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Appendix B
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Table B-1
Chemical-Specific ARARs
Feasibility Study for Site 49

Former NSWC White Oak, Silver Spring, Maryland
e e

Chemicals &

Relevant Media Requirement Prerequisites Citation ARAR or TBC Comments
Groundwater, Meet National Primary Drinking water source or |Safe Drinking Water [Applicable Regulation does not apply where
residential water  |Standards for maximum potential source Act (SDWA): 40 CFR groundwater quality has concentrations
supplies contaminant levels (MCLs). 141 National Primary of totai dissolved solids (TDS) greater

Erinking Water than 2,500 mg/L. In these instances, the
Regulations. Medium-Specific Concentration for
groundwater may be multiplied by 100.
MCL used as PRG for Site 49
groundwater.
Surface water Water Management Program |Surface water CWA: 40 CFR 122- {Applicable
approval for short-term discharges 123 NPDES permit
discharges and NPDES for program
Jong-term discharges. .
Surface waters of {Protect and maintain the Activities that wili poliute | COMAR 26.08, Applicable This regulation is applicable for remedial
the State quality of surface water in the {the State's surface chapters 1 through 7 actions that may affect surface water
State of Maryland. Criteria andjwaters quality in the State of Maryland.
standards for discharges.
Limitations and policy for
antidegradation of the State's
surface water.
Surface water Ambient Water Quality CriteriajActivities that affect or |40 CFR 129 Applicable These regulations were used in the
established to protect aquatic |may affect the surface development of PRGs for Site 49.
life and human consumers of jwater onsite
water or aquatic life.
Carcinogens in Not to exceed media-specific [Potential exposure NCP TBC Use 1o calcuiate site-specific PRGs for
groundwater and  |concentration that causes a Site 49 groundwater.
surface water lifetime cancer risk of between 5
1 in 10,000 and 1 in 100,000.
Systemic toxicants {Not to exceed media-specific |Potential exposure NCP TBC Use to caiculate site-specific PRGs for
in groundwater and [levels where people could be groundwater.
surface water exposed by direct ingestion or
inhalation on a daily basis
without appreciable risk of
deleterious effects.
Air Emissions limitations related |Air emissions Clean Air Act (CAA). |Applicable Treatment alternatives such as air
to attainment of National Annotated code of stripping, soil vapor extraction, or air
Ambient Air Quality Standards Maryland Tittle 2 sparging will involve air emissions.
and Emission Standards for
Hazardous Air Pollutants.

ICAA - Clean Alr Act

ARAR - Applicable or relevant and appropriate requirement

NPDES - National Polfutant Discharge Eiimination System.

QSHA - Occupational Safety and Health Administration
CERCLA - Compl 0 nVire I R Compensation, and Liability Act
SDWA - Safe Drinking VWater Act .

SMCLs - Secondary Maximum Contaminant Levels

TBC - To be considered

RCRA - Resource Conservation and Recovery Act
CFH - Code for Federal Regulations

CWA - Clean Water Act

EPA - U.S. Environmental Protection Agency




Table B-2
Location-Specific ARARs

Feasibility Study for Site 49

Former NSWC White Oak, Silver Sprin__g__, Maryland

Location

Requirement

Prereguisite

Citation

Applicability
Determination

Comments

which endangered
species or threatened
species depend.

nt
Avoid undesirable impacts on landmarks.

Areas designated as historic
sites.

Federal Location-$,

16 USC 481

Action {0 conserve endangered species-or threatened species,
including consultation with the Department of the Interior.
Reasonable mitigation and enhancement measures must be
taken, including live propagation, iransplantation,

and habitat acquisiti i veme:

Area affecting streams
ar other water bady

Fieh and Wildiite Goordin

ationAct nd Wildlife improvementAl
Provides protection for actions that would
affect streams, wetlands, other water

bodies or protected habitats; Any action
taken should proteet fish or wildlife.

Détermxnahon of effect upoyn
endangered or threatened
species or their habitat by

iversion, channeling or othel

or wildiife.

conducting biclogical assessments.

ecific ARARs

40 CFR 6.301 (a)

16 USC 1531;
16 USC 1536(a);
50 CFR 81, 225, 402

-487, Relevant and
Approptiate

The regulations are relevant and appropriate in situations where
remedial actions may adversely affect the historical structures
located on Site 49.

White Oak. These regulations are applicable only if this situation changes.

activity that modifies a stream or
other water body and affects fish

JWAetI'andws as défineaﬁby/éxeéuiive

6 USC 667

16 USC 662;
16 USC 742a;
16 USC 2901;

Responée actions will incorporate protection égalns
any area water bady, wetlands, or protected habitats,

There are no records of federal endangered plant and animal species located at

TAs fegulattoh may be an AﬁAﬁ for activities 6¢cs:|rnng in areas tﬁat

Critical habitat upon
which endangered
species or threatened
species depend.

Requires action to tonserve endangered or threatened fish
species and the critical habitats they depend on. May not reduce
the likelihood of either the survival or recovery of a listed species
in the wild by reducing the reproduction, numbers or distribution
of a listed species or otherwise adversely affect the specles.

Determination of effect upon
endangered or threatened
species or its habitat,

Potentially
applicable

wetlands, Wetlands of primary ecological significance must Order 11990 Section 7. Appendix A, excluding meet the definition of & wetland, Remedial activities must minimize
not he altered so that scological systems in the wetlands Sections 6(a)(2), the destruction, loss, or degradation of the wetlands.
are unreasonably disturbed. 6(a)(4), 6(a)(6);
40 CFR 8.302
Cloan Water Act, Séction 404. S . : PO YN ke A 5 . et i S RN
Wetland The degradation Section requires degradation or destruction of Wetland as defined by Executive 40 CFR 230.10; Wetlands and navigable waters are present in the vicinity of
wetlands and other aquatic sites be avoided to the extent possible. Order 11990 Section 7. 40 CFR 231 Bite 49. Remedial activities will comply with the requirements of
{231,1,231.2, this section of the Clean Water Act.
Dredged or fill material must not be discharged to navigable 231.7, 231.8)
waters if the activity: contributes to the violation of Maryland
water quality standards; CWA Sec. 307; jeopardizes
endangered or threatened species; or violates requirements
of the Title |It of the Marine Protection, Research,
and Sanctuaries Act of 1972
Surface Water Ambient Water Quality Criteria established to protect aquatic Activities that affect or may affect 40 CFR 129 Applicable These ragulations were used in the davelopment of the PRGS fof S 49,
life and human consumers of water aquatic life. the surface water onsite
Hazardous Waste Conitrol AdtgHWCAz . . o A T e RN Ve N DU .
IWithin 100-year Facility must be designed, constructed, RCRA hazardous waste; 40 CFR TBC Portions of Site 49 are within the 100-year flood zones, However, actions are
loodplain operated, and maintained to avoid washout, treatmient, storage, or disposal of 264.18 (b) not expected to involve hazardous waste. This would be TBC for nonhazardous
hazardous waste, waste,
Executive Order 11988, Protection.of Floodplaing: Lt b - S Ui g RO CLDAT e T T
Within floodplain Actions taken should avoid adverse effects, Action that will occur in a 40 CFR 8, Applicable Portions of Site 49 are within the 100-year flood zones,
minimize potential harm, restore and preserve floodplain, i.e., lowdands, and Appendix A; excluding therefore the requirements of this regulation are applicable for
natural and beneficial values. relatively flat areas adjoining Sectlons 6(a)(2), any response actions that might involve the use of these
intland and coastal waters and 6(a)(4), 6(a)(8); areas,
ather flood-prone areas. 40 CFR 6.302
lon-Speeifi

Thera are no records of state or fedéral endangered or tﬁrea(ened plant and
animat species located within White Qak, based on inquiries to the Maryland
DNR. These regulations are applicable if this situation changes.




Table B-2
Location-Specific ARARs
Feasibility Study for Site 49
Former NSWC White Oak, Silver Spring, Maryland

Applicability
Determination

Location Citation Comments

Frhreat,e’jn

Requirement Prerequisite

ecles:

These regulations are applicable if remedial actions may jeopardize endangered|

Critical habitat upon Reguires action to conserve endangered or Deterrnination of effect upon COMAR 08,02.12 Potentially
which endangered threatened fish species and the critical habitats endangered or threatened applicable o threatened fish species. Currently, there are no faderal or state endangered
or threatened fish they depend on. fish specles or its habitat. fish species at White Qak,

Fish species inhabit Paint Branch, If response actions
affect these species, the requirements of this title are applicable.

Requirements to conserve specles of fish for human
enjoyrment, for sclentific purposes and 1o ensure thelr
perpetuation as viable components of their ecosystems.

Determination of effect upon Annotated Code of
fish species or its habitat. Maryland Title 4

Applicable

Wildlife species are present at White Oak, |f respanse actions may
affect these species, the requirements of this title are applicabla.

Areas inhabited Reguirements to conserve species of wildiife for human
by wildlife enjoyment, for soientific purposes and to ensure their

erpeluation as viable components of their ecosystems.

Determination of effact upon
wildlife species or its habitat.

Annotated Code of Applicable
Maryland Title 10

o

tla i nd-Nonti ndsihegulat Y ; i S 5 ;| s N |
[[Wetiand Provides regulations for activities on or near nontidal wetlands Activities that will occur on or _T(-)OMAR 26.23; Applicable Nontidal wetlands are present at White Oak,
(an area that is inundated or saturated by surface water or near nontidal wetlands. Annotated Code of A permit or letter of exemption from the Department of
ground water at a frequency and duration sufficient to support, Maryland, Title 5; Natural Resources is required if remedial activities involve
and that under normal circumstances does support, a Code of MD, Title 8-1201; activities on or in nontidal wetlands.

prevalence of vegstation typically adapted for life in saturated
soil conditions). Must obtain a permit from the State in order to
conduct certain regulated activities in a nontidal wetland, or
ithin a buff

Activities that can affect the Annotated Code of
integrity of wetlands, such as Maryland Title 16
dredging or filling

{{Wetlands Requirements to preserve wetlands and prevent their destruction;

requires a license for dredging or filling of wetiands.

Watlands (tidal and nontidal) are present at White Qak,
The requirements of this title ars appiicable for any response
actions that may affect the integrity of these wetlands.

rotect and maintain nontidal waterways and/or state of Activities that affect nontidal COMAR 08.05.03 Potentially Any remedial actions involving alteration to the streams bounding Site 49
loodplaing Maryland floodplaing must follow these regulations waterways and fioodplains Applicable or floadplains (including temporary construction) are subject to these

requirements.

r—— eomtsm—

ater: Paljution Caritrl

aw . L i L A e e R e, T i ) 2k
Establishes effective programs and provides Activities that will poliute the COMAR 9, Parts Applicable This regulation is applicable for remedial actions that may affect
additional and cumulative remedies to prevent, abate, waters in the state. 301-351 water quality in the streams around Site 48,

and control pollution of the waters in the state.

o Reguiatio = - 3 St
Protect and maintain the quality of surface water in the Activities that will poliute the COMAR 26.08, Applicable This regulation is applicable for remedial actions that may affect
of the State State of Maryland. Criterla and standards for discharges surface waters of the state. Chapters 01-07 surface water quality in the State of Maryland.

limitations and policy for antidegradation of the State's limitations
and policy for antidegradation of the State's surface water.

[Wat : o : - .
Water resources Provides for the conservation and protection of the water Activities that affect the water COMAR 26.17.01 Applicable The design for the remedial actions will incorporate the requirements of
of the State resources of the State by requiring that any land-clgaring, resources of the Stats. COMAR 26.17.02, this reguiation.
grading, or other earth disturbances require an erosion- and Annotated Code of
sediment-control plan, Also provides that stormwater must be Maryland Title 4
managad to prevent offsite sedimentation and maintain current
site conditions.
ARARS - Applicable or relevant and appropriate requirements. EQ - Executive Order
RCRA - Resource Conservation and Recovery Act, FR - Federal Register.
ICFR - Code of Federal Regulations. HWCA - Hazardous Waste Contro} Act.
CWA- Cloan Water Act, USC ~ United States Code,
DON - Department of Navy. TBC - To Be Considered.
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Table B-3

Action-Specific ARARs
Feasibility Study for Site 49

Former NSWC White Oak, Silver Spring, Maryland

Requirement

Prerequisite

Citation

ARAR
Determination

Comments

Onsvte waste

Waste generator shall determme if waste is

Federal Actlon—Speclﬁc

Generator of hazardous

ARARs

40 CFR

Applicable )

Applicable for any operatlon where waste

generation hazardous waste. waste. 262.10 (a), is generated. Remedial alternatives for Site 49
262.11 may generate contamingted wastes.
Hazardous waste Generator may accumulate waste on Accumulate hazardous 40 CFR 262.34 Potentially If waste generated at White Oak is determined
accumulation site for 90 days or less or must comply with waste, applicable 10 be hazardous, any storage of the hazardous
requirements for operating a storage facility, waste will not exceed 90 days. Accumulation
of hazardous wastes onsite for longer than
90 days would be subject to the substantive
RCRA requirements for storage facilities.
Recordkeeping Generator must keep records. Generate hazardous 40 CFR 262.40 Potentially Administrative requirements are not
waste. applicable ARARs for onsite CERCLA actions,
Excavation Movement of excavated materials to new Materials containing 40 CFR 268.40 Patentially Applicable to disposal of soil to a new
location and placement in or on land will trigger RCRA hazardous wastes applicable location and placement in or on land containing

drinking water supply

land disposal restrictions for the excavated
waste or closure requirements for the unit in
which the waste is being placed.

Promulgates Natlonal Primary Dnnklng Water
Standard Maximum Contaminant Levels (MCLs)

No person shall represent that a contamer or

subject to land disposal
restrictions are placed in
another unit,

Interstate carriers

Flelevaht and
appropriate

land-disposal-restricted RCRA hazardous
waste. The wastes generated from response
actions at White Oak may be RCRA
hazardous wastes

These regu!atlons are ARARs for

remedial actions at Site 49 that affect the
groundwater,

Offsite transport of hazardous matenals must

Materials package s safe unless It meets the requirements of transporting hazardous applicable comply with both substantive and administrative
ransportation 49 USC 1802, et seq. or represent that a waste and substances by reguirements,
hazardous material is present in a package motor vehicle, Transportation
or motor vehicle if it is not. of hazardous material under
contract with any department
of the executive branch of
the Federal Government.
No person shall unlawfully alter or deface labels, 49 CFR 171.2(g) Potentially
placards, or descriptions, packages, containers, applicable
or motor vehicles used for transportation of
hazardous materials.
Hazardous Each person who offers hazardous material for Person who offers 49 CFR 172.300 Potentially To be determined. Offsite transport of hazardous
Materials transportation or each carrier that transports it hazardous material for applicable materials must comply with hoth substantive and
Marking, shall mark sach package, container, and vehicle transportation; carries administrative requirements,
Labeling, and in the manner required. hazardous material; or
Placarding packages, labels, or placards
hazardous material.
Each person offering non-bulk hazardous materials 49 CFR 172.301 Potentially
for transportation shall mark the proper shipping applicable

name and identification number (technical
name) and consignee's name and address.

Par 3




Table B-3
Action-Specific ARARs
Feasibility Study for Site 49
Former NSWC White Oak, Silver Spring, Maryland

ARAR
Action Requirement Prerequisite Citation Determination Comments

Hazardous Hazardous materials for transportation in bulk Person who offers 49 GFR 172.302 Potentially
Materials packages must be labeled with proper identification hazardous material for applicable
Marking, (ID) number, specified in 49 CFR 172.101 table, transportation; carries
Labeling, and with required size of print. Packages must remain hazardous material; or
Placarding (conit.) marked until cleaned or refilled with material packages, labels, or placards

requiring other marking. hazardous material.

No package marked with a proper shipping name 49 CFR 172.303 Potentially To be determined. Offsite transport of

or ID number may be offered for transport or applicable hazardous materials must comply with both

transported unless the package contains the . . . substantive and administrative requirements,

identified hazardous material or its residue.

The marking must be durable, in English, in j 49 CFR 172.304 Potentially

contrasting colors, unobscured, and away from other applicable

markings. ’

Labeling of hazardous material packages shall be Person who offers 49 CFR 172.400 Potentially

as specified in the list, hazardous material for appiicable

transportation; carries

Non-bulk combination packages containing liquid hazardous material, or 49 GFR 172.312 Potentially

hazardous materials must be packed with closures packages, labels, or applicable

upward, and marked with arrows pointing upward. placards hazardous

material,

Each bulk packaging or transport vehicle containing 49 CFR 172.504 Potentially

any quantity of hazardous material must be applicable

placarded on each side and each end with the

type of placards listed in Tables 1 and 2 of

49 CFR 172.504.

1) TR s ; i : % :

Hazardous waste Requurements fcr hazardous waste workers such as Hazardous waste 29 CFH 1904 Applicable Fiemedral action acuvlues at White Oak
work training, personal protective equipment (PPE) and work. 29 CFR 1910, will involve hazardous waste workers;

clothing must be met, 29 CFR 1926 therefore the requirements of OSHA

must be met.
State Aetion-s ecific ARARs
Tazdrdous Waste ons S e L iEE R e e e

Storage. Qreatment Regulatlons and procedures for ihe Handling of hazardous COMAH 26.13.01 through  {Potentially Any hazardous waste found during site
or disposal, and identifications, listing, transportation, wastes COMAR 26,13.04, Applicable remegdiation will be disposed of according to
transportation of treatment, storage, and disposal of hazardous Annotated Code of regulations,
hazardous waste wastes must be met, Maryland Title 7

Any residues or by-products from treatment

systems that are hazardous must be
dlsposed of properly.

e i m;tﬁﬁ "z,

pec: |cat|ons for well construc on and abandonment The equirements of this regulation

Well Construction

land Abandonment must be met. Also provides a mechanism to provide the COMAR 26. 04 04 are applicable to the response actions
State of Maryland with a database of existing and abandoned at White Oak if monitoring wells have to be
wells, Permits are required for well construction. installed or abandoned.
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Table B-3
Action-Specific ARARs
Feasibility Study for Site 49
Former NSWC White Oak, Silver Spring, Maryland

ARAR
Determination

Requirement Prerequisite Citation

Comments

Regulations require the deS|gn and Design and construction The remedial action will incorporate
construction of a system necessary to activities measures to control and manage
control stormwater. stormwater ag necessary.

] : ?&i’gﬁ‘ﬁ.ﬁégﬂ i

Land cleanng, gradmg, Regutations require the preparation and

Land clearing, grading, COMAR 26.17.01 Potentially The remedlal action will incorporate

and earth disturbances |implementation of a plan to control erosion and earth disturbances ) Applicable the standards required for clearing,
and sediment for activities involving land grading, and other earth disturbances,
clearing, and grading and earth disturbances. ' Including compliance with county and
Erosion and sediment control criteria are municipal erosion and sediment control
also established. ordinances, and the Commission's

erosmn— and sedimentauon-contrc! regutauons
{ t i :
4 Enéures that the State has fha prxmary enforcement Acuon causing pollutlon of COMAR 9. 04 Parts

responsibility for drinking water standards under drinking water supply 401-413
the Federal Safe DnnkmgWater A 1

= : = k ity ; 3 2 3 B ey o s o1 i : 3
imits set on the Tevels of nofse must Act|on that will generate COMAR 26 02.03. 02A (2) Dunng Site remediation work

generate noise be met; these limits are protective of noise and B(2), COMAR the maximum allowable noise levels
the health, welfars, and property of 26,02.03.02.03A, will not be exceeded at site boundaries.
the people in the State of Maryland, The Annotated Code of
maximum permitted levels for construction Maryland Title 3

activities may not exceed 90 dBA during
the day and 75 dBA during night.
: = T

Actions that involve Provides ambient air quality standards, general emissions Actions that involve
emissions to air standards, and restrictions for air emissions from emissions to air above
construction activities, vents, and treatment technologies spegific limits,

such as incinerators. Also includes nuisance and odor
contral. Construction activities may emit particulate matter
into the ambient alr. Remedlial activities must follow
regulations,

WSTafutes and policies, and Their citations, are provided as headings to Identity general categories of potential AHAHS. SPECHIC potential AHANS are a0aressea in e a6 below Bach Neading.
Acronyms used in the table:

COMAR 26.11 May app|y to airstrlppers. SVE, orb

air sparging alternatives.

ARAR - Applicable or relevant and appropriate requirement NPDES - National Pollutant Discharge Elimination System.

CAA - Clgan Air Act QS8HA - Qccupational Safety and Health Administration

RCRA - Resource Conservation and Recovery Act CERCLA - Comprehensive Environmental Response, Compensation, and Liabllity Aci
CFR - Code for Federal Regulations SDWA - Safe Drinking Water Act

ICWA - Clean Water Act SMCLs - Secondary Maximum Contaminant Levels

DOT - U.S. Department of Transportation TBC - To be considered

EPA - U.8. Environmental Protection Agency USC - United States Code
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COST ESTIMATE SUMMARY ?
PROJECT: Site 49 Feasibility Study
SITE: Site 49, NSWC - White Oak, Silver Spring, Maryland
ALTERNATIVE: 1
DESCRIPTION: No Action
PREPARED BY: José Amaya
" PROJECT NUMBER: 149208.5A.SM

Capital Cost

Construction

Project Management

Design

Construction Management
Subcontractor General Requirements
Contingency

AP P PP PP
'

Total Capital Cost

Annual Operation and Maintenance Cost

Reporting
Professional Services
Subcontractor General Requirements
Contingency

1

&n B B P
i

Total Annual Operations and Maintenance Cost

Five Year Review Cost

5-year Review Report

Professional Services '
Subcontractor General Requirements
Contingency

5,000

500

Total Five Year Review Cost

R P &

5,500

TOTAL PRESENT WORTH $ 17,072

NOTES:

1 - Professional Services includes Project Management, Design/Technical Support, and Construction Management.
2 - The cost estimates provided are to an accuracy of +50 percent to -30 percent and are prepared for the sole
purpose of alternative comparison. The alternative cost estimates are in 2003 dollars and are based on conceptual
design from information available at the time of this study. The actual cost of the project would depend on the final
scope and design of the selected remedial action, the schedule of implementation, competitive market conditions,
and other variables.

AppendixC-1_Alt1NFA_ConcDesig-Final.xls/Cost Estimate Summary
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SITE DATA AND ALTERNATIVE CONCEPTUAL DESIGN

PROJECT: Site 49 Feasibility Study

SITE: Site 49, NSWC - White Qak, Silver Spring, Maryland
ALTERNATIVE: 1

DESCRIPTION: No Action

PREPARED BY: José Amaya
PROJECT NUMBER: 149208.SA.SM

NO ACTIVITY FOR NO FURTHER ACTION ALTERNATIVE.

AppendixC-1_Alt1INFA_ConcDesig-Final .xls/Conceptual Design
06/23° 4,4:10PM Pag  of 1



COST ESTIMATE DETAILS

PROJECT: Site 49 Feasibility Study

SITE: Site 49, NSWC - White Oak, Silver Spring, Maryland
ALTERNATIVE: 1

DESCRIPTION: No Action

PREPARED BY: José Amaya

PROJECT NUMBER: 149208,SA.SM

Assumptions
1. The accuracy of the cost estimate is +50%/~30%

Detailed Capital and Operations and Maintenance Costs

CAPITAL COST

Item/Activity Qty Unit Unit Cost Cost Comments and References
Subtotal Capital Cost $ -

Project Management 8% of $ - 8 -

Technical Support _ 16% of $ - § -

Construction Management 0% of $ - $ -
Subcontractor General Requirements 0% of $ - $ -

Subtotal Capital Cost $ -

Contingency 25% $ - 3 -

TOTAL CAPITAL COST $ -

ANNUAL OPERATIONS AND MAINTENANCE COST

Item/Activity Qty Unit Unit Cost Cost Comments
Subtotal Annual Operations and Maintenance Cost $ :

Project Management 8% of $ . $ -

Technical Support 15% of $ - 3 -

Construction Management 0% of $ - $ -
Subcontractor General Requirements 0% of $ - $ -

Subtotal Annual Operations and Maintenance Cost $ -

Contingency 25% $ - $ -

TOTAL ANNUAL OPERATIONS AND MAINTENANCE COST ] $ -

AppendixC-1_AltiNFA_ConcDesig-Final.xls/Cost Details
06/23/2004, 410 PM Page 1 of2



COST ESTIMATE DETAILS

PROJECT:

SITE:
ALTERNATIVE:
DESCRIPTION:
PREPARED BY:
PROJECT NUMBER:

Site 49 Feasibility Study

Site 49, NSWC - White Oak, Silver Spring, Maryland

1
No Action

José Amaya
149208.SA.SM

FIVE YEAR REVIEW COST

tem/Activity

Qty Unit

Unit Cost

Cost

Comments

S-year Review Report
5-year Review Report

1l8

$ 5,000,00

5,000

Subtotal Five Year Review Cost

5,000

Project Management

Technical Support

Construction Management
Subcontractor General Requitements

0%
0%
0%
0%

5,000,00
5,000.00
5,000.00
5,000,00

1> €3 &0 &5

Subtotal Five Year Review Cost

Contingency

10%

$ 5,000,00

500

TOTAL FIVE YEAR REVIEW COST

aid 1 R B O lerien

5,500

AppendixC-1_ARINFA_ConcDeslg-Final xls/Cost Details

06/23/2 10 PM

2



PRESENT WORTH ANALYSIS

PROJECT: Site 49 Feasibility Study

SITE: Site 49, NSWC - White Oak, Silver Spring, Maryland
ALTERNATIVE: 1

DESCRIPTION: No Action

PREPARED BY: José Amaya
PROJECT NUMBER: 149208.8A.SM

Assumptions
Discourt Rate
Assumes Total PV earns interest for an entire year (12 months), compound annually.

Present Worth Analysis

E A B C=A+B C*A C'B CE
Discount Total PV Balance of Interest
Factor at Capital Costs Total PV OXM Total PV Bearing Account at
Elapsed Time Year 4.2% Capital Cost O&M Cost __Total Cost at4.2% Costs at 4.2% Costs at 4.2% 4.2%
0 2002 1.000 $ - $ - 8 - 8§ - 8 -8 17,789
1 2003 0,960 $ - 8 - 8 - % -8 - 8 18,536
2 2004 0.921 $ - 8 - § - $ - $ - 8 19,315
3 2005 0.884 $ -8 - 8§ - 8 - 8 -8 20,126
4 2006 0,848 $ - 8 - $ - 8 - $ - $ 20,971
5 2007 0.814 $ 5,500 § 5500 § - $ 4,477 § 4,477 & 16,121
6 2008 0.781 $ - § - $ - $ -8 - § 16,798
7 2009 0.750 $ - § - 8 - 8 - § -8 17,504
8 2010 0,720 $ - 8 - $ - 8 -8 - § 18,239
9 2011 0.691 $ - § - $ - § - % - 8 19,005
10 2012 0.663 3 5500 $ 5500 & -8 3645 $ 3,645 $ 14,072
11 2013 0.638 $ - 8 - § - 8 - $ - % 14,663
12 2014 0.610 $ - § - $ - § - % - $ 15,279
13 2015 0.586 $ - $ -8 - $ - $ - 8 15,921
14 2016 0.562 $ - § - 8 - 8 - 8 - % 16,589
15 2017 0.539 $ 5500 $ 5500 § - $ 2,967 $ 2,967 § 11,555
16 2018 0.518 $ - § - 8§ - § -8 - § 12,041
17 2019 0.497 $ - 8 - $ - % - 8 - 8 12,546
18 2020 0.477 $ - § - § - % - $ - § 13,078
19 2021 0.458 $ - § - 8 - $ - § - 8 13,622
20 2022 0.439 $ 5500 § 5500 § - 3 2416 § 2,416 $ 8,463
21 2023 0.421 $ - § - 8 - 8 - § -3 8,819
22 2024 0.404 $ - 8 - 8 - 8 - % - 8 9,189
23 2025 0.388 $ - % - 8 - $ - % - 8 9,575
24 2026 0.373 $ - $ - 8 - % - % - § 9,977
25 2027 0.358 $ 5500 $ 5500 $ -8 1,966 $ 1,966 $ 4,665
26 2028 0.343 $ - § - $ - $ - % - 3 4,881
27 2029 0.320 $ - & - $ - 8 - $ A 5,066
28 2030 0.316 $ - 8 -8 - - $ - % 5,278
29 2031 0.303 $ - 8 - 8 - $ - % - 8§ 5,500
30 2032 0,291 3 5500 $ 5500 $ - 0§ 1,601 $ 1,601 § (0)
Total Alternative 1 $ - $ 33000 $ 33000 $ - $§ 17072 § 17,072

AppendixC-1_Alt1NFA_ConcDesig-Final xs/Present Worth Details
06/23/2004, 4:10 PM

Page 1 of 1






COST ESTIMATE SUMMARY 2

PROJECT: Site 49 Feasibility Study

SITE: Site 49, NSWC - White Oak, Silver Spring, Maryland
ALTERNATIVE: 2

DESCRIPTION: Institutional Controls with Long-Term Monitoring

PREPARED BY: José Amaya

PROJECT NUMBER: 149208.8A.5M

Capital Cost

Well Installation and LUCIP Preparation $ 40,340
Project Management $ 3,227
Design : $ 2,017
Construction Management $ 4,034
Subcontractor General Requirements $ 2,017
Contingency $ 12,909
Total Capital Cost $ 64,544
First Year Operations and Maintenance

Well Development $ 940
Annual Groundwater Monitoring $ 5,550
Annual Reporting $ 4,840
Professional Services ' $ 2,560
Subcontractor General Requirements $ 557
Contingency $ 3,562
Total First Year Operations and Maintenance $ 17,808
Following Years Annual Operation and Maintenance

Annual Groundwater Monitoring $ 5,550
Annual Reporting $ 2,840
Professional Services ' $ 1,930
Subcontractor General Requirements $ 420
Contingency $ v 2,685
Total Following Years Annual Operations and Maintenance $ 13,424 .
Five Year Review Cost v
5-year Review Report $ 5,000
Professional Services * $ -
Subcontractor General Requirements $ -
Contingency $ 500
Total Five Year Review Cost $ 5,500
TOTAL PRESENT WORTH $ 312,417
NOTES:

1 - Professional Services includes Project Management, Desigrn/Technical Support, and Construction Management.
2 - The cost estimates provided are to an accuracy of +50 percent to -30 percent and are prepared for the sole
purpose of alternative comparison. The alternative cost estimates are in 20083 dollars and are based on conceptual
design from information available at the time of this study. The actua! cost of the project would depend on the final

scope and design of the selected remedial action, the schedule of implementation, competitive market conditions,
and other variables. '

AppendixC-2_Alt2IC_ConcDesign-Final.xls/Cost Estimate Summary
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SITE DATA AND ALTERNATIVE CONCEPTUAL DESIGN

PROJECT: Site 49 Feasibility Study

SITE: Site 49, NSWC - White Oak, Silver Spring, Maryland
ALTERNATIVE: 2

DESCRIPTION: Institutional Controls with Long-Term Monitoring

PREPARED BY: José Amaya
PROJECT NUMBER: 149208.SA.SM

NO DESIGN ACTIVITY FOR INSTITUTIONAL CONTROLS ALTERNATIVE.

AppendixC-2_Al21C_ConcDesign-Final.xls/Conceptual Design
06/23" "4, 4:11 PM Pap~ “.of 1



COST ESTIMATE DETAILS
PROJECT:

SITE:!

ALTERNAT IVE:

DESCRIPTION:

PREPARED BY;

PROJECT NUMBER:

Assumptions

1. The accuracy of the cost estimate is +50%/-30%
3. The number of new bedrock monitoring wells required to
4. The number of compliance wells to be sampled is

Site 49 Feasibility Study

Site 49, NSWC - White Oak, Silver Spring, Maryland

2

Institutional Controls with Long-Term Monitoring

José Amaya
149208.5A.8M

be installed

Detailed Capital and Operations and Maintenance Costs

2Hwells per year (5 wells per roun

wells

d, 1 round every 9 months)

CAPITAL COST

Item/Activity __Qty Unit Unit Cost Cost Comments and References
Bedrock/Saprolite Groundwater Monitoring Well Installation 4 well $ 500500 $ 20,020 Assume 130' deep @ $38.5/ft
Well Permits 4 ea $ 3000 $ 120

Equipment Rental 1wk $ 20000 $ 200

LUCIP:Preparation 118 $ 20,000.00 $ 20,000

Subtotal Capital Cost 3 40,340

Project Management 8% of $ 4034000 $ 3,227

Design 5% of $ 4034000 $ 2,017

Construction Management 10% of $ 40,4000 $ 4,034

Subcontractor General Requirements 5% of $ 40,340.00 $ 2,017

Subtotal Capital Cost $ 51,635

Contingency 25% of $ 5163520 $ 12,909

TOTAL CAPITAL COST $ 64,544

YEAR 1 OPERATIONS AND MAINTENANCE COST

ltem/Activity Qty Unit Unit Cost Cost Comments

Well Development

Labor - Technician 8hr $ 5500 §$ 440 2 hrs/well, 1 people

Well Development Equipment Rentai 1ls $ 50000 § 500

Total Well Development $ 940

Annual Groundwater Monitoring

Labor - Technician 45 hr $ 55,00 § 2,475 3 hrs/well, 2 people
Groundwater Sample Analysis 15 sample $ 18500 § 2,025 YOC 5 extra QA/QC samples.
Sampling Supplies 1.5 round $ 20000 $ 300

GW Sampling Equipment Rental 1.5 round $ 500.00 § 750

Total Annual Groundwater Monitoring $ 5,550

Annual Reporting

Labor - Engineer/Hydrogeologist 40 ht $90.00 $ 8,600
AppendixC-2_Alt2IC_ConcDesign-Final.xis/Cost Details
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COST ESTIMATE DETAILS

PROJECT: Site 49 Feasibility Study
SITE: Site 49, NSWG - White Oak, Silver Spring, Maryland
ALTERNATIVE: 2
DESCRIPTION: nstitutional Controls with Long-Term Monitoring
PREPARED BY: José Amaya
PROJECT NUMBER: 149208.SA.8M
Labor - Editor 8 hr $65.00 $ 520
Labor - CAD Techniclan 8 hr $65.00 b 520
Total Annual Reporting $ 4,640
Subiotal Year 1 Operations and Maintenance Cost 3 11,130
Project Management 8% of $ 11,130.00 § 890
Technical Support 15% of $ 11,13000 $ 1,670
Construction Management 0% of $ 11,18000 $ -
Subcontractor General Requirements 5% of $ 11,1830.00 $ 557
Subtotal Year 1 Operations and Maintenance Cost $ 14,246
Contingency » 25% of $ 14,246.40 §$ 3,562
TOTAL YEAR 1 OPERATIONS AND MAINTENANCE COST $ 17,808
FOLLOWING YEARS OPERATIONS AND MAINTENANCE COST
ltem/Activity Qty Unit Unit Cost Cost Comments
Annual Groundwater Monitoring
Labor - Technician 45 hr $ 5500 § 2,475 3 hrs/well, 2 people
Groundwater Sample Analysis 15 sample $ 13500 $ 2,025 VOC, 5 exira QA/QC samples.
Sampling Supplies 1.5 round $ 20000 $ 300
GW Sampling Equipment Rental 1.5 round $ 50000 § 750
_Total Annual Groundwater Monitoring $ 5,550
Annual Reporting
Labor - Engineer/Hydrogealogist 20 hr $90.00 $ 1,800
Labor - Editor 8 hr $65.00 $ 520
Labor - CAD Technician 8 hr $65.00 5 520
Total Annual Reporting $ 2 840
Subtotal Following Years Operations and Maintenance Cost b 8,390
Project Management 8% of $ 839000 $ 671
Technical Support 15% of $ 839000 $ 1,259
Construction Management 0% of $ 839000 §$ -
Subcontractor General Reguirements 5% of $ 8890.00 $ 420
Subtotal Following Years Operations and Maintenance Cosi ] $ 10,739
Contingency - 25% of $ 10,733.20 $ 2,685
TOTA_[_F FOLLOWING YEARS OPERATIONS AND MAINTENANCE COST $ 13,424
Appendix®™ ~. AR2IC_ConcDesign-Final xis/Cost Details .
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COST ESTIMATE DETAILS
PROJECT:

SITE:

ALTERNATIVE:

DESCRIPTION:

PREPARED BY:

PROJECT NUMBER:

Site 49 Feasibility Study

Site 49, NSWC - White Oak, Siiver Spring, Maryland

2

Institutional Controls with Long-Term Monitoring

José Amaya
149208.5A.SM

FIVE YEAR REVIEW COST

Item/Activity

Qty Unit

Unit Cost

Cost

5-year Review Beport
5-year Review Report

118

o

5,000.00

5,000

Subtotal Five Year Review Cost

5,000

Project Management

Technical Support

Construction Management
Subgontractor General Requirements

0%
0%
0%
0%

60 & & @B

5,000.00
5,000.00
5,000,00
5,000.00

Subtotal Five Year Review Cost

5,000

Contingency

10%

5,000.00

500

TOTAL FIVE YEAR REVIEW COST

ales [ s Kok

5,500

AppendixC-2_AIt2IC_ConcDesign-Final xls/Cost Details

06/23/2004, 411 PM
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PRESENT WORTH ANALYSIS

PROJECT: Site 49 Feasibility Study

SITE: Site 49, NSWC - White Oak, Silver Spring, Maryland
ALTERNATIVE: 2

DESCRIPTION: Institutional Controls with Long-Term Monitoring
PREPARED BY: José Amaya

PROJECT NUMBER: 149208.SA.8M

Assumptions

Discount Rate

Assumes Total PV earns interest for an entire year (12 months), compound annually.

Present Worth Analysis

E A B C=A+B C'A c'B CE
Discount Total PV Balance of Interest
Factor at Capital Costs Total PYO&M  Total PV  Bearing Account at
Elapsed Time Year 4.2% Capital Cost Q&M Cost __Total Cost at4.2% Costs at 4.2% Costs at 4.2% 4.2%
0 2002 1.000 $ 64,544 $ 64,544 $ 64,544 § - $ 64,544 $ 258,284
1 2003 0.960 $ 17,808 § 17,808 $ . $ 17,000 $ 17,000 § 250,576
2 2004 0.921 $ 13,424 % 13424 § - $ 12,364 § 12,364 § 247,112
3 2005 0.884 $ 18,424 § 18424 $ - $ 11,865 § 11,865 § 243,603
4 2006 0.848 $ 13,424 § 13,424 $ - $ 11,387 - $ 11,387 $ 239,742
5 2007 0.814 $ 18,924 $ 18,924 $ - $ 15,405 $ 15,405 § 230,093
6 2008 0.781 $ 13424 $ 18,424 $ - $ 10,488 $ 10,488 § 225,769
7 2009 0.750 $ 18,424 § 13,424 § - $ 10,065 $ 10,065 $ 221,263
8 2010 0.720 $ 13,424 § 13,424 § - $ 9,658 § 9,659 § 216,569
9 2011 0.691 $ 13,424 $ 13424 $ - $ 9,270 $ 9270 $ 211,677
10 2012 0.663 $ 18,924 § 18,924 § - $ 12541 § 12,541 § 200,848
11 2013 0.636 $ 13424 § 13,424 $ - $ 8538 $ 8,538 $ 195,296
12 2014 0.610 $ 15,424 $ 13,424 $ . $ 8,193 $ 8,193 $ 189,611
13 2015 0.586 $ 13,424 § 13424 § - $ 7,863 $ 7,863 § 183,482
14 2016 0.562 $ 13424 $ 13424 § - 8§ 7,546 $ 7,548 § 177,201
18 2017 0.539 $ 18,924 §$ 18,924 § - $ 10,208 $ 10,208 § 164,925
16 2018 0.518 $ 13,424 $ 13,424 $ - $ 6,950 $ 6,950 $ 157,864
17 2019 0.487 $ 13,424 $ 13,424 $ - $ 6,670 $ 6,670 $ 150,506
18 2020 0.477 $ 13,424 $ 13,424 $ - $ 6,401 § 6,401 § 142,839
19 2021 0.458 $ 18,424 § 13,424 § - $ 6,143 $ 6,143 $ 134,851
20 2022 0.439 $ 18,924 $ 18,924 § - $ 8311 § 8311 § 120,796
21 2023 0.421 $ 18,424 § 13,424 $ - $ 5658 $ 5658 $ 111,881
22 2024 0.404 $ 18,424 $ 13,424 $ - $ 5430 $ 5,430 $ 102,593
23 2025 0.388 3 13,424 § 13424 $ - $ 8211 §$ 5211 § 92,814
24 2026 0.373 $ 13,424 $ 13,424 $ - $ 5,001 $ 5001 $ 82,828
25 2027 0.358 $ 18,924 § 18,924 $ - $ 6,766 $ 6,766 $ 66,588
26 2028 0.343 $ 13,424 $ 13,424 $ - $ 4,606 $ 4,606 $ 55,397
27 2029 0.328 $ 13,424 § 13,424 § - $ 4,420 § 4420 § 43,736
28 2030 0,316 $ 13,424 § 13,424 § - 8 4,242 § 4,242 $ 81,585
29 2031 0.303 $ 18,424 § 13,424 $ « $ 4071 $ 4071 $ 18,924
30 2032 0.291 $ 18,924 § 18,924 § - $ 5508 3 5508 $ (0)
Total Alternative 2 $ 64544 § 440104 § 504648 $ 64544 $ 247873 § 312417
AppendixC-2 Al2IC_ConcDesign-Final.xls/Present Worth Details
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COST ESTIMATE SUMMARY ?

PROJECT: Site 49 Feasility Study
SITE: Site 49, NSWC - White Oak, Silver Spring, Maryland
ALTERNATIVE: 3
DESCRIPTION: Groundwater Extraction and Treatment
PREPARED BY: José Amaya
PROJECT NUMBER: 149208.SA.SM
Capital Cost
Construction $ 401,373
Project Management $ 32,110
Design $ 60,206
Construction Management $ 60,206
Subcontractor General Requirements $ 20,0689
Contingency $ 143,491
Total Capital Cost $ 717,453
Year 1 Operations and Maintenance
Well Development $ 3,800
Groundwater Sampling (Baseline and 4 Qitrs after Startup) $ 26,450
System Startup $ 8,350
" Routine System O&M $ 39,270
Reporting (4 Qtrly Repotts incl. Construction Completion Report) $ 18,375
Professional Services ' 3 25,024
Subcontractor General Requiremenis $ 4,812
Contingency $ 31,520
Total Year 1 Operations and Maintenance $ 157,602
Years 2-10 Operation and Maintenance
Groundwater Sampling (Semiannual Events) $ 10,580
Routine System O&M $ 34,590
Reporting (Semiannual Reports) $ 8,650
Professional Services * $ 9,688
Subcontractor General Requiremenis $ 2,661
Contingency $ 16,550
Total Years 2 Thru 10 Operations and Maintenance 3 82,749
Five Year Review Cost
5-year Review Report $ 5,000
Professional Services ' $ -
Subcontractor General Requirements $ -
Contingency $ 500
Total Five Year Review Cost $ 5,500
Post Closure Cost
Closure Reporting 3 13,875
Well Abandonment and Equipment Demobilization $ 33,930
Professional Services * $ 15,776
Subcontractor General Requirements $ 2,390
Contingency $ 9,896
Total Post Closure Cost $ 75,867
TOTAL PRESENT WORTH (10 year cleanup) $ 1,506,550

NOTES:
1 - Professional Services includes Project Management, Design/Technical Support, and Construction Management.

" 2 - The cost estimates provided are 1o an accuracy of +50 percent to -30 percent and are prepared for the sole
purpose of alternative comparison. The alternative cost estimates are in 2004 dollars and are based on conceptual
design from information available at the time of this study. The actual cost of the project would depend on the final
scope and design of the selected remedial action, the schedule of implementation, competitive market conditions, and
other variables.

AppendixC-3_Alt3BP&T_ConcDesign-final.xis/Cost Estimate Summary
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SITE DATA AND ALTERNATIVE CONCEPTUAL DESIGN

PROJECT: Site 49 Feasibility Study

SITE: Site 49, NSWC - White Qak, Silver Spring, Maryland
ALTERNATIVE: 3

DESCRIPTION: Groundwater Extraction and Treatment

PREPARED BY: José Amaya

PROJECT NUMBER: 149208.8A.SM

Site Backaround Data

Elevation of Site = : 280]1t amsi or
Lenhgth of Target Groundwater Contamination Zone =
Width of Target Groundwater Contamination Zone =
Area of Contaminated Groundwater Target Zon
Depth 1o Top of Targst Zone =
Depih to Bottom of Target Zone =
Rock Porosity = R 05

Volume of Contaminated Groundwater = 1,140,088 cf or 32,286,754 liters 8,523,703 gallons

timate of average depthof contaminant)

Hydraulic Conductivity, K =
Hydraulic Gradient. | =

18 1t/day (assumption) or 1 ftiyror 1.08E-08 cm/sec
2ttt (taken from interpolated groundwater contour map Figure 2-8)

Average contaminant concentrations

PCE 50 pglL
TCE 1,000 Holt.
DCE 150 g/l

Ve 2 po/l

Total GVOCs 1,202 pofl

Mass Estimate
Assumptions

1. Badrock formations are the target of this remediation.
2, No mobile NAPL is present.

Mass of CVOCs Ingw = 85.6 ibs of CVOCs

Conceptual Design

Pumping System Desian Parameters
Estimated Number of Pumping Wells =

Estimated pumping rate from each well = gpm
Total Maximum Pumping Rate 10 gpm or a sustained pumpling rate of gpm
Depth of pumping wells = 130 fi bgs

AppendixC-= AltaP&T_ConcDeslgn-final.\ls/Conceptual Design
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SITE DATA AND ALTERNATIVE CONCEPTUAL DESIGN

PROJECT: Site 48 Feasibility Study

SITE: Site 49, NSWG - White Oak, Sliver Spring, Maryland
ALTERNATIVE: 3

DESCRIPTION: Groundwater Extraction and Treatment

PREPARED BY: José Amaya

PROJECT NUMBER: 148208,SA.5M

System Construction Time

Estimated drilling rate = 00]1f/day Using air rotary

Total linear footage drilling = ,040 J§

Estimated duration of drilling = 10.4 days or 11 days

Estimated linear footage of fleld piping per pumping well = H0Ht per well

Total linear factage of field piping = 800 If

Estimated field piping placing rate = 8| If/day

Estimated duration of fleld piping = 16.0 days or 16 days (rounded up)
Total construction timeframe = 27 days

Granular Activated Carbon (GAG) Conceptual Design Parameters

All organic contaminants found In water are adsorbable with GAC,

GAC treatment system design flowrate is 10 gpm

Governing contaminant TCE at 1,000 mg/L. (use no safety factor for average GAC consumption estimate)

Carbon adsorption Freundlich [sotherm data obtained from USACOE Adsorption Design Quide 1110-1-2 (March 2001)
Adsorption constant, q = K*¢M(i/n) where: o =mg CTC/g GAC

K and (1/n) are Freundlich Isatherm constants

¢ = concentration of CTC in mg/L,

Use average constants for several brands of GAC. (USACOE Design Quide 1110-1-2, March 2001)

Assume: K=

(/n) = )

c= 1,000 pg/l. -
Calculate q = 28.0 mg TCE/gm QAC ar 0,028 gm TCE/gm GAC or 2.8% pickup
GAC usage rate for TCE only 0.1786 lbs QAC/hr or 4.3 Ibs GAC/day or 1,564 lbs QACHT
Assuming a multiplier of 2,40 for additional organic contaminants that will also adsorb and use carbon, and Iron fouling
The total GAC usage rate = 0.4 |Ibs GAG/hr or 10.8 ibs GAC/day or 3,761 lbs QAC/HT
Assuming a carbon cost of Soo0dper lb GAC for supply and changeout - $7,521 peryear GAG

{times per year
The desired changeout period drives the size of th 1,880
Assume a carbon vessel size of 0po:Hb and we need

‘2lvessels in sefjes for safety factor,

Assuming a 2,000 |b vessel costs 15000 | with GAC, total cost=  $30,000 for vessels and GAC only.
In addition, there would be an annual recuring cost of $7,521 for QAC changeout

AppendixC-3_At3PAT_ConcDesign-final.Xs/Conceptual Design
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COST ESTIMATE DETAILS
' PROJECT: Site 49 Feasibility St
SITE: Site 49, NSWC - White Ogk, Silver Spring, Maryland
ALTERNATIVE; 3
DESCRIPTION: Groundwater Extraction end Trealment
PREPARED BY: José Amaya
PROJECT NUMBER: 149208.5A.8M
1. The acowraoy of the cost estimate is +50%/-30%
2. See *Conceptual Design’ spreadsheet for basis of cost estimate
3. The rumber of new Goastal Plain monitoring wells required to be installed wells
4. The rumber of new badreck/Sapiolite moritoring wells required to be installed wolls
8. Number of Groundwater Extraction Wells to be installed =
8, Number of piezomelers to be installed =
7. Assume that the duralion of construotion s system fon and ir
8. The rumber of wells to be sampled for VOCs s
9. The number of wells onwsite to be abandoned for post-closiure
Detalled Capltal and Operatlons and Maintenance Costs
CAPITAL COST
RomlActivity. Qty Unit Unit Cost Cost Gomments and Relerences
Lonsiryolion
Coasta Plain ing Well § 0 well $ 232000 § - Assume 2-inch wells ave 130 ft deep @ $40/1t
Bedrook/Saprelil Well 5 well $ 500006 § 25,000 Assume 100* deep @ $50/it
Pre-Design Pump Test 18 $ 10,000.00 $ 10,000
ion Well i 10 well $ 700000 § 70,008 4dnchwells @ $50/t
Piezometer Installation 0 well $ 232000 8 » Assume 2-inch wells are 120 ft deep @ $40/1t
influert Field Piping 800 If $ 500 § 4,000 underground piping, 1-1/2-in PVC, est, 80 ft per well
Effiuert Field Piping &00 i $ 500 $ 2,600 assume disoharge to West Faym Branch stream
Trenching, Backfil, and Gompaction 1,300 If $ 10,00 $§ 13,000
Groundwater Extraction Pumps 10 ea $ 500000 § 50,000 1 gpm ea at approx. 160 fthead
Trezatment Building iLs $ 2000000 § 20,000
Influent Bag Filter 118 $ 200000 § 2,000
Liguid-Phase GAC Vessels 4ea $ 1500000 § 80,600 2000 |b vessels
Well Permits 16 ea $ 20.00 $ 450
Equipment Rental 10 wk $ 20000 § 2,000
Subtotal Croitad Cosl $ 258,950
Site Work Allowsrce 18% of $ 268,85000 § 98,848
Mechanioal Allowarce 10% of $ 268,95000 $ 25,895
and Cortrols All 8% of $ 26895000 § 12,948
Electrical Allowance 20% of $ 250,850.00 $ 61,780
Misgellaneous Egquipment Allowaine 5% of 5 26895000 8 12,948
Subtotal Capitel Cost $__ 401373
i Project Management 2% of $ 40197250 § 2,110
{ Design 18% of § 401372580 § 60,208
Construction Menagemert 18% of $ 401,37250 § 60,208
Suboantractor General Reguirements 5% of $.40137250 § 20,069
Sibtotal Capitad Cost $ 573,963
Contingero 25% of $ 57396268 $ 143481
| TOTAL CAFTTAL COST §. 717453
H
|
|
AppendixC- T_ConeDesigndinat xis/Cost Detells %
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COST ESTIMATE DETAILS

PROJECT: Site 49 Feasibility Study
SITE: Site 49, NSWC - White Oz, Silver Spring, Maryland
ALTERNATIVE: 3
DESCRIPTION: Groundwater Extragtion and Treaiment
PREPARED BY: José& Amaya
PROJECT NUMBER: 140208.5A.SM
YEAR 1 OPERATIONS AND MAINTENANCE
RemiActivity Qty Unit Unit Cost Cost Comments
Well Development
L.abor - Technician 80 $ 5500 § 3,300 3 hrs/well, 2 people
Well Developroent Equipment Rertal 1Ls 8 500.00_§$ £00
Tolal Well Davelopment, 3 3,800
S
Labor - Technician 240 by $ 55.00 § 13,200 3tesiwell, 2 people
Groundwater Sample Andysis 68 sample $ 15000 $ 9,750 VOC analysis anly, incl 5 QA/QC samples and data valid,
Sampling Supplies & round $ 200,00 $ 1,000
GW Sampling Equipment Rental 8 round $ 500.00_$ 2,500
Totd Groundwaler Sampling $ 26450
Svstem Slaun
Labar « Technlaisn &0 e $ 5500 $ 2,750 Assume & days for statup, 10 rs/day
Labor - Engineer 80 by $ 80,00 § 4,800 Assume b days for startup, 10 hre/day
Waler Sample Analysis @ sample $ 160,00 $ 900 9 sets, VOC analyss for infleffl, incl data valid.
Startup Equipment Rental 1 week $ 200,00 § 200
Total System Sfarlup $ 8350
Labor « Teohniclan 208 hr 3 B5.00 $ 11,440 4 howsfweek
Labor » Engineer 104 v $ 8000 $ 9,360 50% of the Teohtime
Water Sample Andysis 29 sample $ 18000 $ 4,350 morwhly Infl/effi sampling for permit, pls 20% extra for QA/QC
Liguid-Phase GAC Changeowt 8761 b $ 200 $ 7,621 Estimated annual LGAC usage
O4M Supplies 118 § ¢oonoo § 2,000 .
Electrloity, 65,700 kw-hr $ 0.07_$% 4,509 _assume 10 hp total, Iuliimes operations
Totd Houfine System O&M 3 99270
F; (4 Qirly Heporis inel. G 12 Aener} - N
Labor « Engineer/Hydrogeologist 150 v $ 80,00 § 13,600
Labor - Editor &0 v $ 65.00 § 3250
Labar » CAD Teohpioian 25ty $ 6500 $ 1.626
Total Heporting $ 18,375
Subtotal Year 1 Operefiors and Maintenance, 3 96245
Project Managemernt 8% of § 9624522 $ 7,700
Techniod Support 15% of $ 9624522 $ 14,497
Construction Menagement % of $ 9624622 $ 2,807
Subcontractor General Requirements 8% of § 9624522 § 4812
Subtotal Year, 1 Operations and Maintenance 3 126,081
Gortingenoy, —— —25% of $ 12608124 $ 21,6520
TOTAL YEAR 1 OPERATIONS AND MAINTENANCE COST $ 157,602
YEARS 2- 10 OPERATIONS AND MAINTENANCE
TenvActivity Qty Unit Unit Cost Cost. Comments
Labar » Teshnlslan g6 hr $ 66,00 § 8,280 3 hrsiwell, 2 people
Sample Analysis 26 sample $ 150,00 $ 3,900 VOC analysis only, inol 5 QA/QC samples and data valid.
Sampling Supplies 2 rourd $ 20000 $ 400
GW Sampling Equipment Rental 2 round g 50000 8 1,000
Total Groundwalsr Sampling. $ 10,580
Labor - Teohnioian 208 iv $ 56.00 $ 11,440 4 hoursiweek
Labor - Engineer 82y $ 20,00 § 4,680 25% of the Techtime
Water Sample Andlysis 26 sample $ 150,00 $ 4,350 monthly IréVeff sampling for permit, plus 20% extra for QA/QG
Liquid-Phase GAC Changeawt 9,761 b $ 200 § 7,521 Estimated annual LGAC usage
08M Supplies 1Ls § 2,00000 § 2,000
Electrioity 65,700 kwdi $ 007 $ 4599 _zssume 10 hp totdl, fulltime operefions
Total Rouline Sysiem O&M 34,590
Fenainalaems Bepal
Labor « EnginesrHydrogeologist 60 hr g 90,00 § 5,400
Labor - Editor 30t $ 63.00 $ 1,950
Labor » CAD Technician 20 hr $ 6500 § 1,300
Total Aeporiing $ 8,850
Subtalal Following Years Operations and Meirtenance $ 53,820
Project Management % of $ 5382022 § 4,308
Technical Support 10% of $ 5982022 § 5,362
Construction Managemert 0% of § 5382022 § -
Subgortraptor General Reguiremerts £%. of § 532022 % 2,691
Subtotal Following Years Operatiors and Malrtenance 66,199
Cortinganoy 25% af $ 68.198.87 $ 18,550
TOTAL FOLLOWING YEARS OPERATIONS AND MAINTENANCE COST E 82,748

AppendixC-3_AIBP&T_CoroDesignfina.xis/Cost Detalls
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COST ESTIMATE DETAILS

PROJECT; Site 49 Feasibility Study

SITE: Site 49, NSWC - White Qak, Silver Spring, Maryland
ALTERNATIVE: 8

DESCRIPTION: G ion and Ti ik

PREPARED BY: José Amaya

PROJECT NUMBER: 149208.8A.8M

FIVE YEAR REVIEW COST

tarn/Activity Qty Unit nit Cost Cost Comments
S-yesr Review Report 1LS $ 500000 $ 5,000
Subtotal Five Year Review Cost 3 5,000
Project Management 0% of 5 500000 § -
Techrioal Support 0% of $ 500000 § -
Corstruction Management 0% of $ 500000 § .
Subgorfrantor General Requirements 0% aof $. 500000 % -
Subtotd Five Yesr Review Cost 3 5000
Cunﬁngemz 10% of $ 500000 % 500
TOTAL FIVE YEAR REVIEW COST 3 5,500
POST CLOSURE COST

em/Aotivity Gty Unit Unit Gost Cost Commerts
Slosure Baporlind

Lahor - EngineerHydrogeologist 100 bw $90.00 $ 9,000
Labor - Editor 50 $65.00 $ 3250
Labor - CAD Technioian 28y 85,00 3 1,628
Jotd Closura Reperfing $ 13,875
Well Ab; and Equ { Remebilization .

Welt Abendonment 26 welt $ 500,00 $ 13,000
Equipment Demobilization ils $ 10,000.00 $ 10,000
Eguipment Rentel 2 WK $ 20000 $ 400
Subtotal Well and £ $ 23400
Shie Work Aliowenoe 10% of $ 2340000 $ 2,540
Mechanioal Allowarce 18% of $ 2340000 § 3510
Instrumentalion and Controls Allowance 8% of § 2340000 $ 1,170
Electrical Allowerne 15% of $ 2340000 $ k]
Misoellaneous Equipmernt Allowance 0% of $ 2340000 $ -
Tatal Welf Abandonment and Equipment Demaobilizalion 3 33,930
Subtotel Post-Closure Cost $ 47,805
Project Managemart 8% of $ 4780500 % 3,824
Technkal Support 16% of $ 4780500 $ TAT
Genstruction Management 10% af $ 4780500 $ 4,701
Subconlragtor General Requiremants 5%, of $ 4780500 $ 2,390
Stubtotel Post-Glostre Cost 3 85,971
Contingang: 18% of $65.87090 _§ 9,898
TQTAL POST CLOSURE COST ] 75,867

™,
AppendixC: *_GoneDesignindns/Cost Detalls
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PRESENT WORTH ANALYSIS

PROJECT: Site 49 Feasibility Study

SITE: Site 49, NSWC - White Oak, Silver Spring, Maryland
ALTERNATIVE: 3

DESCRIPTION: Groundwater Extraction and Treatment

PREPARED BY: José Amaya
PROJECT NUMBER: 149208.SA.8M

Assumptions
Discount Rate
Assumes Total PV eams interest for an entire year (12 months), compound annually.

Present Worth Analysis

£ A B C=A+B C*A c'B CHE
Discount Total PV . Balance of Interest
Factor at Capital Costs Total PV O&M Total PV Bearing Account at
Eiapsed Time Year 4.2% Capital Cost _ O&MCost __ Total Cost at4.2% Costs at 4,2% Costs at 4.2% 4.2%
0 2002 1,000 $ 717,453 $ 717,453 § 717,458 § - § 717453 § 822,239
1 2003 0.960 $ 157,802 § 157,602 § - % 151,249 $ 151,249 § 692,552
2 2004 0.921 $ 82749 $ 82,749 § - § 78212 § 78212 § 635,415
3 2005 0.884 $ 82749 § 82,749 $ - % 73140 $ 78140 $ 575,878
4 2006 0.848 $ 82749 $ 82,749 § - & 70192 $ 70192 § 513,841
5 2007 0.814 $ 88249 § 88,249 § - % 71,840 $ 71840 $ 443,468
6 2008 0.781 $ 82749 $§ 82,749 § - % 64648 § 64648 $ 375,869
7 2009 0.750 § 82749 $§ 82,749 § - § 82042 § 62042 $ 305,432
8 2010 0.720 $ 82749 $ 82749 § - § 59541 § 59541 § 232,036
9 2011 0.691 $ 82749 § 82,743 § - % B7A4 $ B4 § 155,557
10 2012 0.663 $ 82749 § 82,749 § - & 54838 § 54838 § 75,867
11 2013 0.636 $ 75,867 $ 75887 § 56,882 $ - % 48,251 § 0
12 2014 0.610 $ - § - % - % - 8 0
13 2015 0.586 $ - 3 - § -8 - 8 0
14 2016 0.562 $ - 8 - § - § -3 0
15 2017 0.539 $ - 8 - § - 3 - § 0
16 2018 0.518 $ - 8 - 8 - 8 - $ 0
17 2019 0.497 $ - 8 - $ - 8 - § 0
18 2020 0.477 $ - 8 - 8 - % - 8 o
19 2021 0.458 $ - 8 - 8 - § - 8 0
20 2022 0.439 $ = § - & - 8 - § 0
21 2023 0.421 $ < $ - § - $ - § 0
22 2024 0.404 $ - 8 - 8 $ - $ 0
23 2025 0.388 $ - § - 8 - § - 8 0
24 2026 0.373 $ -8 -8 - $ - 8 0
25 2027 0.358 $ - 8 -8 - 8 -8 0
26 2028 0,343 $ - 8 - 8 -3 - $ 0
27 2029 0.329 $ -8 -8 - $ - 8§ 0
28 2030 0.316 $ - % -8 -3 - 8 0
29 2031 0.303 $ - % - % - % - & 0
30 2032 0.291 $ - 3 - S - $ - 8 Q
Total Alternative 3 $ 793,320 § 907,833 § 1,701,158 § 774,336 § 740,846 3 1,506,550

AppendixG-3_Alt3P&T._ConcDesign-final.ds/Present Worth Details (2)
06/23/2004, 4:43 PM

Page 1 of 1






COST ESTIMATE SUMMARY 2

PROJECT: Site 49 Feasibility Study

SITE: Site 49, NSWC - White Oak, Silver Spring, Maryland
ALTEBNATIVE: 3-A

DESCRIPTION: Groundwater Extraction and Treatment with Rock Fracturing
PREPARED BY: José Amaya

PROJECT NUMBER: 149208.SA.5M

Capital Cost

Construction $ 720,373
Project Management $ 57,630
Design $ 43,222
Construction Management $ 43,222
Subcontractor General Requirements $ 36,019
Contingency $ 225,116
Total Capital Cost $ 1,125,582
Year 1 Operations and Maintenance

Well Development $ 3,800
Groundwater Sampling (Baseline and 4 Qirs after Startup) $ 26,450
System Startup $ 8,350
Routine Systern O&M $ 43,031
Reporting (4 Qirly Reports incl. Construction Completion Report) $ 18,375
Professional Services * $ 26,002
Subcontractor General Requirements $ 5,000
Contingency $ 32,752
Total Year 1 Operations and Maintenance $ 163,760
Years 2 thru 6 Operation and Maintenance

Groundwater Sampling (Semiannual Events) $ 10,580
Routine System O&M $ 38,351
Reporting (Semiannual Reports) $ 8,650
Professional Services ' $ 10,365
Subcontractor General Requirements $ 2,879
Contingency $ 17,706
Total Following Years Operations and Maintenance $ 88,531
Post Closure Cost

Closure Reporting $ 13,875
Well Abandonment and Equipment Demobilization $ 33,930
Professional Services * $ 15,776
Subcentractor General Requirements $ 2,390
Contingency $ 9,896
Total Post Closure Cost $ 75,867
TOTAL PRESENT WORTH (10 year cleanup) $ 1,715,744

NOTES:

1 - Professional Services includes Project Management, Design/Technical Support, and Construction Management.
2 - The cost estimates provided are o an accuracy of +50 percent to -30 percent and are prepared for the sole
purpose of alternative comparison. The alternative cost estimates are in 2004 dollars and are based on conceptual
design from information available at the time of this study. The actual cost of the project would depend on the final
scope and design of the selected remedial action, the schedule of implementation, competitive market conditions,

and other variables.

AppendixC-3A_Alt3P&T_ConcDesign-final. xis/Cost Estimate Summary
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SITE DATA AND ALTERNATIVE CONCEPTUAL DESIGN

PROJECT: Site 49 Feaslbility Study

SITE: Site 49, NSWC « White Qak, Sfiver Spring, Maryland
ALTERNATIVE: 3-A

DESCRIPTION: Groundwater Extraction and Treatment with Rock Fracturing
PREPARED BY: José Amaya

PROJECT NUMBER: 149208, SA.SM

Site Backaround Data

Ejevation of Site = &Gt amsl or
Length of Target Groundwater Contamination Zone =
Width of Target Qroundwater Contamination Zone =

Area of Contaminated Groundwater Target Zon
Depth to Tep of Target Zone =
Depth to Bottom of Target Zone =
Rock Porasity =
Volume of Gontaminated Qroundwater

gimn ad

of average depthof contaminant)

1,140,089 cf o 32,286,754 liters

ols]ft/day (assumption) or 2 ftiyror 2.12E-06 om/sec
fi/ft (taken from interpolated groundwater contour map Figure 2-3)

Hydraulic Conductivity, K =
Hydraulic Gradient. | =

Average contaminant cancentrations

PCE 50 oL
TCE 1,000 pa/it
DCE 150 ng/l

el 2 pg/L

Total CVOCs 1,202 po/l

Mass Estimate

umptions
1, Bedrock formations are the target of this remediation.
2. No moblte NAPL is present.

Mass of CVOCs in groundwat 85.8 lbs of CVQCs

Coneceptual Desian

Pumping System Design Parameters
Estimated Number of Pumping Wells =

Estimated pumping rate from each well = gp
Total Maximum Pumping Rate 15 gpm or a sustained pumping rate of |;
Depth of pumping wells = 130 ft bgs

AppendixC-"" AitaP&T_ConcDesign-final.xs/Conceptual Design
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SITE DATA AND ALTERNATIVE CONCEPTUAL DESIGN

PROJECT: Site 49 Feasibility Study

SITE: Site 49, NSWC - White Oak, Silver Spring, Maryland
ALTERNATIVE. 8-A

DESCRIPTION: Groundwater Extraction and Treatment with Rock Fracturing
PREPARED BY: José Amaya

PROJECT NUMBER: 149208.5A.8M

System Construction Time

Estimated driliing rate = 0] If/day Using air rotary
Total linear footage drilling = 1,040.1f
Estimated duration of drilling = 10.4 days or 11 days

Estimated linear footage of field piping per pumping well = | o}t per well
Total linear footage of field piping = 800
Estimated field piping placing rate =
Estimated duration of fleld piping = 16.0 days or 16 days (rounded up)
Total construction timeframe = 27 days

Granular Activated Carbon (GAC) Congeptual Deslgn Parameters

All organic contaminants found in water are adsorbable with GAC.
QAC treatment system design flowrate is 15 gpm
Governing contaminant TCE at 1,000 mg/L (use no safety factor for average QAC consumption estimate)

Garbon adsorption Freundlich Isotherm data obtained from USAGOE Adsorption Design Guide 1110-1-2 (March 2001)
Adsorption constant, g = K*oA(1/n) where! q=mg CTC/g GAC

K and (1/n) are Fraundlich Isotherm constants

¢ = concentration of CTC in mg/L

Use average constants for several brands of GAC. (USACQE Design Guide 1110-1-2, March 2001)
Assume! K= 1

(n) = ,

c= 1, ooo po/l
Calculate g = 28,0 mg TCE/gm GAC ar 0.028 gm TCE/gm GAC or 2.8% pickup
GAG usage rate for TCE only 0.27 lbs QAC/hr or 8.4 |bs GAC/day or 2,346 [bs GACHT
Assuming a multiplier of 2,40 for additional organic contaminants that will also adsorb and use carbon, and lron fouling
The total GAC usage rate = 0.8 ibs GQAC/hr or 15.5 bs GAC/day or 5,841 ibs QAC/HT

Assuming a carbon cost of 00 per Ib QAC for supply and changeout -> $11,282 per year GAC

Assume a changeout period of times per year

The desired changeout period drives the size of the vessels = 1,410 b size

Assume a carbon vessel size of 0p0:]ib and we need 2ivessels in series for safety factor,

Assuming a 2,000 Ib vessel costs F15 000 with GAC, total cost=  $30,000 for vessels and QAC only,
In addition, there would be an annual recurring cost of $11,282 for GAC changeout

AppendixC-3A_Al1aP&T_ConcDesign-final xis/Conceptual Design
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COST ESTIMATE DETAILS

PROJECT: Site 49 Feasibility Study

SITE: Site 49, NSWC - White Oak, Silver Spring, Maryland
ALTERNATIVE: 3-A

DESCRIPTION: Groundwater Exiraction and Treatment with Rock Fracturing
PREPARED BY: José Amaya

PROJECT NUMBER: 149208.8A.8M

Assumptions

1. The accuracy of the cast estimate is +50%/-80%
2. See "Conceptual Design" spreadsheet for basis of cost estimate assumptions.
i 3, The number of new Coastal Plain monitoring wells required to be installed

4. The number of new bedrock/Saprofite monitoring wells required to be installed
5, Number of Groundwater Extraction Wells to be installed =
6. Number of piezometers 1o be installed =

7. Assume that the duration of construction is

! 8. The number of wells to be sampled for VOCs Is
I 9. The number of wells on-site to be abandoned for post-closure is

wells

plezometers
warking days (includes 20 working days for freatment system consiruction and Installation)

Detailed Capital and Operations and Maintenance Costs

! CAPITAL COST
i femiActivity Gty Unit Unit Cost Cost____Comments and Relerences
Consjruction
Coastal Plain Groundwater Monitoring Well Installation 0 well $ 232000 $ - Assume 2+inch wells are 130 ft deep @ $40/t
Bedrock/Saprolite Groundwater Monitering Well Installation 5 well $ 500000 $ 25,000 Assume 100'desp @ $50/ft
Pre-Design Pump Test 118 $ 1000000 $ 10,000
Groundwater Extraction Well Installation 10 well $ 700000 $ 70,000 4-inchwslls @ $50/tt
| Pneumatic Fracturing 1400 LF $ 25000 $ 350,000 .
Piezometer Installation 0 wall $ 232000 § ~ Assume 2-inch wells are 130 fi deep @ $40/ft
Influent Field Piping 800 if $ 500 $ 4,000 underground piping, 1-1/2-in PVC, est. 80 ft per well
Effluent Field Piping 500 i $ 500 § 2,500 assume discharge to West Farm Branch stream
Trenching, Backiill, and Compaction 1,300 i $ 1000 § 13,000
Groundwater Extraction Pumps ~ ~ 10 ea $ 500000 $ §0,000 1.5 gpm ea at approx. 150 fthead
i Influent Bag Fitter ils $ 200000 §$ 2,000
\i Liquid-Phase GAC Vessels 4 0a $ 1500000 $ 60,000 2000 b vessels
| Well Permits 15 ea $ 3000 $ 450
! Equipment Rental 10wk _ $ 20000 _§ 2,000
Subtotal Capital Cost $ 588950
Site Werk Allowance 15% of $ 23895000 ¢ 35,843
Mecharical Allowance 10% of $ 238,950.00 $ 28,895
Instrumentation and Centrols Allowance 5% of $ 238,850.00 $ 11,948
Electrical Allowance 20% of $ 23895000 $ 47,790
Miscellangous Equipment Allowance 5% of $ 23895000 §$ 11.948
Subtotal Capltal Cost $ 720,373
Project Management 8% of $ 72037250 § 57,630
Design 8% of $ 72037250 $ 43,222
Construction Management 6% of $ 72037250 $ 43,222
Subcontragtor General Requirements 5% of $ 72037250 $ 36,019
Subtotal Capital Cost $ 900,466
Contingenoy 25% of $ 90046563 § 205116
TOTAL CAPITAL COST $ 1,125,582
AppendixC P&T._ConcDesign-final. ds/Cost Details \
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COST ESTIVIATE DETAILS

PROJECT: Site 48 Feasibllity Study .
SITE: Site 43, NSWC - White Ogk, Silver Spring, Maryland
ALTERNATIVE: 3-A
DESCRIPTION: Groundwater Extraction and Treatment with Rock Fracturing
PREPARED BY: José Amaya
PROJECT NUMBER: 149208.5A.8M
YEAR 1 QPERATIONS AND MAINTENANCE
emiActivity Qty Unit Unit Cost Cost Comments
Well Development
Laber - Technician 60 hr $ 5500 $ 3,300 3 hrs/well, 2 people
Wall Davelopment Equipment Rental 118 $ 50000 3 500
Total Well Development $ 3,800
Sroundwaler Samplind. (Ba:
Labor - Techniclan 240 hr $ 5500 § 13,200 3 hrsfwell, 2 people
Groundwater Sample Analysis 65 sample $ 15000 $ 9,750 VOC analysis only, incl § QA/QC samples and data valid,
Sampling Supplies 5 round § 20000 $ 1,000
GW Sampling Equipment Rentat 5 round $ 500.00 § 2,500
Total Groundwater Sampling $ 26,450
Labor - Technician 50 hr $ 5500 § 2,750 Assume 5 days for startup, 10 hrs/day
Labor - Engineer 50 hr $ 90.00 $ 4,500 Assume 5 days for startup, 10 hrs/day
Water Sample Analysis 6 sample $ 15000 §$ 900 3sats, VOU analysis for infllaffl, incl data valid,
Startup Equipment Rental 1 _week $ 20000 § 200
Total System Startup $ 2,350
Labor - Technician 208 hr $ 55.00 § 11,440 4 howrs/week
Labor - Engineer 104 hr $ 90.00 § 9,360 50% of the Tech time
Water Sample Analysis 29 sampls $ 15000 $ 4,350 monthly infi'effl sampling for permit, plus 20% extra for QAV/QC
Liquid-Phase GAC Changeout 5,641 b $ 200 $ 11,282 Estimated annual LGAC usage
O&M Supplies 118 $ 200000 $ 2,000
Elecfricity 65,700 kw-hr $ 007 § 4599 assume 10 hp total ful-time operations
Total Routing System Q&M $ 43,031
Labor - Engineer/Hydrogealogist 150 hr $ 90.00 $ 18,500
Labor - Editor 80 hr $ €500 $ 3,250
Labor - CAD Techniclan 25 hr $ 65,00 1,628
Total Reporting 18,375
Subtotal Year 1 Operations and Maintenance 100,006
Preject Management 8% of § 10000583 $ 8,000
Technical Support 15% of $ 10000583 $ 15,001
Construction Management 3% of $ 100,005.83 . § 3,000
Subgontractor General Requirements 5% of $ 10000583 $ 5,000
Subtotat Year 1 Operations and Maintenance 3 131,008
Contingency 25% of $ 131,007.68 _§ 32,752
TQTAL YEAR 1 OPERATIONS AND MAINTENANCE COST $ 163,760

AppendixC-3A_A3P&T. ConcDasign-final ds/Cost Details
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COST ESTIVATE DETAILS

PROJECT: Site 49 Feasibility Study

SITE: Site 49, NSWC - White Oak, Sliver Spring, Maryland

ALTERNATIVE: a-A

DESCRIPTION: Groundwater Exiraction and Treatment with Rock Fracturing

PREPARED BY; José Amaya

PROJECT NUMBER: 149208.SA.SM

YEARS 2 THRU 6 OPERATIONS AND MAINTENANCE

Rem/Actvity Qty Unit Unit Cost Cost Comments

Labor - Techniclan 96 hr $ 5500 § 5,280 3 hrsiwell, 2 people

Sample Analysis 26 sample $ 15000 § 3,900 VOC analysis only, incl 5 QA/QC samplas and data valid.

Sampling Suppiies 2 round $ 20000 $ 400

GW Sampling Equipment Rental 2 round $ 500.00 $ 1,000

Total Groundwater Sampling $ 10,580

Labor « Technician 208 hr $ 5500 § 11,440 4 hours/week

Labor - Engineer 52 hr $ 20.00 4,680 25% of the Tech time

Water Sample Analysis 29 sample $ 150.00 $ 4,350 monthly inflieffl sampling for permit, plus 20% extra for GAQC

Liquid-Phase GAC Changeout 5641 ib $ 200 § 11,282 Estimated annual LGAC usage
. O&M Supplies 118 $ 200000 $ 2,000

Elsctricity 65,700 kw-hr $ 007 $ 4,589 _assume 10 hp total, full-tims operations

Totel Routine System O&M $ 38,351

Heparting (Semiannual Reporis)

Labor - Engineer/Hydrogeologist &0 hr $ 2000 § 5,400

Laber - Editor 30 hr $ 6500 §$ 1,850

Labor - CAD Technician 20 hr $ 65.00 1,300

Total Reporting 8,650

Subtotal Years 2 Thru & Operations and Maintenance 57581

Project Management 8% of $ 5758083 § 4,606

Technical Support 10% of $ 5758083 % 5,758

Construction Management 0% of $ 5758083 §$ -

Subcontractor General Requirements 5% of $., 5758083 % 2,879

Subtotal Foliowing Years Operations and Maintenance $ 70,824

Contingenc 25% of $ 7082442 $ 17,706

TOTAL FOLLOWING YEARS OPERATIONS AND MANTENANGE COST $ 88531

POST CLOSURE COST

ltem/Activity Qiy bnit Unit Cost Cast Comments

Labor - Engineer/Hydrogeclogist 100 hr $90.00 3 9,000

Labor - Editor 50 hr $65.00 $ 3,250

Labor - CAD Technician 25 hr $65.00 $ 1,625

Total Closure Reparting $ 13,875

Woell Abandonment 26 well $ 50000 § 18,000

Equipment Demobilization 1L8 $ 10,00000 $ 10,000

Equipment Rental 2 wk $ 20000 § 400

Subtotal Well Abandonment and Equipment Demobilization $ 23,400

Site Work Allowance 10% of $ 2340000 $ 2,340

Mechanical Allowance 15% of $ 2340000 $ 3510

Instrumentation and Controls Alowancs 5% of $ 2340000 § 1,170

Electrical Alowance : 15% of $ 2340000 $ 3,510

Miscellaneous Equipment Allowance 0% of $__2340000 % -

Total Well Abandonment and Equipment Demobilization 33,930

Subtotal Post-Closure Cost 47,805

Project Management 8% of $ 47,805.00 § 3,824

Technical Support 15% of $ 4780500 $ 717

Construction Management 10% of $§ 47,805.00 § 4,781

Subcontractar General Requirements 5% of $ 4780500 $ 2,390

Subtotal Post-Closure Cost $ 65,971

Continganc 15% of $65,97090 § 9,896

TOTAL POST CLOSURE COST ” § 75,867
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PRESENT WORTH ANALYSIS

PROJECT: Site 49 Feasibility Study

SITE: Site 49, NSWC - White Oak, Sitver Spring, Maryland
ALTERNATIVE: 3-A

DESCRIPTION: Groundwater Extraction and Treatment with Rock Fracturing

PREPARED BY:

Assumptions
Discount Rate :

José Amaya
PROJECT NUMBER: 149208.SA.5M

Assumes Total PV eams interest for an entire year (12 months), compound annually,

Present Wor nalysis

E A B C=A+B C'A &'B C'E
Discount Total PV Balance of Interest
Factor at Capital Costs Total PY O&M Total PV Bearing Account at
Elapsed Time Year 4.2% Capital Cost _O&MCost __ Total Cost at4.2% Costs at 4.2% Costs at 4.2% 4.2%
0 2002 1.000 $ 1,125,582 $ 1,125582 $ 1,125582 §& - § 1,125582 § 614,948
1 2003 0.960 $ 163,760 $ 163760 $ - $ 157,159 $ 157,459 § 470,139
2 2004 0.921 $ 88531 $ 88531 § - $ 81,538 § 81,538 § 397,636
3 2005 0.884 $ 88531 § 88531 $ - ¢§ 78251 § 78251 § 322,088
4 2006 0.848 $ 88531 $ 88531 § - % 75097 $ 75097 $ 243,367
5 2007 0.814 $ 88531 § 88531 §$ - 8§ 72070 § 72070 § 161,339
6 2008 0.781 $ 88531 $ 88531 $ - $§ 69165 $ 69,165 § 75,867
7 2009 0,750 $ 75867 $ 75867 $ 56,882 § - $ 56882 $ (@)
8 2010 0.720 $ -8 < 