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NOTATION

The following is a list of the acronyms, initialisms. and abbreviations (including units of
measure} used n this document. Some acronyms used in tables or equations only are defined in the
respective tables or equations.

ACRONYMS, INITIALISMS, AND ABBREVIATIONS

(>eneral

ACL alternate concentration limit

AEC U.S. Atomic Energy Commission

ARAR applicable or relevant and apprepriate requirement
BRA baseline risk assessment

CFE. Code of Federal Repulations

COC contaminant of concern

CSR Code of Siare Regulations

DA U.S. Department of Army

D&D decontamination and decommissioning

DNAPL dense nenaguecus phase liguid

DOE U5, Depariment of Energy

EPA U.S. Environmental Frotection Agency

FE Federal Register

FS feasibility study (this document)

GAC granular activated carbon

GWOU groundwater operable unit

HGMS high-gradient magnetic separation

IT International Techrology {Corporation)

MCL maximum contaminant level

MCLG maxitmum contarninant level goal

NCP - National il and Hazardous Substances Contingency Plan
NPDES Nationgal Pollutant Discharge Elimination System
NPL National Priorities List

O&M operation and maintenance

ou operable onit

PCB polychlorinated biphenyl

PRG preliminary remediation goal

PY{ polyvinyl chloride

QWTP Quarry Water Treatment Flant

RACER Remedial Action Cost Estimating and Requirements System

BT reference dose

xife



GWOLTFS — EPA Dyaft Final: Do Nor Citg March 6, 1998

General (Cont.)

RH relative hurntdiny

RI remedial investigation

ROD Recerd of Pecision

SWTP Site Water Treatment Plant
TBC to-be-considered (requirement)
TSP total suspended particulate
UcL upper confidence level

USGS U.S. Geological Survey

Uv ultraviolet

vOC volatile organic compound

WSCP Weildon Spring Chemical Plant
WS0W Weldon Spring Ordnance Works
WSSRAP Weldon Spring Site Remedial Action Project
WSTA Weldon Spring Training Area
Chemicals

Ca’t calcium ion

Cr chioride tons

CO, carbon dioxide
1,2-DCE 1.2-dichloroethylene
1.3-DNB 1,3-dinitrobenzene
DNT dinitrotoluene

2-amino-4.6-DNT
4-amino-2.6-DINT

2-amino-4,6-dinitrotoluens
4-amine-2,6-dinitrotoluene

24-DNT 2 4-dinitrotoluene
2,6-DNT 2,6-dinitrotoluene
Fe*t ferrous ion

F,50, iron suifate

H,0, hydrogen peroxide
O oxygen

TCE trichloroethylene
1,3.5-TNB 1,3,5-rinitrobenzete
TNT trinitrotoluene
2.4,6-TNT 2.4, 6-trinitrotoluene

U0,

uranium dioxide

v
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UNITS OF MEASURE

C degraa(s) Celsius
Ci curief{s)

CIml centimeter{s)

d day(s)

“F degree(s) Fahrenheit
ft foot (feet)

fi2 square foot {feet)

ft3 cubic foot {feat)

g gram(s)

gal gallon(s)

gpm  gallon(s) per minute
h hour(s)

ha hectare(s)

in inch{es)

kg kilogramis}

km kilometer(s)

L liter{s}

kY

pound(s)
microgram(s)
micrometer(s)
metern(s)

squaie meter(s)
cubic meter(s)
milligram(s)
mile{s)

_minute(s)

milliliter(s}
ritlimeter{s)
rmillirem(s)
picocurie{s)
parts per million
second(s)

cubic vard(s)
year(s)
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ENGLISH/METRIC AND METRIC/ENGLISH EQUIVALENTS

The following table lists the appropriate equivalents for English and metric units.

Muyltiply By To Obtain

English/Metric Equivalents

aoTCy 0.23047 hectares (hay

cubic fect ¢(ftd) D.R2832 cuhic meters {m’}
cubic vards (yd%) £.7646 cubic meters {m’)
degrees Fabrenheil (*F) -32 {1.5555 degrens Celsivs (°C)
feet [ft) (0.30458 merers {m)

gallons fxal) 3785 liters (L.}

gallons (pal) G.O3TRS cubic meters {mﬁ}
inches (in.} 25443 centimeters (om)
miles {imi) 1.609 kilometers {km)
pounds [1hy .4538 kilograms (kg)

short 1ons (tons} Q0F 2 kilograms (kg

short tons (tons) 0.9072 metric (ons (1)
square feet (A1) 0.09290 square meters {me)
sguare vards tyd”) 0.336] squate meters (m?’:l
square miles {mi~) 2.590 square kilometers (km®)
yards {vd) 0.9144 RELETS (TR
Metric/English Eguivalents

centimeters fem) 03037 inches {in.}

cubic meters (m*) 35.31 cubic feet (1)

cubic meters {m") 1.308 cubic yards (yd’}
cubic meters {mjj 2642 gallons {gal}
degrees Celsius ("C) +17.7% 18 degrees Fahrenheit {°F)
hectares (ha) 2471 acres i

kilograms (kg) 2.205 pounds (1b)
kiloprams (kg} 0.001102 short tons (tons)
kilometers (km) 0.6214 miles {mi’}

ligers {L) 02642 2allons {gal})

meters (m) 3.281 feet (f1)

meters {m} 1.094 yards {yd)

meiric [ons (1) L1102 short tons (tong)
squarc kilometers (km’) 0.3861 square miles (mid)
sQuarc meters (mzj 1076 square feet {I’lz}
square thbers (mzj 1.196 square yards (yd®)
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‘1 INTRODUCTION

The 1.8, Department of Energy (DOE) and the 1.5, Departmment of Army {DA) are
conducting an evaluation to identify the appropriate response action to address groundwater
contarnination at the Weldon Spring Chemical Plant (WSCP) and the Weldon Spring Ordnance
Works (WSOW), respectively. The two areas are located in $t. Charles County, about 48 km (30 mi)
west of St. Lonis (Figure 1.1}. The groundwater operable unit (GWOLR) at the WSCP is one of four
operable units being evaluated by DOE as part of the Weldon Spring Site Remedial Action Project
(WSSRAP). The groundwater operabie unit at the WSOW is being evataated by the DA as Dperable
Unit 2 (QU2); Operable Unit 1(OU1) addresses soil and pipeline contamination.

A remedial investigation/feasibility study (RI/FS) work plan summarizing initial siie
conditions and providing site hydrogeelogical and exposure models was published in August of 1993
{DOE 1993). Regulatory review of the remedial investigation (RI} and baseline risk-assessment
(BRA) has recently been completed. The RI (DOE and DA 1998b} discusses in detail the nature,
extent, fate, and transport of groundwater and springwater contamination. The BRA (DOE and DA
1998a} 1s a combinegd baseline assessment of potential human health and ecological impacts and
provides the estimated potential health risks and ecological impacts associated with groundwater and

springwater contamination if no remedial action were taken.

This feasibility study (FS) has been prepared to evaluate potential options for addressing
groundwater contarmination at the WSCP and WSOW. A brief description of the history and environ-
mental setting of the sites is presented in Section 1.1, key information telative to the nature and
extent of contamination is presented in Section 1.2, and the results of the baseline risk assessment
are summarized in Section 1.3. The objective of the FS is discussed in Section 1.4, and preliminary
remediation goals are identified in Section 1.5, The organization of the remaining chapters of this

FS is outlined in Section 1.6.
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1.1 SITE BACKGROUND

1.1.1 Site History

The DA obtained the land for the WSOW by direct purchase and condemnation in the late
1930s from farmers and residents in St. Charles County. Following construction of the ordnandée
works, the Atlas Powder Company operated the facility from 1941 to 1945 to produce trinitrotoluene
{TNT} and dinttrotoluene {DNT) explosives for use during World War IT, Tn 1946, the facility was
declared surplus property, and, by 1949, all but about 810 ha (2,000 acres) of the property (WSCP
and Weldon Spring Training Area [WSTA]) bad been transferred to the State of Missouri and the
University of Missouri {International Technology [IF] Corporation 1993a).

The WSOW was listed on the National Priorities List (NPL) of the U.S. Environmental
Protection Agency (EPA) in February 1990 (EPA 1990b). The DA is responsible for remediation of
this site, as stipulated in the Federal Facilities Agreement (FFA) among the EPA, the DA, and the

Missouri Depariment of Natural Resources.

In 1955, a total of 83 ha (205 acres) of the WSOW was transferred to the U.S. Atomic
Energy Commission ([AEC]; a predecessor of DOE) for construction and operation of the Weldon
Spring Uranium Feed Materials Plant, now referred to as the chemical plant (WSCP); an additional
& ha (15 acres) was later transferred for storage of waste. The chemical plant was operated for the
AEC by the Uranium Division of Mallinckrodt Chemical Works from 1957 to 1966 to process
uranivm and a limited amount of thorium ore concentrates, Waste slurries were piped o four
raffinate pits, where the solids settled to the bottom; the supernatant liguids were decanted to the
plant process sewer. This sewer drained off-site to the Missouri River via a 2.4-km (1.5-mi} natural

drainage channel referred to as the Southeast Drainage.

In 1985, DOE assumed custady of the WSCP and designated the control and decontami-
nation as a Major Project; it was redesignated as a Major System Acquisition in May 1988. In March
1989, the EPA listed the WSCP on the NPL (EPA 1989a).

1.1.2 Site Description

The original property of the WSOW encompassed a total area of 6,974 ha (17,232 acres).

This property has since been divided into several contigious areas with different ownership —
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mcluding the WSCP and quarry, WSTA, August A. Busch Memorial Conservation Area, Weldon
Spring Conservation Area, Francis Howell High Schﬂﬂi and Francis Howell Administration Annex,
community of Weldon Spring Heights, University of Missouri Research Park, St. Charies County
well field, and Missouri Highway Departiment maintenance facility (Figure 1.2). The Army currently
retains ownership of the 670-ha (1,655-acre) WSTA, which contains the majority of the former

production facilities, Public access to the training area is restricted.

The potential source areas of groundwater contamination at the WSOW include the TNT
and DNT production lines, three wastewater ireatment plants, in-line settling tanks, buming grounds,
sellite/acid plants, laboratory buildings, Mechanical City (facility maintenance area), regraining
areas, underground tolueae and wooden wastewarer transport pipelines, and wastewater fagoons
{Figure 1.3). Currently, the WSOW has relatively few of the 1,038 structures that constituted the
explosives production facility, Most of the buildings were either burmed or demolished during initial
decontamination activities and subsequent cleanup efforts, Except for a few buildings on the WSTA,
100 storage bunkers, the residences in Weldon Spring Heights, and a few storage buildings at Francis
Heowell High School, only concrete foundations remain of the former WSOW. In addition,

appreximately 25,400 m (83,300 ft} of buried wooden pipeline is believed to remain in the WSTA.

The 88-ha (217-acre) WS(P lies within the boundaries of the WSOW . The criginal layout
of the WSCP consisted of about 40 buildings, four waste retenition ponds referred to as raffinate pits,
two ponds {Ash Pond and Frog Pond), and two former dumps (north and south) that are in the
process af being remediated (Figure 1.4). The area was contaminated by TNT and DNT production
as well as by subsequent processing of uranium and thoriam ores. The area is currently feniced to
restrict public access. Burgermeister Spring, included in this operable unit, is located in the

August A, Busch Memorial Conservation Area, ditectly south of Lake 34,

1.1.2.1 (eology

As part of site characterization, a number of investigations have been conducted at the
WSCP and the WSOW o describe geological conditions (DOE 1992b; Rueff 1992, IT Corporation
16922, 1993b; DOE and DA 1998b). Locally, the subsurface consists of unconsolidated depnsilts that
unconformabiy overlie bedrock. Specific investigations at the WSTA and the WSCP have indicated
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that the unconsolidated overburden consisis mainly of modified loess, glacial drift, preglacial
deposits, and residuum (Rueff 1992; DOE 1992b; DOE and DA 1998b). The thickness of the
overburden deposits generally ranges from 0 to 21 m {0 to 70 ft} across the WSCP and WSOW
(Mugel 1997). The variable thickness of the overburden depesits is controlled by both surface
erosion and bedrock topography (DOE 1992b). Additional information on the overburden deposits
can be found in the RI reports for various operable uniis at the WSCP and the WSOW
- {(IT Corporation 1992a, 1993b; DOE 1992b; DOE and DA 1998k}

Beneath the unconsolidated Quaternary overburden deposits, the subsurface consisis
primarily of fractured and silicified carbonate units from the Mississippiun, Devonian, -and

Ordovician Periods. Some sandstones and shales are also present {Tahle 1.1).

The uppermost bedrock unit and the primary focns of these GWOUSs js the Burlington-
Keokuk Limestone. On the basis of weathering characteristics, the formation has been divided into
two zones. The upper zone, which.is more weathered than the lower portion of the limestone, is
referred to as the weathered limestone. The lower zone, which is less weathered, is identified as the

unweathered limestone. The stratigraphic boundary between the two units is gradational.

On the basis of the estimated stratigraphic contact from rock cores and boring logs, the
weathered limestone typically ranges in thickness from O to 34 m (0 to 113 ft) {Mugel 1997). The
weathered unit is an afgillacaous limestone, commonly containing as much as 60% chert as nodules,
breccla fragments, and interbeds. The unit is moderately to highly fractured and slightly to severely
weathered. Abundant irgn oxide staining and manganese oxide occur in the rock matrix and along

fractures.

At the WSCP, core sampling from the angled boreholes indicates that fracturing in the
Burlington-Keckuk is predominantly horizontal and typtcally occurs along shaley interbeds, bedding
planes, or chert interbeds. Solution features have also been found, which are typically partially or
completely filled with clay and chert gravel, Although some voids occur in the uppermost bedrock,

they are generally isolated and display limited vertical or lateral continuity (Garstang 1991}

In most cases, the unweathered unit underlies the weathered zone of the Burlington-Keokuk
Limestone and is thinly to massively bedded and finely to coarsely crystalline and cherty. Both

horizental and vertical fracture densities are significantly lower in the unweathered vait than in the
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weathered unit {ME-Ferguson Company and Jacobs Engineering Group 1990b). On the basis of
subsurface data obtained ai the WSCP and WSOW, this unit ranges in thickness from 0 to 34 m (0
to 113 ft} (Mugel 1994). Field data from borehole packer testiﬁg of the saturated bedrock also
indicate a decrease in hydraulic conductivity with depth. which is attributed to decreased weathering

and related solution activity.

1.1.2.2 Hydrogeology

The three regional bedrock aquifer systems present in the Weldon Spring area include a
shallow unconfined aquifer (although it may be confined in some local areas), a confined middle
aquifer. and a deep confined aquifer (Table 1.1). These systems are separated by confining units
made up of limestone, dofomite, sandstone, and shale formations (Kleeschulie and [nes 1994).
Regionally, the shallow bedrock aguifer primarily consists of saturated rocks of the Burlington-
Keokuk Limestone and Fern Glen Formation; the middle aquifer is composed of the Kimmswick
Limestone. The deep bedrock aquifer system consists of Ordovician and Upper Cambrian satarated
tocks, which include formations from the top of the St. Peter Sandstone down through the bottom
of the Potosi Dolomite (Kleeschulte and Emmett 1987). Groundwater that is used as a drinking water
supply in the area is primarily taken {rom the deep aguifer and from an alluvial aquifer near the
Missouni River; however, in St. Charles County, the shaliow and middle aquifers are also used,

pritnarily for rural domestic water supply {Kleeschulte 19911,

The groundwater, sj’stem of primary interest in the Weldon Spring area is the shallow
bedrock aquifer, which consists of a series of hydravlically connected limestones and, in some
locations, the overlying saturated residuum or glacial drift. The shallow aquifer includes the
Burlington-Keokuk Limestone, which is the uppermost bedrock formation beneath the WSCP and
most of the WSOW. The principal recharge to this shallow groundwater systemn is through
infiltration of precipitation from the overburden or from losing streams. The shallow groundwater

system is the focus of these operable units becanse of impacts from previous activities.

The shallow aguifer is primarily unconfined, although it may be confined in a few local
areas where the groundwater extends into the overlying glacial drift. The water table elevation
fluctuates seasonally and with precipitation, but remains within the upper bedrock, residuum, or

glacial dnft. An east-west trending groundwater divide, which coincides with the topographic high,
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has been identified that results in two distinct drainage systems (Missouri Department of Natural
Resources 1991; DOE 1992b; IT Corperation 1992a; Kleeschulte and Imes 1994).

At the WSOW, shallow groundwater north of the divide flows to the north, and shaliow
groundwater south of the divide flows to the south following natural gradients (DOE and DA 1998b;
Figure 1.3). In the northeastern portion of the WSTA and northwest of the WSCP, a subsurface
conduit system transports water rapidly to Burgermeister Spring. The presence of the conduit system
(2 subsurface pathway in which water flows at a high velocity and dees not obey Darcy’s law [White
1988]) is inferred by a groundwater trough in the coutoured water table surface south of
Burgermeister Spring, which extends into the northern portion of the chemical plant and the
northeastern portion of the ordnance works area. Watcr-tracing tests provide additional evidence for

- the presence of a conduit system in this area (Missouri Department of Nawral Resources 1991; Price
1991; DOE and DA 1998b). These features are located north and south of the WSTA,

The Burgermeister Spring arca appears to be a major groundwater discharge area for
drainage from the eastern and central porticns of the WSTA and the northern and western portion
of the WSCP. Groundwater in the notthwestern portion of the WSTA flows to two western valleys
{i.e., the 6300 drainage and a small drainage to the west of the 6500 drainage) (IT Corporation
1993b). Groundwater flow in the southern portion of the WSOW is contained within its surface
drainage (i.e., does not cross into other drainages) and discharges at numerous small springs

{Figure 1.6).

At the WSCP, groundwater to the north of the divide flows north and west toward
Burgermeister Spring and eventually toward Dardenne Creek, a tributary of the Mississippi River.
At the chemical piant, gronndwater to the south of the divide flows south to southeast toward the
Missouri River, primarily through the 3300 drainage. Because the Southeast Drainage is a losing
stream in portions of its upper reaches, mixing between groundwater and surface water runoff can

OCCur.

1.1.2.3 Surface Waler

The W3OW and the WSCP are located on an east-west drainage divide berween the
Missouri and Mississippi watersheds (Missouri Department of Natural Resources 1991:

IT Corporation 1992b) (Figure 1.6). At the western part of the WSOW, surface drainage to the south
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of the divide flows to Linle Femme Osage Creek and its tributaries, which ultimately discharge into
the Missouri River. At the sastern part of the WSOW, surface drainage to the south of the divide
flows toward and discharges to the Missouri River. Surface drainage to the north of the divide flows
toward Dardenne Creek and its tributaries. Schote Creek, the largest of the tributaries, drains a major
portion of the training area and the WSCP. Dardenne Creek flows easterly and ultimately into the
Mississippi River (IT Corporation 1992a; DOE 1992b). Because of the presence of the surface
drainage divide, surface water from the WSCP flows to the adjacent WSOW.

1.1.2.4 Biotic Resources

The principal surface water feature of relevance to these operable units is Burgenmeister
Spring. This spring is located in the former WSOW nerth of the WSCP in upland fﬁrest with a
relatively dense understory. Tree species present in this area include red vak, persimmon, Kentucky
coffee tree, and cottonwood. Ground cover immediately around the spring is dominated by
periwinkle, whereas the shrubby understory is predominantly honeysuckle. At Burgermeister Spring.
gronndwater discharges into a square concrete enclesure about 1.5 m (4.9 ) on each side and about
0.5 m (1.6 f1) high, Springwater within the enclosure flows through a crack in the concrete wall into
a small natural stream channel (about 1 m [3.2 ft] wide). A small concrete weir is located about 15 m
{50 ft) downstream of the spring and creates a small pool with a sand/silt bottom {about 2 m x 3 m
[7 ft x 9 ft] and about 0.3 m [ {t] deep). Below the weir, the stream flows over a sand, gravel, and
cobble substrate for about 15 m (50 ft) and then joins a larger stream that flows into Lake 34 about

1 kan (0.6 i) downstream of the spring,

No fish occur above the weir, which effectively serves as a barrier to the upstream passage
of fish. The fish community of Burgermeister Spring below the weir is typical of Midwestem
headwater streams; reparted species inciide the orange throat darter, green sunfish, brook silverside,
and redfin shiner. The larger stream that receives inflow from the spring and discharges to Lake 34
supports a more diverse fish fauna, including species common to Lake 34 that may use the stream
as spawning and nursery habitat. Fish using the stream may include the black and white crappie,

green sunfish, bluegifl, largemouth bass, carp, and black bullhead.
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1.1.2.5 Land Use
The 700-ha {1,655-acre) WSTA is adjaceni to _tﬁe WSCP. Both areas are fenced, and access

by the general public is restricted. Portions of the training area that are not contaminated are
currently used for field training and cutdoor maneuvers by the U3, Army Reserve, the Missouri
Armny National Guard, and other military and police units. An estimated 3,300 local Army reservists
and 3,400 other reserve troops use the training area each year (Daubel 1992), The Army intends to

continue and even expand use of the WSTA area for training acrivities in the future.

A large portion of the W5OW has been converted into conservation areas (Figure 1.2). The
2.2828-ha (6,987-acre) August A, Busch Memorial Conservation Area and the 2,977-ha (7,356-acre)
Welden Spring Comservation Area are managed by the Missouri Departiment of Cﬂnservﬁtion and
are open throughout the year for reereational use. These areas rcceivc_ an estimated 1,200,000 visitors

each year (Crigler 1992},

A state highway maintenance facility is located just east of the WSCP. The facility emiploys
nine full-time staff and one mechanic (Sizemore 1991). The former staff housing complex for the
former WS5OW, located southeast of the intersection of State Route 94 and U.S. Route 40461, is
currently a private housing development known as Weldon Spring Heights, which has a population
of about 80, Francis Howell High School is located about 1 km (0.6 mi) east of the WSCP. The
school employs about 173 faculty and staff {including employges at the Francis Howell

Administration Annex) and is attended by about 1,930 students {Meyer 1993}

County zoning requiremnents for future housing developments in the area around the WSCP
and the WSOW indicate that municipal wastes would be the source of drinking water far tmtential
future residents n the area. Housing developments or subdivisions are generally platted for home
lots of no more than 0.4 ha (1 acre} in size that musi be provided with mumicipal water. During the
last two years, only one building permit was issued in the City of Weldon Spring for a private
residence with an individual well. During the past 10 vears, no building permits have been issued
m the City of O’Fallon for residences with private wells for water supply. Also, for the period
between 1993 and 1996, only two wells were installed (at less than 91 m [300 ft] deep) downgradient
of the WSCP and the WSOW sites, out of approximately 2,200 new homes started {Tunnicliff 1997).
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These housing trends support the belief that use of site groundwater for residential purposes might

be limnited.

1.2 NATURE AND EXTENT OF CONTAMINATION

The nature and extent of contarination within the groundwater system for the WSCP and
the WSOW were evaluated on the basis of groundwater and spring data collected under DOE and
DA environmental monitoring programs from 1987 through 1995 and a joint sampling effort
conducted in 1995, Data for groundwater at the WSCP and the WSOW were combined and

evaluated together because the groundwater system is continucus beneath both areas.

1.2.1 Groundwater

To facilitate the interpretation of data regarding the vertical distribution of contaminants
m groundwater, data were grouped into four stratigraphic units: the overburden, weathered
Burlington-Keokuk, unweathered Butlington-Keckuk, and deeper units. The results of the data
gvaluation indicated that contaminants evaluated at greater than background levels include nitrate,
uranium, chloride, suifate, lithium, and molybdenum. Organic compounds that include trichloro-
ethylene (TCE), 1.2-dichloroethylene (1,2-DCE), and nitroaromatic compounds have also been
detected. However, this discussion will focus on the set of contaminants that are considered to be

primary contributors te potential site risk.

The extent of uranium and nitrate contamination in groundwater is primarily limited to the
WSCP and nearby vicinity. Higher concentrations have typically been measured near the raffinate
pits, predominantly in the overburden and weathered units of the aguifer. Data from the joint
sampling effort conducted in 1995 indicated concentrations as high as 900 mg/L. for nitrate and
60 pCi/L. for uranium. The maximum data peint for uraninm was reported for MW -4024, which was
installed just before collection of this data point. It is suspected that bentonite grout used for wel}
installation contributed to the vraniuvm high concentrations (DQE and DA 1998b). A more recent
data point reported for this well (July 1997) was 6.7 pCi/L. Elevated levels of uranium were also
detected in shallow groundwater in the Southeast Drainage; in-situ saraples ranged in concentration
from 2.1 to 160 pCV/L. However, sampling of a new well installed near the Southeast Drainage an;:a

it May 1997, has shown no detected concentrations of uranium {i.e., < 0.68 pCi/L).




GWOL ES — EPA Draft Final: Do Not Cite {-18 March 6, 1998

Nitroaromatic compounds occtr sporadically at low levels across the groundwater system;
higher levels have generally been detected in the overburden and weathered units of the aguifer. The
primary nitroaromatic compounds detected include 2 4-dinitrotoluene (2,4-DNTY, E,E-din_it_mm]uene
{2.6-DNT), 1,3 5+trinittobenzene (1,3,5-TNB}, 24.6-trinitrotoluene  (2,4,6-TNT), and the
amino-DNT compounds (2-amino-4,6-dinitrotoluene [2-amino-4,6-DNT] and 4-amine-2,6-dinitro-
toluene (4-amino-2,6-DNT]). The 1995 joint sampling data indicated maxirmum concentrations

ranging from B to 100 pgfL for these compounds.

Gruundwatﬂr contamination of TCE and 1,2-DCE is localized at the WSCP, primarily in
the vicinity of the raffinate pits. The areal extent of contamination extends from east of raffinate pit 3
to the south and southeast of raffinate pit 4, just bevond the adjacent boundary with the WSTA. Most
of the contamination occurs in the weathered portion of the aquifer. TCE has been detected in one
unweathe;ed well (MW-3025); however, after this well was retrofitted to {ix a leaking seal, no TCE
was detected. Concentrations in groundwater have ranged from 1 to 9,000 pg/L. for TCE and from
I o 39 pg/l for 1,2-DCE. The most recent data collected (as of December 1997) indicate TCE
concentrations ranging from 1 to 1,300 pg/L and 1,2-DCE concentrations ranging from 1 to 29 pg/l.

The distribution of contamtination for selected contaminants (i.e., TCE and 1,2-DCE,
nitrate, 2,4-DNT, 2.4,6-TNT, 1,3-DNE, and uraniumy} is illustrated in Figures 1.7 through 1.12. The
93% upper confidence limnit (UICL) of the arithmmetic average values for each well are shown in the
figures for different stratigraphic groupings (i.e., overburden and weathered Burlington-Keokuk
Limestone grouping; and unweathered Burlington-Keolauk and deeper uﬁitﬂ grouping). For naturally
occurring constituents (i.e., uraninim and nitrate), only those wells that exceed the statistically derived
background are shuw, For uranium and nitrate, the UCL values for each well are calculated on the
basis of more recent data only (1995-1997), since these data are believed to be a more accurate
representation of current contamination levels. Wells that are considered to be impacted by uranium
processing activities are designated in the distribution maps; these wells were determined on the
basis of data evaluation, existing or previous source areas, and groundwater flow, The distribution
maps for nitroaromatic compounds, TCE, and 1,2-DCE show all the locations where these
compounds were detected. The UCL values for nitroaromatic compounds were calculated on the

basis of all data collected since 1987, The UCL values for TCE and 1,2-DCE were calcilated on
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the basis of data collected since [996. Distribution maps for the other site contarninants are presented
in the RI (DOE and DA 1998b). |

1.2.2 Springwater

The primary contaminanis detected in springwater include uranium, nitrate, sulfate, and
nitroaromatic compounds. Elevated levels c;f uranium and nitrate have been routinely detected at
Burgermeister Spring (63(0) drainage). Nitrate concentrations at this location have historically ranged
from 0.5 to 10,000 mg/L, data collected since 1993 indicated a range of 3.8 to 47 mg/L. The 1995
joint sampling indicated a maximum concentration of 91 pCi/L. Elevated uranium levels have also
been routinely detected in the Southeast Drainage (3300 drainage). Elevated sulfate levels, ranging

from 3.2 to 86 mg/L, were found in springs in the 5100, 5200, 5300, and 6300 drainages.

Nitroarotnatlic compounds have been detected in springs at low levels from most of the
drainages in the former WSOW, except for the 5100 drainage. The highest levels of 2,4,6-TNT
occurred in Spring 3201 (downstream of Burning Ground 1) and in the Southeast Drainage, with
concentrations of 120 and 280 pg/L, respectively. Concentrations of other nitroaromatic compounds
detected throughout the area have ranged from 0.02 to 24 pg/L.

Orther naturally occurring constituents detected at above background levels include chioride,
antimony, cadmium, lithium, manganese, mercury, molybdenum, and silver. Four springs were also
sampled for volatile organic compounds (VOCs), beginning in August 1996. The springs included
Burgermeister Spring. Spring-6303. and two springs in the Southeast Drainage. No VOCs were
detected in the Southeast Drainage. Low levels of TCE were detected in the 6300 drainage (i.e., less
than 1.72 ng/L}.

1.3 SUMMARY OF POTENTIAL RISKS

Potential impacts to hurnan health and the environment from groundwater and springwater
contamination were evaluated for the WSCP and the WSOW if no cleanup was undertaken for these
media. Cumrent and likely future land uses were incorporated into assumptions for these risk

estirmates,
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1.3.1 Human Health Assessment

Potential carcinogenic risks for both radielogical and chermical exposures were assessed in
terms of the increased probability that an individual would develop cancer over a lifetimne. The EPA
has indicated that for known or suspected carcinogens, the accﬁpfable exposure levels for members
of the general public at sites on the NPL are generally concentrations that represent an excess upper-
bound lifetime cancer risk to an individual of between 1 x 10°% and 1 x 10" (EPA 1989b). This
range is used as a point of reference for discussing the results of the carcinogenic risk assessment
for the GWOUSs at the WSCP and W50W. '

Potential bealth effects other thar cancer from expesure to chemical contaminants were also
assessed. The quantitative measures of noncarcinogenic health effects are the hazard quotient and
hazard index. The EPA has defined a hazard index of greater than | as the level of concern for

noncarcinogenic health effects.

Contarminants identified in the RI as site-related contaminants were included in the risk
calculations. The evaluations performed as part of the RI included the identification of site-related
¢ontarninants, which was based on an understanding of the processes that occurred at the sites and
cn evaluation of approximately 10 years of data; for naturally occurring contaminants (i.e., metals
and inorganic anions), these data were alse compared with background values. Hazard indices and
carcinogenic risks from contaminants identified as site-related contaminants were estimated by using
either the maximum concentration or the 953% UCL of the arithmetic average of the data set collected

for each contaminant.

1.3.1.1 Exposure Scenarios

The most likely receptor under current Iand use was assumed 10 be a recreational visitor
who migiit be exposed to contaminated discharge water at one of the springs. On the basis of current
land use nformation, the analysis also assumed that there would be no current access and use of the
groundwater (see Section 1.1.2.5). Army reservists and a full-time site caretaker of the WSOW were
also considered as potential receptors; however, these scenarios were not evaluated. There are no
potential pathways of exposure for the reservist because no active springs occur in the WSTA, and
municipal water is available at a tap. Similarly, the petential for the site caretaker to come in contact

with the contaminated groundwater and springs is unlikely because of the availability of municipal
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water. The potential 115k to a reservist who might venture outside the fenced waining area and drink
springwater would be covered by the calculations performed for the recreational visitor. It was
considered reasonable for reservists o train at the WSTA two to three weekends (about six days) per
year. If these same reservists also spent their vearly retreat training of two weeks at the WSTA, the
frequency of exposure would extend to about 20 days, which is the same as the exposure frequency

assumed in the risk calculations for 2 recreational visitor. -

Under future land use, the most likely receptor wouid also be a recreational visitor. It is
unlikely that the shallow aquifer beneath the WSCP and the WSOW would be used by a future
resident on the basis of current and foreseeable future land use. The Army intends to continue using
the WSTA for training activities in the future. The WSCP is currently being remediated; all site
waste will ultimately be disposed of inr an enginesred disposal celi constructed on-site. The size of

the cell is estimated to encompass approximately one-third of the WSCP.

In addition, a large portion of the former WSOW has been converted into conservation
areas. The August A. Busch Memorial Conservation Area and the Weldon Spring Conservation Area
are managed by the Missouri Department of Conservation and are open throughont the year for
recreational use. These areas are extensively used, as indicated by the estimated 1,200,000 visitors
each year (Crigler 1992). |

Because of the low transmissivity and low yield of the upper part of the shallow aquifer,
& future resident would likely screen a private well in the deeper, more productive aguifers. Also,
the well would be open to a larger portion of the shallow aquifer (rather than only the upper

weathered unit of the Burlington-Keokuk) because of the 24-m (80-ft) casing requirement.

Nevertheless, as a means of providing information representing the upper-bound risk to
human bealth from groundwater contamination, risk caleulations were performed for the hypotheticat
future resident. Separate calculations to estimate risk for recreational use of the groundwater were
not performed because one can infer potential risk to a recreational user from the calculations for the
residential scenario. By using the standard exposure parameter assumptions recommended by the
EPA for a recreational visitor (1.., assurning the recreational visitor could somehow access the
groundwater 20 times per year for 30 years and ingest approximately 400 ml each visit), the

potential risk and harard index would be approximately one-hundredth of those for a residemnt.




GWOL F8 — EPA Draft Final: Do Not Cite i-28 : Muarch 6, 1998

Pathways evaluated for the resident included ingestion and dermal contact through showering. An

additional pathway of inhalation while showering was evaluated only for TCE.

1.3.1.2 Risk Characterization

Neither carcinogenic risk nor systemic toxicity is indicated for the recreational visitor inci-
dentally ingesting springwater at the 13 springs evaluated; these results are expected to be represen-
tative of all springs located in the area covered by the GWOUs. The radiological risk estimates range
from 4 x 10% 1o 3 x 10°%. These values are low and well within the acceptable risk range of 1 x 107
to | x 1&7* recommended by the EPA (1989b). The chemical risk estimates are similarly low and
range from 3 x 107 to 6 % 10”7, The hazard indices estimated for the recreational visitor at the

springs range from (LO0L to 0.4,

The well-by-well calculations for the hypothetical future resident scenario indicate that of
the. 135 wells evaluated, chemtical risks would be greater than 1 % 107 for seven wells, The chemical
risk estimates for the 135 wells range from 1 x 107 to 3 x 1073, The upper end of this range is
attributable to TCE detected at well MW-2038, which is located north of the groundwater divide.
The chemical risk estimates and primary risk contributors for the other six wells are as follows:
2 x 107 at MWV-09 and MWS-12 dug to nitroarematic compounds; 1 x 10 at MWS-17 due o
nitroaromatic compounds; | x 1074 at MW-2030 due to nitroaromatic compounds; 4 x 107 at
MW-2037 due to TCE; and [ x 10 at MWS-21 due to TCE. The TCE-contaminated wells are near
the raffinate pits and are completed in the weathered portion of the shallow aquifer. On the basis of
gstimares for the residential scenario, the chermical risk estimates for a recreational visitor would be
within the acceptable risk vange (i.e., at less than | x 107 to 3 x 107%). The radiological risk estimates
for the residential scenario range from 7 x 10816 7 x 1073, all within the EPA’s acceptable risk
range; the potential radiclogical risks for the recreational visitor would be in the range of 7 x 1610

t0 7 x 107,

The estimated hazard indices for the 135 wells based on the residential scenario range fiom
(.01 to 40. The hazard indices for 43 of the 155 wells evaluated are greater than 1. Of the 43, hazard
indices for 27 wells are attributable to nitroaromatic compounds, Elevated nitrates occur mostly in
the WSCP 2000- and 3000-series wells; 15 hazard indices that are greater than ! are attributalble to

nitrate concentrations in these wells. Uranium concentrations in another well (MW-4{24)
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contributed 1o & haxzard quotient of 0.84 out of a hazard index of 1. The hazard indices for these wells
based on a recreational scenario would be approximately one-hundredth of those estimated for the

residentiai scenatio.

In summary, the following contaminants can be identified as contaminants of concern
(COCs) on the basis of their contributions to carcinegenic estimates; TCE and the nitroaromatic
compounds 2.4 6-TNT, 2 4-DNT, and 2,6-DNT. In addition, nitrates and nitroaromatic compounds
(primarily 1,3,5-TNR, 2-amino-4,6-DNT, and 4-amine-2,6-DNT}) are considered COCs relative to
their coniributions to the hazard indices. Uranium is considered a COC only with regard to its
possible transport (o the springs. Higher uranium concentrations have been detected in Burgermeister
Spring samples than in groundwater samples. Groundwater concentrations of uranium have been

determined to result in potential radiclogical risk within the acceptable sk range.
1.3.2 Ecological Assessment

1.3.2.1 Methodology

The ecological risk assessinent for the GWOUs employed a number of approaches for
evaluating risks to ecological resources using springs at the WSCP and the WSOW. Risks to aquatic
bicta were evaluated with biotic surveys, tissue analyses of fish and macroinvertebrates, media
toxicity lesting, and compariscn of media concentrations ¢ ecological benchmark (“'safe’) media
concentrations. Risks to terrestrial biota were evaluated by modeling contaminant uptake and
¢companng the predicted doses to species-specific benchmark doses. Contarmninant data used in the
ASSESSINENt included the same surface water data used in the human health risk assessment, as well
as sechment data collected specifically for the ecological risk assessment at Burgermeister Spring and

selected downstream locations,

"Biotic surveys for aguatic invertebrates, fish, and amphibians were conducted at
Burgenneister Spring and its downstream drainage to determine the status of the biotic cornmunities
currently exposed to contaminants in surface water and sediment at the spring. Tissves were also
analyzed to evaluate contaminant bioconcentration by aquatic biota. Toxicity testing of surface water
and sediment from the spring and downstream locations included acute and chronic toxicity testing

of aguatic invertebrates, fish, and amphibians. These tests determined whether current contaminant
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concentrations in the surface water and sediment are toxic to aquatic biota. Contaminant uptake from
the ingestion of surface water was mﬂdticﬂ for two terrestrial receptor species, the white-tailed deer
and the American robin. The uptake modeling emploved species-specific exposure factors; the
exposure point concentrations were the maximum reported contaminant concentrations in surface

water from springs at the WSCP and WSOW.

1.3.2.2 Resulis And Conclusions

The results of surveys of macroinvertebrates, fish, and amphibians that inhabit the
Burgermeister Spring drainage indicated no evidence of adverse effects (o these aguatic biota. The
spring was determimed to contain generally good aquatic habitat, and the species present are typical
of thosa found in similar habitats throughout the Midwest. ;;-'ﬂthdugh the fish community was limited
in diversity and the macroinvertebrate community was categorized as slightly impaired, the
comumunities are hikely affected by the physical natre of the spring and its drainage rather than
contaminant levels. Flow in the uppermost portion of Burgermeister Spring.is maintained by
groundwater discharge at the spring. Under low-flow conditions, as commonly occur in the summmer,
the streamn drainage below the spring becomes intermittent and portions of the habitat become dry.

Surveys of amphibians found a community typical of similar habitats in the Midwest.

The resulis of toxicity testing indicate the potential for some toxicity to fish and inverte-

- brates from surface water and sediment in Burgermeister Spring proper, although the magnitude of
‘the toxicity is Jow 1o moderate. Surface water and sediment texicitics were also measured at some
locations downstream of the spring, but no clear toxicity gradient was evident extending downstream
from the spring. However. the presence of apparently unaffected macroinvertebrate, fish, and
amphibian communities in the drainage at Iocations where media toxicity was detected suggests that
local populations are tolerant of {or have adapted to).the contaminant levels present in surface water
and sediment in the Burgermeister Spring drainage, Tissue anﬂlysaé revealed relatively low levels

of contatninant tioconcentration, all below leveals of concern.

Modeling of contaminant uptake by the white-tailed deer and American robin drinking from
Burgermeister Spring (but using maximuin contaminant concentrations repovted from all springs)

predicted very low levels of contaminant uptake by these species. Risk estimates for terrestrial biota
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based on the modeled contaminant doses indicate no risks to terrestrial biota drinking from

Burgermeister Spring or other springs in the area.

Risk estirnates for aquatic biota based on media concentrations indicate that surface water
concentrations of iron, manganese, mercury, uranivm, 1,3,5-TNB, and 2,4,6-TNT, and sediment
concentrations of arsenic, lead, and silver might pose low to moderate risks to aquatic biota.
However, the aquatic community it Burgermeister Spring is typical of similar habitats elsewhere in
the Midwest and does not appear to be adversely affected by contaminant concentrations at this time.
Few of the other springs in the area provide suitable habitat and, at best, naturally support only very

limited aquatic comimunities.

On the basis of the results of biotic surveys, media toxicity testing, tissue analyses, media-
based risk caleulatiens, and contaminant uptake modeling, current contaminant levels in surface
water and sediment in area springs are considered to pose little or no risk to aquatic or termestiial
biota of the Weldon Spring area. Risk calculations indicated a potential for low to moderate risks
te aguatic biota from some contaminants in springs, and surface water and sediment toxicities were
detected for Burgermeister Spring. However, biotic surveys of Burgermeister Spring and
dewnstream habitats found no evidence that aquatic biota inhabiting this spring are being adversely
impacted; few other springs naturally provide sufficient petmanent habitat to support more than only
very limited aquatic communities. Uptake modeling indicates no risks to terrestrial wildlife using

the area springs for drinking water.

1.4 OBJECTIVE OF THE FEASIBILITY STUDY

The chjective of this feastbility study is to evaluate potential options for addressing
groundwater contamination at the WSCP and the W3OW. This FS provides sufficient information
to support decisions in accordance with the integrated environmental compliance processes for the

WSSRAP and for the remedial action project at the WSOW, which includes the W3STA.

Water at surface springs located at the WSCP and the WSOW was also evaluated as part
of the RVBRA. Contaniinant concentrations are estimated to result in human health risk within or
lower than the acceptable risk range recommended by the EPA (Le.. 1 x 10% 10 1 x 10™*). The resuits
of the ecological assessment also did not indicate the need tor remediation at the springs. The likely

future }and use is considered to be similar to the current recreational land use, for which groundwater
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is not used. Estimates for groundwater risk based on the assumption of occasional use by a
recreational visitor if access was available indicate that risk levels would be within the EPA’s
acceptable risk range and below a hazard index of 1. However, risk estimates based on the
conservaiive assumption of residential land use indicate that exposure to contaminated groundwater
at a few wells would result in a potential risk of greater than 1 x 10" and a hazard index of 1.
Because it is expected that source removals planned and/or currently ongoing at both the WSCP and
WSOW would lead to a decrease in contaminant concentrations, options that allow for verification
of decreasing concenirations were evaluated. The analysis for this F3 also focused on the evaluation
of applicable engineering options for removing or reducing groundwater contaminant concentrations

to provide additional overall protection of human health and the environment.

1.5 DETERMINATION OF PRELIMINARY REMEDIATION GOALS FOR
GROUNDWATER AT THE WSCP AND THE WSOW

On the basis of the results of evaluations presented in the BRA and RI (DOE and DA
1998ab), the focus and primary objective of this FS is the identification of options that allow for
verification of decreasing contaminant concentrations as the result of source removals and options
that reduce or remove contaminant concentrations {i.e., TCE, nitrates, uranium, and nitroaromatic
compounds in groundwater). Nitrate and TCE contamination are primnarily of concern at the raffinate
pits area at the WSCP. Nitroaromatic compounds have been identified as COCs in a few wells at
hoth the WSCP and the WSOW. Although uranium concentrations in groundwater at the WSCP and
at the WSOW are elevated over background, concentrations are generally low. Uranium
concentrations are generally higher at the WSCP than those reported for the WSOW, Estimated risks
from uranium, however, including those detected at the WSCP, are within the acceptable risk range

fsee Section 1.4).

Preliminary remediation goals (PRGs) for TCE, nitrates, nitrcaromatic compounds
{ie., 2.4,6-TNT, 24-DNT, 2,6-DNT, 2-amino-4,6-DNT, 4-amino-2,6-DNT, nitrotoluenes,
1,3,5-TNB, 1,3-dinitrobenzene [1,3-DNB], and nitrobenzene), and uranivm are identified in this FS
as a basis for evaluating the effectiveness of the varicus techrologies and alternatives being
considered. In accordance with the National Oil and Hazardous Suobstances Contingency Piz;.n

{[NCP]; EPA 1990a), the PRGs are concentrations of contaminants for each exposure route that are
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believed to provide adequaie protection of human health and the environment on the basis of
preliminary site information. They are ininally based on applicable or relevant and appropriate
requirements { ARARs) — for example, maximum contaminaant levels (MCLs). For all classes of
chemicals, the EFA uses ARARs, when available, to set remediation goals. When ARARS are not
available or are not sufficiently protective, the EPA sets remediation goals for nencarcinogsnic
chemicals suc.h that exposure presents no unacceptable risk of significant adverse effects to
individuals on the basis of a comparison of exposures associated with reliable toxicity information
such as EPA reference doses (RfDs). When ARARSs do not exist fo_r carcinogens, the EPA selects
remedies resulting in a risk range of 1 x 10 to 1 x 10® incremental lifetime cancer risk. A detailed
discussion and compilation of ARARs and to-be-considered (TBC) requirements is presented in

Appendix A

An MCL of 5 pg/L has been identified for TCE and an MCL of 10 mg/L for nitrates as
nitrogen {nitrate-N}. For nitroaromatic compounds, a concentration for 2,4,0-TNT has been set by
the EPA as a drinking water health advisory, This value has been determined to be a TBC (see
Appendix A). Missouri water quality standards may serve as ARARs for nitroaromatic compounds
considered to be COCs for the GWOUs. Missouri water quality standards contam specific
concentrations for 3 of 11 nitroaromatic compounds of conecern — that is, nitrobenzene, 2,4-DNT,

and 1,3-DNB {10 Code of State Regulations [CSR] 20-7.031{3)).

Mo federal or state MCL or maximum cantm:gﬁnant level goal (MCLG) exists for uranivm.
On July 18, 1991, the EPA published a proposed rule that set an MCL of 20 pg/L for uranium (EPA
1991). The proposed MCL corresponds to 14 pCi/L for the activity concentration ratio of uraniom
isotopes found in groundwater at the WSCP. In 1995, the EPA promulgated a final rule for
groundwater standards for remedial actions at inactive pranjum processing sites (EPA 1995a). That
final male sets a concentration {imit for uranium of 30 pCi/L to provide an adequate margin of safety
against both carcinogenic and systemic or nencarcinogenic toxicity effects of uranium (Title 40,
Part 192, of the Code of Federal Regulations [40 CFR Part 192]). Because the NCP states that
proposed regulations are only TBCs, the proposed MCL standard 18 not an ARAR. Further, the NCP
sets out a process to determine whether a standard is relevant and appropriate 10 a particular
remedhation activity at the site. The 30 pCi/L ts relevant in that it applies to the same contamination

{uraninm) in the same medium (groundwater). However, this standard was developed for




GWOHT FS — EPA Draft Final: Do Not Cite i-34 March 6, 1993

environmental conditions not pertinent to the WSCP and WS0W. As such, it 18 questionable
whether this standard is appropriate as applied to contaminated groundwater at the WCSP and the
WEOW.

Under the NCP, if ARARSs are not available, alternative criteria such as risk-based values
may be developed. Because there are no ARARs for eight of the nitroarcmatic compounds that are
COCs, it is appropriate to develop risk-based values for these compounnds {risk-based values are
developed on the basis of RfDs or slope factors provided by the EPA). Risk-based values were also

developed for uraniur.

In accordance with the EPA approach set out in the preamble to the NCP (EPA 1990a}),
exposure assessments for current and future land use involve developing reasonable maximum
estimates of exposure for both current and potential future land use conditions, The exposure
analysis for curmment land use conditions is used to determine whether a human health or
environmental threat might be posed by existing conditions. The analysis of fumre land use
conditions is used to provide decision makers with an understanding of exposures that may
potentially ocour, including a qualitative analysis of the likelihood that the assumed future land use
will occur. The reasonable maximum exposure estimate for future use provides the basis for
developing protective exposure levels. Concentrations of carcinogenic contaminants equivalent to
‘the 1 x 10~ and 1 x 10°® risk range were estimated for both the recreational and residential scenarios
to provide a range of information for risk management purposes. Calculations were also performed
to determine the concentrations of noncarcinogenic contaminants that would be equivalent to a
hazard index of 1 for both scenarios. Assumptions and methodologies were similar to those used for

risk estimates in the BRA (DOE and DA 1998a) and are further discussed in Appendix B of this F5.

For the purpose of the evaluations and comparisens performed in this T_"S, PRGs for the
contaminants of concern were identified using ava.ilah];:a ARARs, as follows: 5 pg/T for TCE,
10 mg/L. for nitrate as nitrogen (nitrate-N}, 0.11 pg/L for 2,4-DNT, 1.0 pg/i. for 1,3-DNB, and
17 pg/l. for nitrobenzene.

For the remaining COCs, PRGs were determined from risk-based values for the recreational
visitor scenario. Likely future land uses for the WSCP and the WSOW are expected 1o be similar to

current land uses. Current land uses for both areas are considered recreational. Table 1.2 presents a
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TABLE 1.2 Summary of Regulatory Criteria, Risk-Based Values, and Preliminary
Remediation Goals for Groundwater Contaminants of Convern

Risk-Based Values®
Residential Scenatio Recreational Scenatio
1076 0 10 Hazard 108 o 1 Hazard Proposed

Contaminant Regulaeary  Carcinogenic Indax Carcinogenic Index PRGs for

of Concemn Unit Criteria® Risk Range of 1 Risk Range of [ the GWCHUs®
ICE peil 5 7.7 -770 Nat B30 - £8,000 Na [
Mitrate-T4 mg/L 10 NA 75 NA 5100 10
1456TNT pgL p 2% - 280 1% 250 — 25,081 1500 250
2,4-DNT pgl O.L1% 013 -3 73 11 - 1,14} 6,00 pil
LE6-DNT prl -h 03— 13 7 11-1,180 31,200 11
ZAmina4 6DNT gl - NA . NA 1590 20
4 Aming-26DNT gl . NA 22 NA 190 15
1.3.5-TNB upl. . N& 1.4 NA 150 160
1.3-DNE ugl. 102 Na 17 NA 520 1.0
t-Moitrodcluene npil - MA a7 MA 3200 3,200
o-MNitroroluene pel - MNA 37 hES 3,200 3,20:0
p-Nitretoluene npiL - NA 37 NA 3200 3,200
Nitrchenzens neL 178 NA IE NA L&D 7
Uranivm pCiAL 30 5050 1o e 79-7.8000 9600 upT.d 78

The values in this column include MCLs, EPA drinking water beallk advisories, Missouri water qoality standards, Missoun
health advizories for aroundwater, and groundwaler stadards oy remedial actions at inactive uranium processing Sies. A
denailed tabulation of ARARS is presented in Appetlin Al

Risk-based values were cstimated using a rasidential scenario considered as the epper-bound case, Estimmates Mo e
recreational seenaric were caleulieted for sroandwarer using similar assusnptions for estimating expasare i hridpwater.
Dicrails regarding tisk methadolagy and equations used for calculations are presented in the BRA {DOE and DA 19%2a) and in
Appendis B of this FS, The likely future receprot is similar to the cument receptar, a resreationy] visilor. The recreationad
visitar wnder curent Takd uze dees not have decess 10 the actual ground#aner., '

The proposed PRGs for TCE, nitrate- N, 2,4.DNT, 1,5-DNB, and nitrobenzene are based an ARARs. PRGs for carcinegenic
miteoarotaatic camponnds (ie. 2,46 TNT, LEDNT, and uranium} are hatsed on cancentrations that are equivalent @ the '
b x 10" risk for the recrearional scenario. PREGs for noncarcinagenic nitroaromatic compounds (i.e., 2-amino-4,6-DNT,
Loamine-2,6-DT, 1.3,3-THB, m-nitrdoluens, o-nitraweluene, and p-nitrotoluene) are based on coneentrations &quivalént w2
hazard index of 1 Eor cach compound. See Saction 1.5 for discusston.

A = not applicablke; 3 slops factor or refecence dose, whichever is appropriate, is not availabis,

Vatne based on an adubt residential receptor; the value for infants wonld be kess becauce nitrate-B would be more toxic wo
imfanes than adule. :

' EPA drinking water health advisory; considered to be a TBC.
F Misscuri warer guality standard that is an ARAR,

A hyphen (-} indicates that no repulatery criteria are available,
Eased oo radiological risk tor uranivm,

I Based on chemical toxicity of uranivm-
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tabulation of the regulatory criteria, risk-based values, and proposed PRGs. The PRGs for 1,3-DNB

and nitrobenzene are not exceeded on the basis of data reported since 1995.

For 2,4,6-TNT and 2,6-DNT — considered to be carcinogenic compounds — PRGs were
identified as those concentrations that are equivalent to the 1 x 10° risk for the recreational scenario,
as follows: 250 and 11 pg/L, respectively. These concentrations are similar to {in fact, slightly lower
than) the concentrations that are equivalent to the | x 10 risk for a residential scenario. The
maximum concentration reported for 2,4,6-TNT from the 1995 joint sampling rounds was 30 pg/L.
This indicates that 2.4,6-TNT concentrations in the current groundwater system may already be
protective of both the recreatiopal and residental scenarios. The maximum concentration of
2,6-DNT reported in the 1995 joint sampling rounds was 13 pg/L. Although this concentration is
slightly greater than the proposed PRG of 11 pg/L, it is still within the acceptable tisk range for the

recreational scenario.

The remaining nitroaromatic compounds are considered noncarcinogenic compounds. The
maximum concentrations reported for these compounds from the 1995 joint sampling results are well
within the concentrations equivalent to a hazard index of 1 for the recreational scenario for 2ach
compound {see Table 1.2). The maximum concentrations were reported as 35 pg/L. for 2-amino-
4,6-DNT, 26 pg/L for 4-amino-2,6-DNT, 39 pg/L for 1,3,5-TNB, 100 pg/L for m-nitrotoluene,
7.7 for o-nitrotoluene, and 30 pgfL. for p-nitroteluene. Uranium concentrations have been reported
to be less than 78 pCi/L on the basis of recent data reported since 1996, Table 1.3 lists the wells at
which PRGs are exceeded for contaminants of concern comsidered for WSCP and WSOW
groundwater. Figures 1.13, 1.14, and 1.15, illustrate locations where TCE, nitrates, am_:l 2.4-DINT
PRGs are exceeded at the WSCP. Figure 1.16 illustrates locations where 2,4-DNT PRGs are
exceeded ai the WSOW. Overall, the number of locations where the PRG for 2,4-DNT is exceeded

encompasses areas where exceedances of PRGs for the other nitroarcmatic compounds occur.

1.6 ORGANIZATION OF THE REPORT
The remainder of this FS is organized as follows:

* Chapter 2 presents the identification and evaluation of potential response:

technelogies;
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+  Chapter 3 presents the development and screening of preliminary alieratives;
+ Chapter 4 gives a detailed desc:'ription and evaluation of the final alternatives;
»  Chapter 5 is 2 comparative analysis of the final alternatives; and

» Chapter 6 lists the references cited in the report.

= Appendix A discusses and lists the regulatory requirements potentially

applicable or relevant and appropriate to the remedial action.
» Appendix B presents details of the calculations for PRGs.

»  Appendices C through G provide discussions of the methedologies used to

analyze certain alternatives considered in the EIS:

- Appendix C, Methodology and Assumptions Used to Calculate the Potential
Nunther of Extraction Wells for the WSCP and the WS50OW:

- Apppendix D, Determination of Constructed Wetland Design for Alterna-

tive &: Groundwater Removal, On-Site Treatment Using Phytoremediation:

- Appendix E, Modeling of Trichloroethylene Contaminant Transport and
Degradation Using the Transport Code “"BIOSCREEN";

- Appendix F, Methodology and Assumptions Used to Determine the Costs of

the Various Alternatives in this Feasibility Study;

- Appendix G, Analytical Methodologies Used to Address Poteatial Environ-

mental Impacts for Alternative 2: Monitoring with No Active Remediation.
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2 IDENTIFICATION AND SCREENING OF TECHENOLOGIES

2.1 SCREENING CRITERIA

The criteria for identifying potentially applicable technologies are provided in EPA
guidance (EPA 1988a} and in the NCP (EPA 1994}, The primary requirements for a final remedy
are that it be both protective of human health and the environment and cost effective. Hence,
technology screening focuses on these two factors. Additional selection criteria include the

following:

+ Preferred remedies are thase in which the principal element is treatment to
permanently or significantly reduce the toxicity, mobility, or volume of

hazardous substances, pollutants, or contaminants;

* Where practical treatment technelogies are available, off-site transport and

disposal without freatment is the least preferred alternative; and

* Permanent solutions and alternative treatinent technologies or recycle/resource -
recovery technelogies should be assessed and used to the maximum extent

practicable.

These criteria have been considered in identifying and screening technologies to determine
the appropriate components of remedial action alternatives for the contaminated groundwater at the
WSCP ind WSOW, Protection of human health and the environment was the primary consideration

for determining how the contaminated groundwater should be managed.

On the basis of current knowledge of the nature and extent of groundwater contamination
at the WSCP and the WSOW, the following are the general response actions that could be
implemented to help reduce exposure to the contaminants or to reduce or remove elevated
concentrations of TCE (WSCP only), nitroaromatic compounds, nitrates, and uraniums:
{1} institutional controls and monitoring; (2} natural processes; {3) in-situ containment; (4) in-sita
treatment; or (3) removal, storage, ex-situ treatment, and disposal. Technology types and process
options that could be used to implement each general response action (3 through 3} are presented

schematically in Figure 2.1. Specific application of these techmology types and process options to
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conditions at the WSCP and W5OW was evatuated to determine which would be the most

appropriate for groundwater remediation.

These technologies were screened on the basis of effectiveness, implementability, and cost,

and are defined as follows:

+ Effectiveness — in terms of protecting human health and the envircnment in
both the short term and the long term; minimizing toxicity, mebility, or
volume; complying with ARARS; and achieving protection in a reasonable

time fratme.

= Implementability — in terms of technical feasibility, resource availability, and
administrative feasibility,

= Cpst— in terms of comparing costs (i.e., low, moderate, or high) in both the
shert term {capital) and long term {operation and maintenance [O&M]) for -

technologies of similar perfermance and/or implementability.

2.2 TECHNOLOGY IDENTIFICATION AND SCREENING

2.2.1 Instiintional Controls and Monitoring

Institutional controls are measures that preclude or minimize public exposure by limiting
access to or use of contaminated groundwater. Institutional controls imciude measures to restrict
access, such as securitjr guards, ownership, and use or deed restrictions. These measures do not
reduce contaminant toxicity, mobility, or volume, but they can reduce the potentiai for human
exposure to the contaminated groundwater. Instimtional control measures that apply solely to
groundwater, such as groundwater restrictions, may be used to prohibit or limit the drilling of wells
for the purpose of groundwater consumption. Monitoring is a measure that provides supporting
information regarding contaminant concentrations and the need for maintaining or implementing

institutional controls while remedial actions are being carried out.

The screening analysis for institutional controls and monitoring is summarized in Table 2.1
On the basis of effectiveness, implementability, and cost, all of these measures were retained for

further consideration.
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TABLE 2.1 Summary of Screening Analysis for Institutional Controls

Institutional Cantrpl

Measure Effactivenass Implementability Cost
Groundwater access The avea where proundwaler contamination  Access restriction measures would Low
restrictions is highast could be resfricied by imposing b masy (o implement, and resources

barriers, such as well caps, which could wonld be readily availabla.
contrel exposure to conlarninated
growkdwater.
Ownership and use or The DOE and DA have accountability for Owmnership and use or deed restric- Low
deed restriciians as long as contamination is present, This tions would be casy to implement, '
measure would permit the conero! of public and rescurces would be eeadily
cxposure lo on-site contamination by available.
restricting access and use. The stiis owns
the summounding wildlife areas, and recrea-
tnnal sse woald oot include wroundwarsr
use.
Monitoring Ag extensive groundwater monitenng Monitoring would be easy to Low

program s in place at the WECP and
WEOW, This measure could support the
miertgation of potential axposures by

implement; the existing monitoring
network could be nsed to provide
long-term probection.

providing data on the exeent of contami-
nation sk the effectivencss of primary
cenrrnl measures such ag confainment or
removal,

2.2.2 Natural Processes

Naturally occurring processes can contribute to cleaning up groundwater and soil contami-
nated with various toxic and hazardous materials. With time, these processes gradually reduce the
hazards of contarmnation. Two types of natural processes can be considered: (1) physical/chemicat
praocesses whereby the contaminant concentration would be reduced through chemical or physical
means and (2) biological processes whereby the contaminant is broken down or absorbed by

microbes or planis.

The first classification includes a number of processes such as dilution, absorption,
adsorption, and chemical reactions. Biological processes, the second classification, includes two
broad categeries: accumulation and degradation by microbes and accumulation and degradation by

plants.

Extensive, ongoing temedial actions at both the WSCP and the WSOW will have removed

contaminated structures and soil to achieve site-derived cleanup levels. The remaining contamination
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in the soil and groundwater is expected to decrease over time becanse the primary water source is
infiltration from rainwater and runoff, which wilk provide a clean source of water to dilute the

contamminant concentrations in the aguifer.

The sorption process could also play a role in determining the fate of the contaminants in
groundwater. Sorption of a contaminant refers to the tendency of the molecules to be bound to the
surface (adsorption) of and to inlemal sites (absorption} in the bulk solid phase of the aquifer. This

process occurs primarily m the soil layers above the bedrock since the soil has more sorption sites.

Two parameters are important in describing this interaction between the contamninant and
the solid phase (soil). The total sorption capacity is proportional to the total number of available
sorption sites. When all of the sorption sites are occupied, the sorption capacity is exhausted, and
contaminant concentrations are no longer attenuated as the groundwater passes through the solid
phase. A second parameter of impottance is the strength of the binding between the ¢contaminant and
the sites in or on the solid phase. This strength i3 related 1o the value of a-distibution coefficient, K.
K values are specific to a given contaminant in relation to a particular type of soil. Understanding
the movement of a given contaminant through an aguifer depends in part on knowing the K values

for each soil type and the groundwater flow conditions.

The K; values for TCE, nitroaromatic compounds, and nitrates in soil at the WSCP and
WHOW are expected to be low {DOE and IDMA 1998b), which means that minimal sorption is
expected to be taking place. On the other hand, the K; value for uranium is higher, which suggests
“that uraninm is more likely to be sorbed than the cother contaminants. Less sorption would be
expected for all contaminants in the bedrock portion of the aquifer because of fewer accessible
sorption sites. Adsorption of nitroaromatic compounds is prevented in the presence of highly
hydrated cations such as Ca®t {Haderlein et al. 1996); therefore, little, if any, adsorption of
nitroaromatic compounds is expected 10 be occurring in the limestone bedrock. In any areas of high
organic content i the aquifer (e.g., from decaying plants), there is a much higher probability of

sorption {and reaction) of the organic contaminants and of wranium.

Chemical reactions are those reactions in which ious or compounds react with other species
to form new ions or compounds. These reactions generally involve electron exchange or oxidation-

reduction (redox}, which results in the oxidation of one species (electron loss) and the reduction of
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the other (electron gain). One such example is the precipitation of uranium from solution as uranium
dioxide (UQ;) following the rf:ducti-:;rn of the soluble U012+ ion. Thus, one controlling factor is the
relative affinity of species for electrons. Another major controlling factor in chernical reactions
involves the concentrations of the different species in solution and their equiibria with any solid
phases. In a groundwater aquifer such as at that at the WSCP and W50OW, most of the chemical
reactions taking place involve dissolved inorganic species. The majority of organic contaminants in

the aquifer are more likely to be involved in biological degradation reactions.

Biclcgical processes are important for the natural degradation of organic compounds in the
environment. The degradation of TCE by various microbe populations has been extensively studied
{Lu et al. 1989; Hopkins et al. 1993; Krunune et al. 1993; Enzien et al. 1994; Leahy et al. 1996).
Intrinsic bicremediation of TCE has been shown to occur. At some sites, biological activity is being
supported under anaerobic conditions by other organic contaminants such as acetone, methanol, or
BTEX compounds {henzene, toluene, ethylbenzena, and xyleneé), and the degradation of TCE is the
result of eomnetabolism (Lae et al. 1993; Major et al. 1995; Wiedemeier et al. 1997). Cometabolism
may also have played a role in degradation of TCE at other sites {Guest et al. 1995). The intrinsic
anaerobic biedegradation of TCE has been observed in the absence of anthropegenic cometabolites
such as acetone and methanol (Martin and Imbrigiotta 1994; Cox et al, 1993, Ellis et al. 1997;
Weaver et al. 1997). Under such conditions, the microorganisms responsible for the degradation may
be using naturally oceurning organic carbon concentrations as a substrate (Wiedeineier et al. 1997).
However, the vinyl chloride degradation product may alse be degraded by iron {TI) reduction or

acrobic respiration {(Weidemeier et al. 1997).

A number of investigators have examined the efficacy of microbial degra{iatinn as a
mechanism for breaking up the nitroaromatic contaminants. Most of these studies have used
preselected microbial communities rather than the natural indigenous community of microbes. The
particular microbial communities studied have included sewage (Hallas and Alexander 1983),
bioslurry (Funk et al. 1993), composting (Kaplan and Kaplan 1982), particular strains of bacteria
(Spunggora et al. 1991; Boopathy et al. 1993, 1997), and particular fungi {Fernando et al. 1990, Valli
et al. 1992). Only one study, which was carried oul at a munitions-contaminated site (Bradley et al.
19943, used the natural indigenous microbial community present at the contaminated site.

Degradation of nitroaromatic compounds has been shown to occur under both aerobic and anaerobic
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conditions (Spain 1996). A number of studies have shown that microbial denitrification occurs in
nitrate-contaminated groundwater (Smith and Duff 1988; Bc;ttcher et al. 1990; Smith et al. 1996);
however, because the process is electron-donor-limited {Stmith et al. 1991), a carbor substrate such
as ethanol must be added to stimulate activity. Accumulation or precipitation of uranium by
micrebes is also possible (Lovely et al. 1993; Barton et al. 1996; Uhrie et al, 1994).

Although TCE can be degraded by certain microbial populations, many factors appear to
be important in determining the rate of degradation. The addition of a carbon substrate (e.g., toluene,
benzene, or phenol) to supply energy to the microbes greatly enhances the degradation precess; the
microbes apparently are unable w derive much energy directly from the TCE. Therefore, any natural
biclogical degradation of TCE st the WSCP might be expected t occur at a slow rate. Biological
degradation of the nitroaromatic compounds could be cccurring at the WSCP and WSOW: Some
studies have shown that toxic shock occurs at higher concentrations (EPA 1993), thereby relegating
any biclogical activity o the fringe areas where concentrations are lower. However, concentrations
of nitroaromatic compounds in groundwater at the WSCP and WSOW (DOE and DA 1998b} are not
expected to be high enough to cause toxic shock for most microorganisms capable of degrading
nitroaromatic compounds {Kaplan 1992), Nitrates might also be expected to be degraded in the

aquifer because anaerobic conditions favor nitrate decomposition.

Plant activity (vegetation} can also accumulate or degrade TCE, nitroaromatic compounds,
nitrates, and uranium in the environment (see Section 2.2.4.6). However, most of this activity occurs
withisl a zone from the surface down to about 3 m (10 ft). Therefore, the natural vegetative activity
at the WSCP and WSOW s not expected to be a major factor in attenuating the contaminant concen-

trations at greater depths.

The scresning analysis for natural processes is summarized in Table 2.2, On the basis of
this evaluation, natural processes have been retained as potentially applicable to attenuating

contaminant concentrations in groundwater.
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TABLE 2.2 Summary of Screening Analysis for In-Situ Containment and Treatment Measures

In-3itu Measare Efrecrivenssa

Irnplemenuability

Cost

Marural atvenuation Groundwater concantrakions of contami-

nants are expected to slowly diminisk over .

fitme due 1o dilution becasse (he contami-
fate souree has been remayved. The primary
water source i3 infiltragon from raimwater
atl munoff, which provides a clean source
of water to diluta the contaminant concen-
wwations in the agquifer, Microbial degra-
datton of TCE, nicroaromatic cormpoands,
and nitrates might be occurming. Sorption of
ailroaromatic compounds and uranium
could be limutng goundwater concen-
trations of these contaminants.

Physical barrier A physical barrier — such as a slarry wall
or plastic sheeting -~ could effectively
reduce Jatemt mivration. The bamier would
act (o confine contamination 6 the currentiy
aflected areas but would not act to lower the
COnEaminant concentraticns. Howevar, 10cal
arcas of high hydraolic pressure exerted by
natucal condulls wnderemomd would likely
cause che harriaer tor fail,

lrncreobalization Immabilization of the TCE, nitrogromatic
compounds, nirates, and sranium throogh
abier previpilalion or adsorplionfabsorption
would effectively ramove the contaminants
fronm: the proundwater.

Eivremedistion Microorganisms counld be used in-sitg bo
breas down TCE. nitroaromatic
cornpotncs, and oirates into less oxic
mareria’s. Such an approach cannot be vsed

with uranium.

Elecrrokinetic: Undergound electrodes cause preferential
migrangn of chemical species in the aquifer
o troatment zones at or arcund electrodes.
Sheran 1o be effective for TCE inoan
unsamurated soil feld test, Bffectivensss of
TCE in saturated hedrock 15 uncertain,
Effcctiveness of full-scale remediation for
sitroursmatic compounds, nitrates, and
uraium 15 nof well established.

Matuzal ateanation would be easy (0
implament, but it might be difficolt to
show [tz effectiveness in the near term,

Could not be implemented by conven-
tepnal methods and equipment because
of the depth of contarsination in
bedrock.

Could not be implerented because of
the low permeatility of the aquiler.

Could not be implemented because the
Lerwr preseimesadsility of the aouifec wauld
preclude injection of the micro-
organisas and their feed.

Could be implemented By conven-
tional methods and equipment.

L;:rw

High

Low to
mislcrate

boderate

hoderate
to high
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1n-Stiu Measure

Effectiveness

Implementahilicy

Cost

Feactive wall

Air siopping

Fenton ealdation

Phytoremediation

A permeable barrier is placed scross the
conkaminated groundwater flow path. The
bartier containg species that efther react
with $he contaminant ko remeyes it from
soludon or catalyze the breakdown of the
contarmnant. A nuinber of materials have
been identified that are capable of removing
TCE, nitrearomatic compounds, nitmtes,
and ucanium from groundwater.

Air is passed throuph the waler iha well w0
extract dissolved TCE, thereby generating a
recirculation pattern in the aquifer
surrounding the well,

Hydengen peroxide (H,04) and fermous
sulfate (Fe30,) are injectad inte an aquifer
to produce hydroxyl radicals, which
degrade (oxidize) most organic
contzminants. inchuding TCE.

Yegeration is used to preforentially absorh
contymicants from soil and groundwater
and either break down the cottaminants or

retain them in the biomass of the vegetation.

Initial sindies have shown that the reasure
is effective with the contamanants of
intecest, bur only in near-suréace layers,

Could not be implemented by conven-
tipral methods and equiprment becanss
of contamination in the bedrock and
the existence of natural underground
conduits,

May be implementable in certain areas
af tha WSLCP,

Low and variable permeability make
implementation wneertain.

Could oot be implemented to a depth
of appreximatety 15 m (50t in the
short term.

High

Mioderate

Low to
moderate

2.2.3 In-Site Containment

In-situ (in-place) containment consists of technologies that confine contaminated ground-

walter at its current location. In-situ containment technologies include the erection of barrier walls,

hydraulic containment, or the immobilization of the contaminant species at its current location.

These technologies reduce contaminant mobility and the associated potential for exposure, but,

except for one variation of hydraulic containment, they do not reduce contaminant toxicity or

yolume.

Current groundwater discharges to surface water outside the WSCP and WSOW do not

have contaminant concentrations high enough to warrant remedial action, even though the

groundwater travel times from the contaminated areas to outside surface waters may, in some
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mstances, be on the order of a few hours. Therefore, the use of in-situ containment may not provide

any benefit.

2.2.3.1 Barrier Walls

The use of a physical barrier to stop groundwater migration of contaminants is not feasible
at the WSCP and WSOW because the contamination is too widespread and too deep in some areas,
and it would not be effective in controlling groundwater flow, Contamination in this region is spread
out over several square miles (DOE and DA 1998b); a groundwater divide runs the length of the
region. Therefore, two barrier walls would have to be erected, one on each side of the divide and
each approximately 5 km (3 mi) long. The high cost of installing such long walls would not be
reasonable becanse of the relatively low concentrations of contaminaits in most affected areas within
the regien. Even if barriers were to be considered in localized areas, contamination has been found
at depths greater than 15 m (50 ft) in bedrock in some areas, Inmiplementing a barrier wall.technology
would therefore be difficult because conventicnal trepching equipment cannot be used at such depths
ot in bedrock formations. In addition, channeling of the groundwater flow in natural conduits in the
shallow aquifer within the Burlington-Keckuk Limestone could not be effectively controlled

(because of high hydraulic pressures in localized arcas).

The screening analysis for in-situ containment is summarized in Table 2.2, The technology
of a physical barrier as potentiaily applicable to a groundwater remedial action was rejected on the

basis of effectiveness, implementability, and cost.

2.2.3,2 Hydraulic Containment

Hydraulic containment of a contaminant in an aquifer can be achieved through the use of
pumping wells, injection wells, or a combination of the two (EPA 1996b). Hydraulic containment
15 aise the primary objective of pump-and-treat systerns. Further discussion of groundwater removal

for application in pump-and-treat systems can be found in Section 2.2.5.

The hydraulic control exerted by a vertical pumping well relies on the creation of a capture
zone where water is drawn towards the well. A line of wells with overlapping capture zones can be
situated downgradient of the contamination to form a barrier to further migration. A different type

of barrier to migration, a pressure ridge, can also be formed by injecting uncontaminated water
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through a series of injection wells. The resulting increase in hydranlic pressure prevents groundwater
from flowing along its original path. Pressure ridges are often used in conjunction with pump-and-
treat systems, in which the treated water extracted from within the contaminated area is used for

injection {EPA 1996b).

Implementation of hydraulic containment, other than pump-and-treat in specific localized
areas as discussed in Section 2.2.5, is not feasible. Creating a proper capture zone in this area may
be problematic because of the low permeability {Cnhan' et al. 1994) found over most of the WSCP
and WSOW. Hydraulic conductivities in the WSCP range from 10 to 102 em/s; the range in the
WSOW is even lower at 107 to 107 em/s {DOE and DA 1998b). In the regions in the WSCP where
the aquifer permeability is highest, such as the TCE-contaminated area south of the raffinate pits,
hydraulic control by the use of a capture zone downgradient would not be very effective compared
to a pump-and-treat approach because of low groundwater flow rates. Because low-levels of
contamination are widespread, any attempt at confining areas with higher - contaminant
concentrations in areas of higher permeability with pressure ridges would also result in the

acceleration of contaminants away from the area on the other side of the pressure ridges.

The karst formations in the aquifer would alse compromise the effectivenass of capiure
zones and pressure ridges in the areas of the WSCP and WSOW. Identifying and containing ail
preferential flows in even a localized arez wonld be impractical. For pressure ridges, it would be
difficult to maintain the proper water pressures in these formations; or, inordinately large amounts

of water would be used in the attempt to maintain a uniform pressure ridge.

The screening analysis for in-gitu containment is summarized in Table 2.2. The technelogy
of hydraulic containment as potentially applicable to groundwater remedial action was rejected on
the basis of effectiveness and implernentability because of low permeability In most areas,

widespread low-levels of contamination, and the existence of preferential flow conduits.

2.2.3.3 Immobilization

Immobilization of the contaminant species in-sitn relies on either precipitation of the
dissolved contaminant out of solution through an induced chemical reaction, or binding (adsorption
or absorption) of the contaminant by an immobile solid phase material within the groundwater

aquifer. Immeobilization of TCE and nitroaromatic compounds throngh precipitation could not be
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mplemented because chemical reaction changes the nature of the contaminant and generally leads
to degradation in groundwater systems {saé Sections 2.2.4 and 2.2.6 for discussion of degradation
in in-situ and ex-situ treatment). Precipitation is also not feasibie for nitrates because of the need to
inject metals, Precipitation, including the use of microorganisms, could be used to immobilize
uranium {Lovely et al. 1993; Barton et al. 1996; Uhrie et al. 1996), but uranium concentrations in

groundwater are only slightly above background levels.

Either immobilization process, precipitation or binding, would reguire the injection of
material into the aquifer. However, the low permeability of the aquifer at the WSOW (hydranlic
conductivity ranges from 1078 to 10" cow/'s) and the WSCP makes the injection of materials to bind
the ntroaromatic compounds inpractical, especially in the case of clay-based sorption maternials.
Injection into the aquifer in the arsas of higher permeability in the WSCP (hydraulic conductivity
< 107 emfs) may still be problematic because of potential clogging of the injection wells and
nonuniform delivery, which results from the bulky nature of the materials required to immeobilize
the organic contaminants by sorption — organic materials for TCE or nitroaromatic compounds or

clays for nitroaromatic compounds.

The screening analysis for in-situ containment is summarized in Table 2.2. On the basis of
implementability, the inability to inject the required types of materials into the aquifer, in-situ

immoeb:lization was eliminated frot further consideration for groundwater remediation.

2.2.4 In-5Situ Treatment

In-situ treatment consists of technologies that treat the groundwater in: place and generalty
remove or break down the contaminant in seme form. The main advantage of in-situ treatment is that
the groundwater could be treated without being brougit to the surface, which could result in large
cost savings. The main disadvantages of these technologies are usnally a longer treatment period and
difficulty mm verifying how well the process is wotking, especially in aguifers with a nonuniform
environment. The in-situ treatment technologies considered for this analysis include bioremediation,

electrokinetics, reactive walls, air stripping, Fenton-like reagents, and phytoremediation.
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2.2.4.1 Bioremediation

In-situ bioremediation involves the use of microorganisms to degrade hazardous chemicals
such as erganics and nitrates into smaller, less hazardnus-chénﬂcals {toxicity reduction). Such an
approach is not applicable to uranium in groundwater, althcugh biosorption can he used to remove
uranium from groundwater in an ex-situ process (see Section 2.2.6). Traditional in-situ groundwater
bioremediation systems generally involve a series of injection wells or trenches to introduce
oxygenated, nutrient-rich water to the contaminated aquifer; water recovery is performed by another
series of wells downgradient of the contarnination, The recovered water must also be treated and then
discharged, eithet back into the aguifer if local regulations permit, to surface water, or to a local

sanitary water treatment plant.

The biodegradation of TCE is a well-known phenomenen and has been shown to occur
under anaerobic conditions in both the laboratery and the field and under asrobic conditions in the
- aboratory (see Section 2.2.2). This process-could also-oceur under aerobic conditions in the-field
(McCarty 1994). Biodegradation of nitroaromatic compounds has been extensively studied
(Section 2.2.2}, however, in-situ treatment is not recommended because of the potential mobility of
intermediates and other difficulties such as delivery problems with nutrient sonrces (EPA 1993). For
biodegradation of nitrates, the anaerobic nature of most aquifers favors denitrification because
oXygen competes with ritrate as an electron acceptor in the metabolism of microorganisms {Hiscock
etal. 1991}, However, as for TCE and nitroaromatic compounds, biedegradation of nitrates requires

a source of oxidizable carbon to sustain the microorgatismas,

Bioremediation of groundwater could be implemented cnly in limited areas at the WSCP
because of the difficulty of injecting material {microcorganisms and their feed) into the aquifer
(Section 2.2.3} because of the low permeability of the aguifer. In addition, the heterogeneous namre
of the aquifer in these areas precludes the vniform delivery of this material, thus making imple-
mentability highly questionable.

The screening analysis for in-sitn treatment is summarized in Table 2.2. On the basis of
implementability, broremediation was rejected from further consideration at the WSCP and WSOW

becanse of the inability to inject materials into the aquifer.
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2,2.4.2 Electrokinetics

Technologies involving electrokinetics rely on the transport phenomena associated with the
application of a voltage between implanted electrodes im porous media. These phenomena include
electrophoresis (movement of a charged partiele or colloid in an electric field), electromigration
(movement of solute ions in an electric field), and electronsmosis {movement of water in response
to an electric field). Once the contaminants reach an electrode, they can be extracted to a recovery
systemn (ex-situ treatment}, treated in a reaction zone surrounding the electrode, or deposited
{precipitated, adsorbed, or electroplated) at the electrode. Electrokinetics is potentially applicable
for treating TCE, nitrates, and uranium (Acar 1993; Trombly 1994; EPA 1593a; Van Cauwenberghe
1997) found at the WSCP and WSOW.

The feasibility of using electrokinetics at the WSCP and WSOW is uncertain because of
the relative newness of the technology, the depth of contamination, and the presence of
contarnination in boeth overburden and bedrock. The application of electrokinetics to full-scale
remediation of nitrate or uraninm-contaminated sites is not established. For TCE, a lirnited ffeld test
has been conducted successfully in unsaturated soil (Shannon 1995). However, the use of
electrokinetics to treat the TCE-contaminated area in the saturated zone near raffinate pits 3-and ¢4
is highly vncertain. Contamination is present in both the overburden and the bedrock at depths
gxceeding 15 m (50 ft). Also, extensive research and development would be required before
electrokinetics could be applied to the TCE-contaminated area in otder to optimize the removal
process, becanse of the technology's dependence on several compositional {chemical makeup) and
environmental (e.g., water content, s0il homogeneity) variables. Currently, no full-scale site
remediation of TCE, nitroarematic compounds, nitrates, or uranium using electrokinetics has been

reported in the United States.

The screening analysis for in-situ treatment is sunumarized in Table 2.2. Electrokinetics has
been tejected as potentially applicable to remediating the TCE contamination at the WSCP because

its effectiveness and implementability in groundwater have not yet been demonstrated.

2.2.4.3 Reactive Walls

A technological aliernative to erecting a physical barmier to halt contaminated groundwater

ntigration (Section 2.2.3.1) would be the use of a reactive chemical wall. Barrier walls could be
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erected that would funnel the flowing groundwater into treatment zones where the contaminant(s)
would be extracted. Another variation of the reactive wall concept would be construction of & wall
filled with matedal having an affinity for the contaminant, either one of sorption or reaction
{precipitation or degradation}. With this method, the contarninant is preferentially removed from the
groundwater as the groundwater passes through this more passive chemical wall (permeable

treatment wall} during natural migration through the aquifer.

The use of a reactive wall with treatment zones to extract contaminants is not warranted,
because these zones would have to be maintained indefmitely to treat small amounts of groundwater
with low levels of contamination until the contaminant concentrations decreased below levels of
concern. The alternative - a passive, permeable chemical wall — could be constructed, left to filter
the groundwater, and monitored pericdically. If the wall material were to reach saturation levels with
the contaminant, the existing barrier could be excavated, disposed of, and replaced with fresh
material. Field tests or commercial applications of permeable walls have already been employed to
reat groundwater for TCE, nitrates, and vranium {Vidic and Pohland 1996). Also, some natural clays
have been shown to have good adserption properties for nitroaromatic compounds such as TNT
{Haderlein et al. 1996; Weissmahr et al. 1997). Such an effort would require further characterization
of the chemical systems operating in the aquifer, and, like the physical barrier discussed in

Section 2,2.3, the reactive wall would need to be maintained indefinitely.

Placing long reactive walls to treat the contamination found over the entire WSOW and
WSCP areas is impractical. For localized appiications, the major obstacles to the use of a reactive
wall at the WSCP and WSOW are the same as those for a barrier wall: depth of contamination in the
aquifer, installation in bedrock, and presence of natural groundwater conduits. Therefore, reactive
walls were rejected from further consideration as an in-situ treatment technology, as summarized in
Table 2.2. |

2.2.4.4 Air Stripping

In-situ air stripping (also known as in-well vapor stripping or in-situ vapor stripping) is a
potential technology for the removal of TCE from the groundwater at the southwest corner of the
WSCP. A typical setup (Miller and Roote 1997) involves a well that has upper and lower screened

intervals. Air is injected from the surface into a region near the lower screen inside the well, resulting
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in an upward flow within the well because of the decreased density of the groundwater. As the ajt
bubbles rise, VOCs such as TCE transfer from the dissolved to the vapor phase. The upper screen
is situated just below or above the top of the contaminated aquifer where the less-contaminated
groundwater exits the well back into the aquifer. The contaminated air discharged at the top of the
well is vacuum extracted for VOC vapor treatment. This arrangement results in a recirculating
pattern of groundwater arcund each well; water enters at the bottorn and exits at the top. One
commercial application of this technology is the NoVOCs™ process (Miller and Roote 1997). Air
injection also has the added potential for enhancing any acrabic biological degradation processes in

an aquifer.

The TCE plume near the raffinate pits at the WSCP might be amenable to remediation with
in-situ air stripping because of the permeability of the groundwater aquifer. The plume is located
near one of the regions of highest permeability in the area; the hydraulic conductivity 1s in the 103
to 102 cm/s range (MK-Ferguson Company and Jacobs Engineering Group 1990a). Some of the
TCE lies within the Burlington-Keokuk Limestone formation, which is highly fractured in the upper
weathered portion; the horizontal fractures along the bedding planes dominate the vertical fractures
by a ratio of about 20:1 (DOE and DA 1998b). This situation suggests that a recirculation pattern
around an air stripping well might not be able to be established and that the water discharged at the
top of the well would actually push contaminated water away from the well through the horizontal

fractures because the groundwater’s travel in the vertical direction is more limited.

Because of the potential effectiveness of air-stripping in removing the TCE, this technology
has been retained for further consideration, as sumnmarized in Table 2.2. However, a field test of this
technology would be required before full-scale implementation, because of the uncertainties related

to the aquifer’s permeability and the horizontal-to-vertical flow ratio,

2.2.4.5 Fenton-Like Reagents

Another potential technology for remediating TCE contamination at the WSCP is a Fenton-
like process. The general process involves the introduction of Fenton's reagent, hydrogen peroxide
(H,0,), and ferrous iron (Fe?"), such as iron sulfate (FeSC,), into an aquifer with organic
contamination. Reaction of H;0, with FeS0O, produces hydroxyl radicals, which are strong oxidants.

The hydroxyl radicals in turn react with most organic contaminants at rates close to the theoretical
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limit, which is controlled by the diffusion rate in water. The advantages of such a technology include
the potennial full mineralization of TCE to form oxygen, carbon dioxide, and chloride ions (O, CO,,
and CI'); the potential application to remediating the nitroaromatic contamination; and the ability of

the H,0, 1o follow the TCE in the aquifer because both are heavier than water.

The use of Fenton's reagent for gronndwater remediation of organic compounds is relatively
new. Application te TNT and 2,4-DNT groundwater remediation has been limited to lab-scale testing
(Mohanty and Wei 1993; Li et al. 1997). Laboratory studies {(Gates and Siegrist 1993}, in-situ field
tests for degradation of TCE contamination in groundwater (Andrews et al. 1997; Pucik et al. 1997).

and site remediation {Vigner: [996) have shown promising results.

However, a number of potantial problems are related to the application of Fenton’s reagent
technology to the TCE-contaminated aquifer {or other areas with pitroaromatic contamination) at the
WSCP and the W50W. Thorough mixing of the Fenton’s reagent with the contaminated
aroundwater (uniform delivery) is necessary for effective remediation {Venkatadri and Peters 1993,
Such a condition is not possibie in the WSOW and the WSCP because of the karst nature of the
aquifer and the variability in the hydraulic conductivity, which is approximately 107 cnvs or less
over most of the area. The low permeability of these areas is ttself a problem (Vigreri 1996). It limits
the degree of penetration of Fenton’s reagent beyond the injectiﬂn well due to decomposition of the
H,0,. In the case of low permeability, the use of added stabilizets to retard the decomposition of the

H4O, is not expected to provide much benefit (Kakarla and Watts 1997).

The hydraulic conductivity is as high as approximately 10°? cnss in the TCE-contaminated
portion of the aquifer. However, the variability of the permeability in this area (down to a hydraulic
conductivity of approximately 10" ci/s near monitoring well MWS-21) and the karst conditions
would again cause problems with uniform delivery. The permeability of this region could also be
lowered due to the precipitation of oxidized iron compounds that result from the Fenton process
{Venkatadri and Peters 1993), which could possibly cause clogging of the injection wells. The
Fenton process is most effective in water with 2 pH between approximately 2 and 4 {Venkatadri and
Peters 1993), which presents another potential prebiem. Lowering the pH of the groundwater can
have unexpected effects and may not be reasonably achievable if the limestone aquifer has a large

buffering capacity.




CGWOLT FS — EPA Draft Final: Do Not Cite 2-18 March 6, 1998

The screening analysis for in-situ treatment is summarized in Table 2.2. The use of Fenton-
like reagents was rejected as potentially applicable to remediation of the TCE-contaminated
groundwater at the W5SCP because of problems associated with nonuniferm delivery of the reagents

and potential adverse chemical reactions.

2.2.4.6 Phytoremediation

Phytoremediation i3 a recently recognized technology that uses vegetation {plants) to extract
contaminants from soil and groundwater in-situ. The process can be applied to metals contamination
through extraction or stabilization. Organic compounds are remediated through degradation or
extraction. Application of phytoremediation is dependent upen the depth of contamnation and the

selection of plant species appropriate to the contamination, cleanup standard, and climate.

One aspect of phytoremediation is exploitation of the enhanced microbial popuiations that
coexist with a plant’s root system (the rhizosphere). Within the rhizesphere, plants contribute the
carbonacezous substrate and oxygen transfer for in-situ bicdegradation. Rhizodeposition is partially
the resuli of the decay of dead roots and root hairs. Also important to the process are root exudations,
such as leakage from epidermic cells, secretions resulting from metabolic aclivity, mucilage fmrﬁ
root tips, and iysates from sloughed cells. This resultant carbonaceous material stimnulates overall

bacterial activity and provides substrate for cometabolic degradation of xenobiotic hydrocarbons.

The dominant active mechanism for phytoremediation of metals such as uranium is phyto-
gxtraction into the tissue of the p;lant (Comish et al. 1995; Cooney 1996). Plant enzymes are
responsible for the degradaticn of TNT {Schnoer et al. 1995), which may be degraded either in the
thizosphers or after uptake by the plant (Hughes et al, 1997). For some organics such as TCE, some
of the organic contaminants may be transpired to the atmosphere before complete degradation in the
plant following phytoextraction {Gordon et al. 1996). The mechanism for metal accumulation
includes chelation, precipitation, comparmmentalization, and translocation. To successtully apply this
technology 1o a site contaminated with metals, the pH, organic complexes, and interfering elements
must be assessed, and the plant species used must have the appropriate metal selectivity. In some

instances, it may be necessary to apply soil amendments to enhance the process.

Application of phyteremediation fer removing TCE, nitroaromatic compounds, nitrates, and

uranivm is promising. However, a depth limitation of approximately 3 m {10 ft) {Miller 19964}
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precludes its use for remediation of the groundwater at the WSCP and the WSOW because contami-
nation has been detected at depths of 15 m (50 ft) or more at some locations. Gther issues also need
resolution, such as the relatively long times necessary to reach remediation goals, subsequent
handling and disposition of accumulated biomass, securing plants from other binancumulaiorﬁ (wild

fauna), and introduction of nonnative piants. for phytoremediation (Negri and Hinchman 1896).

The screening analysis for in-situ treatment is summarized in Table 2.2. Phytoremediation
was rejected as a remediation technology on the basis of implementability (the technology is limited

to an effective depth of about 3 m [10 ft]).

2.2.5 Removal of Groundwater from the Aquifer

Remediation of groundwater with ex-situ treatment requires that the contaminated ground-
water first be extracted from the aguifer. The groundwater removal technologies investigated for the
WSCP and the WSOW included the use of vertical wells, horizontal wells, intercepter. drains, and

pxcavaticn.

2.2.8.1 Vertical Wells

The use of vertical wells is most commen in pumnp-and-treat technologies for groundwater
remediation. However, the low permeability of the aguifer at the WSOW and a large portion of the
WSCP with hydraulic conductivities on the order of 10" cm/s or less precludes the use of such
wells. Well yields are typically about 4 L/min (1 gprmn) or less at the WSCP (MK-Fergusen Company
and Jacobs Engineering Group 1950a). A significant increase in pumping capacity, as much as a
factor of 100, has been observed at other remediation sites where fracturing of the surréunding
consolidated aguifer material was carfied ont (Miller 1996b). Such a technology uses hydro-,
pneumnatic-, or blast-fracturing methods applied to bedreck material. Most other materials only

deform under such treatment, and pumping capacity is not improved.

The use of vertical wells for groundwater extraction at the WSCF may be feasible without
fractuting because of the higher permeability of the groundwater aquifer in the vicinity of the
raffinate pits and weill MW-2009, where the bydraulic conductivity is on the order of 107 10 -
10 em/s. Fracturing methods in the TCE-contaminated area near the raffinate pits should be used

with caution because any vertical fractures might allow TCE to penetrate deeper into the bedrock.
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Since the TCE contamination does not exist as a DNAPL at the site, its migration downward into
any nduced fractures will be slow, because it is dissnlveci in the groundwater and 15 expected to be
capiured at the start of pumping operations. Confining the fracturing operations to the contaminated
layers will also reduce the risk of contamninating underlying layers. However, there is concern that
fracturing operations would be detrimental to the integrity of the nearby dispesal cell that is already

under constmiction at the WSCPE,

Alse of concemn is the potential effectiveness of using vertical wells to capture any
contamtinant, because of the karst nature of the contarninated aquifer at the WS0W and the WSCP
(Mugel 1997). Accounting for and containing all prefereniial flow conduits is impractical. Small,
unknown flow channels can severely compromise the effectiveness of a single vertical well, which

in tum limits the effectiveness of the entire pump-and-treat network.

The screening analjfsis for removal of groundwater from the aquifer is summarized in
Table 2.3, Vertical wells have been retained as potentially applicable to removing groundwater im

limited areas at the WSCP where the permeability of the aquifer is highest.

2.2.5.2 Horizontal Wells

The use of horizontal wells is a more advanced technology than the use of vertical wells.
Horizontal wells could be drilled through the aguifer in an effort to increase the area available for
pumping the groundwater. Two methods commonly used to position the wells are directional drilling
and trenching. Excavating & trench and partially backfilling it with porous material over a horizontal
well pipe can increase the pumping capacity of a well and is similar in concept to fracturing of the
aquifer around the well intake, However, excavating trenches for this application is not feasible
because contaminated locations at the WSCP and the WSOW often have contamination down to an
approximate depth of 15 m (30 ft} into bedrock. Directional drilling is capable of going through
bedrock and might be feasible for installing horizontal wells at the WACE and the WS0OW,

The screening analysis for removal of groundwater from the aquifer is summarized in
Table 2.3. Hornzontal wells have been retained as potentially applicable te removing groundwater

it regions of higher permeability at the WSCP.
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TABLE 2.3 Summary of Screening Analysis for Groundwater Removal

Removal Meazore

Effectiveness

Implementability

Cost

Vertical wells

Horizontal wells

Interceptor drain

Excavation/dredging
and pumping

Srandard method for removing ground-
waler from an underground agquifer.

Larger surface area available for
collecting groundwater than 4 conveti-
tonal vernical well, which results in
higher pumyp rates.

A trench placed downgradient of the
contzmication on both sides of the
groundwater divide could tntercept all
conteminated groundwatar leaving the
aced, The grovndwakér that colected in
the trench could then be pumped out
fr treatment,

Could effectively remove contaminated
malenal in the aquiler. The original
sources of groundwater contamination
have been removed or are in the
process of being temoved, The
contdaninaet conceteanons in the

aquifer material are expacted io be low. -

Very difficult to implement. The low
permnedbility of the aquifer precludes
reasonable pump eates, except for
possible locations at the WSCP, Pump
Tatss roight be increased by facturing of
the bedrock.

Wery difficult to implement. The low
petmeatility of the aguwifer might
preclude reasonable pump rates. Pump
rates might be increased by fractuning of
the bedrack,

Could not be implemented with conven-
tional methods and equipment in a
bedrock aquifer,

Could not be implemented with conven-
tional equipment and procedures in a
bedrock aquifer,

Loow o
moderats

Maoderaee

MMuoderars

High

2.2.5.3 Interceptor Drains

A technology employing an interceptor trench drain could be used to further increase

gronndwater recovery. A trench placed perpendicular to the groundwater flow would intercept the

contaminated groundwater. The trench could be backfilled with perous material so that the entire

side of the trench would act as a sink for the groundwater, which would be pumped to a treatment

facilicy. The advantage of a trench, when properly positioned, is its simplicity and effectiveness, thus

ensuring that any contaminated water would be intercepted. Implementation of a remediation strategy

using an interceptor trench has similar problems te those discussed for barrier walls (Section 2.2.3.1)

and reactive walls (Section 2.2.4.3} for a broad or local implementation. It would be impractical.to

construct two trenches {one on each side of the groundwater divide), each one approximately 5 km

{3 mi) long, to encompass all of the contamination, which is widely scattered and at relatively low
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levels in most locations. Implementation of an interceptor drain on a smaller scale for containing
areas of higher contamination is not feasible because contaminants have been detected at depths to
at feast 15 m (50 ft) in bedrock at both the WSCP and the WSOW. Thus, the interceptor drain

technology for groundwater removal was rejected, as shown in Table 2.3.

2.2.5.4 Excavation

Because of the low permeability of the aquifer at the WSOW and a large portion of the
WSCP (hydraulic conducrivity < 107 emyfs), an alternative to pumping or draining the contaminated
groundwater from the aquifer would be to excavate the aquifer material for treatment and disposal.
Conventional earthmoving equipment (e.g., bulldozers, backhoes, and front-end loaders) would be
used in conjunction with hydraulic dredges and pumps. Any uncontarninated overlying soil could
be stripped off and replaced after removal of the underlying contaminated aquifer material. However,
because the contamination is so widespread and the contaminant concentrations relatively low, little
would be gained by excavating the aquifer material itself. Also, the contaminant sources have been
or are in the process of being removed. In addition, it would be impractical to excavate such large

volumes and any of the bedrock with contaminated groundwater.

The screening analysis for removal of groundwater is summarized in Table 2.3. Excavation
was rejected from further consideration on the basis of the low contaminant concentrations in the
aquifer material and implementability (i.e., the large volume of material and difficulty in removing
bedrock).

2.2.6 Ex-Situ Treatment

Ex-situ treatment consists of technologies that treat the groundwater and any contarninatec
soil or sludge atier removal from the aquifer. The many metheds available for treating contaminated

groundwater rely on the physical, chemical, or biclogical properties of the contarminants.
2.2.6.1 Physical Methods

Settling or Centrifuge. Settling {sedimentation) tanks for rernoval of suspended solids

constitute one of the first stages of many water treatment plants. Settling tanks allow these
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nondissolved solids {approximately 10 um in diameter or larger} to settle to the bottom of the tank
under the influence of gravity. After an appropriate time period, the clarified water may then be
drawn off and sent on to the next phase of treatment. Centrifuges may also be used to remove
suspended particles from solution. [n addition, settling tanks may be used in comjunction with

chemical precipitation treatments.

Filtration. Filtration is another process found in many water treatment plants. Like settling,
filtration is used for removing suspended solids. Filters may consist of a single thin membrane
(typically a polycarbonate) or a granular medium (typically sand in a filter bed). The driving force
is either gravity or a pressure differential such as applied pressure or an induced vacuum. Filtration
is relatively simple to operate and maintain, and like settling, filtration is an old and proven

technology. Filtration is often used in conjunction with chemical precipitation processes.

Evaporation. Evaporation is used primarily for reducing the volume of contaminated watet
or studge wastes and for concenirating nonvolatile contaminants such as nitroaromatic compounds,
nitrates, and uranium. Any volatile contarninants such as TCE must be removed prior to this
treatment process. Evaporation of water leaves behingd all nondissolved and dissolved solids. The
treated waste must then be mechanically removed for further treatment or disposal. Evaporation
ponds are often used as retention areas for treated wastewater in between ireatment steps.

Evaporation i5 2 well-established treaiment process.

Reverse Osmosis. Reverse osmosis is commonly used to remove dissolved species from
solution. Osmosis is the tendency of a solvent such as water to pass through a semipermeable
membrane from the side with a lower solute (dissolved species) concentration to the side with a
higher solute concentration in an attempt to equalize concentrations. on both sides of the membrane.
The membrane is semipermeable in that it permits migration of water but not the dissolved species.
This process may be reversed, hence the term reverse osmosis, by applying pressure to the side with
a high solute concentration. The dissolved species thus become more concentrated, thereby reducing
the volume of contaminated water. Reverse osmosis is very effective at removing almost ail
dissolved species. This process is an established method often used for wreating water contaminated

with nitrates {Canter 1997, Kapcor and Viraraghavan 1997) or wrarium.
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Summary. The screening analysis for ex-situ treatment of groundwater is summarized in
Table 2.4. All physical treatment technologies were retained for possible use in conjunction with

groundwater extraction.
2.2.6.2 Chemical Methods

Coagulation/Flocculation. Coagulation is a chemical treatment process in which chemicals
are added to promete particle growth under floceulation, a physical process that increases particle
collisions I.hmugh slow mixing with large blades or paddles. Ceagulation/flocculation is often used
in conjunction with precipitation processes or as a component in a settling or filtration treatment

stage.

Precipitation. Precipitation of inorganic contaminants in water is induced by a chemical
reaction that converts a soluble contaminant species to an inscluble form. Removal of the precipitate
is then accomplished through sedirmentation or filtration. One advantage of precipitation treatments
is the relatively low waste volumes produced. Because of the diverse chemical species found in
groundwater, selection of the proper chernicals for use generally requires bench and field studies that
often include pH adjustment for optimum results. Precipitation is an effective and well-established
treatment for many contaminants and has been a primary treatment for metals in industrial waste
waters for years (DOD 1994). Lime softening is one precipitation process that has an efficiency of

approximately 83 to 99% for removal of dissolved uranium (EPA 1593},

Ion Exchange. Ion exchange is a process in which ions of interest are exchanged for other
ions held on an insoluble exchange material. The exchange material is generally a synthetic organic
resin that 1s stable under a wide range of temperature and pH conditions. These materials can be
tailored to be highly specific toward a given ion. Once a resin becomes saturated with the target ion,
the resin can be regenerated using a highly concentrated solution of the relatively harmless, originally
hound ion. This solution shifts the equilibrium back to the original state of the resin and leaves a
solution concentrated in the target (contaminant) ion. lon exchange is a-well-established treatment

for many contaminants and is widely used for the treatment of nitrates (Canter 1997) and uranium

(DOE 1951},
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TABLE 24 Summary of Screening Analysis for Ex-Situ Treatment Measures
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Ex-Situ Measure Effectiveness [mplementatiliny Cost
Fileer Prelisinary siep o separate suspended solids Easy to implement with saisting Low
from the extracted groundwater. wler treatment technology.
Coagulation/ Lised to enhance filtration and settling Easy to implement, Low
flocculation ProCesses,
Settling/centrfugation Preliminary step to separate suspended solids Easy to implement. Low
(etarification) Trom the extracted groundwater.
Evaporation Consolidates suspended and dissolved solids Easy w implemene. Low
by deiving off the water. The resulting
contarminated solid can be sent For disposat.
Reverse osmosis Potential preliminary step for treatmsent. Could be implementad with Moderats
Effective at concentrating dissolved existing technology.
conlarminants in solulics,
Coprecipitation Conventional method For extracting wranivum Cowld be impletnenizd with Moderate
from solution. Dependent on dissolved exizling technology.
species.
Tan exchange Conventignal methed tor extracting wraninm Could be implemented with Modermie
and nitrates from solution. Dependent on cxisting technology.
dissolved species.
Liguiel-Lignlicl Convenuonat method for exracting uranium Could be implemented with Modearate
extraction froin selution. Dependent on dissolved existing technolomy.
spEcies.
Suppormed liguid Mewer technology for extracting dizsolved imyplementation questionable. High
membrancs metals; boing investigated For remediation
progranms,
Magrnetic separation Meawer technology for axtracting dissolved Implementation questionable. Hiph
metals; being investigated for remediation
PrOETAIs.
Lltraviolet oxidatian Conventional method for degradation of Could be implemented with Moderate
nitrearomatic compounds and TCE. exisling wehnology.,
Grarwlar activated Conventional mathod tor axtracting TCE fom Could be implemented with Moderate
carbun vapor and for cxtracting TCE and niro- exisling wechnobogy.,
aromatic compounds from sofution.
Biosorption Mewer rechnology under development for Implementation questiohable. High

extracting dissolved metals; being investigat
tor remediaiion programs. :
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TABLE 24 {Cont.)

Ex-Situ Measura Efectiveness Implementability Cast

Biodegradation Newer techaology under develapment fir Impicmenlation guéstionable, High
degradaton of TCE, nitrearomatic
compounds, and nitrates by microorganisms;
being investigated for remediation programs.

Electrodialysis Effective at extracting nitrates from drinking Cauld be implemented with High

waler, existing technology,
Enzyme-catalvzed Mewer technalogy under development for Implementation questionable, Hizh
reduction exlracting nitrates {Tom donking water,
Fhytoremediation Cronstructed wetlands could remevedegrada Could be implemented with Lirw
TCE, nitroaromatic compounds, nitrates, and existing technology.

uraniam from xtracted groundwater,

Incineraticn Suapporting measure. Conventional method for  Could be implemented with Moderate
destruction of arganic compounds and waste existing technology.
volume reduction.

Liquid-liquid extraction. Liquid-liquid extraction involves the complexation of an
inorganic species such as a dissolved uranium ion with an organic compound. The contaminated
aqueous solution is then mixed with an organic solvent that is not soluble in water. The complexed
species is designed to be more soluble in the organic solvent than water, and, therefore, is
preferentially extracted into the organic liquid phase, which is subseguently drawn off from the
aqueous phase. This method can be highly selective toward a single contaminant in a complex
solution. Liquid-liquid extraction has been used extensively in the nuclear industry for the processing
of spent nuclear fuel for the separation of uranium and plutonivwm (Ivanovich and Harmon 19923,
However, the involvement of an organic liquid phase, often a hazardous chemical itself, relegates

this method to operations where other methods have proven ineffective.

Magnetic Separation. Two different types of magnetic separation processes have recently
been investigated for the remediation of contaminated groundwater —— the Mag*SepSM and high-

gradient magnetic separation (HGMS).

The Mag*SepSM process injects engineered particles into a liguid waste stream. The

particles range in size from 25 to 300 um, have a magnetic core, and are coated with a functionalized
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resin. The resin acts in 2 manner similar to ion-exchange resins; that is, they adsorb selective target
ions. After the particles have been in the contaminated water for an appropriate period of time, they
are magnetically removed from solution (DOE 1996b). The process is claimed o be more selective
than ion exchange and, therefore, produces less waste product. No full-scale commercial applications

of this process have been conducted for reémediation of nranium in groundwater.

The HGMS process passes the contaminated fluid through a highly magnetized volume
containing a magnetic matrix material such as steel wool, A slightly magnetic contaminant speciés
such as uranium becomes attached to the matrix material and is then removed from sointion, The -
process resulls in very small waste volumes. Application of this technology to water treatment is still

in the research phase at Los Alamos National Laboratory.

Suppoerted Liquid Membranes. A liquid membrane containing a complexing agent for
a specific contarninant such as uraninm is supported on a hollow fiber membrane. through which a
liquict waste stream is passed. The complexing agent attaches to its target ion when the ion comntacts
the liquid membrane. The contaminant ion complex is then selectively passed through the membrane
where it comes into contact with a stripping selution. Supported liquid membranes have been studied
for over 20 vears for a varety of applications and more recently for the removal of uraninm,
chromium, and technetium from contaminated groundwaters (DOE 19935). The mterest in the process
.is related 1o its high target specificity, which results in reduced waste volumes. Also, the recovered
gontaminant, such as uranium, would be in a reasonably pure form for potential reuse. However, no

fizld tests have been reported.

Ultraviolet Oxidation. Ukraviolei (UV) oxidation is a treatment process for organic
compounds and is effective in the treatment of nitroaromatic compeounds {DOD 1994). Its primary
advantage over other methods such as carbon adsorption is i3 destruction of the contamipant
componnds; it is capable of complete mineralization to carbon dioxide, water, and salts. The process
involves exposing the contamimated water to strong UV light in the presence of strong chemical
oxidizers such as ozone andfor hydrogen peroxide. UV oxidation 15 an established treaiment process

and is readily available from commercial vendors.
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Granular Activated Carbon. Carbon adsorption is very effective in treating organically
contaminared waste waters, Granular activated carbon (GAC) has a high surface area and has been
used extensively in treating process waters ai munitions plants (EPA 1993). This process involves
the adsorption of organic contaminants on carbon surfaces as the waste water is passed through a
GAC filter. Therefore, the contaminants are not destroyed, and the GAC in the filter must be further
treated or disposed of. Carbon adserption is readily available frem commercial vendors since it is

a well-established technology for treating municipal, industrial, and hazardous wastes,

Incineration. Incineration is not directly applicable to groundwater treabtment but can be
used to ireat secondary waste products. The incineration of hazardous wastes is an effective
technology for destruction of organic contaminants and can also be used for volume reduction of
combustible wastes contaminated with inorganic contaminants. Furnace temperatures typically range
fromm 870 to 1,200°C (1,400 to 2,200°F). Incineration has been used for the destruction of
nitroaromatic compounds in contaminated soils (EPA 1993). The technology is readily available

from commerciat vendors.

Electrodialysis. Electrodialysis uses a direct electric current to transport tons through semi-
permeable membranes from solutions of low to high concentrations (Canter 1997; Kapoor and
Viraraghavan 1997). Pretreatment of the water (e.g., filtration) is generally necessary to avoid fouling
the membranes. The efficiency for the removatl of nitrate from solution is comparable to that for

[EVETSE OSTNOsLs,

Enzyme-Catalyzed Reduction. The reduction of nitrate by enzymes to nitrogen has the
advantage of destroying the contaminant rather than concentrating it as occurs i other
physical/chemical processes such as ion exchange, reverse osmosis, or electrodialysis. Winle
biodegradation of nitrate also destroys the nitrate, enzyme-catalyzed reduction does niot have the

preblem of maintaining cultures of microorganisms.

Summary. The screening analysis for ex-situ treatment of groundwater is summarized in
Table 2 4. All chemical treatment technologies, except the supported liquid membrane and magnetic

separation technologies for uranium, were retained for possible use in conjunction with groundwater
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extraction. Determination of the appropriate technologies would depend on the chemical
characteristics of the groundwater at the time of extraction. Enzyme-catalyzed reduction and
electrodialysis were not retained for consideration for nitrate removal. Enzyme-catalyzed reduction
is still a developmental technology, and electrodialysis is useful only for treating soft water and has
high operating costs (Kapoor and Viraraghavan 1997). Ion exchange was retained for nitrate removal

because it is an established process and is used at the quarry water treatent plant.

2.2.,6.3 Biological Methods

Biological treatment technologies involving microbial degradation are available for TCE,
nitroaromatic compounds, nitrates, and uraninm. The organic contaminants and nitrates can be
broken down into less hazardous constituents by certain microorganisms (see Section 2.2.2).
Uranium cdn be scavenged by certain bacteria that in turn can be scavenged from the water. These
remedial technologies are still in various stages of developruent, except for biclogical denitrification,
- which has been developed over the years to treat domestic wastewater (Canter 1997, Kapoor and
Viraraghavan 1997). However, domestic wastewater generally has a high organic content that
provides nutrients for the microorganisms, whereas most groundwater aguifers such as that at the
WSCP and WSOW have low organic content. Development of an appropriate bioreactor to treat

nitrates in groundwater at the WSCP and W30OW would be required.

Phytoremediation is a biological technelogy that can be used as an ex-situ method (see
Section 2.2.4.6). Irigation of a constructed wetlands can be used to remove the contaminants by
filtering the extracted groundwater. Advantages over other methods include lower cost, destruction

of the contaminant {except for uranium), and lower final waste volumes.

No brological methods involving microbial degradation were retained for ex-sitv ground-

walter treatment, as summarized in Table 2.4, because of their developmental nature and the lack of

¢lear advantages over physical and chemical methods. Phytoremediation was retained for future

consideration as an ex-situ reatment rechnology.

2.2.7 Dispuosal

The disposal option supperts other groundwater response actions. This option is limited to

disposal of the by-products of other response actions. All solid contaminated waste resulting from
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groundwater remediation would be sent 1o.an off-site facility. Uncontaminated solid process waste
colld be disposed of off-site at 2 commercial facility, as appropriate. The treated groundwater could

be discharged to the Missouri River or used for landscape irrigation.

2.3 POTENTIALLY APPLICABLE TECHNCLOGIES

Potentially applicable technologies for groundwater remediation are summarized in
Table 2.5. This summary is based on the screening analysis presented in Section 2.2. The tech-
nologies that have been retained through this analysis were used to develop preliminary remedial

action alternatives for the site. These alternatives are identified in Chapter 3.
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TABLE 2.5 Screening of Potentially Applicable Technologies for Groundwater Remediation

General Response Evabuation
Agtion Technolegy Type Result Comments
Institetional Creoundwer access Retwined  Conld effectively limit access to aceas with contaminanesd
COLTOLS restrickians groundwater. Could be used to support other response actions,
Cramership and land Retained  Could minimize exposures (o site contaminants by limigng use
use or deed restrictions of contaminated gronndwater areas. Could be used 1o support
other response acrions.
Monitorng Venical wells Retaired — Conld provide data usafu] for minimizing exposures. Could be
used to suppart other responsc actions.
In-sity Physical barrier Rejecred  Dxfficult to install barrier walls in bedrack and ditficult to
containment conlml groundwarer flow that can ocour in oatural condwits.

Hydraulic containment Rejected  Low permeability and preferantial flow conduits in the aquifer
would limit effectivencss,

[vumobrilizaae Ecjected  Could not inject required material into the aquifer because of
he aguitiae's low permeahility.
Tin-sinoy treaemen; Malurdl processes Betaired  Cowld reduve cuntaminant concentrations given sufficient time.

Could b used o sippoct other response actions,

Biorerrrediation Bejected  Could not inject required material into the aquifer because of
the aquifer's low permeability,

Electrokinetics Rejected Application to full-scale remedialion for the contaminants of
concertt bas not yet besn demonsirated,

Raactive wall Rejected  Difficult bo instal] fong bartier walls in bedrock and difficult w
conral groundwater flow that can occor in nataral gonduits.

Ajr stripping Retained  Forlimited use at the W3CP to treat the TCE contamination.

fenwon oxidation Rejected  Low and nonuniform permeability of the aguifer Limits its
effectivenass in remedialing organic conatminann,

Fhatoremediaion Rejected Ineffective af retnediating contamination that is more than about
3 m (10 frh deep,
Removal Yertical wells Retained For limited use ot the W3CF where the aquifer’s permeability

might be high cnough for reasonable pumnp rates.

Horzontal wells Retained For limited use ag the WSCP where the aquiler’s permozability
might be hizgh encugh for reasonable pump cates.

Lnterceptor deain Regected Dhifficull to install trenches i bedrock and difficult to cuntrok
groundwater flow thal can oceur in natural conduits.

Excavating/dredging Rejected  Sowrces of contamination have already been removed or are in
and pumping the process of being removed. Concentrations of remaining
contaminants in the aquifer macerial are expected w ke
relaively tow, Removal of bedrock would be difficult,
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TABLE 2.5 (Cont.)
General Hesponsse Evaluation
Action Technology Type Ecsult Comments
Ex-sitn kreatment  Filiraticn Retained  Effective in removing suspended selids from solutions. Could
be wsed o suppott other responsc actions.
Coagulation’ Rerained  Effective in enhancing filration and settling processes.
floceulaion
Senlingfcentrifugarion Retained  Effective in removing suspended sobids from solution, Could be
{elarification) used 10 sUpPCr olher response actions.
Evaporation Betained  Bffective in removing suspended and dissolved sofids from
solution. Could be used o support other response actions.
Reverse ocsmasis Retained  Effective in concentrating contaminants in solution, Could be
used to support other response actions.
Coprecipitation Rewined  Effective convendonal method for temoving uraniom from
solution
lon exchange Remined  Effective conventional method for removing uraniumm and
aierates from soluron,
Liquid-liguid Retatned  Effecrive conventional method for removing weanium from
extractinn salution.
Supported liguid Egjected  Method under development for removing metals from solution,
membranes
Mupmetic separation Refected  Method under development for temaving metals fom solution,
Lilrraviolet oxidation Rerained  Effective convenrional method for degrading nitroarematic
compounds from solution,
Cravglar activared Retained  Effective conventienal method for removing TCE frate vapor
carbon and TCE and nieroaromatic compounds from solution.
Bigsorption Eejected  Meathod under development for removing metals from solution.
Bivdegradation Rejected  Method under development for degrading organic compounds
it solukion.
Phytorernediztion Retained Eftective emerging technology for degradingframoving TCE,
nitroarematic compounds, nitrles, and uraniem,
Electrodial ysis Rejected  Suitabie only For lreating soft water and has cetatively high
Coals.
Enzyme-catalyzed Rejectad Method under development fior retnoving nitretes from selubdon.
reducticn
Incineration Retained  Effective cotventional method for degrading organic
pompounds and reducing waste volumes, Could be used o
support ather response actions.
IHsposal Off-site faeility Hetoined  Regquived thr disposition of contaminated solid waste from other

remedial cptions.
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3 DEVELOPMENT AND SCREENING OF PRELIMINARY ALTERNATIVES

3.1 INTRODUCTION

The purpose of a FS and the overall remedy selection process is to identify, evaluate, and
select appropriate remedial actions that eliminate, reduce, or control-risks [o hurnan health and the
environment. On the basis of the screening and evaluation procedures described in Chapter 2, gight
preliminary alternatives were developed for the GWOUs from combinations of appropriate
technologies and associated process options. The development of these preliminary alternatives is
discussed in Sections 3.2 and 3.3, and the screening process to determine the final alternatives is
described in Sections 3.4 and 3.5, The final alternatives retained for subsequent analysis in this FS

are identified in Section 3.6.

The alternatives discussed in this chapter were considered in the context of follow-on
activities after source removal and control response actions have been implemented at the WSCP
and the WSOW. These activities are stipulated in the Records of Decision (RODs) addressing soil

and structural contamination at the WSCP and soi! and pipeline contamination at the WSOW,

Remedial action for OUI1 at the WSOW would include excavation of soil containing TNT,
DNT, lzad, pelychlerinaied biphenyls {PCHs), ang polycyelic aromatic hydrocarbons (PAHs). This
scil 1s located primarily along the TNT production lines, two wastewater lagoons, and seven burning
grounds. In addition to the contaminated soil, approximateiy 85,000 linear feet of wooden pipeline
that transported TNT wastewater would be removed. Most of the excavated material contaminated
with TNT is expected to undergo treatment by incineration; however, any material containing more
thar 500 ppm lead would be sent for disposal in the engineered disposal facility at the WSCP when
it becomes available. The lead-contaminated material that dicd not meet the waste acceptance criteria
for on-site disposal would be treated by chemical fixation (stabilization/solidification) prior to
disposal.

Remedial activities associated with the chemical plant ROD (DOE 1993) address source
cdntml at the WSCP and include remediation of scil and subsurface materials surrounding building
foundations contaminated with uranium and elevated concentrations of certain metals and organic
compounds; remoeval of the foundations of contaminated structures; constiuction of berms around

the raffinate pits to eliminate surface runoff; and dewatering of the raffinate pits. Drums and rubble
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disposed of in the raffinate pits during earlier decontamination activities at the WSCP will be

removed. These source-control activities would be expected to remove or reduce further migration

of contaminants from source materials to the groundwater.

3.2 CRITERIA FOR DEVELOPING ALTERNATIVES

The erttenia for developing alternatives are i)rq::-vidbd in EPA guidance (EPA 1988a) and in
the NCP {EFA 1990a). These criteria are used to develop alternatives that protect human health and
the environment by controlling risks posed through each exposure pathway at a site. The numbers
and types of alternatives to be analyzed are site specific and take into account the scope, charac-

teristics, and complexity of the problem that is being addressed. The following types of alternatives

were developed for the GWQUs in accordance with EPA guidance:

The general response actions for groundwater identified in Chapter 2 are (1) no action,
(2) institutional controls, {3} monitoring, {4) comainment, and {3) extraction and treatment.

Institutional controls would include access and legal restrictions. Groundwater monitoring would

Alternatives that involve treatinent as a principal component to reduce the
toxicity, mobility, or volume of the COCs in groundwater. As appropriate, this
range of trearment alternatives includes an alternative that removes or destroys
the COCs to the maximum extent fzasible, thereby eliminating or minimizing,

to the degree passible, the need for long-lerm matagement,

Containment alternatives that involve little or no treatment but provide
protection o hurnan health and the environment by preventing or controlling
exposure to the COCs. These alternatives might include engineering controls
and, as necessary, institutional controls © protect human bealth and the

environment and to ensure continued effectiveness of the response action.

A no action alternative — that is, no further action after source remowval
activities have been implemented and completed at the WSCP and the WSOW
— is included as a baseline for comparison with other altematives. Actions
taken to reduce the potential for exposure (e.g., institutional controls such as

deed restrictions) are not included as a component in the no action alternative.
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include the existing monitoring well network as well as any additional wells to be construcled as part
of an alternative action. Containment actions would include interception of groundwater, horizontal
and vertical bamiers, and containment by pumping. Treatment actions would typically include
physicochemical treatment, biclogical treattnent, thermal treatment, and electrical freatment

{e.g., electrokinetic remediation).

3.3 IDENTIFICATION OF PRELIMINARY ALTERNATIVES

Preliminary alternatives were assembled from combinations ef technelogies and associated
management strategies (e.g.. institutional controls and well restrictions) that were retained foilowing
the screening and evaluation process described in Chapter 2. Potential action alternatives were
screened to eliminate those altematives determined teo difficult to implement on the basis of
unproven technelogies, those determined not sufficient to remediate groundwater at the WS{CP and
the WSOW within a reasonable time period, or those determined to have limited application for the
specific contaminant or site conditions (EPA 1988a). The technologies and management strategies

that were not eliminated were incorporated inte the following preliminary alternatives:
+  Alternative 1: No Action;
= Alternative 2: Monitoring with No Active Remediation;
+  Alternative 3: Natural Attenuation;

¢ Alternative 4 Groundwater Removal, On-Site Treatment of TCE and Nitro-
aromatic Compounds Using Granular Activated Carbon, and Physical/

Chemical Treatment of Other Contaminants:

*  Altermnative 5: Groundwater Removal, On-Site Treatment of TCE and
Nitroaromatic Compounds Using Ultraviclet Oxidation, and Physical/

Chemical Treatment of Other Contaminants;

*  Alternative 6: Groundwater Removal, On-5ite Treatment Using Phyto-

remediation;

* Alternative 7. Removal and Ex-Sim Treatment of TCE-Contaminated

Groundwater: and

= Altemative 8: In-Situ Treatment of TCE Using In-Well Vapor Stripping.
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These eight alternatives address the five general response actions for groundwater listed in
Section 3.2, The alternaiives range from no action, where no further action would be taken at the site,
to in-situ and ex-situ treatment of the. groundwater, which would prevent or reduce future migration

of the contamination toward any off-site receptors.

3.3.1 Factors Common to All Preliminary Action Alternatives

The approaches for implementing these eight preliminary action alternatives contain a
number of similar activities. For example, it was assumed that groundwater monitoring would occur
under each action altermative for the cleanup period. Monitoring would be nesded 1o evaluate
whether the groundwater action was achieving, or would achieve, the intended response objectives.
Monitoring would be conlinued, as needed, for those alternatives not involving active removal of
contaminants from the groundwater. In addition, each alternative (other than no action) might require
various support operations prior to implementation. These activities could include procurement of
appropriate equipment and development of contingency plans and operational controls to minimize
contaminant releases, Some action alternatives may involve destruction or storage of removed

contaminants in an appropriately permitted facility.

In the amalyses performed for this FS, it was assumed that remedial action acrivities
addressing source removal and controls stipulated in RODs for preceding operable uniis for the

WSCP and the WSOW have been implemented.
3.3.2 Factors Specific to Each Preliminary Alternative

3,321 Alternative 1: No Action

The o action altemative { Alternative 1) is intended to provide a baseline for comparison
with the other alternatives evaluated. Under this alternative, no further action would be taken to
remediate groundwater at the WSCP and the WSOW, and any currently ongoing maintenance or
monitoring would be discontinued. Alternative 1 would not provide for any active or passive
institutional controls (e.g., physical barriers or deed restrictions) to reduce the potential for exposure
to contaminants cuirrently in the groundwater . By definition, this alternative is a zero-cost alternative

that provides no added protection to any receptor in the form of engineering or institutional controls,
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3.3.2.2 Alternative 2: Monitoring with No Active Remediation

Alternative 2 would not inv'{:rlve. groundwater extraction, m-sifu or ex-situ treatment, or
containment actions. It would rely upon the groundwater’s natural ability to lower contarminat
comcentrations through physical, chemical, and biological processes until cleanup levels were met
{the primary groundwater contaminants are TCE, nitrate, nitroaromatic compounds, and uranium).
These processes include adsorption Lo soil particles (for uraninm), bicdegradation {for nitroaromatic
compounds and TCE}, and dilution and dispersion in groundwater. The approach used for this
alterative may be considered at sites where groundwater removal has been determined to be
technically impracticable and where it has been determined that active remedial measures would not
sigmificantly speed remediation time frames. Such 4 case might require a technical impracticability

waiver from meeting the cleanup criteria defined by ARARs.

To ascertain whether cleanup to ARARS is realistic, the Committes on Ground Water
Cleanup Alternatives of the National Academy of Sciences (MNational Research Council 1994) has

identified three major classes of sites based on h}'dmgeolt}g'}r. and contaminant chemistry:

» Class A Sites — Sites where full cleanup to health-based standards should be
feasible using cwrrent technelogy. Such sites include homogeneous (e.g.,
permeabie, well-sorted sands or gravels) single- and multiple-layer aquifers

itvelving mobile, dissolved contaminants.

= (lass B Sites — Sites where the technical infeasibility of complete cleanup
is likely to be uncertain, This class includes a wide range of hvdrogeologic

settings and contaminant types that do not fal! into Classes A or C.

= Class C Sites — Sites where full cleanup of the source areas to health-based
standards is not likely to be technically feasibile. Such sites include fractured-
rock aquifers contaminated by free-preduct light nonaquecus phase liquids
(LNAPL) or dense nonaguecus phase liquids (DNAPL), such as TCE, and
single- or multiple-layered heterogeneons aguifers contaminated by a free-
prodouct DNAPL.

Maonitoring and characterization data indicate that most of the comamination exists in the

weathered portion of the Burlington-Keokuk Limestone shallow aguifer. The shallow bedrock
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aquifer system at the GWOU has been described as a fractured, coarsely crystalline, thickly bedded
carbonate containing abundant chert nodules. On the basis of the criteria given by the National
Research Council (1994), the technical feasibility of complete removal of nitroarcmatic compounds
and uranium in the shallow aquifer at the WSCP and the WSOW is likely to be uncertain because
of the presence of fractures, which makes it difficult to delineate contamminant pathways, and the high
sorption of uranium on subsurface media (K, = 330; DOE and DA 1998b). For these contaminants,
the shallow bedrock aquifer system at the WSCP and the WSOW can be considered to be 4 Class B
site.

The ability to restore groundwater to cleanup levels defined by ARARs might be inhib:ited
if the following factors exist at a site (Gofiredi 1997a): large volume, long duration release; low
biotic/abiotic decay potential; contaminants low in volatility; large volume of contaminated media;
contaminants located at great depth; complex geology (e.g., interbedded and discontinuous in
nature); heterogenecus underiying stratigraphy (e.g., interbedded sand and silts, fractured media,
karst); low hydraulic conductivity of the contaminated aquifer {i.c., less than 1 x 107 cmys
(0.3 fi/d]); and high temporal variation in the groundwater flow regime, Generally, sites that satisfy
several of these factors have been stated to be good candidates for a technical impracticability waiver
(Goffredi 1997a). These factors may be compared with the prevailing conditions at the WSCP and
the WSOW, as follows:

+  Large Volume, Long Duration Release: The area over which groundwater
contamination is estimated to exist is about 1,600 ha (3,900 acres) for the
WI0W (DA 1993). At the WSOW, assuming an average aquifer thickness of
approximately 10 m (30 ft), the velume of agquifer that might be potentially
contaminated is about 140 million m? (5 hillion ﬁ3j. At the WSCP, assuming
an average aguifer thickness of about 10 m (30 ft) and an areal extent of
groundwater contamination of about 40 ha (100 acres), the volume of aquifer

that might be potentially contaminated is about 4 million m* (130 miltion ft%).

Although all contaminants are not feund throughout the atfected aquifer, the
above calculations are based on the assumption that all groundwater with
concentrations above the appropriate risk-based level would be remediated.

This F$ also examines the possibility of remediating a more limited set of
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contaminants, such as TCE. In this case, while the extent of TCE
contaminaticn is considerable; it 15 more limited than the area of nitrate
contamination on the WSCP, and the arsal extent of groundwater

contamination at the WSCF would be more on the order of tens of acres.

In terms of duration, contamination has been seeping into the groundwater
since 1941 at the WSOW and the WSCP from wastes resulting from
munitions manufacturing, and since 1935 at the WSCP from wastes generated

from uranium processing.

+ Low Bictic/Abiotic Decay Potential: Any natural biclogical degradation of
TCE at the WSCP would be expected to occur at a slow rate (see Sec-
tien Z.2.2). Relatively fast degradation rates have been measured in the
laboratory for 2,4 DNT and 2,6-DNT. Assuming first-order decay, regression
of experimental data for the microbial degradation of 2,4-DNT and 2,6-DNT
with time {Bradley et al. 1997) indicaies 2 half-life of 11 to 18 days for
2,4-DNT and 41 to 78 days for 2,6-DNT, on the basis of 2 95% confidence

level. Nearly complete removal of TNT by microbial degradation has also
been achieved in the lahoratory in several months {Bradley and Chapelle
1995}, However, although these laboratory results indicate the potential for
TNT, 2,4-DNT and 2,6-DNT biodegradation, it is expected that the DNT and
TNT degradation rates in the field would be significantly slower than in the
laboratory because fleld conditions, snch as periodic drying of subsurface

media (Bradley and Chapelle 1995), are less optimal.

Although toxic shock oceurs at high nitroaromatic concentrations and blocks
their biotic degradation (which would relegate any biological activity to fringe
areas where concentrations are lower), proundwater concentrations of
nitroaromatic compounds at the WSCP and the WSOW are not high enough

to cause toxic shock to any indigenous microbe populations.

Conditions conducive to microbial degradation of nitrates are found in fine-

textured, water-logged soils with high organic content; such conditions do not
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exist in the shallow bedrock aquifer system at the WSCP and the WSOW,
Water has a direct effect on denitrification: the closer the subsurface medium
is to water saturation, the more denitrification may potentially occur. High
organic content is conducive to denitrification because microbial denitrifiers
need oxidizable organic material as a source of carbon for growth and a source
of electrons for the reduction of nitrogenous compounds. It might be expected
that any natural biological degradation of nitrates in the shallow aquifer

syster at the WSCP and the WSOW would occur at a slow rate.

Contaminants Low in Volatility: The vapor pressure of the following
contaminants of concern at both the WSCP and the WSOW — which include
nitroaromatic compounds (2,4-DNT: 5.1 x 107 mm mercury; 2,6-DNT:
1.8 % 107 mm mercury}, nitrates {effectively zero), and uranivm {effectively
zero because it is a nonvolatile solid) — are all very low. Thus, these

contaminants are considered to have low volatility.

TCE, however, has a relatively high vapor pressure of approximately 58 mm
mercury and can be considered to have a relatively high volatility.

Large Volume of Contaminated Media: The volume of aquiter that might be
potentially contaminated is very large, approximately 140 million m?
(5 hillion ftﬂ} at the WSOW and approximately 4 million e {130 million ft3j|

at the WSCP.

Contaminanis Located at Great Depth: The contaminants are primarily
located within the Burlington-Keokuk Limestone shallow bedrock aquifer
located at the WSCP and the WSOW, this aquifer is composed of the
Burlingten-Keckuk Limestone, the Fern Glen Formation, and associated
saturated overburden materials, The subsurface within the WSCP and the
WSOW consists of unconsolidated deposits that overlie the shallow bedrock
aquifer. The thickness of the overburden deposits generally ranges from 5 to
18 m (15 to 60 ity at the WSCP and from 3 to 17 m (10 to 35 ft} at the
WSOW. The thickness of the Burlington-Keokuk Limestone Formation itself
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ranges from 0 to less than 46 m (150 ft) beneath and in the vicinity of the
ordnance works and from 12 to 56 m (40 to 185 ft) at the WSCP. The
groundwater monitoring wells in which contaminants have been detected at
levels exceeding the PRGs are generally screened in the Burlington-Keokuk
formation at a depth at least 15 m (50 ft) below the surface. The range in depth
would make it more difficult to conventicnally extract contaminants usigg

vertical wells.

Complex Geology: The shallow bedrock aquifer at the WSCP and the WSOW
is divided into two units, weathered and unweathered limestone. The
weathered limestone contains as much as 60% chert as nodules, breccia
fragments, and interbeds. The shallow aquifer is discontinuous within the

WS0OW becanse the unweathered unit is not present at certain jocations.

Heterogeneous Underlying Stratigraphy: The shallow bedrock aquifer at the
WSCP and the WS3OW is composed of limestone, which is coarsely
crystalline, thick bedded, and cherty in nature. Both limestone (uniform
porous media) and karst (large isolated fractsres) are present. It is
conceptualized to be a diffuse flow system where the bedrock is thinly bedded
or fractured sufficiently to serve as a uniform porous medium; superimposed
conduit flow occurs in large isolated fractures. Water movement in the
shallow aquifer has been affected by karst development from solution activity

in the carbonate bedrock.

Low Hydraulic Conductivity of the Contaminated Aquifer (< I x 167 cm/is):
The hydraulic conductivity of the shallow bedrock aquifer at the WSCP and
the WSOW is generally lower than 1 x 10 cm/s (0.3 ft/d). Pump tests
conducted in wells at three different areas of the WSCP indicated hydraulic
conductivities ranging from 5.3 x 10°% 1o 8.9 % 10 c/s (0.015 to 0.25 f/d),
below the metric of | x 107% ¢mys (0.3 fi/d). Shug tests performed on 40 wells
at the WSOW indicated hydraulic conductivities tanging from 2.1 x 10" to
2.8 x 107 cm/s (6.0 x 107 10 7.9 x 107 fi/d).
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+  High Temporal Variation in the Groundwater Flow Regime: Two regimes
of groundwater flow are postulated to exist in the shallow bedrock aquifer at
the WSCP and the WSCP; diffuse flow and turbulent fiow. Diffuse ﬂ'm'i.r
foltows Darcy's law for a porous medinm, but the high-velocity turbulent flow
that occurs in conduits and in large, isolated fractures does not. Thus, the
iravel ttme from the shallow bedrock aguifer to an associated discharge spring

can be on the order of only five to eight hours,

Groundwater flow velocities appear to vary greatly within the shallow aquifer,
depending on the location, flow regime, and tirue of year. Annual cyclic
variations on the grder of 1.2 to 3 m (4 to 10 ft) have been observed in 1.J;;atver
level fluctuations; water levels have increased as much as 0.3 m (1 fi) during
precipitation. Daily flnctuations in water levels observed at the WSCP and the

WSOW during dry weather were as much as 0.3 m ( 1 ft).

This comparison indicates that any alternative involving extraction and ex-situ treatment
would probably net be successful because of the nature of the contamination (large volume, long
release duration) and the adverse characteristics of the shallow aquifer, including low conductivity,
potentially low sustained pumping yields {about 1.2 L/min [0.3 gpm] [MK-Ferguson and Jacobs
Engineering Group 19%90a]), and superimposed fractures and weathering. Thus, the WSCP and the
W3OW may be good candidates for a technical impracticability waiver. (The factors listed above
are examples of generalized site characteristics that may limit thé effectivensss of subsurface
remediation. It is recognized that the particular factor or combination of faciors that may critically

limit the restoration potential will be site specific.)
The activities associated with Alternative 2 would include the following:

= Source-contrel response actions implemented per RODs for the WSCP and
the WSOW that would prevent further release of contaminants to

groundwater;

» Performance monitoring of groundwater to verify that future contaminant

concentraticns would not result in unacceptable risks to human health;
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* Institutional controis to ensure that contaminated gronndwater was not used

before protective concentrations were attained; and

* Contingency measures in the event that natural processes did not result in

acceptable off-site concentrations and exposure.

Sonrce-control measures for the WSCP and the WSOW are listed in Section 3.1. These
actions would prevent or minimize further migration of contaminants from source materials to
groundwater. It would, therefore, be expected that the concentrations of contaminants in the WSCP
and the WSOW would continue to decrease with time because of removal of the original source of
contamintation; dilution through infiltration from rainwater and runoff; and natural processes such

as biodegradation, adsorption, and chemical reactions with subsurface materials.

Several natural underground conduits exist across the WSCP and the WSOW where the
groundwater iravel lime to surface sﬁrings is on the order of hours. However, menitoring of the water
from these springs bas indicated low contaminant concentrations that do not result in unacceptable
human health exposures at these groundwater discharge points. Natural processes occurring in
groundwater, combined with dilutien or dispersion, would likely contribute to contaminant
concentrations belew PRGs at these springs. Although the exact mechanisms that are naturally
occurring cannot be identified, these observations suggest that active remediation of groundwater

might not be necessary.

Another activity asseciated with Alternative 2 would involve continued monitoring of
groundwater. Groundwater would be routinely sampled and analyzed to track contaminant migration
and degradation (e.g., TCE and nitroaromatic compounds) to verify that the assumptions of the
exposure assessment and risk assessment were being met and that potential drinking water supplies
would remain protected. The direction and rate of movement of the contaminated groundwater would
be tracked as a function of time. Groundwater monitoring under Alternative 2 would continue for

a reasonable period of time {i.c., greater than 10 years) or unti] remedial objactives were maet,

Groundwater would be monitored using the existing well network, as appropriate,
Additional monitoring wells might be installed and sampled to evaluate the protectiveness of this
alternative. For conservatism, Alternative 2 was assumed to involve the construction and ope}ation

of 15 additional menitoring wells, which is approximately 10% of the number of existing wells, The
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exact monitoring network and details regarding frequency of sampling and parameters analyzed
would be identified in the ROD or subsequent remedial designfremedial action reports, as
appropriate. In general, monitoring of the additional wells would take into account the migration

patternts and aty seasonal influences.

Institutional controls that might be applied for the WSCP and the WSOW groundwater
inclnde land use restrictions and continued federal ownership, Land use restrictions could include
St. Charles County zoning regulations and deed restrictions by the Missowi Department of
Conservation on land not currently under. federal ownership (e.g., August A. Busch Memerial
Conservation Area). Zoning of properties other than the WSCP and the WSTA at the WSOW might
become relevant under some future peried. Deed restrictions would involve specific limitations on
future land use that are incorporated in the deed of ownership to the property. Such restrictions
would prevent activities that could cause direct exposure or releases of groundwater contaminants.
Deed restrictions accompany the deed to the property in a manner that is generally binding and nust
be transferred to all subsequent owners of the property. Examples of deed restrictions include these
prohibiting residential or agricultural use. Drilling for mineral, water, or other purposes would also
be prohibited.

Continued federal ownership of the WSTA by the DA and of the area containing the on-site
disposal cell at the WSCP by the DOE is certain. This will result in continued control of these areas
by the federal government, with the intent to resirict site development activities through the rights
of ownership. Dn-pmperty.dﬂvelﬂpmant activities, such as agnicultural or residential use, could be
restricted or eliminated by the federal government which, as the property owner, would -retain all

rights to preclude these activities.

Because contaminants would remain on-site above levels that allow for unlimited use and
unrestricted exposure under Alternative 2, reviews would be conducted at least every five years afier
the remedy was completed to ensure that it continued to provide adequate protection of human health
and the environment. However, 1o further optimize interprefation of future monitoring results, it may
be worthwhile 1o obtain data from the network of wells after source removals have been completed
aud a significant amount of time has elapsed to allow fer beneficial impacts from source removals
to occur (e.g., after three vears or more). The sampling frequency would depend on the focation of

the monitoring wells and the groundwater flow velocity. The number of monitoring wells and
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sampiing frequency would be determined in colaberation with the regulators. (Response measures
might be considered if data indicated that future miér_ation of contamination would result in
unacceptable off-site exposure. Contingency measures to prevent exposure (o contaminated
groundwater could include developing an alternative water supply for the public [which could be
provided by a wide range of actions, such as well relocation, selective use of wells, or connection

to an existing system or surface water source], well head treatmnent, and use restrictions.)

3.3.2.3 Alternative 3: Natural Attenuation

Natiral attenuation is defined in the NCP as “biodegradation, dispersion, dilution, and
adsorption” of contaminants in groundwater. The NCP preamble states that natural attenuation is
generally recommended when active restoration is not practicable, cost effective, or warranted on
the basis of site-specific conditions (e.g., where groundwater is not a likely scurce of drinking water)
or when natural attenuation could achieve remedial goals in a reasonable time frame. Natural
attenuation may be a useful remedial approach if site-specific data indicate that these processes
would effectively reduce contaminants in the groundwater to concentrations protective of human
health and the environment in & time frame comparable to that which could be achieved through
active remediation (EPA 1988h).

Natmral attennation relies on natural subsurface processes to reduce contaminant ¢on-
centrations to acceptable levels. Such processes include dilution, volatilization, biodegradation,
. udsorption, chernical reactions with subsurface materials, and radioactive decay. Further information
on natural attenvation is provided i Section 2,2.2. Natural attenuation has been stated to have many
advantages over conventional engineering remediation alternatives (Goffredi 1997h), includiﬁg the

following:

= Contaminants are ultimately transformed into innocuous by-products (such as
CO,, ethylene. ethane, Cl7, and water for TCE) and not just transferred to

another phase or location in the environment;

« Attenuation allows use of the existing infrastnicture at a site during

remediation:
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*  Contaminants are generally not transferred to the atmosphere, which prevents

increased risk to nearby populations and the environment.

* Attenuation is less expensive than currently available remediation tech-
nologies such as conventional extraction and ex-situ treatment (“pump and

treat™):
* No equipment downtime or maintenance is involved;

= The most mobile and toxic organic ecompounds are usually the most

susceptible to biodegradation.

Hydrogeologic constraiats can limit the effectiveness of active restoration when plumes
migrate into formations from which they cannot easily be removed; in these special situations,
natural attenuation with monitoring and institutional controls has been identifted as potentially being
the only feasible remedy (EPA 198813); Such situations include sites with contaminant migration into
formations with a high degeee of secondary permeability, such as fractured bedrock or karst aquifers.
For comparative purposes, the shallow bedrock aquifer system, which contains the majority of the
groundwater contamination, has been conceptualized to be a diffuse flow system where the bedrock
is thinly bedded or fractured sufficiently to serve as a uniform porous medinm; superimposed conduit
flow occurs in large isolated fractures. These conditions indicate that a karst hydrologic system is
in operation in the bedrock beneath and around the site; this suggests. that it may not be practicable

or feasible te fully restore groundwater by active remediation.

The conditions potentially favoring the use of natural attenuation are as follows (EPA
1988a): groundwater naturally unsuitable for consumption, low-mobility contaminants, low concen-
trations of contaminants, low potential for exposure, and low projected demand for future use of the
groundwater. These conditions may be compared with the prevailing conditions at the WSCP and

the WS0OW, as follows:

*  Groundwater Naturally Unsuitable for Consumption: Groundwater that is
naturally unsuitable for consumpticn includes groundwater that is saline (total
dissclved solids levels over 10,000 mg/L) or groundwater that is not available
in sufficient quantity at any depth to meet the needs of an average household.

Exisiing data suggest that long-term sustainable pumping rates are very low,
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about 1.2 L/min (0.3 gpm), from wells installed in the shallow bedrock aquifer
where the majority of the contamination is locatad (MEK-Ferguson and Jacobs

Engineering Group 1990a).

Low-Mobility Contaminants: Information on contaminant mobility (see
Section 2.2.2) indicates that precipitation of uranium from selution as

insoluble UQ, may be occurring within the shailow aquifer. Nitroaromatic

compeunds found in the soil overburden exhibit relatively low water solubility -

and, therefore, low leachability and mobility. Also, none of the nitroaromatic

compound contaminants are highly volatile (DA 1993).

Low Concentrafions of Contaminants: Nitroaromatic contamination within
the shallow aquifer system is widespread and occurs at low concentrations
throughout the aquifer (DOE and DA 1998b). However, the uranium, TCE,

and nitrate contamination is more localized (i.e., in the vicinity of the raffinate -

pits at the WiCP).

Low Pofential for Exposure: The likelihood that groundwater from the
shallow aquifer system would be used for residential purposes is low. Access
to the WSCP and WSTA by the general public is restricted, and groundwater
from the shallow aquifer is nnlikely to be used by the public in the future
(DOE 19333, The DA aﬁpﬂcts to retain ownership of the W5TA and 1o
continue using this property for traimng activities. At the WSCP, a disposal
cell is being built on-site that will cccupy approximately one-third of the total

arca.

Low Profected Demand for Future Use of the Groundwater; Groundiwater
occurs in three principal bedrock aquifer systems: (1) the shatlow aquifer that
is contaminated; (2) 4 middle cenfined aquifer composed of the Kimmswick
Limestone: and (3} a deep confined agquifer. Groundwater that is used as a
drinking water supply in the area is primarily taken from the deep productive
aquifer of the Ordovician/Cambrian bedrock system and from an alluvial

aquifer near the Missouri River. The projected demand of the groundwater
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within the shallow aquifer system is expected to be low on the basis of
foreseeable land use and on the low pumping yield (zbout 1.2 Lmin [0.3 gpm]
for a single well [MK-Ferguson and Jacobs Engineering Group 199'3&])_
measured in the area of highest conductivity at the WSCP (ie., the
groundwater ttough north of the divide and along the westem edge of the
WSCP).

This comparison indicates that conditions at the WSCP and the WSOW potentially favor the use of

natural attenuation.

Guidance on the use of natural attenvation is evolving. A protocol has been developed for
deterrmining the feasibility and effectiveness of using natiral attennation in remediating groundwater
contarninated with chlorinated gliphaiic hydrocarbons (such as TCE) at DA and DOE sites; this
protoco! is summarized in Wiedemeler et al. (1996). Consideration of natural attenuation as a
potential option reguires modeling and evalvation of contaminant degradation rates and pathways.
The primary objective of such modeling would be to demonsirate that natural processes. of
contaminant degradation would reduce contaminant concentrations below regulatory standards or
cleanup goals before potential exposure pathways would be enceuntered. This groundwater modeling
would require a therough understanding of how site geelogy, hydrology, geochemistry, and
microbiology can impact the behavior of contaminants. The following data are required (Wiedereier
et al. 1996):

+ Extent and type of soil and_ sroundwater contamunation;

+  Location and extent of contaminant source areas;

+ Information on whether the source will continue to release contamninants;
= Aguifer geochemical characteristics;

* Regional hvdrogeologic information; and

* Local and site-specific hydrogeologic data, including information on drinking
water aquifers, locations of wells and surface water bodies, patterns of aquifer
use {current and future), lithology, site stratigraphy, grain-size distribution, -

aguifer hydranlic conduectivity, groundwater hydranlic gradient, porosity,
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dispersivity, preferential flow paths, and areas of local groundwater recharge

and discharge.

Extensive soil and groundwater contaminant data are available for both the WSCP and the WSOW.
However, to document the occurrence of natural attenuation, groundwater data wouid be needed
regarding decay preducts and geochemical parameters to determine the three-dimensional

contaminant distributicn.

Additional data would be needed to deterrnine other model input parameters under aquifer
conditions (¢.g., biedegradation rate constants and sorption coefficients [Ky] for each contaminant).
Table 3.1 lisis the analytical parametets used to provide information on whether natural atienuation
of chlorinated aliphatic hydrocarbons such as TCE is occurring. (Currently, no nataral attenunation -
sampling protocels are available for nitroarcmatics, nitrates, and uranium.) Sampling and sample
analysis would be conducted throughout the operational duration of Altemative 3 to confirm that

natura) attenpation was proceeding at rates consistent with meesting cleanup obhjectives.

Similar to Alternative 2, the activities associated with Alternative 3 wounld involve
continued groundwater monttoring. A more elaborate sampling and analytical scheme wonld be
required to vernfy that natural attenuaticn was cccwring at rates that would ensure ne eff-site |
migration of contaminant concentrations above health-based levels. Groundwater sampling would
be conducted within the contaminated zone to document that natural attenuation was occurring. Also,

sampling would be perfonmed outside the contaminated area to identify any migration of

TABLE 3.1 Analytical Parameters That Provide Enformation
on Natural Attenuation of Chlorinated Aliphatic Hydrocarhons

Alkalinity {Chidation-reduction potential
Chioride concentration Crxygen (dissolved)
Conductivity pH

Hydropgen {dissolved} Sulfate concentration

Iran (II) Temperamire

dethane, ethane, apd ethylene concentrations Total organic carbon
Mitrate concentration Volatile organic compoands

Source: Wiedemeter et al, [1996).
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contarinants that might require initiation of more active remedial measures. The direction and rate
of movement of the contaminated groundwater would be tracked as a function of time. Under
Alternative 3, groundwater monitoring would continue for a reasonable pericd of time fi.e., greater

than 10 years} or until remedial ohjectives were met.

Groundwater monitoring would be conducted using the existing well network, as
appropriate. Additional monitoring wells might be installed and sampled to evaluate the protective-
~ness of this alternative and to detect the migration of contaminated groundwater. These wells would
be placed approximately 130 m (300 {t) downgradient of the leading edge of the contaminated
groundwater or at the distance estimated to be traveled by the groundwater in two years, whichever
was greater. For conservatism, this alternative would include the construction and c::-pérati;an of
38 additional monitoring wells, which is approximately 25% of the number of existing wells. All
wells would be screened in the same hydrogeologic unit as the contaminated groundwater (i.e.,
Burlington-Keokuk Limestene}. The exact monitoring network and details regarding frequency of
sampling and parameters analyzed wounld be identified in the ROD or subsequent remedial design/

remedial action reports.

Because contaminants would remain on-site at concentrations above levels that allow for
unlimited yse and unresiricted exposure, reviews would be conducted at least every five years after
the remedy was completed lo verify that it continued to provide adequate protection of human hesalth
and the environment. If monitoring showed that the contaminated area and level of contaminants in
. the groundwater had decreased signiiicantly during the five-year period, the number of wells
sampled and the sampling frequency might be reduced. Wells that duplicated information (e.g., wells
]écated less than 15 m [50 ft] apart within the same aquifer, screened over the same interval, and
exhibiting similar contaminant concentration profiles), provided unreliable information {e.g., wells
that were dry part of the year), or sampled proundwater concentrations below the PRGs for all
contaminants might be considered for elimination {Air Force Center for Environmental Excellence
1997). The sampling frequency would depend on the location of the monitoring wells and the
groundwater flow velocity. The nurber of monitoring wells and sampling frequency would be

determined in collaboration with the regulators.

Active response measures would be considered if data indicated that future migration of

contaminants would result in unaceeptable exposure concentrations. These contingency measures
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could include installation of a conventional pump-and-treat system using a design similar to that
proposed for Alternative 4 (Section 3.3.2.4) and Alternative 5 {(Section 3.3.2.5) for containment of

the contaminated groundwater.

As for Alternative 2, atechnical impracticability waiver from meeting the remediation goals
might be needed for Alternative 3 unless it could be shown that cleanup levels were expected.ta be

achieved in a reasonable time frame.

3.3.24 Alternative 4: Groundwater Removal, On-Site Treatment Using
Granular Activated Carbon

Alternative 4 would involve extraction and ex-situ treatment of the WSCP and the WSOW
groundwater to achieve PRGs for groundwater. Groundwater concentrations exceeding these limits
would be removed using conventional vertical extraction wells, pumped to and treated in an above-
ground (reatment system consisting of a sequence of physical and chemical unit operations, and
released 1o a permitied discharge point. If discharged to a surface water (e.g., the Missouri River),
the treated water might be required to meet federal and state effluent standards. This analysis
conservatively assumed that compliance with these standards would be required. Reinjection of the
treated groundwater back into the aquifer was not considered desirable because of the large number
of required injection wells and the low hydraulic conductivity of the shallow aquifer. An approach
identical to Aliernative 2 wonld be used for rmanagement of the portions of the shallow aquifer with

groundwater concentrations below the PRGs.

Groundwater extraction and treatment (i.¢., "pump and tfeat") is a widely applied remedial
technology. Groundwater extraction systems are relatively simple to design, can be readily con-
structed and operated, and use standard equipment available from many sources. These systems are
used to enhance free product recovery, contain a dissolved contaminant plume, and reduce the mass
of contamination in an aquifer. Groundwater extraction wells used in aquifer remediation are
typically located near the area of highest contaminant concentrations or near the leading edge of the
plume. If located near the leading edge of the plume, the groundwater withdrawal typically intercepts
the downgradient extent of the contaminant plume. For a well-defined contaminant plume,
conventional extraction is often the first line of defense in preventing further migratidn and in

removing the majority of the contamination,
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The first step during construction would invelve instailation of the vertical extraction wells,
which is generally conducted by drilling into the aquifer, The selection of a drilling method is a
function of site-specific geologic conditions, well specifications, and degree of subsurface
disturbance. Three drilling methods (i.é., hollow stem auger, water/mud rotary, and air rotary) are
generally considered when installing wells for groundwater extraction. This analysis assumed the
use of water/mud rotary drilling because of the size of the extraction well (a 15<m [6-in.] extracticon
well was assumed in this design becanse it contains adequate space for pumps and pipes for most
extraction systems). After each well installation, the drilling equipment, riser, and caps, as well as

drilling tools, would be decontaminated.

Between approximately 300 and 930 vertical extraction wells at the WSCP and between
27 and 80 wells at the WSOW (Appendix C) were assumed to be required to achieve 2 reasonable
extraction rate and to contain further spread of contaminants. The wells would be between 15 m
{50 ft) and 24 m (80 1) deep, have a screened fength of 10 m (30 ft), and be 15 ¢m (6 in.) in
diameter. Additional investigation of aquifer characteristics would be necessary for detailed
evaluation of the placerment of the extraction wells and estimation of groundwater extraction rates.
The actual location, size, capacity, and depth of the various extraction wells would be determined
during the remedial design phase, at which time the hydrogeologic characteristics (i.e., permeability,
thickness of the aquifer, depth of the affected groundwater) and the delineation of the contaminated

arca would be taken into account.

The extracted groundwater would be contained in an aboveground tank prior to pummping
for trearment. Contaminated groundwater would be pumped through polyvinyl chloride (PVC) pipes
directly to the treatment process. A pipeline would be constructed connecting the discharge of the

aboveground tank with the appropriate groundwater treatment facility.

Under Alternative 4, two groundwater treatment facilities with similar treatment capabilities
were assuined to be constructed, one to treat extracted groundwater from the WSCP and another for
the WSOW. (Remediation of groundwater at the WSOW would not need treatment to remove TCE
o nitrates, and, as such, the treatment processes associated with these contaminants, e.g., reverse
osmosis for nitrate removal, would not be applied for the WSOW.) The general-use treatment
facilities would be single-story, metal frame structures that would house the groundwater treatment

system, water storage tanks, pumps, and ancillary equipment. These facilities wouild have treatment
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capacities from 760 to 2,400 Lfmin (200 to 5213 gpm) for the groundwarer extracted fmrﬁ the WSCP
and from 24 to 72 Limin (6 to 19 gprﬁ} for the WSOW groundwater. The facility footptint would
range from 360 to 750 m? (3,900 to 8,000 fi%) for the WSCP and from 42 to 70 m? (450 to 740 fi%)
for the WSOW , depending on the number of extraction wells required. (This analysis also considered
the use of existing on-site wastewaler treatment facilities such as the Quarry Water Treatment Plaot
[QWTP? and the Site Water Treatment Plﬁnt [SWTP]. The QWTP was rejected for groundwater
treatment at the (GWOU because of the presence of TCE and nitrates. The SWTP would-be
considered in the remedial design for reatment of extracted groundwater, if avaliable and determined

to be cost effective.)

A preconceptual process flow diagram for groundwater treatment is provided in Figure 3.1
This process is similar to that currently applied for eatment of contamivated surface water by the
SWTP at the WSCP. In the analysis for this FS, it was assumed that if the effluent from groundwater
treatment was discharged to a surface water body, the treated water might be required to raeet faderal

and state effluent standards.

The extracted groundwater would first be sent to a feed tauk to dampen variations m flow
- and greundwater quality among the extraction wells, thereby providing equalization of influent.
Uranium and other metals would be removed within the mix tank by precipitation. Several precipi-
tation additives are available. Although lime is the most common precipitant in general use because
of its low cost, lime tends to be inefficient because of the volume of sludge produced. This analysis
agsurned the use of lime; an additive (or combination of additives) would be selected during the
remedial design/remedial action phase on the basis of cost and velume of sladge produced.
Following precipitation, the precipitate would be rapidly transferred to the clarifier where the solids
in the precipitate mixture would settle to the bottom. Siudge from the clarifier, containing the solids
and precipitated uranium and other metals, would be dewatered using z filter press. The soiid sludge

wonild be sent for disposal.

Clarifiers are generally sufficient for the removal of suspended solids. However, because
solids from precipitation or filter backwash sometimes coagulate and settle poorly, multimedia filters

would be included to remove any fine particles that did not settle out in the clarifier.
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GAC would be vsed to remove organic materials, including mitroaromatic compounds (such
as 2.4-DNT and TNT} and TCE by chenﬁcﬁl]y and physically binding them to the carbon. In liguid-
phase carbon adsorption, the groundwater would be passed through beds contaiming activated carbon

where the contaminants would be adsorbed.

Ionic spectes such as nitrates would be removed by reverse osmosis by forcing the contarni-
nated water across a semipermeable membrane, which would result in a reducticn in mineral content
in the groundwater, thereby removing nitrates. Treatment by reverse osmosis would result in a
permeative stream with low concentrations of ions and a low-volume reject stream containing the
concentrated dissolved compounds. This reject stream would be sent to an evaporator for further
concentration. The evaporator concentrate woild be dewatered using a filter press and then mixed
with cement additives to produce a solidified residue (grout) for disposal purposes. {Groundwater

treatment at the WSOW would not require reverse osmosis for nitrate removal,)

Because this method has been widely applied for the treatment of high flows of wastewater
with dilute concentrations of metals, ion exchange wonld be vused te remove trace amounts of
uranium from the groundwater. In ion exchange, the contaminants are exchanged with ions of the
resin (e.g., sodium {Na*)). (Groundwater treatment at the WSOW would not require ion exchange
for uranium removal.) The treated water from the ion-exchange units would be chemicaily analyzed
1o verify that the water had been treated to pérmissible levels and to confirm compliance with the
requirements of a National Pollutant Discharge Elimination System (INPDES) permit. Effluent pH
adjustnient was not considered necessary in this analysis, but could easily be added to the system if
required. When the treated water passed apprepriate federal and state effluent standards, it would
be discharged.

Liguid-phase carbon adsorption would be used under Altemative 4 for removal of organic
compounds from the groundwater. This technology is well developed and widely used, and it 15 very
effective in removing a wide range of organic contaminants from groundwater, including TCE and
explosives. It is a tmnsfer technology cnly, however, and the carbon adsorption media would require
replacement after reaching its capacity. In liquid-phase carbon adserption, the contarninated ground-
water would come in contact with the GAC by flowing through a series of packed bed adsorbels
(which are simply columns packed with GAC). The activated carbon selectively adsorbs erganic

compounds that are atiracted to and held in the internal micropores of the carbon granules. This
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analysis assurned the use of downflow fixed-bed GAC adsorbers {(see Figure 3.2), because they
constitute a cost-effective treatment technology that produces the lowest effluent concentrations

compared with other carbon adsorber designs.

The system described for Alternative 4 should be effective for removing TCE, nitrates,
nitroaromatic compounds, and uranium. (The process flow diagram in Figure 3.1 is-provided for
purposes of illustration and is not intended as a final or definitive treatment system:. Other treatment
processes or system configurations could be used, provided they were capable of cost effectively
achieving the required effluent concentrations.} In general, however, the removal characteristics of
any patticular combinartion of contanﬁnﬁnts in a waste stream are not predictable. A pilot test nging
a sample of the groundwater of interest under comparable conditions might be required to ﬁocuratcly
detennine the optimal process and its characteristics. The actual design for treatment of the extracted
groundwater would be determined during the remedial design phase, at which time the necessary
flow capacity, required contact time to achieve comtaminant concentration reduction,.and

contaminant concentrations likely to be-enconntered would be taken into account.

Carbon Bad

Particulats
Filtar

influent

{Contaminatad
Liquid)

= Effluent
{Treatad Water)

BFAST

Spent Carbon

FIGURE 3.2 Typical Fixed-Bed GAC Adsorption System (Source: Marks et al. 1994}
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Any sludge generated by groundwater treatment at the W3CP and the WSOW was assumed
to be managed similarty to sludge generated by the water téeatment process at the SWTP. This sludge
is currently placed into 3-m° [4-}'{13} boxes and then transported to the temporary storage area at the
WSCP. The sludge is placed within a bermed area constructed on top of the fine-grained soil pile
at the lemporary storage area and allowed to dewater. Eventually, the sludge is mixed within the fine-
grained soil matrix (Valett 1997); this mixture is then disposed of in the on-site engineered disposal

facility when it becomes availabla.

Following closure of the on-site disposal facility at the WSCP, the dewatered sludge from
the GWOU would be packaged for off-site shipment and disposal. If the wasle-acceptance criteria
for ofi-site disposal are met, the dewatered sludge would be shipped via truck to an off-site licensed
disposal faciiity {transport by rail does not appear to be an option because of the lack of 3 neatby
railhead for shipping). Assuming packaging in a standard 35-gal (208-L) drum and truck transport,

only one off-site shipment to a licensed disposal facility would be required annually.

If necessary to meet the waste acceptance criteria for off-site disposal, the shudge would be
treated by chemical fixaticn (stabilization/solidification) prior to disposal. Most of the solids in the
sludge would be normal {uncontaminated) dissolved solids such as calcivm carbonates and
hydroxides. Treatability stadies prior to the remedial design might be required to determine the most

appropriate approach o foliow.,

The maximum radioactivity of the dewatered sludge is estimated to be about 60 pCi of
uranium per gram of shudge for the WSCP groundwater and less than 1 pCi of uranium per gram of
sludge for the WSOW groundwater. These values are based on the maximum detected concen-
trations of 870 and 10 pCi/L measured during monitoring at the WSCP and the WSOW, respectively
{DOE and DA 1998b), and an assumed 1.5 g of sludge per 100 g of wastewater [Shropshire et al.
1993]). Both values are much less than the maximum average concentration of 18,000 pCifg of.
uranium allowed in waste sent to the Envirocare facility for off-site commercial disposal. These
estimates could actually be much lower because more recent maximum concentrations of uranivm
at the WSCP and the W30W are lower (i.e., the maximum concentrations reported were 60 pCi/L
for wells at the WSCP [MW-4024] and 2 pCi/L for wells at the WSOW). In fact, it is suspected that
the 00 pCi/L could have been due to the bentonite grout used for installing well MW-4024 in 1995,
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The replacement schedule for spent GAC would depend on the adserption efficiency under
actual operating conditions. For conservatism in this analysis, the spent carbon was assumed to be
replaced every three months. The spent carbon would then be regenerated at the supplier facility or
sent to a commercial disposal facility. Because off-zite thermal regeneration of GAC contaminated
-with explosives is currently under development (PNNL. 1957), this analysis assumed disposal of.the
spent contaminated carban. For a carbon fill of 400 kg (830 Ib), the amount of spent carbon to be
disposed of annually as hazardous waste would be approximately 1,600 kg (3,500 Ib). Assuming
packaging in standard 55-gal (208-L) drums and truck transport, less than one annual off-site
shipment to a licensed disposal facility would be required for both the WSCP and the WSOW
groundwater treatment facilities. On the basis of literature values of carbon adsorption capacity for
various compounds (EPA 1995b), the spent carbon would contain approximately 2 wi% contaminant

{primarily TCE for the WSCP and nilroaromatic compounds for the W30OW).

The air would be monitored to detect airborne contamination generated during remedial
activities, so that appropriate mitigative measures could be taken. Long-term air monitoring would
be tmplemented following completion of construction to ensure detection of any potential airborne
releases of contaminants associated with duct leaks or maintenance of the GAC treatment system.
The sites would continue to perform environmental monitoring to the extent necessary o ensure

long-term performance of the remedy.

3.3.2.5 Alternative 5: Groundwater Removal, On-Site Treatment of TCE
and Nitroaromatic Compeunds Using Uliraviolet Oxidation

The objectives and design of Alternative 5 are similar to those for Alternative 4, except that
on-site treatment using UV oxidation was assumed for Alternative 5. UV oxidation technology
would replace the GAC process applied in Alternative 4 for the removal of TCE and nitroaromatic
compounds from the extracted groundwater. Groundwater contaminants exceeding the PRGs would
be removed by using conventional vertical extraction wells. Contaminated groundwater would be
pumnped to and ueated at an aboveground treatment system, consisting of a sequence of physical and
chernical unit operations, and would then be released to a permitted discharge point. An approach
identical w Alernative 2 would be used for managing the portions of the shallow aquifer widlh

groundwater concentrations below the PRGs.
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UV oxidation is a relatively new. treatment technology that has been used as a full-scale
application to treat groondwater for morc than 12 years. It has not been used extensively tor
remediating water contaminated with organic compounds because of the widespread use of GAC
treatment. UV oxidation can be an effective treatment for water contaminated with TCE and
explosives, and, unlike carbon adserption, actually destroys these compounds rather than just trans-
ferring them te a more easily disposable medium. UV oxidation uses UV light in conjunction with
an oxidant or cavitation to produce free radicals. These free radicals oxidize the contaminant to
produce a simpler molecule that is nonhazardous, In this case, the UV light enerpy (photon) is
absorbed by the oxidant, either H,O, or ozone {(Oy), to form a hydroxyl radical (OHe). Some systems
use a combination of these two oxidants to improve the stoichiometry of the chemical reaction. This
aralysis assumed that the oxidizer (H,0,) would be .added through a iraditional feed system
consisting of a tank with secondary containment, one to two feed pumps, and distribution piping (see
Figure 3.3).

The UV oxidation systemn causes the TCE to react to form nontoxic by-products that can
be released directly to the environment. The UV oxidation process can ireat cyanides, carbonyls,
many aromatic compounds, phosphorus and sulfur pesticides, PCBs, and dioxins. UV exidation is

not applicable to heavy metals, fluorides, acids, and many aliphatic compounds.

A preconceptual process flow diagram for groundwater treatment including UV oxidation

is provided in Figure 3.4. This system would be expected to remove nraninm, pitrates, and other

Treatment

effluent -—-i:—-—
E—
Hydragen |: ~UV tamp
prerodde -
spifter *:l
Hydrogen | — . Baffla
pem?{ﬁde il i 2 o
N ]
» — DReactor
Contaminated " - —_—
groundwater i ] R AT Ars s s trsnsriss S
Static mixer UV oxidation unit

FIGURE 3.3 Ultraviolet Oxidation Treatment System (Source; Adapted from EPA 1995h)
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compounds to conform with effluent limits associated with surface water discharge limits. The
system is desctibed primarily for purposes of iHlustration and is not intended as a final or definitive
treatroent system. Other treatment processes or systen c-::rﬁﬁguratiﬂns could be used, provided they
were capable of cost effectively achieving the required effluent concentrations. The system described
here shows a tepresentative process option that was assumed to be effective for removal of TCE,
nitrates, nitroaromatic cornpounds, and other contaminants detected in the groundwater at the WSCP
and the WSOW . (Removal of uranium and nitrates would not be required for groundwater from the
WSOW.)

The characteristics of Altemative 5 would be very similar to those of Alternative 4, except
that no spent carbon would be generated. The sites would continue to perform environmental

moeitoring to the exlent necessary to ensure long-term performance of the remedy,

33.2.6 Alternative 6: Groundwater Removal, On-Site Treatment
Using Phytoremediation

The objectives and design of Alternative 6 are similar to Alternative 4, except that on-site
treatrnent using phytoremediation was assumed for Alternative 6, Groundwater contaminants
exceeding the PRGs would be removed by using conventional vertical extraction welis,
Contaminated groundwater would be pumped to and treated at aboveground constructed wetlands

and released to a permitted discharge point.

Phytoremediation is the use of enzymatic activity occwring in plants at the root level to
remediate contaminated groundwater. Phytoremediation has been reported to be most suited for sites
containing groundwater with moderately hydrophobic contaminants, which include chlorinated
solvents such as TCE, nitrotoluene ammunition wastes such as TNT and DNT, excess nutrients such
as nitrate, and heavy metals. Plant species can extract and assimilate or extract and chemically
decompose target organic contarninants. Heavy metals can be taken up and bioaccumulated in plant
tissues. Inorganic compounds such as nitrates, which are considered to be environmental contarmi-
nants in groundwater, are in fact vital plant nutrients that can be absorbed through the root system
for use in growth and development. In general, plants will survive higher concentrations of

hazardous wastes than will most microorganisms used for bioremediation.
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- Phytoremediation has been effective in a number of full-scale and pilot-scale studies. It has
already been successfully implemented by the DA to clean TNT and hexahydro-1,3,5-trinitro-
1,3,5-triazine (RDX} from contaminated wetlands (Boyajian and Carreira 1997). Levels of TNT were
reduced by more than 99% using a variety of native aguatic and wetland plants (Boyajian and
Devedjian 1997). Smdies performed by the EPA inveolving phytorermediation using the parrot feather
plant indicated that dissolved TNT conrcentrations decreased from 128 ppm (saturation conditions)

to 10 ppm in one week (Schnoor et al. 1993).

Constructed wetlands have been proven to be effective for treating municipal wastewater
and acid mine drainage by using nanural geochemical and biological processes inherent in an
artificial wetland ecosystemn to accumulate and remove nitroaromatic compounds and other
contamigants from influent waters. Certain plants native to wetland environinents support
nitroreductase and lactase enzymes that can degrade complex nitrogen-based compounds into benign
substances. The parrot feather and Furasian water milfoil plants have been applied in aquatic
mesocosms to break down nitroaromatic compounds. Enzymes have been shown to break down
nitroaromalic compounds and incorporate the broken ring siructures inte new plant material or
organic detritus that becomes part of sediment organic matter {Schnoor et al. 1993). Another plant-
derived enzyme, dehalogenase, helps reduce chlorinated solvents such as TCE to chloride ion,

carbon dioxide, and water.

Under Alternative &, two constructed wetlands would be built, one to treat extracted
groundwater from the WSCP and another for the WSOW. A constructed wetland consists of a fined,
man-made lagoon with a vartety of plants, including parrot feather, which is located outdoors (see
Figure 3.3}. Two basic types of constructed wetlands are used in the United States: free-water surface
flow and subsurface flow {(Reed and Brown 1992}, The major difference is that the water level is
designed to remain below the surface of the media for the subsurface flow wetland, whereas the
water surface 1s exposed (o the armosphers for the free-water surface flow wetland. For this analysis,
the {ree-water surface flow wetland design was assumed to be applied at the Weldon Spring area to

allow photolysis of the nitroaromatic compounds and evaporation of the TCE.

In a free-water surface-flow wetland, groundwater is typically introduced across one end
of the constructed wetland by either a concrete channel with V-notch weirs or by a perforaied pipe

located within the crushed rock inlet zone. The distribution channel and inlet zone uniformly
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distribute the groundwater across the constructed wetland. From the inlet zone, groundwater flows
through s0il or gravel media where it is treated by phytoremediation. Effluent is collected in the
outlet zone, which resembles the inlet zone with the addition of a perforated pipe installed at the
bottom to facilitate collection and discharge of the effluent. The water level in the root zone bed
whete phytoremediation occurs is controlled by a flow-control device, such as the standpipe in a
manhole illusirated in Figure 3.5. Automatic sampling devices can be included as part-of a
monitoring system, and fencing and screens can be provided to limit contact of contaminated
aroundwater by terrestrial animals and waterfowl. Operations involve primartly fertilization and
watering, if necessary, to maintain plant growth. Other activities include monitoring nutrient
concentrations, water levels, and plant growth, and removal of any invading species and weeds.
Harvesting, disposal of contaminated plant mass, and repeating the plant growth cycle are necessary
for plants involved in heavy metal remediation {i.e., uranium removal). Replanting is performed as

NECcassary.

The two constructed wetlands for the WSCP and the WS0W would have the capacity to
treat between 760 and 2,400 L/min (200 and 620 gpm) and between 24 and 72 L/m (6 and 12 gpim},
respectively, of extracted groundwater and would have totat footprints of between approximatefy 18
and 56 ha (44 and 1240 acres) at the WSCP and between 0.6 and 2 ha (2 and 5 acres) at the WS0OW
{Appendix D). (For the WSOW, a total of three wetlands, with a total footprint of 0.3 ha (0.7 acre),
might be constructed because of the large distances between the areas of contaminated gronndwater.
This analysis assumed treatment of WS0OW-extracted groundwater at one location. The siting and
Iocations of any constructed facilities would be determined during the remedial design/remedial
action phase.) The footprint required for the two constnicted wetlands was determined on the basis
of assuming an idealized plug flow of the contaminated groundwater in the wetland, a wetland depth
of 1 m (3 ft), and first-order kinetics for the reduction of TNT and DNT concentrations with time
(Medina and McCutcheon 1996; Todd and Lange 1996). This analysis also assumed that the plant-
mediated degradation of TNT and DNT would be the rate-limiting steps in the phytoremediation of
contaminated groundwater (the removal of TCE from the groundwater would occur primarily by
volatilization and not by phytoremediation). The actial design of the phytoremediation system would
be determined during the remedial design phase, at which time the necessary flow capacity, re;quired

contact time to achieve contaminant concentration reduction, contaminant concentrations likely to




GWOL FS — EPA Draft Final: Do Neot Cite 3-33 ' March 6, 1998

be encountered, and selection of approptiate plant types for the various contamninants would be taken

into account.

The sites would continue to perform environmental monitoring 1o the extent necessary to
ensure long-term performance of the remedy. Monitoring for toxic effects on indigenous wildlife
(because of drinking the wetland influent) and wildlife countrel would be part of the annual

monitoring program.

3.3.2.7 Alternative 7: Removal and Ex-Situ Treatment of TCE-Contaminated
Groundwater

Alternative 7 would involve extraction and ex-situ treatment of the groundwater
contaminated with TCE to achieve a groundwater concentration of 5 pg/L or less for TCE. An
approach identical to that applied in Aiternative 2 would be used for managing groundwater not

contaminated with TCE. This alternative would actively remediate only TCE.

The objectives and design of Alternative 7 are simiiar to those for Altemative 3, except that
only groundwater exceeding a TCE concentration of 5 pg/L. would be removed and treated by this
alternative. Groundwater exceeding a TCE concentration of 5 pg/l. would be removed using
conveational extraction wells, pumped to and treated in an aboveground treatiment system consisting

of a sequence of physical and chemical unit operations, and released to a permiited discharge point.

A triangular area with an altitnde of 120 m (380 ft) and a base of 420 m (1,400 ft) was
assumed to be rc:mediﬁtf:d by this method for TCE removal. (The proposed location is shown in
Figure 3.6) An average.depth of 15 m (50 ft) was assumed, on the basis of hydrogeelogic cross-
sectional data given in the RI {(DOE and DA 1998b), which shows the depth of the shallow

{weathered Butlington-Keoknk} aquifer as a function of distance.

Approximately 200 w 650 vertical extraction wells at the WSCP and the WSOW
{Appendix C) were assumed te be required to achieve a reasonable extraction rate and to contain
further spread of contamination. The wells would be between 16 m (50 ft) and 30 m (100 ft) deep,
have a screened length of about 10 m (30 f1), and be 15 cm (6 in.) in diameter. Additional
investigation of the shallow aquifer characteristics would be necessary for detailed evaluation of the

placement of the extraction wells and estimation of groundwater extraction rates. The actual location,
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size, capacity, and depth of the various extraction wells would be determined during the remedial
design phase, at which time the hydrogeologic characteristics (1.e., permeability, thickness of the
aquifer, depth of the affected groundwatf:r). and the delineation of the TCE-contaminated area would

be taken into account.

Under Alternative 7, a single groundwater n'r;-;_ammnt facility was assumed to be constnictad,
with 2 treatment capacity ranging from 4 to 12 Lfs (60 to 195 gpm) and a footprint ranging from 180
to 360 m? (1,900 to 3,800 fi%), depending upon the number of extraction wells required. The
preconcepival groundwater treatment process would be similar to that proposed for Alternative 4 and
would involve clarification and multimedia filtration to remove any solids collected during
groundwater extraction, liquid phase adsorption using GAC to remove TCE and other organics, and

reverse 0smosis and ion exchange for nitrate removal.

The air would be monitored to detect airtborne contamination generated during remedial
activities, so that appropriate mitigative measures could be taken, Long-term.air monitoring would
be implemented following completien of construction to ensure detection of any potential: airborne
rejeases of contaminants associated with duct leaks or maintenance of the GAC treatment system.
The sites would continue to perfoim environmental monitoring to the extent nacessary (o ensure

long-term performance of the remedy,

Because contaminated substances would remain on-site in the groundwater al concen-
trations above levels that allow for unlimited use and unrestricted exposure, reviews would be
conducted at least every five years to ensure that the remedy continued to provide adeguate

protection of human health and the environment.

After constmction of the extraction well network and associated groundwater treatment
systems, the two systems would be carefully monitored on a regular basis and their performance
evaluated. The time required for in-situ treatment for Alternative 7 is predicted to be 16 years
{Appendix C), assuming a maximmum TCE concentration of 9,000 pgfl.. The actual performance in
the field may vary from that assumed during design, given uncertainties about subsurface geclogy

pricr to construction and operation.
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3.3.2.8 Alternative B: In-Situ Treatment of TCE Using In-Well Vapor Stripping

Alternative 8 involves in-situ treatrnent of the groundwater contaminated with TCE by
using in-well vapor stripping to achieve a groundwater concentration of 5 pg/L or less of TCE. An
approach identical to that applied i Alternative 2 would be used to manage the other groundwater

contaminanis such as the nitroaromatic compounds and nitrates.

In-well vapor stripping technology involves the creation of a groundwater circulation
pattern and simultaneous aeration within the vapor stripping well that volatilizes VOCs (in this case,
TCE} from the circulating groundwater. (The in-well vapor stripping process in its current stage of
development cannot accommeodate removing nenvolatile or highly soluble compounds from
groundwater.) Air-ft pumping is used to lift groundwater and strip it of contaminanis. Contaminated
vapors are drawn off for ﬁbcvegmund treatment. Partially treated groundwater is then forced out of
the well inte the vadose zone, where it reinfiltrates to the water table. Untreated groundwater enters
the well at its base and replaces the water lifted through pumping. Eventually, the partially treated
water 15 cycled back through the well through this process until contaminant concentration goals are
met (Miller and Roote 1997).

One reported advantage of in-well vapor stripping technology is that it can continuously
remove YOCs from groundwater without pumping the water to the snrface. Thus, it eliminates the
nezd to handle contaminated water above the ground and to dispose of or store partially. ireated
water. Italso eliminates the need to drill expensive injection wells required by other in-situ treatment
processes. Other reporied advantages of in-well stripping include its lower capital and operating
costs, becanse of the use of a single well for extracting vapors and remediating groundwater, and its

simple design, which limnits maintenance requirements (Miller and Roote 1997).

In-well vapor stripping technology consists primarily of a screened well submerged beneath
the water table and an air line within that well that also extends to below the water table (see
Figure 3.7). A compresser delivers air or an inert gas such as nitrogen to the water column, which
aerates the water within the well. The gas bubbles cause the water within the well to be less dense
than the nonaerated water outside. As a result, the dense water flows in throngh the well screen and
forces the aerated water upward within the well. The result is a rising columnn of asrated water within

the well, which forms an air lift pumping system.
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As the aerated groundwater column rises within the well, the VOCs dissolved in that
aroundwater will volatilize from the aqueous phase into the vapor phase within the air space of each
bubble. The air/water mixturs rises until it encounters.a packer or deflector plate installed within the
well that prevents the passage of rising water or bubbles. When the rising water column hits the
packer, the bubbles burst and the entrained vapor is stripped off laterally through the upper vacunm
* casing along with surrounding soil vapor. The outer casing is under a vacuum, angd the vapors.are
drawn upward theough the annular space and collected at the surface for treatment. The groundwater
from which some VOCs have been removed reenters the contaminated zone. The laterally deflected
water percolates downward through the vadose zone back to the groundwater. Reinfiltrating water
creates a toroidal circulation pattern around the wel! so that waters can be treated through multiple
cycles to achieve the desired level of removal. The partiaily treated groundwater reenteting the
aquifer is eventually cycled back through the process as groundwater enters the base of the well,
Because the VOCs are stripped from the groundwater below the surface, contaminated water 1s never

reroved from the pround, thus. eliminating the need for wastewater discharge permmils.

The circulation of groundwater surrcunding the well has been reported to create strong
vertical gradients that effectively dislodge residual pore-space contamination [EPA 1996¢]. This
flushing action enhances and expedites removal beyond results usually obtained by conventional
groundwater extraction systems. A large radius of influence per vapor stripping well also gives the
technology significant installation and cost advantages over other in-situ Ireatment technelogies such
a4 air sparging. |

The in-well vapor stripping treatment system would be constructed by using a drilling rig
to install the stripping wells. This analysis assumes a vapor stripping well design composed of a
25-cm (10-in.}-diameter PVC pipe that is screened at two discrete intervals, Similar to Alternative. 7,
a triangular area with an altitude of 120 m (380 fr) and a base of 420 m {1,400 ft} was assumed to
he remediated by this appreach under Alternative 8. Preliminary calculations indicate that the
successful application of the in-well stripping process would require installation of 9 to 16 vapor
stripping wells performed with Schranf and Pennington’s (1995) methodelogy. The actual design
process is proprietary and is based on a seties of steps that lead to the development of the geomettic
and flow parameters governing the system. The actual spacing and design of the remediation system

would be determined during the remedial design phase, at which time the following would be taken
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into consideration: the radius of influence of a single vapor siripping well, the required number of
recivculations of contaminated groundwater through the stripping well, contaminant concentrations
likely to be encountered, lithology of the shallow bedrack aquifer, and results of any tracer tests and

demonstrations performed in the field.

After the screened intervals are developed, a PYC eductor pipe with a slightly smaller
diameter than that of the stripping well would be inserted into the well and would exrend from the
lower screen to above the upper screen. An air injection line 10 cm (4 in.) in diameter with a diffuser
at the lower end would be inserted into the eductor pipe. The upper end of the air line would be

attached to an injection blower for pressurized air injection.

An injection blower would supply air down the air line and out the diffuser into the
groundwarer. Groundwater would enter the lower screen, and aerated water would rise in the eductor
pipe. The rising water would hit the i}acker, flow out of the eductor pipe, and exit through the upper
well screen. The treated water would recharge to the vadose zone at a maximum recirculation rate
estimated to be approximately 0.1 Lfs {2 gpm), on the basis of the methodology given in Schrauf and
Pennington {1993). This methodology appears to result in conservative (lower) estimates of the
groundwater recirculation rate, when compared with experimentally determined values in the
literature (Gvirtzman and Gonen 1993; SBP 1997}. Aquifer pumping tests and medeling studies may

be necessary to determine the well recirculation rate that would occur under field conditions.

A vacuum blower would be supplied for stripped YVOC vapor removal. Once stripped from
the groundwater and brought to the surface, the vapors would be removed from the upper well casing

by vacuum blower and treated by an off-gas system consisting of gas-phase adsorption using GAC.

(as-phase adsorption is a natural process in which molecules of a gas are physically
attracted to and held at the surface of a solid (Cheremisinoff and Cheremisinoff 1993). Treating
waste streams by adsorption involves transferring and concentrating contaminants (the adsorbate)
from one medium (gas) to another (the adsorbent). The most cominonly used adserbent is GAC, In
gas-phase carbon adsorption, the contaminated gas comes in contact with the carbon by passing
through one or more adsorbers, usually the fixed bed type. A fixed bed adsorber is a stationary
canister packed with GAC beds. The activated carbon selectively adsorbs organic molecules that arf:

beld in the internal micropores of the carbon granules. This analysis assumed that gas phase
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adsorption of the TCE vapor stream would be performed by a dual bed packaged treatment system
conststing of two carbon adsorbers, a pomp, and associated ﬁiping configured in series (EPA 1995b),
The replacement schedule for the spent carbon absorbers and the total quantity of carbon required
due to replacements would depend on the duration of the carbon treatment, the carbon absorber unit
ch;:rsen* and the number of absorbers. This analysis assumed replacement of the spent carbon every
three months. Tests may be performed during the remedial design phase to beiter define the design

of the carbon adsorption system, including the optimum number of canisters.

Prior to gas-phase carbon adsorption, the relative humidicy (RH} of the gas streamn may need
to be lowered for efficient utilization of the activated carbon. At high RH values, most of the pores
are filled with water, thereby reducing the capacity of the GAC. As the temperature increases, the
Rl is reduced; more pores are dried, and capacity increases. An air heater can be used to raise the
ternperature of the gas stream by 117 to 14°C (20° to 25°F) sbove ambient. This analysis assumed
the installation of explosion-proof hazardous air location heaters that would generally be abie to raise
the ambient air temperature by 11°C (20°F). The need for a heater would generally be based on the

results of a pilot test of the in-well siripping technology.

The air would be monitored during remedial activities so that appropriate mitigative
meastres could be taken if any airborne contamination was detected. Long-term air monitoring
would be implemented following completion of construction to ensure the detection of potential
airborne releases of contaminants resulting from system failure during operations. Environmental
monitoring would be continued at the sites to the extent necessary {o ensure long-term performance

of the remedy,

Becanse contamination would remain on-site in the groundwater at concentrations above
levels that allow for unlimited use and unrestricted exposure, reviews would be conducted arleast
every five years to ensure that the remedy continued to provide adequate protection of human health

and the environment,

After construction of the in-well stripping and associated off-gas treatment systems, the two
systerns woiild be carefully monitored on a regular basis, and their performance would be evaluated.
The time required for in-situ treatment for Ahernative 8 is predicted to range from two to three years,

if it is assumed that water can be stripped of 90% of its TCE by one pass through a vapor stripping
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well (Cichon et al. 1997; HazTECH 1997) and the maximum TCE concentration is 1,300 gg/L. The
actual performance in the field may vary from that assimed during design, given uncertainties about

subsurface geology prior to construction and operation.

3.4 CRITERIA FOR SCREENING ALTERNATIVES
As defined in the NCP (EPA 1990a), the development and screening of the remedial

alternatives should be guided by three criteria; effectiveness, implementabitity, and cost.
Effectiveness focuses on {1) the degree to which an alternatve reduces texicity, mobility, or volume
through treatment; minimizes residual risks and affords long-term protection; complies with PRGs;
and mimimizes short-term impacis: and (2) how quickly the alternative achieves protection. Both
short-1erm and ong-term effectiveness are evaluated. Short-term effectiveness refers to the active
remediation peried when construction and implementation activities are performed; long-term

effectiveness refers to the period after the remediation activities have been performed.

Implementability focuses on the technical feasibility and availability of the technologies
needed for an alternative and the administrative feasibility of implementing ‘that alternative.
Timeliness of implementation; potential interference with site operations, and potential future

maintenance needs are also agsessed as secondary factors.

The cost criterion considers the costs of construction and any long-tetm costs to operate and
maintain an altemative. A general cost analysis i3 1o be applied to identify alternatives that are
significantly.more expensive than other alternatives that achieve the same level of risk reduction
(EFA 1988b). Costs considered in this screening process are only approximate, and an alternative
15 screened out if it is clearly an nrder—of—magnitﬁde more expensive than other alternatives that
provide the same apparent degree of protection. Costs considered in this screening process are only
approximate, and costs that are grossly excessive compared to the overall effectiveness of
alternatives may be considered as one of several factors used to eliminate alternatives. Alternatives
providing effectiveness and implementability similar to that of another alternative by employing a

similar method of weatment or engineering control, but at a greater cost, may also be eliminated.
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3.5 SCREENING OF PRELIMINARY ALTERNATIVES

3.5.1 Alternative 1: No Action

Alternative 1 — which effectively is no further action over any remedial action that has
already occurred or is projected to occur — is described in Section 3.3.2.1. The no action aiternative

provides a baseline for comparison with the other alternatives,

3.5.1.1 Effectiveness

Alternative 1 wouid provide no addittonal reduction in risk to human health posed by the
contaminated groundwater, other than through natural processes — including reduction of the
nitroaromatic compounds and TCE by biodegradation and sorption and attenuation of the uranium
by decay, sorption, precipitation, and dilution of the contaminated groundwater with rainwater and
runoff. Alternative 1 would allow for the possible continued migration of the contaminants and
potential further degradation of the groundwater within the WSCP and the WSOW. There would be
no reduction in toxicity, mebility, or volume of the contaminated groundwater because no treatment
would be invelved, and there would be no short-term impacis to members of the public, workers,
of the environment during construction or implementation because no remedial action would be
conducted. Altemative 1 would not prevent the use of contaminated groundwater. Under current land
use conditions, the contaminated groundwater at the WSCP und the WSOW is not accessed and used
and, therefore, poses no imminent risk to buman health or the environment. Likely future land use
is expected te be similar to current land use, However, concentrations of groundwater contaminants
could result in potential unacceptable risk if access and use occurred more frequently than is
currently the case for recreational visitors. Therefore, under Alternative I, protection of human
health and the environment in the extended future could not be verified because all monitoring

activities would end.

3.5.1.2 Implementability

No implementability concems would be posed by Alternative 1 because no action would

be taken nor would any future activities be considered. No technologies or management strategies
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would be implernented. nor would any permits, licenses, or approvals associated with undertaking

a remedial action be needed.

3.5.1.3 Cost

No net present worth, capital, or annual Q&M costs would be associated with the no action

alternative because no activities would be undertaken.

3.5.2 Alternative 2: Monitoring with No Active Remediation

Alternative 2 would involve the implementation of routine sampling and analyses to
manitor the possible continued migration of the contaminants and the potential construction of new

meonitoring wells. This alternative is described in Section 3.3.2.2.

3.5.2,1 Effectiveness

Alternative 2 might be protective of hurnan health and the environment over the long term
because monitoring and investigative activities by the DOE and DA would enable identification of
any potential further contaminant migration and any variations in local geochemical conditions (such
as Eh and pH) that could adversely affect remowal of the contaminants from the groundwater by
precipitation, biodegradation, and other natural processes. Such activities would verify that
remediation goals were being met within a reasonable time period and that the contamitant
distribution in the water-bearing zone was being tracked. Response measures would be considered
if data indicared furtre migration of residual contamination would result in unacceptable exposure
concentrations at potential locations of existing or foreseeable receptors. {Possible contingency
measuras are described in Section 3.3.2.2.) Therefore, unacceptable impacis to human health and the

environment would not be expected to occur.

Deed restrictions could be used to prevent the installation of new wells in the area of
contaminated groundwater, thereby reducing the potential risk to buman health associated with
mgestion or inhalation of groundwater contaminants by limiting exposure. These restrictions would,
however, be difficult to enforce without application of additional controls. Continued federal
ownership would eliminate the potential risks associated with on-property groundwater, but not those

associated with off-property groundwater,
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Alternative 2 wonld have the least potential short-term environmental impacts among any
of the action alternatives, The short-term impas:ts associated with this alternative would be the
physical hazards to workers during monitoring well construction and operations, miner criteria
pollutant emissions during any constiuction activities,l and dishubance of soil and the resulting dust
emissions. Appropriate mitigative measures would be enacted during construction and operations
to protect workers and members of the public. The air would be monitered to ensure that the controls
were working. Protective equipment would be used, and dust suppression methods would be enacted

to maminnze shori-term risks to workers.

If long-term groundwater monitoring were discontinued, contaminants could potentially
migrate off property without prior detection. Transport modeling of TCE was conducted with the
analytical sehute transport mede] BEOSCEEEN (EPA 19962} by using the recommended first-order
biodegradation rate option. The results suggest that natural processes would likely reduce TCE
concentrations below remediation goals before off-site receptors were reached, primarily beeause
of dilution and biodegradation {Appendix E). Although uncertain, these results suggest that active

remediation might not be necessary.

For Alternative 2 to remain effective over the long term, careful consideration would have
to be given to long-term monitoring, maintenance, and control for a reasonable period (1.e., 10 years),
Because this alternative would leave contaminants on-site at concentrations sbove health-based
levels, a review would have to be conducted at least every five years to ensure that the temedy

continued to provide adequate protection of human health and the envirenment.

Alternative 2 would not satisfy the starutery preference for treatment as a principal element
of remediation, and there would be no reduction in toxicity, mobility, or volume of the contaminated
groundwater through treatment. Residual contamination would remain high in the short term.
However, the concentrations of groundwater contaminants at the WSCP and the WS0OW have
decreased with time because source control has already been provided through removal, treatment,
and storage and disposal of materials that could release contaminants to groundwater (through
remediation of contaminated soil, removal of contaminated structures, construction of berms around
the raffinate pits at the WSCP to eliminate surface runoff, and dewatering of the raffinate pits).

Concentrations have also decreased due to infiltration of uncontaminated groundwater from
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rainwater and runoff and through natural processes such as adsorption to soil particles,

biodegradation, and chemical reactions with subsurface materials.

3.5.2.2 Implementability

Few implementability concerns would be posed by Ahernative 2 because of the limited
actions required. The proposed monitoring would provide warning of failure before significant
exposuce occurred. Therefore, taking additional actions prior to significant exposure would be

relatively easy to implement.

Monitoring contaminant migration could easily be carmied out by the DOE and DA, Ne
special equipment or specialists would be required to implement Alternative 2 other than what is
commonly associated with the construciion and operation of groundwater monitoring networks.
Procedures would be available to determine the presence of contaminants in groundwater samples
drawn from the monitoring wells. Construction of any proposed monitoring wells would require
mobilizatien of a drilling nig for installation; such equipment is readily available. Resources required
for maintenance of the existing and proposed groundvwater meonitoring systems would also be readily
available, Implementation of institutional contrels would require only administrative effort and legal
enforcement. Continued federal ownership would be easy to implement because it would provide
continuation of the existing situation. No permits or licenses would be required to implement
Alternative 2. Registration of any installed moritoring wells with the State of Missouri would be

required,

3.5.2.3 Cost

The estimated cost of Alternative 2 is relatively low; it would be the ieast expensive of all
the action alternatives. In general, expenses associated with institutional control and monitoring
would be low, Capital expenses would include the construction of any monitoring wells and routine
replacement of existing equipment for groundwater monitoring. Given the low replacement costs
compared with the capital cost for monitoring well installation, the cost of routine equipment
replacement was not considered. On the basis of this preconceptual design and the application of cost
factors specific to the Weldon Spring site for indirect activities, the capital cost of Alternative 2 is

estimated to be approximately $0.3 million {Appendix F).




CWOU FE — EPA Draft Final: Do Not Ciiz 3-46 March 6, 1998

Annual expenses would be incurred for the groundwater monitoring program. The annual
cost of operating the proposed monitoring wells was estimal.:cd on the basis of the current costs for
the existing monitoring well network, assumming that existing wells would be sampled annually. The
annud Q&M cost is estimated to be approximately $0.3 million. Per EPA gunidance, the annual costs
- were discounted to a cwrrent value using & discount rate of 7% (before taxes and after inflation) (EPA
1593} and a time period of 30 years (EPA 1988a). The 30-year present worth of Alternative 2 is

estimated to be approximaiely $4.8 million, which is the lowest of all the action alternatives.

The costs associated with potential future actions {e.g., in the event that migration of
residual contamination would result in unacceptable exposure concentrations} were not quantified

because the uncertainty associated with these future activities precludes accurate assessment of costs.

3.5.3 Alternative 3; Natural Attenuation

Altetnative 3 would consist of the implementation of routine sampling and analyses to
verify and monitor natural remediation processes and the potential construction of new monitering

wells, This alternative is described in Section 3.3,2.3.

3.5.3.1 Effectiveness

Alternative 3 would be similar to Alternative 2 in protecting human health and the environ-
ment over the long term. Unacceptable impacts (0 human heaith and the environment are not

expected to occur.

The potential short-term environmental impacts associated with Alternative 3 are few, but
more than those associated with Alternative 2 because of the construction and Dperatién of I35
additional monitaring wells. The short-term impacts associated with Alternative 3 would be the
physical hazards to workers during site sampling and any moenitering weil construetion and
operations, minor emissions of eriteria pollutants during any construction, and disturbance of soil
and resulting airborne dust emissions. Appropriate mitigative measures would be enacted during
construction and operations 1o protect workers and members of the public. The air would be
monitored to ensure that the controls were working. Protective equipment would be used, and dust

suppression methods would be enacted to minimize shori-tern risks to workers.
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Deed restrictions could be used to ensure that ne new wells wouid be installed in the area
of the contaminated groundwater, thereby reducing, by limiting exposure, the potential risk to human
health associated with ingestion or inhalation of groundwater contaminants. These restrictions
would, however, be difficult to enforce without application of additional controls (e.g., fencing).
Cﬁnﬂnued federal ownership would reduce tﬂe potential risks associated with on-property ground-

water but not those associated with off-property groundwater.

For Alternative 3 to remain effective over the long term, careful consideration would have
tr be given to long-tern: monitering for a reasonable period (i.e., greater than 10 years), Because this
alternative would leave contaminants on-site at concentrations above health-based levels, a review
would have te be conducted at least every five years to ensure that the remedy continued to provide

adegquate protection of iuman health and the environment.

Alternative 3 would not satisfy the statutory preference for treatment as a principal element
of remediation and would not result in reduction in texicity, mobility, or volume of the contaminated-
groundwater through treatmeni. Restdual contamination would remain high in the short term, bug
the concentrations of contaminants at the WSCP and the WSOW have already decreased with time.
This has occurred as the result of source-control in the form of trearment of materials that might
release contaminants to groundwater (through remediation of the contaminated soil, removal of
contaminated structures, construction of berms around the raffinate pits at the W3CP to eliminate
surface runoff, and dewatering of the raffinate pits): infiltration from rainwater and runoff; and
natural processes such as biodegradation, adsorption, and chemical reactions with subsurface

materials.

3.5.3.2 Implementability

One implementability issue for Alternative 3 would be asscciated with determining site-
specific iodegradation rates. These rates must be determined becavse biodegradation is considered
to be the dominant contaminant degradation process for natural attenuation. A site-specific biodegra-
dation rate would be required for all COCs; these rates would be compared with the rates of
contarninant transport and natural attenuation to assess whether natural attenuation would degrade
contaminants to acceptable levels. Evidence exists indicating that DNT will degrade under the

aroundwater conditions present at the WSOW shallow aguifer {Bradley et al. 1997). Laboratory
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“microcosm” studies mught have to be developed 1o simulate aguifer conditions and to demonstrate
that native bacteria could create the nﬁc_eésar}f biochemical reactions to destroy the COCs other than
DNT. In some cases, these data might be inconclusive or ambiguous because of technical difficulties
in collecting data in the field (Odermatt 1997). Nearly compiete removal of TNT can be achieved
in several months from microbial degradation nnder laboratory conditions (Bradley and Chapelle
1955); however, the rates of degradation of nitroaromatic compounds are expected 1o be slowerin
the field {(see Section 3.3.2.2). Thus, laboratory sindies, which are generally time-consuming and
expensive, might not provide adequate documentation that biodegradation was taking place or

quantify the bicdegradation rate.

Ancther implementability issue for Alternative 3 is the development of a three-dimensicnal
representation of the site’s hydrogeologic and contaminant transpert system. Simulation of natural
attenuation requires using analytical or numerical solute fate and transport modeling. These data
would be nsed to determine whether natural attenuation was sufficient to prevent contaminant
migration from completing exposure pathways in concentrations above applicable regulatory. or risk-
based corrective action standards. (Thus, determining the potential decrease in contaminant
concentrations currently on-site, assuming no groundwater movement, would not account for
potential contaminant transport to off-site receptors or establish whether natural attenuation
processes would reduce contaminant concentrations to below nnacceptable risk levels.) Transport
modeling of the shallow aquifer on a three-dimensional basis would be difficuit because of the high
femporal vanation in the groundwater flow regime {sec Section 3.3.3.2). Two regimes of
groundwater flow are postolated to exist in the shallow bedrock aquifer: diffuse flow and high-
velocity turbulent flow oceurring in conduits and in large, isolated fractures. Diffuse flow follows
Darcy’s law for a porous medium, but mrbulent flow does not. Accurate representation of site
- conditiens would require consideration of both flow regimes, Two models might have w0 be
developed; one model would assume a groundwater flow systemn dominated by porous media; and

the other would assume a system dominated by fracture flow.

Monitoring would provide notice of failure before significant exposure occurred, which
would allow additional actions to be taken prior o significant exposure. Contaminant migration
could easily be monitored; no special equipment or specialists would be required beyond what is

already available at the sites. Existing analytical procedwres could be used to determuine the presence
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of contamimants (such as nitroaromatic compounds) in groundwater samples drawn from the
monitormg wells. However, new procedures might have to be developed for sampling and analysis
of parameters used to determine the extent of contaminant degradation {e.g., numents and eleciron
acceptors such as dissolved oxygen). Construction of any proposed menitoring wells would require
mobilization of a drilling rig for installation; however, such equipment is readily-av=zilable.
Resources required for maintenance of the existing and proposed groundwater monitoring systems
should be readily available. Implementation of institutional contrels would require only
administrative effort and legal enforcement. Continued federal ownership would be easy to
implement because it would provide continuatior: of the existing situation. No permits or licenses
for on-site activities would be required te implement Alternative 3. Registration of any installed

wells with the State of Missouri would be required.

3.5.3.3 Cost

The cost would be slightly higher for Alternative 3 than for Alternative 2. Using
engineering judgment, it was assummed that the cost for additional subsurface sampling and sample
analysis to confirm contaminant degradation rates and cleanyp status would be similar to the cost
of a remedial investigation for the WSCP and the WS50W, On the basis of this preconceptual design
and application of cost factors specific to the DOE Weldon Spring site for indirect activities, the
capital cost of Alternative 3 was estimated te be approximately $0.7 million {Appendix F}. The

capital cast would be primarily for proposed monitoring well construction.

Annual expenses would be incurred from the groumdwater monitoring program. The annual
cost of operating the proposed monitoring wells was estimated on the basis of cumrent costs for the
existing monitoring well network, assuming that existing wells would be sampled annually, It was
alser assumed that the field investigations to venfy and monitor natural remediation processes would
be performed over a five-year period, and that these costs would be included as an annual G&M cost.
The annual O&M cost was estimated to be between $1 and $2 million {Appendix F). Assuming a
discount rate of 7% per year. the 30-vear present worth of Alternative 3 would be approximately
$10 million {Appendix F).

The costs associated with potential future actions (e.g., in the event that migration of

residual contamination resulted in unaceceptable exposore concentrations) were not quantified
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because the ineertainty associated with these futare activities precludes accurate assessment of these

Costs.

3.5.4 Alternative 4: Groundwater Removal, On-Site Treatment of TCE
and Nitroaromatic Compounds Using Granular Activated Carbon

Alternative 4 would involve extraction of contaminated groundwater using vertical wells
and treatment on-site of the TCE and nitroaromatic compounds using GAC treatment. This

alternative is described in Section 3.3.2.4.

3.5.4.1 Effectiveness

Adternative 4 would protect human heaith and the environment by remediating the contami-
nated groundwater in the shallow bedrock aguifer so that when the remediation was complete, the
¢ontaminant concentrations in the groundwater would be below PRGs. In addition, contaminant
rygration would be largely halted upon implementation of this alternative, and any potential future
large-scale contamination of the nearby springs would be effectively prevented. Alternative 4 might
be expected 1o attain all PRGs when remediation was complete. Installation has been estimated to

take approximately two to three years.

Alternative 4 would reduce the volume of contaminants through treatment and would afford

long-term protection. After remediation was complete, no long-termm action would be required, -
The short-term impacts associated with Alternative 4 would include the following:

* Physical hazards to workers during installation of the extraction weils,
coustruction and operation of the groundwater treatment facilities, and

operation of the monitoring systerms:
* Critenia pollutant emissions during construction;

+ Distwrbance of soil during site clearing, excavation, and regrading for
construction of the groundwater treatment facilities and the resulting dust
emissions; and

»  Otff-site transport of spent carbon.
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Appropriate mitigative measures would be enacted durng construction and operations to
protect workers and members of the public. Special safety precautions would be maintained during
removal and handhing of the spem carbon contaminated with explosive because spontansous
combustion could potentially occur at certain conditions of temperature and humnidity (EPA 1995b).
Engineering controls such as spraying water for dust suppression would be used to minimize short-
term risks to the public, and the air would be monitored to verify that the controls were working.
Protective equipment and dust suppression methods would be used to minimize short-term risks o
workers. More short-term impacts would result from Alternative 4 than from Alternative 5 because

of the off-site transport of spent carbon for disposal purposes.

3.5.4.2 Implementabiiity

The groundwater extraction and treatment technology associated with Alternative 4 has
been widely used and found reliable if properly constructed and maintained. However, there are a

numbet of implementability concerns posed by this alternative for this application.

Althongh groundwater extraction using vertical wells is a relatively mature technology with
a history of operating experience, it is generally not applicable. when contaminated groundwater
migrates into formations from which the groundwater cannot easily be removed, such as fractured
bedrock or karst aquifers. The heterogeneous nature of the shallow bedrock aquifer might preclude
gxtraction tates sufficient to attain performance goals. In addition, conventional groundwater
treatment is noteffective in areas with low permeability (less than 1 x 10 em/s); formations with
a high degree of secondary permeability, such as fractured bedrock; and low-solubility contaminants
that tend to absorb in the subsurface media (Roote et al. 1997). Drawdown pump test studies might
be needed to determine long-term sustainable pumping rates for vagious points at the WSCP and the
WSOW.

Other implementability issues would be associated with conventional extraction. Such
issues would include the generation of substantial amounts of wastewater requiring treatment prior
to discharge, high energy costs for pumping and moving large volumes of water (which might
require additional site infrastructure to supply the necessary electricity); indiscriminate removal of
all groundwater components (including those with concentrations below health-based leveis), and

general slow progress toward terminal regulatory goals due to technical limitations.
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A major implementability issue would concern the extraction of TCE-contaminated
groundwater. The proposed groundwater extraction system might not be effective for aquifer
restoration to ARARs for TCE. Significant amounts of data have indicated that conventional
technologies, such as pump and treat, were ineffective in treating groundwater contaminated with

TCE.

A major potential concern for Alternative 4 would involve the location of the proposed
extraction well network and its potential impact on the future use of the WSCP. A dispasal cell is
currently being built on-site, which will occupy much of the total WSCP area. Installation and
operation of the extraction well network within the WSCP might delay construction and operation

of the on-site disposal cell for the time period of active extraction.

Absorption by activated carbon has a long history of use as a treatment process and is'a
proven technology with documented performance data. An implementation concern would be
associated with loading and concentrating explosive compounds on the carbon bed. Proper disposal

of the explosives-contaminated carbon would be necessary and could be costly.

No special equipment would be required to implement Alternative 4. It might, however,
become necessary to conduct deiailed studies to determine whether the performance of the proposed
vertical extraction well network would achieve acceptably low concentrations in the groundwater,
given the underlying lithology at the WSCP and the WSOW, Vendor expertise would be required
for carbon selection because the type and pore size of the carbon, as well as operating temperature,
would affect process performance. Bench tests using a groundwater sample from the WSCP and the
WSOW might be needed to estimate the carbon usage rate and optimal contact time becausc the

presence of multiple contaminants could impact process performance.

Resources required for maintenance and monitoring should be readily available. The
replacement of spent carbon would require an engineer and/or company technician to supervise the
operation. Depending on the design, replacement of the spent carbon could take from 1 to 12 hours,
with an average time of 6 hours. Resources required for maintenance of the groundwater extraction
and product pumps and associated controls should be readily available. Pump maintenance and repair

would generally be needed every 18 months. The only other requirement would be maintenance of
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the groundwater monitoring wells, which is currenily an ongoing activity that does not require any

additional special equipment or personnei.

A major implementability concern for Alternative 4 would be the active life of the ground-
water treatment facilities, which is generally about 30 to 35 years. Three to four equivalent plant
- lifetimes of treatment capacity or more might be required to meet the esiimated trearment duration
of at least 100 years for extraction of 2,4-DNT-contaminated groundwater. The technical feasibility
of this aspect of Alternative 4 is uncertain given the potential number of replacement facilities that

wolld be required if conventional extraction of 2,4-DNT was applied.

To allow discharge of the treated water to the Missouri River, the groundwater treatment
facilities at the W3CP und the WSOW would have to meet the substantive requirements and
standards of Misscuri NPDES regulations. Monitoring of the treated groundwaier prior to its release

to the Missouri River would be required to ensure compliance with state discharge regulations.

3.5.4.3 Cost

The estimated cast of Alternative 4 is slightly lower than that of Alternative 5. On the basis
of the preconceptual design and application of cost factors for indirect activities, the capital cost of
Alternative 4 is estimated to be approximately between 541 million and $12 million (Appendix F).
The capital cost would be primarily for instailatien of the approximately 330 to 1,000 extraction

wells.

‘The annual O&M cost is estimated to be between approximately $2 million and $4 million
per year {Appendix F). The annual O&M costs would be primarily for groundwater extraction and
treatment. Assuming a discount rate of 7% per year, the 30-year present worth of Altenative 4 is
estimated to be approximately $33 million to $140 million (Appendix F), much greater than that for
Alternative 2 or 3.

355 Altermative 5: Groundwater Removal, On-Site Treatment of TCE
and Nitrearomatic Compounds Using UV Oxidation

Altemative 5 would consist of extracting contaminated groundwater using vertical wells
and treatment on-site of the TCE and nitroaromatic compounds using UV oxidation. This alternative

is described in Section 3.3,2.5,
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3.5.5.1 Effectiveness

The effectiveness of Alternative 5 would be similar to that of Alteenative 4, except that
special safety precautions would be maintained during handling and storage of H-0,, and off-site

shipment and disposal of spent carbon would not be necessary.

3.5.5.2 Implementability

UV oxidation is currently being used for wastewater treatment, however, a number of
implementability concemns would be posed by Alternative 5 at this location. The potential difficulties

assoclated with groundwater extraction would be similar to those discussed {or Alternative 4.

One implementability issue for Alternative 5 would be the fact that UV oxidation is an
innovative groundwater reatment technology that has been used in full-scale groundwater treatment
applications for only 12 years. As of 1994, UV oxidation was in operation in 15 full-scale remedial
applications; the majority of these applications were based on groundwater contaminated with
petroleum products or industrial solvent-related organics (such as TCE and vinyl chleride)
{Marks et al. 1994). Another concern would be the possible formation of intermediate compounds
that would be more hazardous and less reactive to UV oxidation. Pilot-scale and/or treatahiliry
studies might be necessary to ensure that UV oxidation could successfully reduce contaminant levels
for the groundwater within the shallow bedrock aquifer. One disadvantage of UV oxidation would
be its high electrical consumption, which might impose limits on the basis of the availability of

needed electrical capacity.

UV oxidation is an innovative technology, and special equipment in the form of the UV
oxidation unit would be needed to implement this alternative. Specialists might be required 1o
establish the proper UV system design parameters -~ for exampie, UV radiation source (i.e., high
or low mtensity) and UV system design {i.e., whether to use ozone generation, H,O,, and/or
cavitation in the formation of hydroxyl radicals and in direct photolysis of some contaminants). It
might become necessary to conduct detailed studies to determine whether the performance of the
proposed vertical extraction well network wouid achieve acceptably low concentrations in the

groundwater, given the underlying lithology at the WSCP and the WSOW.
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Resources required for maintenance and monitoring should be readily available. A typical
UV oxidation unit requires about 2 to 10 hours each week for maintenance, including daily checks.
Resources required for maintenance of the groundwater extraction and product pumps and associated
conirols should be readily available. Pumnp maintenance and repair would generally be necessary
every 18 months. The only other requirement would be maintenance. of the groundwater monitoring
wells, which is currently an ongoing activity that does not require any additional special equipment

ar personnel.

A major implementability concemn for Alternative 5 would be the active life of the ground-
water treatment facilities, which is generally about 30 to 35 years. Three to four equvalent plant
lifetimes of reatment capacity or more might be required to meet the estimated treatment duration
of at least 10X} years for extraction of 2,4-DNT-contaminated groundwater. The technical feasibility
of this aspect of Aliernative 5 appears uncertain, given the potential number of replacement facilities

that would be required if conventional extraction of 2,4-DNT was applied.

To allow discharge of the treated water to the Missouri River, the groundwater treatment
facilities at the WSCP and the W50W would have to raest the substantive requirements of Missouri
NPDES regulations. Monitoring of the treated groundwater prior to its release to the Missouri River

would be required to verify compliance with state discharge regulations.

3.5.33 Cost

The estimated cost of Alternative 3 is slightly higher than that of Alternative 4. Costs for
UV oxidation are generally higher than competing technologies because of energy requiréments
{Marks et al. 1994}. On the basis of the preconceptual design and application of cost factors specific
to the Weldon Spring site for indirect activities, the capital cost of Alternative 5 is estimated to be
approximately between 342 million and $120 million (Appendix F). The capital cost would be

primarily for the installation of 330 to 1,000 extraction wells.

The annual O&M cost is estimated to be between a;ﬁpmximalel}f 52 million and $4 millien
per year (Appendix F). The Q&M costs for UV oxidation would be affected by the groundwater
characteristics, treatment process design (lamp mainienance and oxidant dosage costsj, and
operations. The anoual O&M costs would be primarily for gronndwater extraction and freatiment.

Assuming a discount rate of 7% per year, the 30-vear present worth of Alternative 5 is estimated to
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be between approximaiely $54 million and $140 million {Appendix F), higher than that for

Alternative 4.

3.5.6 Alternative #: Groundwater Removal, On-Site Treatment Using Phytoremediation

Alternative 6 would consist of extracting contaminated groundwater using vertical wells

and treatment on-site using phytoremediation. This alternative is described in Section 3,3.2.6,

3.5.6.1 Effectiveness

Altemative & would protect human health and the environment by remediating the contami-
nated groundwater in the shallow bedmcl_c aquifer so that when the remediation was complete, the
¢contaminant concentrations in the groundwater would be below PRGs. In addition, contaminant
- migration wouid be largely halted upon implementation of this alternative, and any potential future
large-scale contamninacion of the aboveground springs would be effectively prevenied,'ﬂitamativﬂ 6
might be expected to attain all PRGs when remediation was complete. Wetlands construction has

been estimated to take about one to two years.

Alternsative 6 would reduce the volurne of contaminants through treatment and would afford
long-term protection. After remediation was complete, iong-term action might not be required. One
long-term indirect benefit to be considered would be the development of additional wetlands that
could be released for public use after active remediation was complete. These wetlands could
potentially be used for green space, wildlife habitat, and recreational and educational areas. The
decision regarding removal of the constructed wetlands following completion of the groundwater

treatment would be determined in collaboration with the regulaiors.
The short-term impacts assoctated with Alternative 6 would inciude the following:

» Physical hazards to workers during installation of the extraction wells,
construaction and operation of the constructed wetlands, and operations of the

monitoring systems;

» Criteria pollutant emissions during construction; and
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» Disturbance of soil (during: site clearing, excavation, and regrading during
construction of the constructed wetlands) and the resulting airborne dust

£MISKIONS.

Appropriate mitigative measures would be enacted during construction and operations to

.protect workers and members of the public. Engine.éting controls, such as spraying water for dust
suppression, would be used to minimize short-termn risks to the public. The air would be monitored
to verify that the controls were working. Because of the potential for contaminant release during
cuitivation and planting, protective equiprment and dust suppression methods would be enacted to
minimize short-term risks to workers. Fewer short-term impacts would result from Alternative 6 thun

from Alternative 4.

The operational duration for Alternative 6 would be expected to be the longest among all
alternatives involving active remediation because of the curtailment of active remediation during

winter.

3.5.6.2 Implementability

Phytoremediation is commenly used to treat wastewater; however, a number of imple-
mentability concems would be posed by Alternative 6 at this location. The potential difficulties

associated with groundwater extraction would be similar to those discussed for Alternative 4.

A mgor implementability concern for Alternative 6 would be the uncertainty concerning
whether phytoremediation could sufficiently reduce the contamination to meet EPA cleanup targets
for drinking water. The possibility exists for the binding or complexation of some of the contami-
nants with the exudates and their subsequent transport by the groundwater through the constructed
wetland without further contaminant reduction; therefore, research would be required to find
suitable plants for farther investigation. Bench-scale and pilot-scale testing would then be corducted
of the promising plant species; groundwater samples would be taken from the WSCP and the
WSOW.

One implementability concern would be the relative newness of phytoremediation
compared with the other technologies. Field investigations would be necessary before phﬁo—

remediation could be applied at the Weldon Spring site.
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This analysis assumed that concurrent phytoremediation of nitroaromatic compounds and
chlorinated organics such as TCE would be possible witlﬁn a singie constructed wetland. However,
a plant designed to phytoremediate one contaminant might be inhibited by the presence of a different
contaminant. Research would have to be conducted prior to the remedial design/remedial action
phase with samples of extracted groundwater from the WSCP and the WSOW to ensure the

successful implementation of Aliernative 6.

A key design consideration and potential implementability concern would be associated
with avoiding recontamination of the groundwater because of failure of the liner. Additional design

features such as multiple liner systems and/or subsurface drains might be necessary.

Another implementability concern for Alernative 6 would involve the control of animals
drinking water from.the wetland or feeding on wetland plants. At the influent of the wetland,
contaminant removal would be limited; thus, there might be a potential adverse effect on the food
chain that could occur if insects and small rodents ate the plants that were collecting the
contaminants and these organisms were then eaten by larger mammals. Control of wildlife might be
necessary, which could be difficult given the large estimated area of the proposed constructed

wetlands.

Information is lacking with regard to whether contaminants can collect within the plants
and be released from the plants after harvesting. Development of proper handling and the potential

requirement for disposal have not been resolved from a regulatory point of view.

Phytoremediation is generally applied under warmer climates, which allows continuous
remediation throughout the year. The potential application of phytoremediation at the Weldon Spring

site might be limited in this respect.

Among the many variables involved in using constructed wetlands would be temperature.
When the temperature drops below a certain point, wetland plants cease to take up nutrients and die,
and microbial activity drops off considerably as well. For this reason, a constructed wetland would
not provide the same level of treatment year-round. Seasonal variation in the performance of

Alternative 6 would have to be established through field testing,
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Another implementability issue for Alternative 6 wonld concern how well the plant species
identified for contaminant degradation (e.g., parot feather and Eurasian water milfoil for

nitroaromatic degradation) would adapt climatically to the Weldon Spring site,

No special equipment or specialists would be required to implement Alternative 6 after
completion of any bench-scale and pilot-scale testing. Phytoremediation typically uses the same
equipment and materials common to agricultural practice. The constructed wetlands system could
be operated by a single low-level technical person on a part-time basis (typically 10% of the time to

operate the wetlands system and for any cultivation and planting}.

Resources for maintenance and monitoring should be readily availabie. Maintenance would
require about one hour per menth. No significant infrastrucrure would be required other than basic
chemical and biclogical laboratory analyses of water and plant samples. Resources required for
maintenance of the groundwater extraction and product pumps and associated controls shouid be
readily available. Pump maintenance and repair would generally be needed every 18 months. The
only other requirement would be maintenance of the groundwater monitoring wells, which is

currently an ongoing activity that does not require any additional or special equipment or personnet,

To allow discharge of the treated water to the Missouri River, the effluent from the
constructed wetlands at the WSCP and the WSOW would have to meet Missouri NPDES discharge
regulations. Monitering of the treated groundwater prior to its release to the Missouri River would

be required to verify compliance with state discharge regulations.

3.5.60.3 Cost

The estimated cost of Alternative 6 is relatively high, even though phytoremediation has
been shown 10 be u low-cost technology for treatment of contaminated sites. The high cost would
be due to the required constriction of between approximately 330 and 1,000 extraction wells. On
the basis of this preconceprual design, which uses preliminary phytoremediation cost data provided
in Medina and McCutcheon (1996) and applies cost factors specific to the Weldon Spring site for
indirect activities, the capital cosi of Altemmative 6 is estimated to be between approximately

$36 million and $110 million (Appendix F).
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Inchuding the annual operating cost of the phytoremediation systern and continued ground-
water monitoring on an annual basis, the annual O&M cost is estimated to be between approximately
$0.8 million and 51.8 million per year (Appendix F). The annual O&M costs would be primarily for
groundwater menitoring. Assuming a discount rate of 7% per year, the 30-year present worth of

Alternative 6 is estimated to be between approximately $46 million-and $130 million {Appendix F).

357 Alternative 7: Removal and Ex-8itu Treatment of TCE-Contaminated Gronndwater

Alternative 7 would involve extraction of TCE-contaminated groundwater and ex-situ
treatment on-site nsing adserption onto GAC, and no further action except monitoring for the other

groundwater contaminants. This alternative is descnbed in Section 3.3.2.7.

3.5.7.1 Effectiveness

Alternative 7 would actively remediate only TCE. Alternative 7 would protect hurnan
health and the environment by remediating the contaminated groundwater so that when the
remediation was complete, the TCE concentration in groundwater at the WSCP and the WSOW
would be below the ARAR of 5 pgfL. In addition, TCE migration would be largely halted upon
implementation of this altermative, and any potential future contamination by TCE of the
aboveground springs would be effectively prevented. Alternative 7 might be expected to atain
ARARs for TCE when remediation was completed. Installation has been estimated to take

approximately two to three years..

Alternative 7 would reduce the volume of TCE through treatment and would afford long-
term protection against further spread in the groundwater system. Altemative 7 would also be
protective of human health and the environment over the long term for groundwater contaminants
other than TCE. Monitoring and investigative activities by.the DOE and DA would enable
identification of any potential continued plume migration and any variations in local geochernical
conditions (such 43 Eh to measure metabolic activity, pH, and availability of nutrientsfelectron
acceptors such as oxygen, etc.) that could adversely affect removal of the contaminants from the
groundwater by precipitation, biodegradation, and other natural processes. These activities would
ensure that remediation geals were being met and that the contaminant distribution in the water-

bearing zone was tracked. Response measures, such as land use restriction, would be considered if
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data indicate that contamination would result in unacceptable exposure concentrations in the future.

Unacceptable impacts to human health and the environment are not expected te occur.

The short-term impacts assaciater_d with this alternative are associated with the physical
hazards to workers during installation of the extraction wells, construction and operation of the
groundwater treatment facilities and operation of the monitoring systems; criteria pollutant emissions
during constiuction; disturbance of soil and its resulting airborne dust emissions; and off-site
transport of spent carbon, Appropriate mitigative measures would be enacted during construction
and operations to protect the workforce and the public. Exposure to VOUCs is possible from duct
leaks or venting from the wells. Air monitoring would be used to make suie that the controls are
working. Protective equipment and dust suppressicn methods would be enacted to minimize short-
term risks to workers. Precautions would be taken to prevent spills or releases duting transportation
of GAC canisters for off-site treatment and disposal. More short-term impacts would result from
this altemnative than from Alternative 8 because of the large number of extraction wells thachave to

be installed {between 200 and 630 wells).

For Alternative 7 to remain effective over the long term for contaminants other than TCE
{which would be remediated under this alternative), careful_ consideration would have to be given
to monitoring, maintenance, and control over a relatively long period (i.e., greater than 100 years).
Becanse this alternative would leave contaminants on-site at concentrations above levels that allow
for unlimited use and unrestricted exposure, reviews would be conducted at least every five years
to ensure that the remedy continued to provide adequate protection of human health and the

environment,

Altemnative 7 would not satisfy the statutory preference for treatment as a principal element
of remediation for contaminants other than TCE, and there would be no reduction in toxicity,
mobility, or volume of the contaminated groundwater through treatment for contaminants other than
TCE. Contamination wonld rernain relatively high in the short term; however, the concentration of
groundwater contaminants at the WSCP and the WSOW is expected to decrease with time because
of the removal of the original sources of the contamination and the natural processes that oceur,

including dilution by infiltration and biodegradation.
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3.5.7.2 Implementability

A number of implementability concerns would be posed by Alternative 7. The potential
concerns with groundwater monitoring and groundwater extraction and treatment using GAC would

be similar to those discussed for Alternatives 2 and 4, respectively.

A major mplementability issue would concern the extraction of TCE-contaminated
groundwater. The proposed groundwater extraction system might not be effective for aquifer
restoration to ARARSs for TCE.

No special equipment would be required to implement Alternative 7. It might, however,
become necessary to conduct detailed studies to determine whether the performance of the proposed
groundwater extraction well network would achieve acceptably low concentratons in the

-groundwater. Resources required for maintenance and monitoring should be readily available.

A major implementability concern for Alternative 7 wanld be the possibility of dewatering
the shallow aguifer. Enhancing the recovery of contaminants from the shallow aguifer if dex#aterin‘g
oCCUrs may require pulsed pumping. In pulsed pumping, some or all extraction pumps are mrned off
aﬁd then back on for specified periods of time. Although not widely used in remedies to date, pulsed
pumping ¢an recover contaminants located in the portions of an aquifer than have been dewatered,
eliminate flow stagnation areas, and allow serbed contaminants to partition into groundwater.
Application of pulsed pumping (or other measures such as adjusting the rate of extraction from some
or all wells) may affect the time frame estimated to achieve 2 maximum TCE groundwater

concentration of 5 pgfl.

To allow discharge of the treated water to the Missouri River, the groundwater treatment
facility wonld have to meet the substantive requirements and standards of Missouri NPDES
regulations. Monitoring of the treated groundwater prior to its release to the Missouri River would

be required to ensure compliance with state discharge regulations.

3.5.7.3 Cost

The estimated cost of Alternative 7 is much higher than that of Alternative 8. On the basis
of the preconceptual design and application of cost factors for indirect activities, the capital cost of

Alternative 7 is estimated to range between $9 million and $25 million, depending on the number
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of extraction wells required (i.e., 200 10 650 wells). The capital cost would be primarily for

installarion of the 200 o 630 extmctian wélis.

The annual O&M cost ts estimated to range between $1 million and 52 million per year.
The annual Q&M costs would be primarily for groundwater extraction and freatment. Assuming a
discount rate of 7% per year, the 30-year present worth of Alternative 7 is estimated 1o range from

523 millien to $53 mitlion, much greater than that for Alternative 8.

3.5.8 Alternative 8: In-Situ Treatment of TCE Using In-Well Vapor Stripping

Altermative 8 would consist of in-site treatment of groundwater contaminated with TCE
using m-well vapor stripping and no further action except monitoring for other groundwater

contaminants. This alternative is described in Section 3.3.2.8.

35.8.1 Effectiveness

Similar to Altemnative 7, Alternative 8 would actively remediate only TCE. Alternative 8
would protect human heaith and the environment by remediating the containinated groundwater 8o
that when remediation is complete, the TCE concentration in the groundwater within the WSCP
would be below the ARAR of 5.0 pg/L. In addition, TCE migration would be largely halted upon
implementation of this alternative, and any potential future large-scale contamination of the
abuvegrcun.d springs by TCE would be effectively prevented. Alternative § might be expected-©
artain ARARs for TCE when remediation was completed. Installation and operations have been

estimated to take approximately two to three years.

Alternative § would reduce the volume of TCE through treatment and affords long-term
protection against potential widespread groundwater contammination. Alternadve 8 would also be
" protective of human heaith and the environment over the long term for groundwater contaminants
other than TCE. Monitoring and investigative activities by the DOE and DA would enable
identification of any potential continved plume migration and any variations in local geochemical
conditions (such as Eh 1o measure metabolic activity, pH, and availability of nutrients/electron
acceptors such as oxygen, etc.} that could adversely affect removal of the contaminants from the
groundwater by precipitation, biodegradation, and other natural processes, These activities would

ensure that remediation goals were being met, and that the contaminant distribution in the water-
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bearing zone was tracked. Active response measures would be considered if future migration of
residual contamination would result in unacceptable exposure concentrations at potential existing
or foreseeable receptors. Unacceptable impacts to human health and the environment would not be

expected to occur.

The short-term impacts associated with this alternative are associated with the physical
hazards to workers during construction ef the vapor stripping wells and operaticn of the in-well
vapor stripping retnediation system, minor eniteria pollutant emissions during construction, and the
disturbance of so0il and its resulting airborne dust emissions. Appropriate mitigative measures would
be enacted during construction and operations te protect the workforce and the public. Exposure to
TCE from duct leaks or venting from the wells is possibe. Air monitonng would be used 1o make
sure that the controls are working. Pretective equipment and dust suppression inethods would be
enacted to minimize short-term risks to workers. Precautions would be taken to prevent spilis or
releases during transportation of (GAC canisters for off-site treatment and digposal. More short-term
impacts would result from this alternative than frem Altemative 7, because of the off-site transport

of spent carben for disposal purpeses.

For Alternative 8 to retnain effective over the long term for contaminants other than TCE
(which would be remediated under this alternative}, careful consideration would have to be given
L monitonng, maintenance, and control over a relatively long peried (i.e., greater than 100 years).
Because this alternative would leave contaminants on-site at concentrations above levels that allow
for inhimited use and unrestricted exposure, reviews would be conducted at least every five years
to ensure that the remedy contimued to provide adequate protection of hurnan health and the

environment.

Alternative 8 would not satisfy the statutory preference for treatment as a principal element
of remediation, and there would be ne reduction in toxicity, mobility, or volume of the contaminated
groundwater through treatment for contaminants other than TCE. Residual contamination would
remain high in the short term; however, the concenirations of contaminants at the WSCP and the
WSOW have decreased with time becanse of the removal of the criginal source of the

contamination, dilution from infiltration from rainwater and minoff, and biodegradation.
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3.5.8.2 Implementability

A number of implenmntalﬁility concerns would be posed by Alternative 8. The potential
concerns with gmun&water monitering and adsorption using GAC would be similar 1o those

discussed for Alternatives 2 and 4, respectively.

One potential concern for Alternative 8 is the application of the in-well vapor stripping
technology at the WSCP and the WSOW. In-well stripping has been nsed in a variety of soil types
from: silty clay to gravel. Since reinfiltration of stripped water is integral to the process, the soil
should be low in clay content and exceed a hydraulic conductivity of 1 x 107 em/s (0.03 fi/d).
Because the in-well vapor stripping system would have to be installed into the shallow (consolidated)
bedrock aquifer with hydraulic conductivities two to three orders of magnitude lower than the
minimum hydraulic conductivity of i x 107 cnvs (0.03 ft/d) in some locations, the appiication of
this remediation technology would appear to require field testing and treatability studies under site-

specific conditions.

Correct placement of the in-welt vapor stripping remediation system would require accurate
predictions of TCE migration. Because of the lack of historical data and an unknown seurce area,
the final detatled design might have to be more conservative than that presented in Section 3.3.2.8

to compensate for these uncertainties.

Another potential concern is that the circulation pattern of the in-well stripping technology
cannot be assured at some sites and could potentially lead to loss of hydraulic control of the
reinfiltrating water (Cichon et al. 1997). If the vapor stripping wells are not properly designed or
constructed, the TCE-contaminated zone may spread beyond the radius of influence of the vapor

stripping wells.

On the basis of an assumed stripping efficiency of 90%, hetween two to three recirculations
of TCE-contaminated groundwater through the in-situ vapor stripping process would be necessary
to achieve the ARAR of 5 pg/L. Because of the heterogeneity of the TCE-contaminated zone in
terms of aquifer thickness and hydraulic conductivity (both horizontal and vertical), it is not known

whether the required number of recirculations would be achieved.

In-well stripping removes excess CO, from the groundwater and equilibrates the

groundwater with atmospheric CO; levels. As the CGQ, is stripped from the groundwater, the pH
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rises. Chemical precipitates may form during air stripping and may clog the well screens, thus
limiting groundwater circulation. High levels of dissolved iron and/or manganese and high alkalinity
can aiso cause problems [HazTECH 1997], and these factors appear to exist within the shallow
aquifer containing the TCE contarnination. Managing the chemical changes in the groundwater, soil,

.and aquifer {such as chemical precipitation or oxidation) that may accompany use of this system
[PNNL 1994] could potentiaily be challenging.

No special equipmeni weuld be required to implement Alternative 8. The method itseif
involves no moving parts beneath the ground surface; however, careful packer and well designs
would be required to successiully divert the groundwater from the well back into the unsaturated
zone and to the water table. Most of the equipment used in this technology is available off-the-shelf
aud bas been proven reliable. The system is designed to run continucusly with cnly routine
‘maintenance. Cme to two persons would be required to maintain and monitor the in-well vapor
stripping system. However, the expertise needed to use and monitor the in-well vapor stripping

technology is limited to three suppliers in the private sector (Miller and Roote 1997).

The application of in-well vapor stripping for the remediation of TCE in bedrock aquifers
is in the developmental phase, and numerous aspects of the in-well vapor stripping process, as
considered for Alternative 8, have not been proven (e.g., its application in a consolidated aguifer at
hydraulic conductivities lower than 1 x 107 cm/s [(.03 fi/d]). The technical teasibility of this aspect

of Alternative 8 appears uncertain.

Croundwater monitoring would be required to wrack the progress and effectiveness of the
groundwater remediation. Monitoring at various depths may be necessary to show that the
appropiiate recirculation path has been established. Resources required for maintenance of the
groundwater monitoring wells should be readily available. No new permits or license for on-site

activities would be required to implement Alternative 2.

3.5.8.3 Cost

The estimated cost of Alternative 8 is slightly higher than that of Alternative 7. On the basis
of the preconceptual design and application of cost factors for indirect activities, the capital cost of
Alternative § is estimated to range between $1 million and §3 million (Appendix F). The capital cost

would be primarily for installation of the vapor stripping and monitoring wells.
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The annuat O&M cost is estimated to be approximately $0.5 million per year (Appendix F).
The annual O&M costs would be primarily for groundwater monitoring. Assuming 2 discount rate
of 7% per year, the 30-year present worth of Alternative 8 is estimated to range between 55 million

and $7 million (Appendix F), much lower than that of Alternative 7.

3.6 SCREENING SUMMARY AND IDENTIFICATION OF FINAL ALTERNATIVES

The results of the screening analysis for the preliminary alternatives are presented in
Table 3.2. Each alternative was evaluated against the three criteria defined in 40 CFR Part 300:
effectiveness, implementability, and cost. On the basis of the screening process, the following

alternatives were excluded from further consideration:
*»  Alternative 3; Natural Attenuation;

+  Alternative 4: Groundwater Removal, On-Site Treatment of TCE and

Nitroaromatic Compouids using Granular Activated Carbon;

+ Alternative 5: Groundwater Removal, On-Site Treatment of TCE and

Nitroaromatic Compounds Using Ultraviolet Oxidation;

* Alternative 6: Groundwater Removal, On-Site Treatment Using Phyto-

remediation:
+  Alternative 7: Ex-5itu Treatment of TCE-Contaminated Oroundwater, and
*  Altemative 8: In-Situ Treatrnent of TCE Using In-Well Vapor Stripping.

Alternative 3 was not retained for further consideration because of implementability
concerns associated with demonstrating npatural attenuvation, including development and
measurement of necessary biodegradation rates for contaminants other than DNT and three-
dimensional contaminant transport and flow modeling of the shallow aquifer where two regimes of
groundwater flow (diffuse flow and high-velocity turbulent flow) are postulated to exist.
Alternative 3 was also rejected because it does not provide greater protection of human health and

the environment compared with Alternative 2.
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Alternatives 4 and 5 were not retained for further consideration because the preliminary
simulation resulis indicate that restoration time frames of about 100 years would generally be
necessary to restore the groundwater system using the extraction techneology. These projected
remediation time frames for removal of nitroaromatics and nitrates, which would be controlled by
the low extraction rate, would require groundwater treatment capacity to extend considerably beyond
the 30-year design life of any proposed groundwater treatment facility, Replacement facilities wonld

be required for many years into the future to satisfy long-term removal and treatrent needs.

Other major implementation issues for rejection of Alternatives 4 and 5 are associated with
the high number of extraction wells required (between 330 and 1,000 total), with the resulting
generation of substantial amounts of wastewater that must be treated, the general inapplicability of
conventional extraction to fractured rock sites, and the general inability of this technique 1 comply
with drinking water standards {due to mass transfer limitations or the potential presence of
DNAFLs). Pump-and-treat systems are considered a relatively poor choice for contaminants that
adsorb to subsurface materials or that have low solubilities. These implementability issues raise

uncertainties regarding the technical feasibility of Alternatives 4 and 5.

.Alternative 6 was not retained for further consideration because of the above-cited
implementability issues associated with conventional extraction and because the technelogy is not

well established and might be rejected for technical reasons during the remedial design phase.

Alternatives 7 and 8 were retained for further consideration. A detailed analysis of these
two alternatives is warranted in order to provide the information that would allow for the
consideration of an active remediation option to address TCE, if any. TCE has been reported at
relatively higher concentrations than the other contaminants, and it is also located in a somewhat
definable continuous plume. TCE is the primary contributor to estimated potentizl human health risk
as presented in the BRA (DOE and DA 1998a). Therefore, any reduction of TCE centamination

could result in a relatively large decrease in the estimated potential risk results.

On the basis of the screening process, the following alternatives were retained for detailed

evaluation:
»  Alternative 1 No Action;

* Alternative 2: Monitoring with No Active Remediation;
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+  Alternative 7. Removal and Ex-Sitm Treatment of TCE-Contaminated

Groundwater: and
«  Alternative 8: In-Situ Treatment of TCE Using In-Well Vapor Stripping.

These alternatives are discussed further in Chapters 4 and.ﬁ.
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4 DETAILED ANALYSIES OF FINAL ALTERNATIVES

Two of the eight rernedial action alternatives considered for the GWOUs at the WSCP and

the W30OW were retained through the screening process presented in Chapter 3:
= Alwrerpative 1: No Action; and
* Altemnative 2: Monitoring with No Active Remediation.

These alternatives are described further in Sections 4.1 and 4.2, Engineering information and
identification of any required equipment that would be representative of a final remedial design are
provided for the purpose of comparing the feasibility of the alternatives and assessing potential
impacts on human health and the environmeni. Actual equipment requirements and ergineering
procedures would be defined in the ROD or subsequent remedial design/remedial action reports, as

appropriate.

" A detailed analysis of these two final alternatives consisted of an assessment of each

alternative relative to the following nine evaluation criteria as specified in the NCP:

1. Overall protection of human health and the environment — addresses
whether each alternative provides adequate protection of human health and the
environment. Evaluation focuses on a specific alternative’s ability to achieve
adequate protection and describes how site risks posed by each pathway are
eliminated, reduced. or controlled through natural processes, treatment,
engineering, or institutional controls. This evaluation also allows for
consideration of any unacceptable shori-term impacts associated with each
alternative. Because of its broad scope, this criterion also reflects the focus of

criteria 2 through 5.

2. Compliance with ARARs — addresses whether all applicable or relevant and
appropriate state and federal laws and regulations are met. Evaluation focuses
on whether each alternative will meet federal and state ARARS or if there is
justification for an ARAR waiver. Various ARARs and the waiver conditions
are identified in Appendix A; the key requirements for each alternative arf:.

discussed.
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3. Long-term effectiveness and permanence —— addresses the risk remaining at
the operabie unit after remedianon goals have been met. Evaluation focuses
upen the ability of an alternative to maintain reliable protection of human

health and the environment over time, once these goals have been met.

4. Reduction of foxicity, mobility, and volume — addiesses the statutory
preference for selecting alternatives that permanenty and significantly reduce
the toxicity, mobility, or volume of hazardous substances at a site. Evaluation

focuses upon the extent to which this is achieved by each alternative.

5. Short-term effectiveness — addresses the potential impacts to workers, the
general public, and the environment duting implementation of each

alternative.

6. Implementability — addresses technical and adminisirative feasibility,
including the availability and reliability of resources or materials required

during implementation, and the need to coordinate with other agencies.

7. Cost — addresses both capital costs and annual O&M costs, as well as the

combined net present worth of each alternative.

&, State acceptance — addresses the statutory requirements for substantial and
meaning{ul state involvement. Evaluation of this criterion wil! be addressed
in the respensiveness summary. and ROD that will be prepared fellowing the

public comment period.

9. Community accepfance — assesses the community’s apparent preference for,
or concerns about, the alternatives being considered. Evaluation of this
criterion will be addressed in the responsiveness summary and ROD that will

be prepared following the public comment period.

The effectiveness, implementability, and cost of the two altermatives retained for detailed analysis
are summarized in Table 3.1. The two alternatives that were retained throngh the screening process
were evaluated on the basis of criteria 1 through 7 relative to potential health and environmental

impacts. The results of this comprehensive analysis are presented in Sections 4.1 and 4.2.
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4.1 ALTERNATIVE 1: NO ACTION

The no action altemative provides a baseline against which other alternatives can be
evaluated. Under this alternative, the WSCP and the WSOW would remain “as is.” No containment,
removal, treatment, or other mitigative actions would be implemented. However, it was assurned that
the source-control measures listed in Section 3.1 would have been completed. The no acticn
alternative does not include groundwater monitoring by the DHOE and DA cor any additional active
or passtve institutionad controls that could reduce any potential for humnan exposure {g.g2., physical
barriers, deed restnctions). Under Altemative 1, it was assumed that all existing activities, including

groundwater monitoring by the DOE and DA, would be discontinued.

4.1.1 Overall Protection of Human Health and the Environment

The no action alternative might be adequately protective of human health and the environ-
ment over the long term. Under current conditions, the contaminated groundwater at the WSCP and
the WSOW poses no imminent risk to human healih or the environment. The groundwater is not
accessible and is not used at the sites. The likely future land use is considered to be similar to current
{and uvse. Groundwater contaminant levels are also expected to decrease with time due to source

remmovals and naturally cecurming processes that would further attenuate contaminant concentrations,

4.1.2 Compliance with Potential ARARs

Potential regulatory reguirements that might be applicable or relevant and appropriate to
the final remedial action alternatives are identified and evaluated in Appendix A. With no action,
the levels of nitrates in groundwater, primarily near the raffinate pits at the WSCP, woﬂd exceed
the relevant and appropriate MCL of 10 mg/l. {40 CFR 141.62) or 20 mg/L under the variance
available to noncomimunity drinking water systefns if the water is not available to children under
& months of age and if certain other conditions are met. No ARARs exist for the nitrearomatic
compounds. Several wells at the WSCP (mostly completed in the weathered nnit of the shallow
agquifer system) also contain concentrations of TCE that exceed the MCL of 5 pg/L. The
concentration of contaminants in groundwater at the WSCP and the WSOW will continue. to

decrease with time due 10 removal of the seurces of contarnination and naturatly occurring processes
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{e.g., biodegradation of the organic contaminants and dilution through infiltration of rainwater and

storm-water runoff).

4.1.3 Long-Term Effectiveness and Permanence

Under current conditions and land use, groundwater at the WSCP and the WSOW poses
no imminent risk to human health or the environroent. Although groundwater contaminani concen-
trations would not be measured in the future, it is expected that no potential impacts would oceur

becanse of the likely futire land use of the WSCP and the WSOW.

4.1.3.1 Protection of Workers

No activities are associated with the no action aliemative, so workers would not be exposed
to contaminants. Thus, there would be no unacceptable health risks to workers associated with this

alternative.

4.1.3.2 Protection of the Public

Potential impacts 1o members of the general public are summarized in Section 1.3.
Estimated current risks are assumed to be representative of likely future risks because land uses and
risk scenarios can be assurned to be similar. On the basis of these tisk results, unacceptable risks to
members of the general public are not likely to occur under the ne action alternative. Contaminant
-concentrations are expected to decrease with time due o source removals and natural processes that
occur at these sites. However, in the event that access and use of the contaminated groundwater do
QCCUr, exposure to current concentrations of the contaminants of concern could result in unacceptable

risks to human health.

4.1.3.3 Environmeantal Protection (Water Quality and Hydrology)

Centaminant conceatrations in groundwater at the WSCP and the WSOW should decrease
with time, primarily because of source removals (see Section 3.3.1) and natural processes such as
bilodegradation; adsorption, and chemical reactions with subsurface materials. Infiltration from
rainwater and runoff would also dilute the contaminant concentrations in the groundwater. The

existing contamination in groundwater would remain and could further migrate beyond the
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boundaries of the operable units, On the basis of fate and transport modeling results obtained with
the analytical solute transport mode] BIDSCREEN (EPA 1996a), natural processes will likely reduce
TCE concentrations below rameciiation goals at potential exposure points like the area surface
springs (Appendix E}. This result is primarily due to dilution/dispersion and biodegradation
assumptions used in the calcuiations (the recommended first-order bicdegradation rate option was
utilized). Over the long term, groundwater contamination would be expected to decrease gradually.

Future unacceptable impacts to surface springs located at the WSCP and the WSOW are therefore

gt expected.

4.1.4 Reduction of Texicity, Mebility, or Volume through Treatment

Reduction of toxicity, mobility, or volume throngh treatment is not applicable to

Alternative 1 because the contaminated groundwater would not be treated under this alternative,

4.1.5 Short-Term Effectiveness

No short-term impacts would occur to human health or the environment becanse no
remedial action would be conducted. The lack of extensive construction activities would negatively

impact the sites less than a more rigorous remedial effort.

4.1.6 Implementability

Ne concerns regarding implernentability are associated with Alternative 1 because no action
would be taken not would any future activities be considered. No technologies or management
strategies would be implemented, nor would any permits, license, or approvals associated with

undertaking a remedial action be needed.

4.1.7 Cost

No net present worth, capital, or annual Q&M costs are associated with the no action

alternative because no activities wonld be undertaken.
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4.2 ALTERNATIVE 2: MONITORING WITH NO ACTIVE REMEDIATION
The activities associated with Alternative 2 include the following:

~*  Sopurce-control response actions implemented per RODs for the WSCP and

WSOW thar would prevent further release of contaminants to groundwater,

« Performance monitoring of groundwater to verify that future contaminant

concentrations would not result in unacceptable risks to human health;

+ Insdrutional controls to ensure that contaminated groundwater was not used

before protective concentrations were attained; and

+  Contingency measures in the event that natural processes do not result in

acceptable off-site concenirations and exposure,

The concentrations of contaminants in groundwater at the WSCP and the WS0OW are |
expected to decrease with time. This decrease could be due to a number of environmental processes
affecting contamimant fate and migration, including (1) source remowvals, (2) transformation
(i.e., hydrolysis, photolysis, oxidation/reduction, chernical precipitation, radicactive decay, and
biedegradation), (3) transfer (i.e., adsorption/desorption and dissolution), and (4) dilution through
infiltration of rainwater and runoff {DOE and DA 1997b). Further evaluation through long-term
monitoring and associated activities would determine whether these processes had resulted in
decreased contamiration, thereby minimizing potential risks to human health and the environment

at these operable units.

Groundwater monitoring would be conducted using the existing well network, as appro-
priate. This metwork could be expanded or reduced, depending on the results of future efforts o
optimize the network for long-term monitoring. As a conservative approach. the evaluation of
Alternative 2 for this assessment assumed the installation and operation of additional mMonitoring
wells equivalent to approximately 10% of the number of existing wells (i.e., about 13 additional
. wells). The exact monitoring nerwork and details regarding frequency of sampling and parameters
analyzed will be identified in the ROD or subsequent remedial design/remedial action reports for
these operable units. The current groundwater monitoring program conducted by the DOE and DA
consists of 73 wells at the WSCP and 79 wells at the WSOW, respectively. (The current [July 1997]

moritering program conducted by the DA sampled 49 wells and 6 springs.) Of these wells,
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10 menitor groundwater in the soil overburden. The reraining wells are screened in the bedrock

system (Burlington/Keokuk, Fern Glen/Chomiean, Kimmswick, Joachim/St. Peter).

The menitoring program would continue for a reasonable peried of tme and would be
evaluated during the review of the effectiveness of the remedy at least every five years or until
remnediation goals identified in the ROD were achieved. Standard operating procedures used for the
current monitoring activities would be expectzd to be adopted for the long-term monitoring effort,
These menitoring efforts would include such activities as water-level measurements and the

collection of quality assurance/quality control samples during each sampling event.

The monitoring frequency far the wells is expected to be location-specific, depending on
the level of contamination encounterad. For example, wells with [ow concentrations of contarninants
that wers constant or decreasing over time would be sampled less frequently than wells with
contaminant concentrations much greater than the PRGs. For this analysis, it was assumed that the
frequency of sampling would be annual {once per year). Details of the final menitoring scheme will

be presented in subsequent reports prepared for these operable units, as appropriate.

Periodic maintenance of the groundwater imonitoring wells and purge pumping equipiment
would be expected te extend the life of the equipment. Monitoring wells would be evaluated with
regard to performance and condition and integrity of various well components such as concrete pads,
posts, and protective casings. Periodic ingpections to determing the need for mantenance would be
gutided by the collection and analysis of representative eroundwater samples. After the completion
of long-term monitoring activities, the monitoring wells would be managed in accordance with

on-site procedurss (e.2., plugged and abandoned).

Because contamimarnts would remain on-site above health-based levels, reviews would be
conducted at least every five vears to ensure that the.remedy continued to provide adequate
protection of human health and the environment. If menitoring showed that the contaminated area
and level of contamnants in the groundwater had decreased significantly during the prior five-year
period, the number of wells sampled and the sampling frequency might be reduced. Wells that
duplicated information, provided unreliable information (e.g., wells that were dry part of the year),

or sampled groundwater concentrations below the ARARSs for all contaminants might be considered
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for elimination. The number of monitoring weils and sampling frequency would be determined in

collaberation with the regulators.

Other limitations or conirols on gronndwater use at the GWOUs include St. Charles County
zoning requirements and restrictions by the Missouri Department of Conservation on land not
currendy under federal ownership (see Section 1.1.2.5). Zoning of properties other than the WSCP

and the WSTA at the WSOW might become relevant under some future period.

Continued federal ownership of the WSTA at the WSOW and the area containing the
on-site disposal cell at the WSCP appears certain and would invelve continued control by the federal
government with the intent to restrict site development activities through the rights of ownership.
On-property development activities, such as agricultural or residential usage, could be restricted or

eliminated.

4.2.1 Overall Protection of Human Health and the Envivonment

Alternative 2 might be adequately protective of human health and the environment over the
long term. Potential migration of the contamination toward the surface springs would be monitored.
The data collected would be used o identify any potential for continued migration and any variations
in local geochemical conditions (e.g., Eh 10 measure metabolic activity, pH, and availability of
nutrientsfelectrom acceptors such as oxygen}. These variations could adversely affect the removal of
contaminants from the groundwater as a result of natural processes such as microbial biodegradation,
photolysis, chemical precipitation, radioactive decay, sorption, and hydrolysis. This monitoring
program would be used to measure the attainment of remediation goals, that is, to determine whether
groundwater contaminant concentrations are egqual to of less than the PRGs. Restoration of the water-
bearing zone within the operable units would be provided by existing natural processes that would
be expected to attenuate contaminant concentrations. Dilution of the contaminated groundwater with
uncontarninated groundwater drawn throngh ivfiltration of rainwater and rinoff could alse result in

decreased concentrations.

4.2.2 Compliance with Potential ARARs

Compliance with potential ARARs for Alternative 2 would be the same as for Alternative 1
{Section 4.1.2).
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4.2.3 Long-Term Effectiveness and Permanence

Ender current land use conditiﬂns, sroundwater is not used and, therefore, poses no
imminent risk to human health or the environment. Deed restnctions could be used to ensiire that
no new wells would be installed in the area of the contaminated groundwater, but these restrictions
could be difficult to enforce without the application of additional controls {e.g., access restrictions).
Additicnal protection for off-site residents is currently provided by quarterly sampling of off-site
wells by the Missouri Department of Health. Continued federal ownership would eliminate any
petential risks associated with on-property gronndwater. Monitoring and mantenance activities
would be carried out by the DOE and DA at these operable units for & reasonable period. Protection
of human heaith and the environment in the extended future would be provided because monitering

-activities by the DOE and DA would continue and ailow censideration of contingency measures {0
protect human health and the environment. However, unacceptable impacts to human health and the

environmeilt would not be expected to oceur.

4.2.3.1 Protection of Workers

Long-term meonitoring and maintenance activities under Alternative 2 would be carried out
for a reasonable period of time and would be evainated during review of the effectiveness of the
remedy at least every five years, or until remediation goals identified in the ROD were achieved.
Workers would he present on-site periodically to perform these monitering and maintenance

activities. The potential impact on sampling personnel from exposure to contaminants would be low.

Monitoring activities over a 30-year period are estimated to result in approximately
seven cases of occupational injury and no occupational fataljties; these estimates are based on
industry-specific statistics from the U.S. Bureau of Labor Statistics, as reporied by the National

Safety Council (1995}. Alternative 2 would therefore pose low long-term risks to workers.

4.2.3.2 Protection of the Public

Similar to the no action alternative, unacceptable risks to the general public would not be
expected to occur under Altemative 2. Even if contaminant concentrations remained as they are now,

the pathway for exposuie to groundwater contamination is not complete (i.e., current and likely
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future land uses are considerad ro be recreational?, Howc'vcr, with momitoring, mformation on e

concenrations of contaminants in groundwater would be available to confirm this expectation.

4.2.3.3 Environmental Protection (Water Quality and Hydrology)

Water quality and hydrology would be the same for Alternative 2 as for Alternative 1.

4.2.4 Reduction of Texicity, Mobility, and Volume through Treatment

Reduction of toxicity, mobility, and volume through treatment is not applicable 1o

Altermative 2 because the contaminated groundwater would not be treated under this alternative.

4.2.5 Short-Term Effectiveness

Constenction activities are estimated to result in less than one case of occupational injury
and no occupaiional fatalities. This estimate is based on industry-specific statistics from the

.S, Bureau of Labor Statistics, as reported by the National Safety Council (1995).

Sorte short-term tmpacts on recreational use of the sumrounding wildlife areas might ocenr
as a result of noise, exhaust fumes, and dust associated with any construction of new monitoring
wells. Impacts to biological resources would be mitigated by avoiding unnecessary damage to

vegetation, wildlife, and soif through controlling waffic and minimizing the areas of disturbance.

During construction of the 15 proposed monitoring wells, the amount of criteria pollutants
emitted as a result of equipment operations and transportation {by car) of the construction personnel
to the operable unit would be low (e.g., less than 470 kg [1,100 Ib} of CO emitted during theé entire
construction period [Appendix GJ) and as such, would not contribute to any off-site heaith impacts.
Assuming a total of 167 (152 exsting, 15 assumed new) DOE and DA monitoring wells, an annual
sampling frequency, a mobilization distance of 8 km (5 mi), and (conservatively) only one well
sampled per trip, the annual emission rate of criteria pollutants from worker vehicles would be low
{e.g., less than 22 kg [50 [b] per year of carbon monoxide emitted [Appendix G]) and wouid not
contribute to any off-site health impacts. These temporary impacts would be limited to the immediate.
vicinity of the operable unit, and mitigative measures would be applied to ensure minimal impacts

to off-site areas.
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4.2.6 Implementability

Few implementability concerns would be posed by Alternative 2 because of the limited
actions taken. Site operations would continue to use readily available resources for monitoring and
maintaining instimational controls. Construction of any new monitoring wells would simply require
mebilization of a drilling rig for installation. Minimal administrative complexities, including permit

applications, would be associated with monitoring well installation.

Groundwater monitoring could be readily implemented. Numerous wells currentiy-exist at
these operable units; additional wells could be easily installed and monitored. Monitoring of
potential off-site contaminant migration would be relatively easy to implement. The results from
sampling of the existing monitoring well network would be used to identify the potential for any

unacceptable exposure before it occurred.

Implementation of instimtional controls would require only administrative effort and legal
enforcement. Continued federal ownership could be readily implemented because it represents

continuation of the existing situation.

The administrative feasibility of Alternative 2 would be relatively straightforward.
Femediation activities at the WSCP and the WSOW are coordinated with the State of Missouri and
EPA Region VII. That cocrdination would continue during the irmplernentation of Alternative 2, and
no additional coordination would be reguired with any other agencies beyend that already occurring.

No permits or licenses would be required for on-site activities,

4.2.7 Cost

Costs for Alternative 2 would be associated with continuing the existing environmental
monitoring program, constructing and operating possible new monitoring wells, and conducting a
performance review at least every five years. Feasibility-level cost estimates were prepared using
standard cost-estimating sources. The proposed monitoring wells were assumed to be constmgcted
of stainless steel for long-term effectiveness. It was conservatively assumed in this analysis that the

new wells would be purged and sampled with dedicated pumps.

The costs for individual constrection activities were taken from the latest version of the

Unit Price Book developed by the U.S. Army Corps of Engineers (1989} and other sources (see
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Appendix F). A cost differentia! was mcluded to account for differences in material and labor costs
in the Weldon Spring area compared with the generic {/nit Price Book costs. The workforce
estimates for various support activities (e.g., construction and health and safety) were derived by a
parametric approach based upon similar leveis of construction activities for related construction
projects. Other costs -— such as those for small tools, indirect costs, and bond-and insurance costs
— were estimated on the basis of various percentages of other costs. Present worth was calculated
from procedures identified in EPA guidance and using a 7% discount rate. Long-term majntenance

costs were based on a 30-year period and include annual sampling and analytical costs.

Estimated rotal and present-worth costs for Alternative 2 are given in Table 4.1, Costs are
estimated to be about $0.34 million. The present-worth cost would increase from $4.8 wmillion for
a 30-year period 1o $5.5 million for a 100-year period.

The costs associated with potential future actions, in the event that potential migration of

resrdual contamination does result in unacceptable exposure concentrations, were not guantified

because the uncertainty associated with these future activities precludes accurate assessment of these

COSES.

TABLE 4.1 Cost Estimate for Alternative 2

‘Estirnated Cost

| Activity {5 miiliom
Monitoring well construction® 0.31
Croundwater monitoring” 10.8
Total® 11.1
Present woreh ® 4.8

' Based upon construction of 15 new menitoring wells

" Estimated upper-bound cost for a 30-year period, assumtng
annual sampling frequency for the existing netwark of
monitgring wells, Any reduction in duration of monitoring,
sampling frequency, or number of wells sampled would
result in 2 proportional reduction in cost.
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4.3 ALTERNATIVE 7: REMOVAL AND EX-SITU TREATMENT OF
TCE-CONTAMINATED GROUNDWATER -

The activities associated with Alternative 7 include the following:

* Extraction and ex-situ treatment of the groundwater primarily at the WSCP
near the raffinate pits area contaminated with TCE to achieve a maximum

TCE groundwater concentration of 5 ug/L;

* Source-conuol respouse actions implemented per RODs for the WSCP and
the WS0OW that would prevent further release of contaminants to
groundwater;

« Performance monitoring of groundwater to verify that future contaminant

concentrations would not result in unacceptable risks to human health;

= Insdrutional controls to ensure that contaminated groundwater was not used

before protective concentrations were attained; and

* Contingency measures in the event that natural processes did not result in

acceptable off-site concentrations and exposure.

The objectives and design of Alternative 7 are similar to those for Altemative 3, except that
only groundwater exceeding PRGs for TCE would be removed and treated by this alternative.
Groundwater exceeding a TCE concentration of 5 pg/L would be removed by using conventional
extraction wells, pumped to and treated in an aboveground treatrnent system consisting of a sequence
of physical and chemical unit operations, and released to a permitted discharge point, An approach
identical to that described in Alternative 2 would be applied to manage other contaminants in the

groundwater. This alternative provides for active remediation of TCE only.

Approximately 200 to 65¢ vertical extraction wells at the WSCP and the WSOW (see
Appendix C } were estimated to be required to achieve z reasonable extraction rate and to provide
wide enough coverage so as not to allow any bypass of the TCE. The wells would be between 16 m
(50 ft) and 30 m (100 ft) deep, have a screened length of about 10 m (30 ft}, and be approximately
15-cm (6-in) in diameter. However, additional field investigation of the shailow aquifer

characteristics would be necessary for more accurate estimation of the number of extraction wells
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wells necessary, the optimal lecation for placement of these extraction wells, and a better

determination of groundwater extraction rates.

A single groundwater trearment facility was assumed to be constructed, with a treatment
capacity ranging between 4 1o 12 Lis (60 to 195 gpm) and a footprint ranging from 180 to 360 m?
(1,900 to 3,800 fi%), depending on the number of extraction wells required. The preconcepiual
groundwater treatment process would be similar to that propesed for Alternative 4 and would
involve clarification and multimedia filtration to remove any solids collected during groundwater
extraction, liquid phase adsorption using GAC to remove TCE and other organics, and reverse

osmosis and ion exchange for nitrate removal.

After construction of the extraction well network and associated groundwatet treatment
systems, the two systems would be carefully monitored on a regular basis and their perforimance
evaluated. The Limé required for ex-situ treatment of extracted groundwater for Alternative 7 is
predicted to require approximately 16 years, assuming a maximum TCE concentration of 9,000 pg/L.
The actual performance in the field may vary from that assumed during design, given uncertainties

about subsurface geology prior to construction and operation.

Because contaminants would remain in site groundwater at concentrations above levels that
allow for unlimited use and unrestricted exposure, reviews would be conducted at least every
five years to ensure that the remedy continued to provide adequate protection of human health and

the environment.

Similar to Alternative 2, groundwater monitoring would be conducted for contaminants
other than TCE using the existing well nerwork, as appropriate. This network could be expanded or
reduced, depending on the results of future efforts to optimize the network for long-term monitoring.
Similar 1o Alternative 2, this assessment assumed the installation and operation of additionai
monitoring wells equivalent to approximately 10% of the number of existing wells (i.e., about
15 additional wells). The exact monitoring network and details regarding frequency of sampling and
parameters analyzed will be identified in the ROD or subsequent remedial design/remedial action
reports for these operable units. The current groundwater monitoring program conducted by the DOE
and DA consists of 73 wells at the WSCP and 79 wells at the WSOW, respectively. (The current
{July 1997] monitoring program conducted by the DA sampled 49 wells and 6 springs.) Of these
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wells, 10 monitor groundwater in the soil overburden. The remaining wells are screened in the

bedrock system (Burlington/Keokuk, Pf:fn Glen/Chouteau, Kimmswick, Joactimy/St. Peter).

The maonitoring program would continue fér & reasonable period of time and would be
evaluated during the review of the effectiveness of the remedy at least every five years, or until
remediation goals identified in the ROD were achieved. Standard operating procedures used for the
cumrent monitoring activities would be expected to be adopted for the long-term monitoring effort.
These monitoring efforts would include such activities as water-level measurements and the

collection of quality assurance/quality control samples during each sampling event,

4.3.1 Overall Protection of Human Health and the Environment

Alternative 7 would actively remediate only TCE becanse TCE contamination of
groundwater can be widespread and can continue for decades unless remediated. Alternative 7 would
protect human health and the environment by remediating the contaminated groundwater so that
when the remediation was complete. The TCE concentration in groundwater at the WSCP and the
WSOW would be below the ARAR of 5 pg/L. In addition, TCE migration would be largely haited
upon impletnentation of this altemative, and any potential future large-scale contamination by TCE
of the aboveground springs would be effectively prevented. Alternative 7 might be expected to attain
ARARs for TCE when remediation was completed.

Alternative 7 might be adequately protective of human health and the environment over the
long term. Potential migration of the contamination toward the surface springs would be monitored.
Data collected would identify the potential for continued migration and variations in local
geochemical conditions that could affect natural removal of contaminants from groundwater via
microbial biodegradation, photolysis, volatilization, sorption, and hydrolysis. Monitoring also tracks
- progress toward the attainment of remediation goals. Remediation of the water-bearing zone within
the operable units would be provided by natural processes that are expected to attennate contarninant
concentrations. Dilution of the contaminated gronndwater with uncontaminated groundwater drawn

from infiltration of rainwater and runoff could also result in decreased concentrations.
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4.3.2 Compliance with Potential ARARs

Compilance with potential ARARs for Alternative 7 would be similar o Altemative 2
(Section 4.2.2), except that Altemnative 7 actively remediates groundwater that is contaminated above
the ARAR for TCE (5 ug/L). Compliance with the TCE standard is potentially attainable, depending
on the performance of Alternative 7. The performance of this alternative has been projected usiﬁ'g

certain assumptions that need further verification.

4.3.3 Long-Term Effectiveness and Permanence

Groundwater contaminated above the ARAR for TCE would be removed and treated under
Altemative 7, which would provide for the reduction or elimination of potential risk associated with
TCE levels cumrently found at the WSCP. The treatment system itself wonld be equipped with
automated shuidown controls, secondary containment measures, and effluent concentration
meonitoring. These control measures would adequately protect human health and the environment

should problems such as equipment failure, leaks, or spills arise.

Under current land use conditions, groundwater is not used and therefore poses 1o
imuminent risk to human health or the environment. Deed restrictions could be used to ensure that
no new wells would be installed in the area of the contaminared groundwater, these restrictions could
be difficult to enforce, hﬂﬁeuer, without the application of additjonal controls (e.g., access -
restrictions). Additional protection for off-site residents is currently provided by quarterly sampling
of off-site wells by the Missouri Departinent of Heﬂth, Continued federal ownership would
eliminate any potential tisks associated with en-property groundwater. Monitoring and maintenance
actjvities would he carried out by the DOE and DA at these operable units for a reasonabie period.
Protection of human health and the environment in the extended future would be provided becanse--
monitoring activities by the DOE and DA would continue and allow consideration of contingency
measures 1o protect human heaith and the environment. However, unacceptable irapacts to human
health and the environment would not be expected 1o oceur. In addition, successful implementation
of Alternative 7 would provide for the reduction or elimination of potential risk associated with TCE

levels currently found at the WSCP.
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4.3.3.1 Protection of Workers

Long-term monitoring and maintenance activities under Alternative 7 would be carried out
for a reasonabie peried of time and would be evalvated during review of the effectiveness of the
remedy at least every five years, or uniil remediation goals identified in the ROD were achieved.
Workers would be present en-site periodically to perform these menitoring and mainienance
activities, The potential impact on sampling personnel due to exposure to contaminants would be

low.

The risks to workers associated with groundwater extraction, handling treatment residuals,

and O&M of treatment process equipment would be low.

Groundwater extraction and treatment and monitoring activities over a 30-year period are
estimated ko result in approximately 16 to 21 cases of occupational injury, depending upon the
number of extraction wells required and no occupaticnal fatalities; these estimates are based on
industry-specific statistics from the U.S. Bureau of Labor Siatistics, as reported by the National
Safety Council (1%95). Standard operating procedures would be established to define proper
treatiment systerm operating parameters and maintenance requirements to ensure the safety and health

of the workforce. Alternative 7 would, therefore, pose low long-term risks o workers.

4.3.3.2 Protection of the Pubdic

Protection of the public, on a relative scale, would be better for Alternative 7 compared to
Alternative 1. Following implementation of the 16-year groundwater extraction and treatment phase,
Altemnative 7 would provide for the reduction or elimination of potential risk associated with TCE
levels currently found at the WSCP. Unacceptable risks to the general public would not be expected
to occcur under Altermative 7. Even if contaminant concentrations remained as they are now, the
pathway for exposure to groundwater contamination is not complete {i.¢., current and likely future
land uses are considered to be recreational). However, with monitoring, information on future

concentrations of contaminants in groundwater would be available to confirm this expectation.
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4.3.3.3 Environmental Protection (Water Quality and Hydrology)

Water quality and hydrology, on a relative scake, would be better for Alternative 7 compared
to Adtemnative 1, because the potential risk associated with TCE levels currently found at the WSCP

wotld be reduced or eliminated.

4.3.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Aliernative 7 would satisfy the statutory preference for treatment as a principal element of
remediation and provides reduction in toxicity, mobility, or volume of the contarninated groundwater
through treatment. Alternative 7 reduces mobility by hydraulically écrntroﬂing the migration of
TCE-contaminated groundwater throngh extraction of contarnants. Tn addition, extraction and
treatment of TCE-contaminated groundwater would also reduce the concentrations of other
coOntamminants (e.g., nitrates and nitroaromatic compounds} that also exist in the TCE-contaminated

groundwater at the WSCF near the raffinate pits area.

4.3.5 Short-Term Effectiveness

Risks to workers wouid be due primarily to physical hazards during construction activities.
Construction activities are estimated to result in between 3 and 9 cases of occupational injury,
depending on the number of extraction wells required and no occupational fatalities. This estimate™
is based on industry-specific statistics from the U.S. Bureau of Labor Statistics as reported by the
National Safety Council (1995). Physical hazards would be minimized by adberence to stringent
health and safety protocols, |

Minimal environmental impacts would result from construction of the extraction well
network and associated groundwater treatment facility. The primary impact to the environment
would be associated with instaflation of the 200 to 65¢ extraction wells. These activities may result
in physical disturbances of the habitat, Eut would be of short duration. Some short-term impacts
might occur as a resuit of noise, exhaust furnes, and dust associated with any constniction activities.
Impacts 1o biclogical resonrces would be mitigated by aveiding unnecessary damage to vegetation,

wildlife, and soil through controlling traffic and minimizing the area of disturbance.

During construction of the 200 to 650 extraction wells and associated groundwater

treatment facility, the amount of criteria pollutants emitted as a result of equipment operations and
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transportation (by car of the consuucﬁon perseunel to the operable unit would be low (e.g., between
2400 1o 6,200 kg [3,400 w0 {4,000 Ib) of CO emitted during the antire construction petiod) and as
such. would net contribute to any off-site health impacts. Emissions of total suspended p.an'iculates
(TSP} were {conservatively) estimated to be between approximately 29,000 to 74,000 kg (63,000 to
160,000 ib), assuming that ail vehicles traveled over unpaved roads without any control measures.
Vehicle traffic on unpaved surfaces, earthmoving, excavating, and bulidozing would be the major
source of TSP. TSP generation during actual construction activities would be suppressed by
watering, revegetation of bare areas, removing dint and debris from the road surface, and using

containtnent methods whenever feasible.

Aceounting for transport of groundwater treatment residuals and worker commuter.vehjcles,
the annual emission rate of criteria pollutants from worker vehicles would be low {e.g., between 240
to 340 kg [530 to 760 1b] per year of CO emitted) and would not coniribute to any off-site health
impacts. These temporary impacts would be limited to the immediate vicinity of the operable unit,

and mitigative measures would be applied to ensure minimal impacts to off-site areas.

4.3.6 Implementability

Significant uncertainty is associated with the implementability of Alernative 7.
Uncertainties are associated with the need for site (area)-specific hydrogeologic data to verify the
appropriateness of assumptions used in the evaluatons. One possible problem considered is the
potential for the groundwater extraction system to not achieve the design flow rate of 1 L/s (0.3 gpm)
for a single extraction well. This siwation could result in schedule delays. Few implementability
concems associated with the groundwater extraction and treatment technologies would be posed by
Alternative 7. Because groundwater extraction and treatment are well-developed techmologies,
technical problems are not likely to canse significant delays. Site operations would continue to use
readily available resources for monitoring, Discharge of treated groundwater would likely require

coordination with other agencies such as the EPA and the Missouri Department of Natural
Resources.
Groundwater treatment services are commercially available; equipment and Speciﬂlists are

readily available within DOE and private industry. The groundwater treatment technclogies

considered for Alternative 7 are well developed and proven effective from SWTP aperations. Further
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development of these technologies would net be required before they conld be applied at the site.
Disposal services would be available within the WSSRAP on-site disposal eell.

Grotmdwater monitoring is readily implementable. Presently, numercus wells are located
at these operable units, and additional welis could be easily installed and monitored. The ability to
monitor any off-site plume migration is high. The existing network of monitering wells would

provide notice before any unacceptable exposure could occur.

The admimstrative feasibility of this altemative would be rtelatively straightforward.
WSSRAP and remedial action project activities at the WSOW are coordinated with the State of
Missouri and EPA Region VIL That coordination woﬁid continue during the duration of implemen-
tation. The implementation of this alternative would not require coordination with any other agencies

beyond-that already occurring, and no permit or license for on-site activities would be required.

4.3.7 Cost

Costs for this alternative would be associated with continuing the existing environmental
monitoring program, constructing and operating groundwater extraction and treatrnent systerns, and
conducting a performance review at least every five years, Feasibility-level cost estimates were
prepared using standard cost-estimating sources such as the latest version of the Unit Price Book

developed by the U.S. Army Corps of Engineers (1989).

The estimated total and present-worth costs for Alternative 7 are given in Table 4.2; armual
costs are estimated to range between 51 million and $2 million per year. The capital cost of
Alternative 7 is estimated to range between 859 million and 525 million, depending on the number
of extraction wells regnired (i.e., 200 to 650 wells). The capital cost would be primatily fer

installation of the 200 1o 650 extraction welis.

Excluding the decontamination and decommissioting (D&D)} costs of the groundwater
treatment facility {which are highly speculative), the 30-year present worth of Alternative 7 is

estimated ta range from $23 million to $53 millien.

The costs associated with potential future actions, in the event that potential migration of

residual contarmnahon did result in unacceptable exposure concentrations, were not quantified
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because the uncertainty assoctated with these future activities precludes accurate assessment of these

cosls.

4.4 ALTERNATIVE 8: IN-SITU TREATMENT OF TCE USING IN-WELL
YAPOR STRIPPING

The activities assoclated with Alternative 8 include the following:

*  In-sim treatment of the groundwater primartly at the WSCP near the raffinate
pits area contaminated with TCE to achieve a maximum TCE groundwater

concentration of 5 pg/l;

* Source-contrel response actions implemented per RODs for the WSCP and
the WS0W that would prevent farther release of contaminants to

groundwater;

* Performance monitoring of groundwater 1o verify that future contaminant

concentrations would not result in unacceptable risks to human health;

= Instituttonal controls to ensure that contaminated groundwater was not used

before protective concentrations were attained; and

= Contingency measures in the event that natural processes did not result in

acceptable off-site concentranions and exposure,

In-well vapor stripping technology involves the creation of a groundwater circulation
pattern and simultaneous aeration within the vapor stripping well to volatilize the TCE from the
circulating groundwater. Thig alternative would actively remediate the TCE-contaminated
groundwater that has been identified near the raffinate pits area of the WSCP. This alternative,
however, would not address the nitrates and nitroaromatic compounds that may also be present. An
approach identicai to that described in Alternative 2 would be applied to manage other contaminants
in the groundwater. This alternative provides for active remediation of TCE only. As in Alternatives
2 and 7, long-term menitoring would be conducted in order to obtain data that would verify
decreasing nitrates and nitroaromatic concentrations with time. This decrease is expected to result

from source removais and from continued occurrence of natural attenuation processes.
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The in-well vapor stripping technology consists primarily of a screened well submerged
beneath the water table and an air line v..fithin the well extending to below the water table. A
compressor delivers air or ap inert gas such as nitrogen to the water column, thereby aerating the
water within the well. The gas bubbles cause the water within the well to be less dense than the
nonagrated water outside. As a result, the dense water flows in through the well screen and forces
the aerated water upward within the well. The result is a rising colunn of aerated water within the

well, which forms an air lift pumping system.

After construction of the in-well vapor stripping network and associated groundwater
rreatment systems, the two systems would be carefully monitored on a regular basis and their
performance evaluated. The time required for in-situ treatment for Altemative 8 is predicted to
require from two to three years, assuming that water can be stripped of 90% of its VOCs with one
pass through a vapor stripping well {Cichon?; al. 1997, HazTECH, 1997). The actual performance
in the field may vary from that assumed during design, given uncertainties about subsurface geclogy

prior to construction and operation.

Because contaminants would remain in site groundwater at concentrations above levels that
allow for unlimited use and unrestricted exposure, reviews would be conducted at least every
five years to ensure that the remedy continued to provide adequate protection of human health and

the environment.

Similar to Alternative 2, groundwater monitoring would be conducted for contaminants
other than TCE using the existing well network, as approprizte, This network could be expanded or
reduced, depending on the results of future efforts to optimize the network for long-lerm monitoring.
Similar to Alternative 2, this assessment assumed the installation and operation of additional
monitering wells equivalent to approximately 10% of the number of existing wells (i.e., about
15 additional wells). The exact monitoring network and details regarding frequency of sampling and
parameters analyzed will be identified in the ROD or subsequent remedial design/remedial action
reports for these operable units. The current groundwater monitoring program conducted by the DOE
and DA consists of 73 wells at the WSCP and 79 wells at the WSOW, respectively. (The current
[July 1997] monitoring program conducted by the DA sampled 49 wells and 6 springs.) Of these
wells, 10 monitor groundwater in the soil overburden. The remaining wells are screened in the

bedrock system (Burlington/Keokuk, Fern Glen/Chouteau, Kimmswick, Joachim/St. Peter).



GCWOU FS — EPA Drafi Final: Do Not Cite 4-23 Mearch &, T998

The monitoring program would continue for & reasonable period of time and would be
evaluated during the review of the effectiveness of the remedy at least every five years, ot until
remediation goals identified in the ROD were achieved. Standard operating procedures used for the
current mornitoring activities would be expected to be adopred for the long-termn monitoring effort.
These monitering efforts would include such activities as water-level measurements and the

collection of quality assurance/quality conirol samples during each sampling event.

4.4.1 Overall Protection of Human Health and the Environment

Simnilar to Alternative 7, Alternative 8 would actively remediate only TCE becanse TCE
contamination of groundwater can be widespread and can continue for decades unless remediated,
Alternative 8 would protect human health and the environment by remediating the contaminated
grosindwater so that when the remedi&tion was complete, the TCE concentration in groundwater at
the WSCP and WSOW would be below the ARAR of 5 ug/L. In addition, TCE migration would be
largely haited upon implemeniation of this alternative, and any potential future large-scale
contamination by TCE of the aboveground springs would be effectively prevented. Alternative 8

might be expected to attain ARARs for TCE when remediation was completed.

Allernative 8 might be adequately protective of human bealth and the environment over the
long term. Potential migration of the contamination toward the surface springs would be monitored:
Data collected would identify the potential for continued migration and variations in local
geochemical conditions that could affect natural removal of contaminants from groundwalter via
microbial biodegradation, photolysis, volatilization, serption, and hydrolysis. Menitoring also &acks
progress toward the attainment of remediation goals. Remediation of the water-bearing zone within
the operable units would be provided by natural processes that are expected 1o attenuate contarminant
concentrations. Dilution of the contaminated groundwater with uncontaminated groundwater drawn

from infiltration of rainwater and runoff could also result in decreased concentrations,

4.4.2 Compliance with Potential ARARs

Compliance with potentia! ARARs for Alternative 8 would be similar to Alternative 7

(Section 4.3.2). Compliance with the TCE standard is potentially attainable, depending on the
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performance of Alternative 8. The performance of this alternative has been projected using certain

assurnpticns that need further venification.

4.4.3 Long-Term Effectiveness and Permanence

Similar to Altemative 7, grcundwaﬁr contaminated above the ARAR for TCE would.be
treated under Alternative 8, which would provide for the reduction or elimination of potential risk
associated with TCE levels currently found at the WSCP. The treatment system itself would be
equipped with automated shutdown controls, secondary containment measures, and effluent
concentration monitoning. These control measures would adequately protect human health and the

environment should problems such as equipment failure, leaks, or spills arise.

Under current fand use conditions, groundwater is not used and therefore poses no
imminent risk to human health or the environment. Deed restrictions could be used to ensure that
no new wells would be installed in the area of the contaminated groundwater; these restrictions,
however, could be difficult to enforce without the application of additional controls {e.g., aceess
restriciions). Additional protection for off-site residents is currently provided by quarterty sampling
of off-site wells by the Missourl Department of Health. Continued federal ownership would
eliminate any potential risks associated with en-property groundwater. Monitoring and maintenance
activities would be carried out by the DOE and DA at these operable units for a reasonable period.
Protection of human health and the environment in the extended future would be provided because
monitoring activities by the DOE and DA would continue and allow consideration of contingency
measures to protect human health and the environment. However, unacceptable impacts to human
heaith and the environment would not be expected to occur. In addition, successful implementation
of Altemative 8 would provide for the reduction or elimination of potential risk associated with TCE

levels currently found at the WSCP,

4.4.3.1 Protection of Workers

Long-term monitoring and maintenance activities under Alternative 8 would be carried out
for a reasonable period of titne and would be evaluated during review of the effectiveness of the
remedy at least every five years, or until remediation goals identified in the ROD were achieved.

Workers would be present on-site periodically to perform these monitoring and maintenance
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activities. The potential impact on sampling personnel due to exposure to contaminants would be

low,

The risks lo workers associated with the in-well vapor stripping technology, handling

treatment residuals, and O&M of GAC off-gas treatment process equipment would be low.

In-well vapor stripping and off-gas treatment and monitoring activities over a 30-year
period are estimated to resnlt in less than nine cases of occupational injury, depending on the number
of in-well vapor stripping wells requiréd and no occupational fatalities; these estimates are based on
mndustry-specific statistics from the U.S. Bureau of Labor Statistics, as reported by the National
Safety Council (1995). Standard operating procedures would be established to define proper
treatent system operating pararpeters and rnaintenance requirements to ensure the safety and health

of the workforce. Alternative 8 would, therefore, pose low long-term risks to workers,

4.4.3.2 Protection of the Public

Protection of the public, on a relative scale, would be similar to Alternative 8 compared to
Alternative 7. Following implementation ﬁf the two- to three-year groundwater extractien and
ireatment phase, Alternative 8 would provide for the reduction or elimination of potential risk
assoctated with TCE levels currently found at the WSCP. Unacceptable risks to the general public
would not be expected to occur under Alternative 8. Even if contaminant concentrations remained
as they are now, the pathway for exposure to groundwater contamination is not complete
(i.e., current and likely future land uses are censidered to be recreational). However, with
mnonitoring, information on future concentrations of contaminants in groundwater would be availabie

to confirm this expectation.

4.4.3.3 Environmental Protection (Water Quality and Hydrology)

Water quality and hydrology for Alternative 8 would be similar, on a relative scaie,

compared to Alternative 7 because the potential risk associated with TCE levels currently found at

the WSCP would be reduced or eliminated.
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4.4.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Alternanve 8 would sansfy the stattory preference for treatment as a principal element of
remediation and provides reduction in toxicity, mobility, or volume of the contamminared groundwarer
through treatment. Alternative 8 reduces mobility by hydraulicaliy controlling migration of
TCE-conramirated groundwater thmuéh extraction of contaminants. However, compared to
Alternative 7. Alterative 8 would not rﬂdu‘;‘:e the concentrations of other contaminants {g.g., nitrates
and nitroaromatic cempeunds} that also exist in the TCE-contaminated groundwater at the WSCP

near the raffinate pits area.

4.4.5 Short-Term Effectiveness

Risks to workers wonld be due primarily to physical hazards during constimetion activities.
Construction activities are estitnated to result in less than two cases of occcupational injury,
depending on the number of vapor stripping wells required, and no cccupational fatalities. This
estimate is based on indusiry-specific statistics from the U.S. Burean of Labor Statistics, as reported
by the National Safety Council (1995). Physical hazards would be minimized by adherence to

stringent health and safety protocols.

Minimal environmental impacts would result from construction of the vapor stripping well
network and associated off-gas weatment facility. The primary impact to the environment would be
associated with instaflation of the vapor stripping wells. These activities may result in physical
disturbances of the habitat, but would be of short duration, Some short-term impacts might ocenr as
a result of noise, exhaust fumes, and dust associated with any construction activities. Impacts to
biological resources would be mitigated by avoiding unnecessary damage to vegetation, wildlife, and

soil throngh controlling traffic and minimizing the area of disturbance.

During construction of the vapor stripping wells and associated off-gas treatment facility,
the amount of criteria poliutants emitted as a result of equipment operations and transportation (by
car} of the construction personnel to the operable unit would be low (e.g., between 60 and 1,000 kg
[between 1,400 and 2,100 1b] of CO emitted during the entire construction peried) and as such,.
would not contrtbute to any off-site health impacts. Emissions of TSP were {conservatively)
estimated to be between approximately 7,700 and 11,000 kg {17,000 and 24,000 lb), assuming that

all vehicles traveled over unpaved roads without any control measures. Vehicle traffic on unpaved
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surfaces, earthmoving. excavating, and bulldozing would be the major source of TSP. TSP
generation during actual construction activities would be suppressed by watering, revegetation of
bare areas, removing dirt and debrs from the road surface, and using containment methods whenever

feasible,

Accounting for transport of groundwater treatment residuals and worker commuter vehicles,
the annual emission rate of criteria pollutants from worker vehicles would be low {e.g., less than
30 kg [100 0] per year of CO emitted) and would net contribute to any off-site health impacts. These
temporary impacts would be limited to the immediate vicinity of the operable unit, and mitigative

measures would be applied to ensure minimal impacts to off-site areas,

4.4.6 Implementability

Significant uncertainty is associated with the implementability of Alternative 8.
Uncertainties are associated with the need for site- {area) specific hydrogeologic data to verify the
appropriateness of assumptions used in the evaluations. One possible problem considered is whether
the reguired number of recirculations would be achieved given the heterogeneity of the
TCE-contaminated zone. This situation could result in schedule delays and/or unsuccessfial
implementation of this innovative technology. A number of implementability concerns associated
with the in-well vapor stripping technology would be posed by Altemative 8. Because in-well Vapor
stripping is not a well-develeped technology, technical problems could be likely to cause significant

delays. Site operations would continue to use readily available resources for monitering.

Off-gas treatment services are commercially available; equipment and specialists are readily
available within DOE and private industry. The off-gas treatment technology considered for
Alternative B is well developed and proven effective. Further development of this technology would
not be required before they can be applied at the site. Disposal services would be available within

the WSSRAP on-site disposal cell.

Groundwater monitoring is readily implementable. Presently, numerous wells are located
at these operable units, and additional wells could be =asily installed and monjtored. The ability to
monitor any off-site plume migration is high, The existing network of monitoring wells wouid

provide notice before any unacceptable exposure could oceur.
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The administrative feasibility of this alternative. would be relatively straightforward.
WSSRAP and remedial action project activities at the WSOW are cocrdinated with the State of
Missourt and EPA Region Vﬁ, ‘That coordination would continue during the duration of implemen-
tation, The implementation of this alternative would not require coordination with any other agén-::ies

beyond that already occurring, and no permit or license for on-site activities would be required. -

4.4.7 Cost

Costs for this alternative would be associated with continuing the existing environmental
MONTIOTING program, constructing and operating the in-well vapor stripping and associated off-gas
and treatment systems, and conducting a performance review at least every five years. Feasibility-
level cost estimates were prepared using standard cost-estimating sources such as the latest version

of the Unit Price Book developed by the U.S. Army Corps of Engineers (1989).

The estimated total and present-worth costs for Alternative 8 are given in Table 4.3; annual
costs are estimated to be approximately $0.5 million per year. The capital cost of Alternative 8 is
estimated to range between S1 and $3 million, depending on the number of vapor stripping wells.

The capital cost would be primarily for installation of the vapor stripping and monitoring wells.

Excluding the D&D costs of the in-well vapor stripping network (which are highly
speculative), the 30-year present worth of Alternative B is estimated to range from $35 mijlion to

$7 million.

The costs associated with petential futnre actions, in the event that potential migration of
residual contarnination did result in unacceptable exposure concentrations, were not quantified
because the uncertainty associated with these future activities preciudes accurate assessment of these

COSLS.
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TABLE 4.2 Cost Estimate for Alternative 7

Estimated Cost

Activity {3 million)
Exmaction well and gronndwater G0 25
treatment facility construction®
Extraction well and groundwater 131031
weatment facility operations
Groundwater monitoring® 9
Total® 32 to 65
Present worth © 21 to 47

* Based upon construction of between 200 to 650
extraction wells

¥ Estimated upper-bound cost for a 30-year
period, assuming annual sampling frequency for
the existing network of monitoring welis. Any
redyction in duration of monitoring, sampling
frequency, or aumber of wells sampled would
result in a proportional reduction in cost.

March 6, 1008
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TABLE 4.3 Cost Estimate for Aiternative 8

Estimated Cost

Activity {% miliion)
VYapor stripping well and off-gas lto 3
treatment facility constrietion?
Vapaor stripping well and off-gas 0.5
treatment facility operations
Groundwater monitoring” 9
Total® | 1 to 12
Present worth Gto 7

# Based upon construction of between 9 to 16
vapor stripping and associated monitoring wells

b Estimated upper-bound cost for a 30-year period,
assuming annual sampling frequency for the
existing network of monitoring wells. Any
reduction in duration of monitoring, sampling
frequency, or number of wells sampled would
result in a proportional reduction in cost.

March 6, J928
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5 COMPARATIVE ANALYSIS OF ALTERNATIVES

A comparison of the alternatives with regard to the nine evaluation criteria listed in
Chapter 4 i3 presented in Sections 5.1 and 5.2. These criteria are categorized into the following thrae

groups as stipulated in the NCP: threshold criteria, primary balancing criteria, and modifying criteria.

The threshold category contains the two criteria that each alternative must meet to be

eligibie for selection:
+  {verall protection of human health and the environment; and
+  Compliance with ARARs, unless a waiver condition applies.

These threshold criteria ensure that the remedial action selected will be protective of human health
and the environment and that the action will attain the ARARSs identified at the time of the ROD or

that it provides grounds for obtaining a waiver.

The primary balancing category contains the five criteria that are used to assess the relative

advantages and disadvantages of each alternative to determine which is most appropriate:
* Long-term effectiveness and permanence;
. Reductiun. of toxicity, mobility, or volume through treatinent;
= Short-term effectiveness:
+  Implementability; and
»  Cost.

The first two criteria consider the preference for treatment as a principal element and the bias against
off-site land disposal of untreated waste. Cost-effectiveness is determined by evaluating the
following three of the five balancing criteria: long-term effectiveness and. permanence; reduction of
toxicity, mobility, or volume through treatment; and short-term effectiveness. Overall effectiveness
is then compared with cost to ensure that the costs are proportional 1o the overall effectiveness of

a rernedial action.
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The modifying category consists of two criteria that are considered in remedy selection and
that will be addressed in the re&pc}nsiv'eness summary and ROD to be prepared following the public

comment period for this F5:
= State acceptance; and
» Community acceptance.
The two madifying criteria are not addressed in this comparative analysis.

The four final alternatives retained after screening are compared in Sections 5.1 and 5.2 for
the threshold and primary balancing criteria, respectively. The results of this comparison are
provided in Table 5.1.

5.1 THRESHOLD CRITERIA

5.1.1 Overall Protection of Human Health and the Environment

Alternative 1 might be adequately protective of human health and the environment in both
the short term and long term., Under current land-use conditions, the contaminated groundwater at
the WSCP and the WS(OW poses no imminent risk to human health or the environment at the surface

springs. Future land-use conditions are expected to be similar to current conditions.

Alternative 2 might also be protective of human health and the environment over the long
term. Menitoring and investigative activities by the DXOE and DA wouid identify any potential future
migration and variations in local geochemical conditions (such as Eh and pH) that could adversely
affect removal of the contaminants from the groundwater by absorption, adserption, biodegradation,
and other natural processes. The results from monitoring activities would be used to assess the
- attainment of remediation goals. Chemical distribuiion in the water-bearing zone could also be

tracked.

The possibility of continued federal ownership of the WSTA at the WSOW and the area
contaming the on-site disposal cell at the WSCP would restrict site development activities through
the rights of ownership, so that on-property development activities such as ageicultural or residential
usage could be restricted or eliminated. As with Alternative 1, unacceptable impacts to human heaith

and the environment would not be expected to occur.
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Under Alternatives 1 and 2, the currently contaminated groundwater would not be removed
or treated. Alternatives 7 and 8 would prcrte;:t human health and the environment by remediating the
TCE from the contaminated groundwater so that when the remediation was complete, the TCE
concentration in groundwater at the WSCP and the WSOW would be at or below the ARAR of 5
g/, The overall protection of the environment in the long term would be provided through
restoration of the water-bearing zone at the WSCP and the WSOW. Naturally occurting processes,
including dilution of the contaminated groundwater with uncontaminated groundwater drawn

through infiliration of rainwater and runoff, are expected to attenuate contaminant concentrations.

5.1.2 Compliance with ARARs

A comprehensive list of potential standards is presented in Appendix A. The potential

- standards for each alternative are discussed in detail in Chapter 4. Alternative | would not attain
certain relevant and appropriate requirements, such as standards for levels of TCE and nitrates in
groundwater. Altermative 2 would also not meet certain standards; however, a technical impracti-
cability waiver could be requested to allow the establishment of revised remediation goals that would
be attainable but still protective of human health and the envirenment. For Alternatives 7 and 8, a
walver would be requested granting relief from the response objective of returning the groundwater
within the WSCP and the WSOW to beneficial use (aquifer restoration). A technical impracticability

walver was not considered for Altermative | becanse it would not invelve technical achion.

A request for & technical impracticability waiver would include an evaluation of the
proposed alternative remedy and other available cnﬂventionai and innovative technologies, including
the length of time required to achieve existing remediation goals and the costs of construction and
operations. In general, the estimated duration te achieve remediation goals by treatment would be
longer than the [00-year reasonable amount of time considered by the EPA. Alternative 2, which
is conservatively based on the assumed construction of additronal monitoring wells and an assumed
operations duration of at least 10 years, would cost $3.9 million {in current 1997 dollars} over the
10-year period, with a present worth of approximately $2.8 million. If futire groundwater
monitoring would be conducted using the existing well network without any additional well
construction, the cost (in current 1997 dollars) of Altemative 2 would decrease to approximately

£3.1 million, with a present worth of approximately $2.2 million. The 30-year present-worth cost
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for Alternative 7 would range from $23 to $33 million, For Alternative 8, the 30-year present-worth

cost would range from S5 million to $7 million (Appendix E).

Protection of human health and the environment would be provided because contaminant
concentrations would be expected to decrease following source removals at both areas. In addition,
potential risk from TCE would be reduced ot eliminated depending on performance of Alternatives 7
and 8. The groundwater currently poses no imminent risk to human health or the environment at the
springs. In the future. the concentration of contarninants will continue to decrease due to existing
natural processes such as transformarion, transfer, and ditution through infiltration of rainwater and
ranoff. The following measures might be included in the waiver to ensure protection of human health

and the environment:
+ Continued operation of the existing groundwater monitoring system; and

» Consideration of the installation of additional groundwater monitoring wells,
if gppropriate, pending the ROD or subsequent remedial design/remedial

action reports for this operable unit,

The effectiveness of the remedy at the operable units would be reviewed at least every 5 years for
Alternatives 2, 7, and § because contaminants would remain on-site at levels above unlimited use

_and unrestricted exposure.
3.2 PRIMARY BALANCING CRITERIA

3.2.1 Long-Term Effectiveness and Permanence

Alternative | does not inciude investigative and monitoring activities to verify long-term
effectiveness. Under current conditions, the contaminated groundwater at the WSCP and the WS0W
poses ne imminent risk to human health and the envirenment. Although contaminant concentrations
would not be measured by the DOE and DA in the future, it is expected that unacceptable impacts
to hurnan health and the environment would not occur. However, Alternative 1 does not address the
potential for immplementation of any contingency response measures if unacceptable impacts to
human health and environment did occur (e.g., prevent or limit access and use of the contaminated

groundwater if contaminant concentrations remained at current levels).
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Under Alternatives 2, 7, and 8, monitoring and mamtenance activities would be carried out
at the WSCP and the W50W for a reasonable period, to be evaluated during review of the
effectiveness of the remedy at least every 3 years, or until remediation goals identified in the ROD
were achieved; thus, these activities would ptovide adequate and reliable controls te manage the
groundwater within these areas. Long-term effectivéness of Alternatives 2, 7, and 8§ would be
ensured because investigative and monitoring activities would continue, thereby allowing

consideration of contingency response measures in the future, if appropriate.

5.2.2 Reduction of Toxicity, Mobility, or Volume through Treatnent

Reduction of toxicity, mobility, and volume through treatment is not applicable to either
Altemnative 1 or 2 because the contaminated groundwater would not be treated under either
alternative. Restoration of the water-bearing zone within the WSCP and the WSOW would be
provided by natural processes such as biodegradation, adsorption, and chemical reactions with
subsurface materials and by dilution of the contaminated groundwater with uncontaminated

groundwater drawn through infiltration of rainwater and runoff.

Alternatives 7 and 8 would satisfy the statutory preference for treatment as a principal
element of remediation and provide reduction in toxicity, mobility, and volume of the contaminated
groundwater through treaiment. Altemative 7 reduces mobility by hydraulically controlling

migration of TCE-contaminated groundwater through extraction of contaminants.

5.2.3 Short-Term Effectiveness

For Alternative i, conditions would essentially remain the same in the short term, and no
significant changes in potential exposures would be expected because no activities would be

undertaken. No potential impacts would occur to workers or the environment under Alternative 1.

The short-term impacts for Aliernative 2 would be expected to be low, with less than one
case of oceupational injury and no occupaticnal fatalities during proposed monitoring well
construction. Potential shott-term environmental impacts resulting from implementation of
Alternative 2 would be limited 10 the immediate vicinity of the operable units, and mitigative

measurss would be applied to ensure minimal inpacss 1o off-site areas.
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For Alternatives 7 and 8, short-term impacts from construction activities are estimated to
result in less than nine cases of occupational injury, dependiﬁg on the number of extraction wells
required; 10 addition, no occupational fatalities are predicted. This estimate is based on industry-
specific statistics from the U.S, Bureau of Labor Statistics, as reported by the National Safety
Couneil (1993). Physical hazards would be minimized by adherence to stringent health and safety

protocols.

5.2.4 Implementability

Ne implementability concerns would be posed by Alternative 1 because no action would |
be taken nor would any future activities be considered. Alternative 2 would pose few imple-
mentability concerns because resources would be readily available for groundwater monitoring and
additional wells could be easily installed, if appropriate. Monitoring the effectiveness of
Altemative 2 would be relatively easy to implement. The administrative feasibility of Alternative 2
would be relatively straightforward, and no permits or licenses for on-site activities would be

required,

Significant uncertainty is associated with the implementability of Alternatives 7 and 8.
Uncertainties are associated with the need for site (area) specific hydrogeologic data to verify the

appropriateness of assumptions used in the evaluations.

5.2.5 Cost

Altermative 1 would be the least expensive altenative in the short term, Because no
activities would be undertaken, there would be no present-worth, capital, or annual O&M costs.
However, total costs could be highest in the long term if contaminated groundwater from the WSCP
and the WS5OW traveled to the surface springs in high concentrations. Because-all monitoring and
investigative activities by the DOE and DA would have ceased, conditions could have worsened
considerably over time, necessitating an expensive emergency and/or expanded response-in the
future. Thus, the cost-effectiveness of the no-action alternative can be considered to be low in the

long term.
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Preliminary costs were estimated for Alternative 2 for comparative purposes. Final costs
would be developed during the detailed design stage foliowing remedy selection. The total cost.

long-term monitoring costs, and present-worth costs for Alternative 2 are summarized in Table 4.1,

Compared with Alterative 1, Alternative 2 is considered to be the more cost-effective
alternative because it would provide overall protection of himan health and the environmnent for a
reasonable cost. Costs for Alternative 2 would be associated with continning the existing environ-
mental monitoring program, constructing and operating any proposed new monitoring wells, and
conducting a performance review at least every 5 years. Alternative 2 could be implemented with

existing resources and maintained at a reiatively low cost.

Costs associated with Alternative 7 age highest, with capital costs estimatsd to range from
59 million to $23 million. For Alternative 8, capital costs are estimated (o range between $1 million
and 53 million. Because of uncenainties associated with the implementation of Alternatives 7 and

B, it is difficult to determine the cost-effectiveness associated with these nwo alternatives,

3.3 SUMMARY

In summary, Alternative 1 does not satisfy the thresheld criteria for protecting human health
and the environment and complying with PRGs. Altermatives 2, 7. and 8 do satisfy the threshold
criteriz, with waivers as appropriate, In addition, these alternatives would provide long-term
protection of human heakth and the environment in the extended future because mvestigative and
menitoring activities would continue and would allow consideration of contingency response
measures in the future if contaminant concentrations are identified at unacceptable levels and access
and use of contaminated groundwater occcurred. Any short-term impacts associated with
Alternatives 2, 7, and 8 would be temporary and limited to the immediate vicinity of the operable
units, and mitigative measures would be applied to ensure minimal nmpacts to off-site areas.
Implementation of monitoring activities associated with Alternatives 2, 7, and 8 would be
straightforward because it would involve nse of the groundwater monitoring systern established at
the WSCP and the WSOW and would not require any permits or licenses for on-site activities.
Implementation of Alternatives 7 and 8 is not as certain as implementation of Alternative 2 because
of the uncertainties associated with the need for location {area) speciﬁc hydrogeclogic data (e.g.,

hydraulic conductivity and sustainable pump rates) to verify the appropriateness of assumptions used
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in the evaluations. Alternative 2 is consideted to be more cost-effective than Alternative 1 because
it would provide overal! protection of human health and the environment for a reasonable cost.
However, the cost-effectiveness of Alternatives 7 and 8 is difficult to defermine because of

uncertainties related to their implimentation,
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APPENDIX A;

REGULATORY REQUIREMENTS POTENTIALLY APPLICABLE OR
RELEVANT AND APFROPRIATE TO THE REMEDIAL ACTION

The U.S. Department of Energy (DOE) and the U.S. Department of Army (DA) are
conducting an evaluation of potential alternatives for addressing groundwater contamination at the
Weldon Spring Chemical Plant {WSCP) and the Weldon Spring Ordrance Works (WSOW),
respectively, in St. Charles County, Missouri. This appendix discusses the regulatory requiremeﬁts

that are potentially spplicable or relevant and appropriate 1o the remedial action.

A1l INTRODUCTION

The 1.8, Environmental Protection Agency (EPA) has promulgated implementing
regulations for the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA), as amended; these regulations are presented in the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP) (Title 40, Part 300, Code of Federal Regulations
[40 CFR Part 3001). This feasibility study (FS) fellows the feasibility study process for sites on the
National Priorities List (NPL). Under this process, remedial alternatives for the groundwater
operable uzits at the WSCP and the WSOW were developed on the basis of remediation goals and
potenttally suitable technologies. The . short-term and long-term aspects of three criteria
(effectiveness, implementability, and cost) guided, as appropriate, the development and screening
of alternatives. Alternatives that remained after this initial screening underwent a detailed analysis
in which the individual alternatives were assessed according to nine evaluation criteria, including

compliance with “applicable or relevant and appropriate requirements™ (ARARS).

‘The NCP specifies that the evaluation of altematives for remedial action at an NPL site
must include an assessment of whether the alternatives will attain ARARs under federal
environmental laws and state environmental or facility siting laws or grounds for invoking one of
the waivers (40 CFR 300.430(e){)(iii}B)) must be provided. To be eligible for selection as the
remedy for an NPL site, an alternative must attain ARARs unless 2 waiver is appropriate (40 CFR
3004305 1 }1){A. Other advisories, criteria, or guidance developed by the EPA, other federal

agencies, or states, which might be useful for developing the remedy for an NPL site, can also be
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considered as part of the evaluation (40 CFR 300.400{g)3)). These other measures are called “to-be-

considered,” or TBC, reguirements.

The ARARs are standards properly promulgated under federal or state statutes that mighe
be applicable or relevant and appropriate to all or part of the action. Ouly those state requiremnents
that are {1} promulgated such that they are of general applicability and legally enforceable,
{2) identified by the state in a timely manner, and (3) mere stringent than federal requirements: will
be considered ARARs (40 CFR 300.400(g¥4)). TBCs are standards or guidelines that have not been
properly promulgated (i.e., a process including publication, comment, and forrnal adoption under
applicable federal or state administrative regulations). TBCs would include DOE Orders or proposed
state or federal agency regulations that might be pertinent to the action being considered. In
addressing a requirement that might affect a remedial action being considered fur a site, a deier-
mination is made regarding its relationship to (1) the location of the action; {2) the contaminants
involved; and (3) the specific components of the action, such as factors unique to.a certain

technology.

Any regulation, standard, requirement, criterion, or lirnitation under any federal or state
environmental law or state facility siting law may be either applicable or relevant and appropriate
to a remedial action, but not both, Applicable requirements are cleanup standards; standards of
centrol; or other substantive environmental protection requirements, criteria, or limitations
promulgated under federal or state laws that specifically address a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstance at a CERCLA site (40 CFR 300.5).
Relevant and appropriate requirements are cleanup standards, standards of control, or other
substantive environmental proteclion requirements, criteria, or limitations promulgated under federal
of state laws that are not applicable but that address problems or situations sufficiently similar to
those encountered at the CERCLA site that their use is well suited to the particular site (40 CFR
300.5). If the requirement is not legally applicable to the remedial action, & determination must be
made as to whether the requiremeunt is both relevant and appropriate. For this determination, the

requirement must be cousidered sufficiently similar to the circumstances of the action, and it must
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also be well suited to the site. Under the NCP, the following comparisons must be made to determine

relevance and appropriateness;

On-site actions must comply with all substantive provisions of an ARAR, but not with
related adminisirative and procedural requirements (e.g., filing repocts or obtaining & permir).
Off-site actions must comply only with requirements that are legally applicable, but must comply
with both substantive and admimistrative parts of those requirernents. On-site actions tnclude actions
in the areal extent of contamination and all suitable areas in very close proximity to the
contamination that are part of the response action. These actions would inclnde any activities within
the WSCP and WSOW areas and other areas contaminated by. the migration of a hazardous

substance, pollutant, or contaminant frorn any of the areas under the custody and accountability of

The purpose of the requirement and the purpose of the CERCLA action;

The medium regulated or affected by the requirement and the medivm

contaminated or affected at the CERCLA site;

The substances regulated by the requirement and the substances found at the
CERCLA site;

The actions or activities regulated by the requirement and the remedial action

constdered for the CERCLA site:

Any vadance, walvers, or exemptions for the requirement and their

availaklity for the circumstances at the CERCLA site;

The type of place regulated and the type of place affected by the reiease or
CERCLA action;

The type and size of structure or facility regulated and the type and size of
structure or facility affected by the release or considered by the CERCLA site;

Any consideration of use or potential use of affected resources in the
requirement and the use or potential use of the affected resource at the

CERCLA site.

DOE (EPA 1995).
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Potential TBC requirements are typically considered only if no promulgated requirements
exist that are either applicable or relevant and appmpfiata. TBCs are to be used on an “as
appropriate” basis, such as when ARARs do not exist for a contaminant or circumstance (EPA 1950,
p. §745). Because the Weldon Spring site is a DOE facility, applicable DOE Orders, standards, and
guidance will be followed, irespective of their TBC designation under the ARAR process.

For groundwater remedial actions, CERCLA Section 121(d) states that a remedial action
will attain a level or standard of control established under the Safe Drinking Water Act (SDWA,,
where such level or standard of contrel is applicable or relevant and approprate to any hazardous
substance, pollutant, or contaminant that will remain on-site. The enforceable standards under the
SDWA are maximuem contaminant levels {(MCLs), which represent the maximum ptmﬂséible lewvel
of a contaminant that is delivered to any user of a public water sysien1. Because MCLs are usually
only legally applicable under SDWA to the quality of drinking water at the tap, there will be few

- instances in-which MCLs are applicable to cleanup of groundwalter at a site. For this reason, MCLs
are generally considered “relevant and appropriate” to groundwater that is or may be used for
drinking.

Section 121(d) also states that remedial actions shall attain maximum contaminant level
goals (MCLGs), where such goals are relevant and appropriate to the circumstances of the release.
It is the EPA’s opinion that for cases in which an MCLG establishies a contaminant level above zero,
it is appropriate and consistent with CERCLA language to consider the MCLG as a potential rejevant
and appropriate requirement, and that determinations be made on a site-specific basis as to the
relevance and appropriateness of meeting that level under the circumstances of the release (EPA
1950). When an MCLG is determined not 1o be relevant and appropriate to the circumstances of the
release, the corresponding MCL will be considered a potential relevant and appropriate requirement
and will be evaluated under the circumstances of the release. However, where an MCLG is equal to
zero level of contaminants (as is the case for carcinogens such as trichloroethylene [TCE]), the
MCLG is not “appropriate™ for the cleanup of groundwater at CERCLA sites. In such cases, the

corresponding MCL will be considered as a potential relevant and appropriate requirement.

Under the NCP, an altermate concentration limit (ACL) may be established in accordance
with CERCLA Section 121¢d¥2WB)Xii). The EPA maintains that ACLs should be used only when

active restoration of the groundwater o MCLs or nonzero MCLGs is not practicable. The availability
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of institutional controls in itself is not sufficient reason to extend the ailowance for levels above
drinking water standards or nonzero goals; rather, institutional controls are considered the sole
remedy only where active remediation is not practicable. It is EPA policy that if relevant and
appropriate requirements {i.c., MCLs and MCLGs) exist for groundwater that is or may be used for
drinking, a waiver is generally needed for cases in which they cannot be attained. However, if a
situation fulfills the criteria for ACLs, including a finding that active testoration of the groundwater
to MCLs or nenzero MCLGs is deemed to be impracticable, documentation of these conditions for
the ACL is sufficient, and additional documentation of a waiver of the MCL or MCLG is not

NECEesSary.

The ACLs may be established where remediation of the groundwater is not practicable.
EPA Directive 9283.1-2F5, “A Guide on Remedial Acticns for Contaminaied Ground Water,”™ sets

out factors that may cause active restoration to be impracticable or not cost effective, including:
+  Widespread plumes, such as industrial areas, mining sites, and pesticide sites;

» Hydrogeological constraints, such as fractured bedrock or a transmissivity of

less than 4.6 m2/d (50 £2/d);

« Contaminant-related factors, such as the presence of dense, nonaqueous-phase
iiquids (DNAPLs); and

+ Physical/chemical factors, such as partitioning to scil or organic matter.

However, CERCLA 12 1{dy(20WBY(ii) restricts the use of ACLs to groundwater that discharges to
nearby surface water and causes no statistically significant increase in contaminants in the surface
water. In addition, provision must be made for enforceable institational conirals that prevent access

to the contaminant plurne.

Another provision of the preamble of the NCP states that the EPA agrees that meeting the
conditions and requirements associated with a variance or exemption provision can be a means of
compliance with an ARAR. Subpart B of 40 CFR Part 192 on “Standards for Cleanup of Land and
Buildings Contaminated with Residual Radioactive Materials from Inactive Uranium Processing
Sites™ provides for ACLs if DOE has determined that the constituent will not pose a substantial
present or potential hazard to human health and the environment as long as the ACL is not exceeded

and the U.8. Nuclear Regulatory Commmnission has concurred (40 CFR 192.12}. In considering the
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present or potential hazard to human health and the environment of ACLs, the following factors shall

be considered:
1. Potential adverse effects on groundwater quality, considering:

{i)  The physical and chemical characteristics of constituents in the residual

radioactive material at the site, including their potential for migration;
{ii) The hydrogeological characteristics of the site and surronnding land,
{1ii) The quantity of groundwater and the direction of groundwater flow;
{iv} The proximity and withdrawal rates of groundwater users;

(v) The current and future uses of groundwater in the regiou surrounding

the site;

fvi} The existing guality of groundwater, including other sources of

contamination and their cumulative impact on the groundwater quality; -
{vii) The potential for health risks caused by human exposure to constituents;

(viii) The potential damage to wildlife, crops, vegetation, and physical

structures caused by exposure to constituents;
{(ix) The persistence and permanence of the potential adverse effects;

(x} The presence of underground sources of drinking water and exempied
aquifers identified upder 40 CFR. 144.7; and

2. Potential adverse effects on hydraulically connected surface water quality,

considering:

{1y  The volume and physical and chemical characteristics of the residual

radicactive matertal at the site:
(i1} The hydrogeological characteristics of the site and surrounding land;

(liiy The quantity and quality of groundwater, and the direction of

groundwater flow;
{iv) The patterns of rainfall in the region;

iv) The proximity of the site to surface waters;




WO FS — EPA Draft Final: Do Not Cite A-9 March 6, 1938

Therefore, if after consideration of these factors, it appears that the criteria for establishing an ACL

(vi) The current and future uses of surface waters in the region surrounding
the site and any waler guality standards established fer those surface

walers;

(vii) The existing quality of swiface water, including other sources of
= q =

contamination and their cumulative impact on surface water quality,
(viii} The potential for health tisks cansed by human exposute to constituents;

{ix) The potential damage to wildlife, crops, vegetation, and physical

structures cansed by exposure to constituents; and

{x} The persistence and permanence of the potential adverse effects.

are met, the ACL is established a3 the ARAR.

In addition, these regulations for addressing contaminated groundwater at inactive uranium

processing sites also provide for supplemental standards when one or more of the following criteria

apply (40 CFR 192.21):

1.

Remedial actions would pose a clear and present risk of injury to workers or

to members of the public;

Remedial actions would, notwithstanding reasonable measures to limit
damage, directly produce health and environmental harm that is clearly
excessive compared to the health and environmental benefits, now or in the
tuture;

The estimated cost at a “vicinity” site is unreasonably high relative to the
long-terin benefits, and the residual radioactive materials do not pose a clear

present or future hazard;
There is no known remediat action;

The restoration of groundwater quality is technically impracticabie from an
engineering perspective; or

The groundwater is not a cwrent or potential source of drinking water (based

on concentrations of total dissolved solids; widespread, ambient
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contamination; or the guantity of water reasonably available (40 CFR
192, 11{e)). '

If these criteria are met, a supplemental standard established in accordance with the regulation

{40 CFR 192.22) would become the ARAR.

‘The point of compliance for groundwater cleanup standards is at appropriate locations in
the groundwater (40 CFR 300.430(£}{ 31111 A)). The EPA believes that remediation levels should
generally be attained either throughout the contaminated plume or at and beyond the edge of the
waste management areaz where the waste is left in place. However, the EPA acknowledges that an
alternative point of compliance may also be proteciive of human health and the environment under
site-specific circumstances. In determining where to draw the point of compliance in such situations,
the lead agency will consider factors such as proximity of the sources, technical practicability of
groundwater remediation at that specific site, valnerability of the groundwater and its possible uses,

exposure and likelihood of exposure, and similar considerations,

Under the NCP, ARARs must be met during the course of the remedial action
(40 CFR 300.435{b}{2)). However, in the preamble to the NCP, the EPA clarified that it recognized
that ARARSs used to determine final remediation levels {e.g., MCLs for groundwater remediation)
apply only at the completion of the action (EPA 1990, p. 8755). In addition, CERCLA provides a
waiver from ARARs for interim actions, provided the final action will attain the waived standard.
If there is doubt about whether an ARAR represenis a final remediation goal or an interim standard,
and the ARAR cannot be met during the activity, this waiver could be invoked (EPA 1990),
Groundwater ARARS for the alternatives analyzed in detzil in this FS are final remediation levels

and should have to be met only at the completion of the remediation petiod.

An-alternative that does not meet an ARAR under federal environmental or state environ-
mental or facility siting laws may be selected under five waiver circumstances (40 CFR 300.430(f)
(LGL(C). (A sixth waiver is available 10 Superfund-financed sites, which would not be applicable

to the WSCP and the WSOW.) These five relevant waiver circumstances are as follows:

1. The alternative is an interim measure and will become part of a total remedial

action that will attain the ARAR:
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2. Compliance with the requirement will result in greater risk to human health

and the environiment than other alternatives:

3. Compliance with the requirement is technically impracticable from an
eNgineering perspective;
4. The alternative will attain a standard of performance that is equivalent to that

required under the otherwise applicable standard, requirement, or limitation

through use of another methed or approach; or

5. With respect o a state requirement, the state has not consistently applied, or
dernonstrated the intention to consistently apply, the promulgated requirement

in similar cirguamstances at other remedial actions within the stata.

The intenim measure waiver requires that (1) the interim measure should be followed within
a reasonable tme by complete measures that will attain ARARs, and (2) the interim measure should
not exacerbate site problems nor interfere with the final remedy. In the preamble to the NCP, the
EPA, in response to comments, declined setting a specific time limit as-a precondition for inveking
this waiver because it is difficult to predict exactly when complete measures can be undertaken,
given changes in funding, priorities, and other factors. The EPA believes that careful risk
assessments may be used to show thar greater risks will result from compliance with ARARs and
that a waiver may be appropriate. However, the alternative to which compliance with an ARAR:is
compared is not limited to a “no action” alternative, but may be a less active reasure

{e.g., eXxcavation vs. capping}.

To obtain a waiver for technical impraciicability, the EPA believes that criteria may include
engineering feasibility and reliability; cost would generally not be a major factor unless compliance
would be inordinately costly. The EPA believes that cost should generally play a subordinate role
in determining practicability from an engineering perspective and states that “engineering practice
is in reality ultimately limited by costs, hence cost may legitimately be considered in determining
what is ultimately practicable™ (EPA 1990, p. 8748). The proposed criteria for waiving an ARAR
in lieu of an equivalent standard of performance include degree of protection, level of performance,
reliability into the future, and time required for results. In the preamble to the final NCP, the E}:’A

states that the first three criteria should be at least equal for an alternative to be considered
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gquivalent, In addition, the time required to achieve results using the altemative remedy should not
be significantly more than that required ﬁndar the waived ARAR. The EPA states that the fourth
criterion proposed “was not specitic precisely in order to allow cases where alternative methods may
provide great benefits even though requiring longer time for implementation, as with. for example,
the use of bieremediation instead of incineration” (EPA 1990, p. 8749). The last waiver is intended
simply to prevent application of state requirements to Superfund sites that have not been consistently

applied elsewhere in the state.

A.2 PRELIMINARY EVALUATION OF REQUIREMENTS

Requirements of federal and state laws that might be considered applicable or relevant and
appropriate to the proposed remedial alternatives considered for detailed analysis in this FS are listed
in Table A.1. Also included are potential TBC requirements and certain requirements that are part
of employee protection laws or other nonenvironmental laws with which the CERCLA actions may
have to comply and which are, therefore, not subject to the ARAR evaluation process for attainment

or waiver. These requirements have simply been included as TBCs.

The preliminary ARAR and TBC determinations for these requirements are indicated in
Table A.l. Because this appendix presents a cornprehensive list of requiremnents, all determinations
have been identified as “potentially” applicable, relevant aﬁd appropriate, or to-be-considered. These
determinations will be finalized in consultation with the State of Missouri and EPA Region VII
before the selected remedial action is implemented. During the finalization process, the requirements
identified as potentialty applicable will be reviewed to confirm direct applicability; only one
requirement will be finalized from among those that regulate the same conditions or media. For those
requirements identified as potentially relevant and appropriate, the specific portions of the
requirement that have bearing on the action and the manner it which compliance would be achieved

ot waivers sought, will be finalized.
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A.3 REFERENCES FOR APPENDIX A

U.S. Environmental Protection Agency, 1988, Iiin.i!ing Values of Radionuclide Intake and Dose
Conversion Factors for Inhalation, Submersion, and Ingestion, Federal Guidance Report No. 11,
EPA-520/1-88-020, Office of Radiation Programs, Washington, D.C., Sept.

U.S. Environmental Protection Agency, 1990, “National Qil and Hazardous Substances Pollution
Contingency Plan; Final Rule (40 CFR Part 300},” Federal Register 55(46):8660-8863, March 8.

U.S. Environmental Protection Agency, 1995, letter from C.M. Browner (U.S. Environmental
Protection Agency, Washington, D.C.) to D.A. Shomr (Director, Missouri Department of Natural
Resources, Iefferson City, Mo}, Nov. L.
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APPENDIX B:

DERIVATION OF RISK-BASED PRELIMINARY
REMEDIATION GOALS FOR GROUNDWATER
AT THE WSCP AND THE WSOW

Preliminary remediaticn goals (PRGs) for trichioroethylene (TCE), nitrate, nitroaromatic
compounds {i.ec., 2.4,6-trnitrotolizene [2,4,6-TNT], 24-dinitrotoluene [2,4-DNT], 2,6-DNT,
2-amino-4,6-DNT, 4-amino-2,6-DBNT, 1,3,5-trinitrobenzene [1,3,5-TNB], !.3-dinitrobenzene
[1,3-DNB], nitrotoluenes, and nitrobenzene), and uranium are identified in this Feasibility Study
{FS) as a basis for evaluating the effectiveness of the various technologies and alternatives being
considered. The risk-based PRGs are calculated concentrations of contaminants in groundwater that
cotrespond to different levels of risk and hazard quotents. These risk-based concentrations were
derived for each cc-ntafninant of concern (COC) on the basis of the methodology and assumptions
used in the Baseline Risk Assessment {[BRA)}; U.S. Department of Energy [DOE] and
U.S. Department of the Armay [DA] 199R). Concentrations of carcinogenic contaminants equivalent
tothe 1 x 107 and 1 x 107 risk range for the recreational and residential scenarios were estimated
to provide a range of information for risk management purposes. Calculations were also performed
to determine the concentrations of noncarcinogenic centaminants that would be equivalent to 2

hazard index of | for both scenarios.

The primary pathway of exposure for both scenarios is ingestion. The exposure parameters
used in the calculations are provided in Table B. 1. The range of concentrations calculated for each

contaminant and scenario are presented in Table B.2.

Concentrations of uraninm in groundwater (in pCi/L) corresponding te a specified risk lavel

were calculated as follows:

R .=TR/IR x EF x ED x Sf,

ng (B.1)

where:
R,; = concentration of radionuclide in water (pCi/L},

TR = target excess individual lifetime cancer risk {unitless),

IR = water ingestion rate (L/d},




TABLE B.1 Exposure Scenario Assumptions and Intake Parameters
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Current or Furore Hypothetical
Parameter Unit Recreational Visitor  Futore Resident
Exposure frequency events/yr 20 350
Exposure duration T 30 30
Body weight kg 70 70
Spring water ingestion rate  mLfevent 400 NA?
Groundwater ingestion rare Lievent A 2

8 NA =not applicable.

TABLE B.2 Water Concentrations of COCs Associated with the Acceptable Risk
Range and Hazard Index

Concentration {pg/L unless otherwise indicated)

" Residential Scenario Recreational Scenario
1078 1o 107+ Hazard 109 t0 107 Hazard
Contaminant Carcinogenic Index Carcinogenic Index
of Concern Risk Range of 1 Risk Range of 1
TCE 77770 Na? 680-68,000 NA
Nitrate-N N 58 NA 3,100
24 6-TNT 2.8-280 13 250-25,000 1,600
24-DNT 0.13-13 73 11-1,100 6,400
2,6-DNT 0.13-13 37 11-1,100 3,200
2-Amino-4,6-DNT NA 2.2 NA 19¢
4-Amino-2,6-DNT NA 22 NA 190
1.3.3-TNB NA 1.8 NA 160
1.3-DNB NA 33 NA 320
m-Nitrotoluens NA 37 NA 3,200
p-Nitrotoluene NA 37 NA 3,200
p-Nitrotoluens NA A NA 3,200
Nitrobenzens NA 15 NA © 1,600
Uranium 0.590-90 pCi/L 1100 T8=7.800 pCI/L 9,600°

3 NA = not applicable.

B Based on radioclogical risk for uranium,

© Based on chemical toxicity of uranium.




GWOU FS — EPA Draft Final: Do Not Cite B-5 March 6, 1998

EF

ED

Sﬁng

exposure frequency (d/yr),
exposure duration (yr), and

ingestion slope factor for uraninm (5.3 x 107" / pCi).

For the chemical contaminanis, the concentration corresponding to specified risk levels

was calculated as follows:

Ci=TRX BWx AT x CF/ 8f ; x IR x EF x ED, {B.2)
where:
Coi concentrafion of contaminant in water (ug/L).
BW = average body weight over the exposire period {kg),
AT = averaging time {d),
CF conversion factor {1(}3 pg/mg), and
Sf,; = oral slope factor for contaminant { ([mg/kg-d] ™}, see Table 4.2 of the
BRA [DOE and DA 1998]).
The concentrations corresponding to specified hazard quotients were calculated as
follows:
C.=THIx BWx AT x CF x RfD ,/ IR X EF x ED, {B.3)
where:
THT = target hazard index (unitless}, and
RfD ; = oral reference dose for contaminant i (mg/kg-d, see Table 4.1 of the BRA
[DOE and DA 1998]).
REFERENCE FOR APPENDIX B

U.S. Department of Energy and U.S. Department of the Army, 1998, Baseline Risk
Assessment for the Groumdwater Operable Units at the Chemical Plant Area and the
Ordnance Works Aren, Weldon Spring, Missouri, DOE/QR/21548-568, Draft Final,
prepared by Argonne National Laboratory, Argonne, 1., for U.S. Department of Energy,
Weldon Spring Site Remedial Action Project, Weldon Spring, Mo., and 1.8, Department
of the Army, Corps of Engineers, Kansas City District, Kansas City, Mo., Feb.
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APPENDIX C:

METHODOLOGY AND ASSUMPTIONS USED TO CALCULATE
THE POTENTIAL NUMBER OF EXTRACTION WELLS
FOR THE WSCP AND THE WSOW

The U.S. Department of Energy (DOE) and the U.5. Department of Army (DA) are
condueting an evaluation of potential alternatives for addressing groundwater contamination at the
Weldon Spring Chemical Plant (WSCP) and the Weldon Spring Ordnance Works (WS0OW),
respectively, in St. Chatles C.ount},r, Missouri. This appendix discusses the methodology and
assuraptions used to calculate the number of extraction wells required to support Alternatives 3, 4,

and 5. The number of wells required serves as input in selecting the best strategy for site remediation.

C.1 METHODOLOGY

As a rule, more extraction wells promote faster site cleanup. Because of costs, however,
large numbers of extraction wells are not feasible. The minimum number of wells that can'be used
to effect site remediation for a confined groundwater aquifer {assuming that further site contamina-
tion is undesirable) can be estimated by using the method presented by Javandel and Tsang (1986).
(The Javandel/Tsang method is the basis of the two-dimensional model RESSQ, a computer code
used to evaluate cleanup schemes that use extraction weils for plume capture [Javandel et al. 1984).)
In this method, a nuntber of colinear extraction wells, #, are installed perpendicular to the direction
of groundwater flow near the leading edge of 2 contaminant plume or it a direction downstream of
a local “hot spot.” These wells will form a capture zone that can be defined by complex poteniial
theory (Milne-Thomson 1968) as the dividing stream line given by the expression

1 — ,
yax M2y 2 Ve Yok
2BU 2nBU 5 X

, (C.1)

where B is the thickness of the aquifer, @ is the volumetric rate of extraction, I/ is the Darcy velocity,

and x and y are the coordinates of the stream line. The Darcy velocity, U, is simply given as
U=-KvVh, {C2)

where X is the hydraulic conductivity of the porous mediuwm and ¥ A is the hydraulic gradient (Freeze

and Cherry 1979,
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By orienting the coordinate system of the wells such that the welis lie symmetrically along
the y-axis (x = 0}, Equation C.1 can be simplified to the following result if each well is pumped at

the same tate;

ng

= & . ]
¥ 4RU (C.3}
For a large », the approximate spacing between adjacent wells, s, is given by the expression:
1.2¢
£ ===
=B (C.4)

For a contaminant plume having a full width, W, capture can be conservatively achieved by setting
-y to W/2. For this condition, the number of wells required is given by the expression

., _ 2BURKW

o (C.5)

Equations C.4 and C.5 are usually solved iteratively (Javandel and Tsang 1986) w©
determine the number of wells that, for givern pump rates and aquifer properties, produce a
drawdown that will capture the contaminant plume laterally and vertically. As expressed here,
Equations C.4 and C.5 indicate that the aquifer is treated as being homogeneous and isotropic. In
addition, the hydraulic gradient was assﬂned to be constant across the width of the plume. Because
these conditions are unlikely to be met at the WSOW or WSCP, use of the Javandel/Tsang method
will produce approximate results. By judiciously selecting the system parameiers, a censervative

estimate of the number of extractions wells required can be calculated.

If the groundwater aquifer is unconfined, Equation C.5 can be replaced with the expression

Wi
L (C6)
Q

where h; and /&, are the potentiometric heads of the aquifer at locations 1 and 2 that are separated
by a distance L in a direction parallel to the natural flow direction (Grubb 1993). As shown by Grubb

(1993}, stagnation points and dividing stream lines for the unconfined case are slightly less than their
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corresponding values for confined conditions (less than about 10% for the example problem showny).
and the number of extraction wells required to capture a f}lume having a width W is slightly greater.
Because information on the minimum oumber of extraction wells is desired for the present set of
calculations, and because it is difficult to define the required potentiometric heads and separation
distances in Equation C.6, the calculations were performed on the basis of the assumption that the
aguifer behaves as if it were under confined conditions. The error introduced by this assumption is

expected to be small and within the uncertainties of the other associated parameters.

C.2 CALCULATIONS FOR THE NUMBER OF EXTRACTION WELLS

Two methods were used to estimate the minimum number of extraction wells needed o
remediate contaminated groundwater at the WSCP and the WSOW_ In the first method, sitewide
values for hydraulic conductivity and other relevant parametears wera used o provide rough estimates
of the total number of extraction wells needed. No attempt was made (o evaluate the uncertainty
associated with these estimates. In the second method, the number of extraction weils required and
their uncertainties were estimated on the basis of conditions most applicable to the regions. of
contamination. These caleulations were performed for areas in which the maximum concentrations
for posi-1995 data exceeded the applicable or relevant and appropriate requirements {ARARs) for
the contaminants of concern {COCs) {Table 1.3 in this feasibiliry study [FS]}). Yalues predictad by
using this second method provide more realistic estimates of the number of wells required. Both

methods for calcutating the number of extraction wells required are discussed below.
€.2.1 Estimating the Namber of Extraction Wells on the Basis of Sitewide
Hydraulic Conductivity Values

To apply Equation C.5, the following site parameters are required:

=  Volumetric extraction rate for the wells,

*  Hydranlic gradient,

*  Hydranlic conductivity,

»  Agquifer thickness, and

+  Width of the plume.
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The following sections discuss each of the above parameters for the WSCP and the WSOW.

C.2.1.1 Volumetric Extraction Rate

Little site-specific information is available on the sustainable pumping rates for either the
WSCF or the WSOW. Aquifer tests (i.e., three pumping tests) conducied by the program
rmanagement contractor indicate that the maximum sustainable pumping rate is about 0.3 gallon per
minute (gpm) at the WSCP {(MK-Ferguson Company and Jacobs Engineering Group, Inc. 1290).
Two of the three pump tests were conducied near areas identified as having discrete flow. In other
locations, the sustainable pumping rates might be lower, especially if the well mtercepts 2 more
unweathered portion of the limestone aquifer. Use of the known value (0.3 gpn1} in Equations C.4
arid C.5 will produce & conservative estitnate of the number of extraction wells required (i.e., the
estimated number will be greater than the actual number required). Sustainable pumping rates for
the WSOW are not known; however, because of the similarity in ‘hydrogeology, the rates are

probably similar to those for the WSCE.

"The Javandel/Tsang method (Favandel and Tsang 1986) is usually performed iieratively (see
Section C.1). Because aquifer propertics, sustainable pumping rates, local hydraulic gradients, and
the vertical and lateral extent of contaminant plumes at the WSOW and WSCP are not accurately
known, a single pumping rate {0.3 gpm) was assigned for all of the caleulations, and no ireration was
performed. This pumping rate was then assumed to produce sufficient drawdown to contain the
plume of interest. Although such a simplification introduces sorme uncertainty into the calculations,
the results are expected to be conservative (i.€., the number of wells calculated will be smaller than

the actual number required) and useful for the scoping analyses of this FS.

C.2.1.2 Hydraulic Gradient

The hydraulic gradient north of the groundwater divide at the WSCP and W3OW is about
0.01 R/ft; south of the divide, the gradient is higher, about 0.04 ft/ft, consistent with the steeper
topography in this region (DOE and DA 1997). Although the valuc of the gradient changes on a local
scale, these two-values were used in Equations C.4 and C.6 to pravide approximate results for the

nutnber of extraction wells required.
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C.2.1.3 Width of Contaminated Groundwater

By definition, the width of a contaminant groundwater plume is a function of the
concentration used to define its boundary. This concentration, in tumn, also depends on the scenario
being evaluated and the methods being used to establish concentration limits (e.g., risk-based
analyses). For the cirrent calculations, the boundaries of the contaminant plumes were daﬁned.-by

concentration limits calculated fer the recreational scenaric.

No defined plumes occur within the WSOW, Rather, there are a tota] of four “hot spors™
at well locations MWV-8, MWS-12, MWS-17, and MWS-21, For these calcul'atit}ns, a capture-zone
width of 488 m (1,600 ft) was nsed. The lines of wells were oriented perpendicular o the assumed

direction of groundwater flow.

Similar to the situation at the WSOW, no well-defined plumes occur at the WSCP, but 13
hot spots are present, again on the basis of the recreational scenario. Like those at the WSOW, some
of the hot spots at the WSCP were defined by one contaminated well; others were defined by several
contaminated wells in a cluster. For each hot spot, a capture line was assumed. The lengths of these
lines were variable (Table C.1) and based on the lateral eiient of contamination and the type of
contaminant presant (full width of the capture zone basad on the widest contaminated zone present}.
As they were for the WSOW, the capture lines of wells at the WSCP were onented in a direction

perpendicular to the assumed direction of groundwater flow.

C.2.1.4 Hydraulic Conductivity

Two values of hydraulic conductivity were used in the calculations (Table C. 1), A value
of 1128 fi/d (0.000] cm/s) was used for the WSOW, consistent with reported values within the
Burlington- Keokuk Formation. For the WSCP, a value of 0.28 ft/d (0.0001 crr/s) was used in regions
south of the groundwater divide; a value 10 times larger (2.8 fi/d [0.001 cm/s]) was used for regions
north of the divide on the basis of the results of slug test data. These values are consistent with

measured values within the WSCP (DOE and DA 1997).
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TABLE C.1 Input Parameters and Calculated Number of Extraction Wells for Each
of the Contaminated Areas at the WSOW and WSCP

[nput Parameters

Thickness of Calculated Number
Hydraulic Contaménated of Extraction Welis
Groundwater  Gradient  Conductiviey Aquifer
WelifArea {ft} {ftt) (fuid) (fEr Number Totat
WSGW
Individual wells
MW 50 IRiTEN 0. 025 1
MWE-12 1,600% .M 0.28 26 4
WY -1T | GO 001 028 33 3 WSOW =12
WP
Individual wells
MW-203) 50Ky 001 28 ki) 14
MW.2032 304 001 28 1o 5
MW3024 250 001 2.2 48 12
MW 4013 500 0,01 28 23 12
BW-4024 50 .04 028 i3 7
AMWE-2]00 1,600 0.0 028 13 p
L &00 0.4 0.28 13 a
Well clusters
Mw 2037 RN (101 2.3 a4 62
MMW-3012
MW-3010
MIW-3027T
MW.2001
MW2001 1,530 0.01 2.5 L% 11
MW 200K
MW-2003
MWK
MWK
MW 3023
MWMW-401 1
WW2038 1503 G.01 (28 0 33
WMW-2040%
MWL 2039 1.200 004 0,28 3% 18
MW-2040°
WiWw-2041 WECP = 258

3 The conaminamts detectac in WE0W well MWS-21 are associated with the WSCP; this well is included with the
WACP contaminated webls.

POWSOW well MWS-21 and WSCP well MW-2040 are Jocated near the proundwarer divide, The pumber of extriwtion -
weils was calculated by assuming that contaminants could petentially migraes aorth and south of the divide,
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C.2.1.5 Aquifer Thickness

The approximate thickness of the contaminated aquifer in the vicinity of the capture lines
was assigned on the basis of published data (Mugel 1997); these values are listed in Table C.1. The
thickness of the contaminated aquifer was assumed to be equal 1o the difference between the water
table and the depth of the bottom of the screened interval that was showing contamination, except
for well MW-3024. 1t is a deep, unweathered well clustered with well MW-3025. For MW-3024,
the thickness of the contaminated aquifer was assumed to be equal to the difference berween the
bottom of MW-3025 (a clean well) and the bottom of the sémencd interval of MW-3024. If a
particular hot spot was defined by more than one well, the well with the larger value (i.e., largest
thickness} was used in the calculation. In this way, conservalive estimates for the number of wells

would be obtained.

C.2.1.6 Results

information on the number of wells required for each line at the WSOW and WSCP is
summarized in Table C.1. At the WSOW, approximately 12 wells would be required to contain and
capture contaminared material in the vicinity of the hot spots; at the WSCP, about 238 wells wouid

be required.

C.2.2 Estimating the Number of Extraction Wells and Associated Uncertainties
on the Bagis of Local Conditions

As discussed above, Equation C.5 was used to estimats the mivimum number of extraction
wells, n, required to prevent further downstream contamination and to clean up contaminated zones
associated with the wells that have maximum post-1995 contaminant cencentrations that excesd their
respective preliminary remediation goals (PRGs) (T able 1,3 in this FSY. In some cases,
contamination appears to localized in an individual well in which one or more COCs exceed their
PRGs. In other cases, a number of wells appear to share a common contaminated area that contains
one or more contaminants, Tables C.2 and C.3 list the individual wells that have concentrations that
exceed their respective PRGs and wells that span the same contaminated zone. As indicated m thiese

tables, the WSCP has four zones of contamination and four individual wells. The WSOW, on the
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TABLE C.2 Wells Associated with Zones
of Contamination at the WSCP

Contaminated
Zone C Well Contaminant®

i MW-2037 TCE
MW-2038 TCE
MW-3025 TCE
MWS-21 TCE
MW-2036 - |
MW-203%  Nitrate, 2,4-DINT
MW-400¢ -

2 MW-4001 Nitrate, 2,4-DNT
MW-3027  Nifrate

3 MW-2001 Nitrate, 2.4-DNT
MW-2002  Nitrate
MW-2003  Niate, 2,4-DNT
MW-2005  Nitrate
MW-3023 Nitrate, 2,4-DNT

4 MW-2006  24-DNT
NW-2011 24-DNT
MW-2013  Z4-DNT
MW-2014  2.4-DNT

5 MW-4013  Nilrate

& MW-2032  Niwate, 2,4-DNT

7 "MW-4015 24-DNT

B MW-4002  24-DNT

3 TCE = trichloroethylene, DNT = dinitrotoluene,

and a hyphen indicates that contaminant
concentrations are below their respective
preliminary remediation goals.

March 6, J998
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TABLE C.3 Wells Associated with Zones of

Contamination at the WSOW
Contaminated
Zome Well Contaminant®
1 MWS5-12 2,4-DNT, 2,6-DNT
2 MWS-17 24 DNT, 2.6-DNT
3 MWS-21 TCE, nitrate, 2,4-DNT
{also in WSCP zone 1)
4 MWV-9 24-DNT
MWV-24  2ZADNT
5 MW-4002  24-DNT
& 1I5G5-4 2.4-DNT

& DINT = dinitrotoluene and TCE = trichloroathylene.

other hand, has one contaminated zone near well MWYVY-24 and five individual wells. For
remediation, the extraction wells are assumed to be located in a line orthogonal to the natural
groundwater flow direction downstream of the contaminated zone or hot spot. The lengths of the line
of wells, W, were estimated from maps of the WSCP and the WSOW and are consistent with

estimated maximum widths for the contaminated zones identified,

The minimum number of wells required to contain and clean up a contaminated zone is a
function of five parameters: K, B, Vi, W, and . To produce a best-estimate calculation, values for
the hydraulic conductivity, X, and vertical exient of contamination, B, were statistically dertved from
data on wells completed in the weathered and weathered/unweathered zone that are most closely
associated with any contaminated zones. That is, K and B were assumed to be equal to the average
values for the wells associated with the zone of contamination. Because of the small numbers of
wells for each contamination zone, a log pormal distribution was not assumed in evaluating the
statistical characteristics for the X distribution because of very large standard deviations in the log
normal distribution. For individual wells that have contarninant concentrations that exceed their PRG
values, X and B were obtained directly from the remedial investigation (DOE and DA 1997) for the

given well.
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The thickness parameter or vertical extent of contamination, B, was assumed to be aq:iuai
to the distance between the watef table and the depth of an inferred contact between the weathered
and unweathered limestone in the Burlingtnn-KeDkuk Formaticn (DOE and DA 1997). This
assumption is somewhat more conservative than that used in Section C.3.2.1, in which the thickness
of the contaminated zone was assumed to be equal to the difference between the water table and the
depth of the screened interval showing contamination. The approach used here was selected to-allow
contamination to extend beyond the bottom of the screened nterval but not beyond the top of the

unweathered zone.

Vahies for the other parameters were obtained as follows. Hydraulic gradient was obtained
from a potentiometric surface of the shallow groundwater system (0.01 ft/ft), The width of the
contaminated zone was estirnated from the locations of the wells showing contamination and an
inferred interpretation of the groundwater flow direction obtained from the potentiometric surface
for the shallow groundwater aquifer (a value of 1,000 ft was used for all single wells). The
maximum, sustainable pumping rate was estimated by using engineering judgment. Generally, a
maximum pursping rate of 0.3 gpm was assumed for wells in the WSCP, and a rate of 0.03 gpm was
used for wells in the WSOW.

In addition to a more detailed calculation for the contaminated zones and individual wells,
uncertainty calculations for the number of wells required for each single well or zone were also
performed. The trapsmitted uncertainty (square root of variance) of a dependent variable, , that is
a nonlinear function of f independent variables, £, that have a zero covariance can be expressed by

the following relationship (Box et al. l9?8)

5C

‘“”Ji gy ' ©n

where A, is the uncertainty in parameter ¢, and the summation is carried out over all independent

variables. Performing the indicated differentiation on Equation C.7 produces the result

An =TI + T2 +T3+T4 +75, (C.8)
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where

2VREKW.?

Ti=¢ ) (ABY

T2 = (?Eﬂ} (AvRY?

3 - (EBW:K} AW
o= (ZBVWonk ana
Is - {EB‘W;W (AOY

In carrying out the differentiation, the maximum sustainable pumping rate, ¢, was assumed
to be independent of the hydraulic conductivity of the formation. In actual practice, there is a
relationship between ( and X, but this relationship is fusther complicated by factors such as well
completion and skin effects within the well bore. Because these other processes can significantly
affect the relationship between K and £ and because they are, in general, very well-specific, O was
simplistically assumed to be independent of K. Before implementing a pump-and-treat design,
additional fizld work should be done to determine field values for maximum sustainable pumping

rates at both the WSCP and the WS0W.

Uncertainties for the hydraulic conductivity and thickness were assumned t¢ be equal to the
standard deviation of the values of the wells associated with the zone of contamination (Tables C.2
and C.3). For this statistical method, all wells in the immediate vicinity of a contaminated zone were
included in the analysis in ovder to incorporate as much site-specific data as possible, even though
not all wells had concentrations that exceeded their PRGs. For a single well in which the
contaminant concentration exceeds its PRG, the uncertainty in the hydraulic conductivity was
assumed to be (wice the value of the hydraulic conductivity of the associated well. The uncertaimty
in the vertical extent of contarmination, B, was assumed to be 50% of the well value. In some cases,

the vertical extent of contamination was estimated from nearby wells because information on the
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depth to the contact between the weathered and unweathered zones was not known. The uncertainty
in the hydraulic gradient (0.001ft/ft) was assumed to be 10% of the base-case value, 0.001. The
uncertainty in the width of the capture line was 100 ft for single wells, and somewhat larger for zones
of contamination (Table C.4). The uncertainty in the maximum volumetric rate of pumping was
assumed to be equal to 50% of the nominal value. Table C.4 summarizes the relevant parameters and
uncertainties for the WSCP and the WSOW.

The number of extraction wells required for ¢ach contaminated area and their associated
uncertainties are shown in Table £.5. As indicatad in this table, a large number of wells would be
required to remediate the trichioroethylene (TCE) area at the WSCP. The number of wells reguired

for this contaminated area is also very uncertain, and this uncertainty is ptimarily the result of the

TABLE C.4 Summary of Parameters and Their Uncertaintles Uszed to Calculate
the Number of Extraction Wells under Local Conditions

Width Maximum
Contaminatesd Average K AK Average B aB of Zone AW Puinp Rate &0
Area® emis)® (es) (ft) (ft) (i)~ {ft) {gpm)’ (zpm)
WSCP
! 33x 10 7.4 % 107 331 11 1,800 100 1,30 0135
2 4.8 = 10 6.0x 10 204 i9 1,000 100 1,30 015
3 3ax 1y 23x0d 18 4 70 1,700 160 0.30 0.15
4 1.3 = 104 1.9 % 103 1846 7.3 1,200 160 0,30 0.15
3 5.7 = 1F° Llw 1ot 55 o 1,000 100 0,30 3,15
& 0= 1072 8.0 %103 10,3 52 1,004 100 30 1.5
7 2.0 % 107 5.8 x 10 20.5 10.3 1,008 160 0,36 0135
5 INERIE 20 10 15.8 78 1,000 100 036 015
WSOW
] 14 x 10" 18 = 14" 107 154 1,000 160 .03 0.5
p 15w 107 3.0% 107 16.1 &1 1,000 100 0.3 0015
3 36107 72108 231 1.5 1,000 160 0.0 0.5
4 Lax 107 2ex 107 334 16.7 1,000 100 0.03 0.013
5 Lox 10 20x 10 6.6 13 1,600 100 0.30 .15
& 22 1057 ST 55.2 7.6 1,000 LG o oS

Contaminated zones are defined in Tables C.2 and €3
Derived or obtained dircctly from data in the remedial investigarion (DOE and DA 19597},

Estimated trom the potentiometric surface for the shallow groundwater aquifer and location of wells that excead
their respertive preliminary remediation goals,

Estimated from pump tests at the WECP.
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TABLE C.5 Number of Extraction Wells Required for Implementing a Pump-and-
Treat Design at the WSCP and the WSOW

Uncertainty Cleanup Time No. of
No, of in the Number Based on Extraction Wetlls
Contaminated Extraction of Extraction Teavel Path Needed for Cleanup
Zone® Wells Needed®  Wells Needed® (yo)? in 10 Years®
wsCr
I 200 450 16 130
2 1% 14 22 120
3 2 2 195 346
4 28 43 2B 300
3 1 1 43 20
& 41 86 02 10
7 1 2 121 60
B 16 13 5 50
Toial 209 633 1,0R0
WSOW
1 1 H 16,100 1.650
2 1 l 10,500 300
3t 1 2 575 340
4 4 8 2,600 )
5 20 42 15 20
& 1 1 8,500 1530
Total 23 35 5.330

& Contaminared zones are defined im Tables C.2 and C3

Calculated in BEquation C.5.
Calculated in Eguation C.8.
Caloulated in Equation C. 12,

¥ Calculated in Equation C. 14,

Also ingluded in WSCP conlasninated zone 1.



GWOU F§ — EPA Draft Final: Do Nat Cite o-16 Mareh 6, 1998

uncertainty in the hydraulic conductivity {i.e., more than 90% of this uncertainty comes from
uncertainty in hydranlic conductiviry).

At the WSOW, many fewer extraction wells wonld be required {Table C.5). However,
because of the low hydraulic conductivity values, the time required to establish a capture zone and -

remove the contaminants would be very long,

If the veloeity of a contaminant moving toward an extraction well is given by the expression

_ o
T 2nBrp

* Vo (C.9)

where () is the volumetric extraction rate, ¢ 1s the effective porosity of the porous medium, and V),

is the average linear velucity produced by the natural gradient (Freeze and Chemy 1979)

_ KV
¢

then an ordinary, first-order, nonhomogeneous differential can be set up and solved to find the time

Vﬂ = E) (c.lﬂ) )

needed for water to travel from the edge of the contaminated zone to the extraction well. That is,

ar 0

£ _-v.
dt  2nBpr O €1

Equation C.11 can be solved to yigld the result

L=+ ‘% (C.12)

where L is the distance from the edge of the contaminated zone to the extraction well. This equation

was then solved iteratively to find the travel time for water.

Although Equation C.12 can be used to estimate.the travel time for water, sorption will
retard the COCs and increase the travel time. Multiplying the travel time derived from Equation .12

by the contaminant’s retardation factor, R,

. (C.13)
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where K, is the contaminant’s distribution coefficient and p is the bulk density of the porous
medium, provides an estimate of the contaminant’s travel time and an approximate cleanup time for

the contaminant.

Equation C.12 was solved for the contaminated areas associated with COCs by using a bulk
density of 1.7 g/cm® and distribution coefficients of 0.3, 0.5, 0.63, and 1.29 ml /g for TCE, nitrate,
2 A-dinitrotoluene (2,4-DNT), and 2,6-DNT, respectively (DOE 1992; DOE and DA 1997}, For
contaminated areas thai have multiple COCs, the one with the largest £ ; was used to bound the
calculation. The results of these calculations are given in Table C.5. As expected, the cleanup times
for WSOW areas of contamination are exceedingly long becanse of the low hydraulic conductivity
and the small maximum sustainable pamping rates assumed. (Because of very low conductivities,
the assumed value of (1.03 gpm may still cause dewatering of the formation, and additional field

work will be required before design implementation).

Because of the very long cleanup times estimated for the WSOW, an additional method was
used to estimate the nurnber of extraction wells required for a predefined cleanup time of 100 vears.
In this method, the number of wells was estimated from the volume of water in one pere volume for
the contaminated area and the number of pore volumes that must be removed to accomplish cleanup;
that 1s,

_ WLBN
= W , {C.143
where N is the number of pore volumes that must to removed to attain cleanup goals and At is the
predefined pumping time.

In the absence of dispersion, the nurnber of pore volumes is approximately equal to the
retardation coefficient for the COC (Cohen et al. 1997). If dispersion is included in the analyses, the

following equation from Coben et al. (1997) can be used:

C,
N=-Rhni—) . (C.15)

&
where {; is the initial concentration of the contaminant and €, is the cleanup goal. Equation C.13
was not used for this analysis because of the large uncertainty introduced by estimating the value for

Cﬂ. for the contaminated areas.
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Table C.5 summarizes the number of wells needed in 100 years to clean up the various
contaminated areas identified at the WSCP and the WS_GW. Many more wells would be required at
the WSOW because of its lower hydraulic conductivity and lower assumed maximum sustainable

pumping rates.

C.3 PRACTICALITY

As discussed above, at both the WSCP and the WSOW, a large number of extraction wells
would be needed to captugre and clean up contaminated areas. At the WSCP, a large number of wells
would be needed to remediate the TCE-contaminated area. Becanse of uncertainties in hydraulic
conductivities and extraction rates, the uncertainty in the sumber of wells would also be large. In
addition, the presence of potential high-permeability preferred paths could limit the success of a

pump-and-treat technology.

In the W30W, fewer wells would be needed than in the WSCP, but cleanup thimes would
be exceedingly long if the aquifer was not dewatered by the assumed pumping. More efficient
cleanup strategies could be developed that incorporate additional weils placed upstream of the

capture line.

The design of a practical pump-and-treat system for either the WSCP or the WSOW should
proceed in stages. First, 2 small number of wells should be installed and tested to determine more
accurate values for the hydraulic conductivity and maximum sustainable pumping rates in the areas
of contamination. Next, a combination of analytical and numerical modeling could be used to
determine the locations for additional wells. As more information on the actual groundwater system

is obtained from the fleld, the system design could be modified to produce optimal results.

C.4 REFERENCES FOR APPENDIX C

Box, G.E.P., W.G. Hunter, and I.S. Hunter, 1978, Statistics Jor Experiments: An Introduction to
Design, Data Analysis, and Model Building, John Wiley and Sons, Inc., New York, N.Y.

Cohen, B.M., I.W. Mercer, RM Greenwald, and M.S. Beljin, 1997, Design Guidelines for
Conventional Pump-and-Treat Systems, EPA/540/5-97/504, U.S. Environmental Protection Agency,
Washington, D.C., Sept.
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Freeze, R.A., and JA. Cherry, 1979, Groundivater, Prentice-Hall, Tne., Englewood Cliffs, N.T.

Grubb, 8., 1993, “Analytical Model for Estimation of Steady-State Capture Zones of Pumping Wells
in Confined and Unconfined Aquifers,” Ground Water 3 E(1):27-32, Jan./Feb.

Javandel, I, and C.-F. Tsang, 1986, “Capture-Zone Type Curves: A Tool for Aquifer Cleanup,”
Grownd Water 24(5):616-625.

Tavandel, L, et al., 1984, Groundwater Transport: Handbook of Mathematical Models, American
Geophysical Union, Washington, D.C.

Milne-Thomson, L. M., 1968, Theoretical Hydradynamics, MacMillan Company, New York, N.Y,
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Report for the Weldon Spring Site Chemical Plant/Raffinate Pits and Vicinity Praperties,
DOE/OR/21548-122, Rev. 0, prepared for U.S. Department of Energy, Oak Ridge Operations Office,
Weldon Spring Site Remedial Action Project, Weldon Spring, Mo., Nov.
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Spring Site, DOEfOR/21548-091, Oak Ridge Field Office, Weldon Spring Site Remedial Action
Project, Nov, :

U.S. Department of Energy and U.S. Department of the Atmy, 1997, Remedial Fvestigation for the
Groundwater Operable Units at the Chemical Plant Area and the Ordnance Works Area. Weldon
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APPENDIX D:

DETERMINATION OF CONSTRUCTED WETLAND DESIGN FOR
ALTERNATIVE 6: GROUNDWATER REMOVAL, ON-SITE
TREATMENT USING PHYTOREMEDIATION
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APPENDIXD: -

DETERMINATION OF CONSTRUCTED WETLAND DESIGN FOR
ALTERNATIVE 6: GROUNDWATER REMOVAL, ON-SITE
TREATMENT USING PHYTOREMEDIATION

The U.S. Department of Energy (DOE) and the 1.8. Department of Army (DA) are
conducting an evaluation of potential alternatives for addreﬁsing groundwater contamination at the
Weldon Spring Chemical Plant (WSCP) and the Weldon Spring Ordnance Works (WS0OW),
respectively, in St. Charles County, Missouri. This appendix discusses the methodology used to
determnine the constructed wetland design for Alternative 6, one of eight alternatives analyzed in
detail. The methodology applied in this appendix follows that given in Medina and McCutcheon
(1996) for the design of a constructed wetland to remediate groundwater contaminated with
2,4,6-trinitro-toluene (2,4,6-TNT) a;nd its breakdown products, The methodology was, however,

extended to include consideration of dinitrotoluene (DNT) as well as TNT.
The following assumptions were made for this analysis:

» Reduction of the groundwater contaminants would follow first-order kinetics

with regard 1o contaminant concentrations;

+ Transport of groundwater from the constructed wetland would follow plug-

flow conditions;

» Plant density would be 15 g/l

+  The depth of the constructed wetland would be limited to 1 m (3 ft} becauss
of the need for light penetration (to allow photolysis of the contaminants);

= The effect of seasonal variation in temperature on the reaction rate was not
included (basically due to lack of reaction rate data as a function of

temperature);

+ A square configuration was applied for the size of the wetland to provide

plug-flow conditions.

» Effluent concentrations of the contaminants must salisfy drinking water

standards {i.e., maximum contaminant levels [MCLs]);
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+ The MCL. for 24-DNT -was applied for 2,6-DNT; and

= The size of the constucted wetland would be primarily impacted by the
degradation of the residues of explnsiﬁas {(TNT, DNT). {Whean
trichlorcethylene [TCE] was released to water, the primary removal process
would be evaporation with a half-life of minutes to hours, depending upon
turbulence; the remedial investigation for the groundwater operable unit [DOE
and DA 1997] provides a half-life of 3.5 hours for TCE in surface waters.)

The reduction in concentration of contaminant { with time follows first-order kinetics of the

form:
C, = CI.,H exp(-K,f}, (0.1}

whera

C; = effluent concentration of contaminant i from constructed wetlands;

C ;o = influent concentration of contaminant ¢ into constructed wetland {assumed
to be equal to the concentration in the groundwater);
K, = first-order rate constant for degradation of contaminant i; and
¢t = time.

The first-order constants applied in this anatysis are shown in Table D.1.

TABLE D.1 First-Order Rate Constants Applied in Analysis

First-Order Rate

Constant
Contaminant (147" Reference
TNT 0.2t Medina and MeCutcheon {1996)
DNT frorali® 0.043 Teodd and Lange (1996)

A Baxed on phytoremediation using the parrot feather (MyriophyHum
Brusiiiensea) plant.

b Includes contributions of breakdown products amincdinitrotoluene,
diammonitrotoloene, and lnaminotoloene.

% Includes both 2,4-DNT and 2,6-DINT.
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Equation D.1 can be rearranged to determine the detention time 'n i (which is the timne
necessary for a reactor to hold one unit of water to achieve the desired treatment goal) for contami-

nant  in the constructed wetland:
Ip,= = {En (MCLEICMJ} IK,, {D.2)
where MCL, = maximum contaminant level of species i (i.e., 2 pg/L for TNT and 0.11 pg/L for

DNT).

The tota! detention time is simply the sum of the individual detention times:

f:ﬁZj: i - o (D.3)

The empty bed reactor volume, V,, is calculated on the basis of the total groundwater

extraction rate, (2, and the detention time fp:
Ve = Q rﬂ' r (D4}

The design volume of the constructed wetland, ¥, includes also the volume of the plants
and a 25% safety factor:

P

Vi = Vo (L + =) x 125, (D.5)

where P = plant density {g/L).
The area of land, A, needed for the constructed wetland was calculated for a wetland depth
of 1 m (3 )
A=V /Aft, {116}
The length, L, of the constructed wetland was caleulated for a square confignration:

L=ya . (D.7)

These equations, together with contaminant concentrations given in the remedial
investigation report (DOE and DA 1997}, were used to determine the characteristics of a constructed
wetland for both the WSCP and WSOW areas,

The results of the analysis indicated that the degradation of DNT would be the rate-limiting

step in the constructed wetdand design. The kinetics of the reaction of DNT to form degradation
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products is based upon [aboratory studies that may not reflect degradation rates under actual
conditions. Thus, the design discussed here would be modified by using specific rate data for the
WSCP and WSOW when available.

REFERENCES FOR APPENDIX D

Medina, V.F., and 5.C. McCutcheon, 1996, “Phytoremediation: Modeling Removal of TNT and Its
Breakdown Products,” Remediation 7(1):31-43,

Todd, S.R., and CR. Lange, 1996, “Phytoremediation of 2 4-Dinitroteluene Contaminated Soils
Using Parvot Feather (Myriophviium Brasiliense),” Hazardous and Industrial Wastes 28:557-564.

U.S. Department of Energy and U.S. Department of the Army, 1997, Remedial Investigation for the
Groundwater Operable Units at the Chemical Plant Areq and the Ordnance Works Area, Weldon
Spring Site, Weldon Spring, Missouri, DOE/OR/21548-571, Final, prepared by MK-Ferguson
Company and Jacobs Engineering Group, Inc., Weldon Spring, Mo., and Argonne National
Laboratory, Argonne, I, for U.S. Department of Energy, Weidon Spring Site Remedial Action
Project, Weldon Spring, Mo., and U.S. Department of the Army, Corps of Engineers, Kansas City
Diistrict, Mo., July.
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APPENDIX E:

MODELING OF TRICHLORCGETHENE CONTAMINANT TRANSPORT
AND DEGRADATION USING THE TRANSPORT CODE “BIOSCREEN"
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APPENDIX D:

MODELING OF TRICHLOROETHENE CONTAMINANT TRANSPORT
AND DEGRADATION USING THE TRANSPORT CODE “BIOSCREEN”

The 1L.S. Department of Energy (DOE) and the U.S. Department of Army (DA) are
conducting an evaluation of potential alternatives for addressing groundwater contamination at the
Weldon Spring Chemical Plant (WSCP) and the Weldon Spring Ordnance Works (WSOW),
respectively, in St. Charles County, Missouri. This appendix presents the transport modeling
performed to determine the potential futnre migration of u;ichfarﬂethene (TCE) in order o evaluate
whether Alternative 2 (Monitoring with Ne Active Remediaticn) would be a viable optign for

groundwater cleanup at the WSCP,

E.1 DESCRIPTION OF RIOSCREEN MODEL

A protocol has been developed for determining the feasibility and effectiveness of natural
atfennation in remediating groundwater contaminated with chlorinated aliphatic hydrocartons {such
as TCE} for use at DA and DOE sites; this protocel is summanized in Wiedemeier et al. (1996).
Consideration of natural attenuation as a potential option requires modeling and evaluation of
contaminant degradation rates and pathways. The primary objective of site modeling is to
demonstrate that natural processes of contaminant degradation would reduce contaminant
concentrations below regulatory standards before potential exposure pathways would be

encountered.

Several analytical solute transport models are available to compare the rates of contaminant
transpont and natural attenuation of chlorinated aliphatic hydrocarbons i groundwater (Goffred:
1997}, One such nonproprietary model, the BIOSCREEN model of the U.8. Environmental
Protection Agency (EPA 1996}, is available from the Robert S. Kerr Laboratory via the Internet at
hitp/fwww epa.govfadasbioscreen. himl.

The BIOSCREEN modetl is an easy-to-use screening tool that has been programmed into
a Microsofi® Excel spreadsheat. It is based on the Domenico analytical solute iransport model
(Domenico 1987) and is designed to estimate three-dimensional contaminant transpert for dissolved

phase hydrocarbons in the saturated zone under the influences of oxygen, nitrate, iron, sulfate, and
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methane-limited biodegradation. The processes considered by the medel include advection,
dispersion, adsorption, first-order decay, and instantane::;:-us reactions under aerobic and anaerobic
conditions. The model has been designed to simulat;e remediation threugh natural attenvation of
dissolved hydrocarbons and contains two options for simulating in-situ biodegradation: first-order

decay and instantaneous reaction.

The BICSCREEN model was used in this analysis to predict the maximum extent of
contaminant migration, which was then compared with the distance to potential points of exposure.
Analytical groundwater transport models such as BIOSCREEN have recently been widely applied
for this purpose {e.g., American Society for Testing and Materials 1993).

E.2 BIODEGRADATION RATE CONSTANT

Because biodegradation has been assumed to be the most important degradation precess
for natural attenuvation of potential TCE contaminant migration, the bicdegradation rate is very
important in determining whether Alternative 2 (Monitoring with No Active Remediation} would

be feasible for groundwater cleanup at the WSCP.

The kinetics of biodegradation of TCE, a chlorinated aliphatic hydrocarbon, is generally
represented as a firsi-order rate constant norrmalized for the effects of any dilution and volatilization.
The degradation of TCE by various microbe populations has been extensively studied {Hopkins et
al. 1993; Krumme et al. 1993; Enzien et al. 1994; Lu et al. 1993, Leahy et al. 1996). TCE is clearly
degraded by these microbe populations, but many factors appear to be impornant in determining the
rale of degradation {¢.g., the addiiion of a carbon substrate such as toluene, benzene, or phenol
supplies energy to the microbes, which greatly enhances the degradation of TCE; and long-term
degradation rates of TCE [greater than three months] appear to be limited by a slow desorbtion rate
of TCE from the aquifer solids into the aqueau.s phase}. A literature review (Smith and Dragun 1984,
Montgomery 1996; Wilson et al. 1996) indicated that a potentially wide range in first-order rate
constants exists, apparently because of the factors influencing the rate of degradation. Thus, & site-
specific biodegradation rate based upon available data from the acnual conditions at the WSCP would
be the most accurate approach for determining the potential attenuation-of any future migration of

TCE contamination in the groundwater.
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Microbial degradation of TCE through sequential dehalogenation produces 1,2-dichloro-
ethylene (1,2-DCE) and vinyt chloride. Measured concentrations of TCE and 1,2-DCE in
groundwater monitoring wells at the WSCP as a function of time (DOE and DA 1997) were used
in this analysis to estimate the first-order rate constant for degradation of TCE to form i,E-t}CE.
Assuming that the conversion of 1,2-DCE into other degradation products (such as vinyl chloride)
is much slower than the conversion of TCE inte 1,2-DCE (which agrees with rate data given in
Smith and Dragun {1984] and Montgomery [1996]), the equation for formation of 1,2-DCE over

time is as follows:
[1,2-DCE (ng/L}] = [TCE (pg/L)]y x {1 - exp(-k x rime)] , (E.I}
where [TCE {pg/L)], is the initial concentration of TCE in the groundwater at time “0” {i.e., source

term) and X is the first-order rate constant. The initial TCE concentration, which is unknown, can be

determined using the following equation for the reduction of TCE concentration over time:

[TCE (ug/L)] = (TCE (ug/L}l, X exp(- & X ime) . (E.2)

Inserting this equation into the equation for formation of 1,2-DCE gives:
[1,2-DCE {ug/L)} = [TCE (ug/L)]  [exp(- & X time) - 1], (E.3)
which ¢an be rearranged 1o determine the firsi-order rate constant k, as follows:
k=LN{1+[1,2-DCE (pg/L)]/ [TCE {ug/L)1} / time . (E.4)

The results of determining the rate constant & using Equation E.4 is provided in Figure E.1.
The value of & ranges from 1.2 x 107 d7! 10 9.6 % 1077 d°L, on the basis of the data provided in the
remedial investigation for the groundwater operable units (GWQU RI) (DOE and DA 1997) and
assuming that the initial release occurred on June 1, 1995, (These data can be considered to be
conservative because the TCE release might have occwrred in the summer-and fail of 1995 (DOE and
DA 1997}, the assumption of a later date would result in a greater rate constant and faster
biodegradation of TCE in the shallow aquifer at the WSCP.) This analysis applies the average value
of approximately 5 x 1073 d'1 (1.7 x 1072 yr'!) as the first-order rate constant for TCE degradation
in the transport model BIOSCREEN.
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“Monltoring Date Groundwater | Assumead First-Crder
Well Wall Cangentratlon fugl} Release  Rale Constant
Location Sampled 1,2-DCE TCE - Data {1/d)
GW-2037 | Sep 96 25 | 810 Jun-95 6.8E-05
aw-2038 Apr 86 22.7 786 Jun-86 8.BE-05
GW-2038 Jun 86 39 9,000 Jun-95 1.2E-05
GVW-2038 Sep 96 | 14 1,050 Jun-98 . 2.BE-D5
GW-3024 Sep 86 0.87 £0.8 Jun-85 | 3.5E.0%
Aversge (perday) w0 ol 4805
Average (par yaar} 1.7E-02
Half-Life (years) E (]

The FIRST-ORDER RATE CONSTANT is determinad by the followinyg egn:

[Firgt-Order Raia Congtent] = LN{ 1 + [1,2-DCE Conc.]/[TCE Cone.]) /
{ [Date Wall Samplad] - [Assumaed Releass Datej }

which fe baged upon tha following assumptions:
* Conversion of TCE to 1,2-DCE foliows first-order kinotics

* Conversion of 1,2-DCE into other degradation producis
it sxgantinally a siow process {and can bs negilacted).

Scurce: DOE and DA {1997),

FIGURE E.1 Estimation of the First-Qrder Rate Constant for Microbial
Degradation of TCE at the WSCP

The solute half-life was determined by the following equation:

(Solute Half-Life (yr)] = LN{2) / &

(E.5)

and has a value of approximately 40 years. The sclute half-life of 40 years, which was determined

for this analysis by using site-specific concentration data for the WSCP is much greater than the

genertc value of 0.3 year generally assumed for microbial degradation of TCE (Smith and Dragun

1984).
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E.3 MODEL INPUTS

The input parameters necessary for simulation of contaminant transport using the
BIOSCREEN model are shown in Figure E.2. The values shown in Figure E.2 for the Instaptaneous

Reaction Model are designed 1o be generic in nature and were not applied in this analysis.

The values applied in this study are provided in Table E.1. In general, these values would
be expected to result in greater contaminant transport and thereby a greater potential for impacts to

ALy TECephors.

E.4 SIMULATION RESULTS AND CONCLUSIONS

Steady-state conditions were approximated by assuming & very long simulation time of

1,000 years. The preliminary results from BIOSCREEN indicate the following:

* Consideration of adsorption as the only means to retard contaminant migration
miight result in erroneons conclusions cancerning the contaminant concen-
tration along the centerline. As shown in Figurs E.3, the cenierline
concentration considering only adsorption (listed as “No Degradation™) is
much greater than that considering mictobial degradation (715t Order Decay™)
and remains above the applicable or relevant and appropriate requirement
(ARAR)} of 5.0 ug/L (0.005 mg/L} for distances greater than 1,000 m
(3,000 ft). This indicates that microbial degradation of TCE has a significant
nmpact on its estimated transport and that site-specific biodegradation rates are

necessary to accurately predict contaminant transport.

= Applving a half-life of 40 years for microbial degradatien of TCE, the
maximum extent of TCE contamination above the ARAR of 3.0 pg/L
{0.005 mg/L), considering microbial decay (i.e., the 1st Order Deca}; option},
would be limited to a distance of less than 1,000 m (3,000 ft) downstream of
its current location (see Figures E.3 and E.4). The distance of 1,000 m
(3,000 ft) is shorter than the distance to potential points of exposure (t.e., the

groundwater discharge areas at the surface springs).
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Application of the lowest estimated value for the first-order degradation rate constant
(i.e., 1.2 107 d’), as shown in Figure E. 1) results in the caleulated distance 1o the ARAR of 5 pg/L
increasing to approximately 1,400 m {4,500 fi), with the TCE contamination stili being confined
within the boundaries of the WSCP,

. The transport modeling results using BIOSCREEN and applying the recommended first-
order biodegradation rate option indicate that natural processes wonld likely maintain TCE concen-
trations below remediation goals before potential receptors were reached, primarily due to dilution
and biodegradation. However, additional site characterization might be necessary to more fully
establish the potential contribution of natural processes to attenuation of the contaminant

concentrations at the WSCP.

Although the BIOSCREEN model incorporates a mumber of sitnplifying assumptions that
could potentially contribute to uncertainty in the modeling results, these results suggest that active
remediation might not be necessary and that Alterative 2 (Monitoring with No Active Remediation)
constdered in the GWOU feasibility study might be an appropriate approach for managing the TCE

contamination at the WSCP.
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APPENDIX F:

METHODOLOGY AND ASSUMPTIONS USED TO DETERMINE THE COSTS'
OF THE VARIOUS ALTERNATIVES IN THIS FEASIBILITY STUDY
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APPENDIX F:

METHODOLOGY AND ASSUMPTIONS USED TO DETERMINE THE COSTS
OF THE VARIOUS ALTERNATIVES IN THiIS FEASIBILITY STUDY

The U.S. Department of Energy (DOE) and the U.S. Department of Army (DA) are
conducting an evaluation of potential alternatives for addressing groundwater contamination at the
Weldon Spring Chemical Plant (WSCP) and the Weldon Spring Ordnance Works (WSOW),
respectively, in SL. Charles County, Missouri. This appendix discusses the methodology and
assumptions used to determine the costs of the various alternatives considered in this feasibility study
(FS). Unless noted otherwise, the direct costs for both construction and operational phases were
developed using Version 3.20 of the Remedial Action Cost Estimating and Requirements System

(RACER) computer model {Delta Research Corporation 1995).

F.1 REMEDIAL ACTION COST ESTIMATING AND REQUIREMENTS
SYSTEM (RACER) SYSTEM

The RACER system was developed by the U.S. Air Force to estimate the total cost (both
direct and indirect) of remedial actions. RACER is a PC-based environmental cost-estimating system
that can be used to provide programming, budgeting, and cost engineering support during various
phases of remediation: Studies (PA/SIL Petroleum Underground Storage Tank [UST] Site
Assessment, Remedial Investigation [RII/FS, and RFI/CMS), Remedial Design, Remedial Action
(including Operations and Maintenance [O&M]7), and Site Work and Utilities,

The RACER estimating process involves a series of basic steps, including caiculatlon of
site (direct) costs and project costs. A project may consist of a single site or it may contain several
sites. For each site included in the project, the user can select and run the technologies and/or
processes {cost modeis) that will be used to remediate the site. The costs calculated for these models
are direct costs only {i.e., the cost does not inciude contractor overhead and profit, cost for
contingencies, project management, or escalation). Once direct costs have been calculated for all cost
models included in each site of the project, the user completes the estimate by calculating the project
costs. Project costs include costs for comtractor overhead and profit, contingencies, pi‘t)ject
management, and escalation. RACER was used in this analysis to detemlin.a only the direct costs

{costs that can be directly attributed to a particular item of work or activity). Specific indirect cost
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relationships for the WSCP and W3OW were applied in this analysis rather than the generic indirect
cost relationships provided by the RACER model. .

RACER uses a parametric modeling technique sirmlar to the U.S. Asr Force's Construction
Cost Management Analysis System (CCMAS). The basic concept of RACER is that predefined
engineering relationships link primary parameters 1o detailed quantities. These quantities are then
priced using established cost databases. The RACER cost models are based on generic enginsering
solutions for environmental projects, technologies, and processes. The engineering solutions were
derived from research, government laboratories, construction management agencies, venders,
coniractors, engineering analyses, and historic project information. Design parameters within the cost
maodels were tatlored by the cost estimator to reflect specific project conditions and requirements.
The design was then tatlored by RACER into specific guantities of work, which were priced using
current price data. The assembly cost database within RACER was developed from the {/nit Price
Book of the 1.8, Army Corps of Engineers (1989) and supplemented by vendor and contractor.
quotes. A cost differential was included in this analysis to account for the differences in material and

tabor costs i the Weldon Spring area compared with the generic Unit Price Book costs.

Professional [abor includes activities that provide interpretation of the performance of the
remedial action during both the constructionfstartup and O&M phases of the environmental
restoration process. Typical professional labor activities associated with remedial action construction
include oversight of construction activities, permit acquisition, and “as built” drawings. Professional
labor activities associated with O&M include evaluation of sampling and analysis data, comparison
of results with project goals, coordinatien of field activities, and documentation and reperting of all
efforts. Estimates of professional labor were derived by RACER using a parametric approach based

on similar ievels of activities for related projects.

F.2 ESTIMATION OF INDIRECT COSTS

Indirect costs are defined as those costs that cannot be identified specifically with a
particular activity, cannot be charged to a specific element of work, or do not become a permanent
part of any facility constructed. Indirect costs — small tools and supplies, fringes, insurance, and
contingency -— were estimated on the basis of various percentages of other costs specific 1o the

WSCP (Hood 1997) and the WSOW (Patton et al. 1996). The various indirect cost relationships
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applied i this analysis are provided in Tables F.1 and F.2 and were implemented using a Microsoft

Excel™ spreadsheet for each alternative.

Contingency costs are added to a project to cover costs that may result from incomplete
design, unforeseen and unpredictable conditions, or uncertainties within the defined scope. In
general, the contingency cost is derived from the difference between the 5% and 50% chance of
overrun of the base estimate. A contingency percentage of 25% was applied for the WSCP in this
analysis, based upon Hood (1997), which is within the range recommended by the DOE Office of
Environmental Management for projects in the preiiminary stage of the remediation process (DOE
1990).

F.3 PRESENT-WORTH ANALYSIS

Present worth is defined as the investment-evalnation pfnccdure that involves discounting
the sums of capital investment, O&M, and repairs at a specified interest rate (representing cost of
capital or minimum acceptable rate of retum). The following analysis complies -with the
requirements described by the Office of Management and Budget (OBM) Circular No. A-94, the
National Bureau of Standards Handbook 135 prepared for DOE, and the U.S. Environmental
Protection Agency (EPA) Office of Solid Waste and Emergency Response (OSWER) Directive
9355.3-01 (EPA 1988) for adjusting for converting cash flows at different times to correspond at a

common time during preparation of a cost estimate.

The ¢costs calenlated in this analysis are given in 1995 constant dolars. The constant dellar
cash flows occurring at different times. were converted by the present-worth analysis into a time-
equivalent lump sum amount evaluated at the beginning of the base year. This conversion was
performed by using an interest rate or “real discount rate”™ that reflects the oppertunity cost apart
from any change in the purchasing power of the dollar. A Uniform Series Present Worth Factor (P/A}

was calculated by using the real discount rate £
[BA]=[{1+D7 -1 11 i1 (140)",

where # is the project duration.




GWOU F5 — EPA Draft Final: Do Not Cite F-6 March 6, 1998

TABLE F.1 WSCP-Specific Indirect. Cost Relationships Applied in This FS

Indirect Cost Component Relationship Applied Under
Small tools and supplies 5% of total direct labor cost Cost of supplies
Level O personnel protection 3172 x direct workforce Cost of supphes
State sales and use tax 7.23% of cost of permanent Cost of permanent materials

materials and suppligs and supplies

Endirect labor 25% of total direct labor cost Cost of GH/Fee/Cun®
Plant operations 8.8% of totzl direct labor cost Cost of OH{Fee/Con
Fringes 29% of indirect labor Cost of OH/Fee/Con
Margin 10% of sum of direct cost and all Cost of OH/Fee/Con

preceding indirect cost components

Bond 2% of sum of direct cost and all Cost of OHFBee!/Con
preceding indirect eost eomponents

Insurance 10% of sum of direct cost and all Cost of O Fee/Con
preceding indirect cost components

Contingency 25% of sum of direct cost and all Cost of OH/Fee/Con
preceding indirect cost components

* QH/FeefCan = overhead/performance fee/contingency,

Source: Data from Hood {1997,

A discount rate of 7% (before taxes and after inflation) was applied in this analysis (EPA
1993). Although remedial activities would continue for a reasonable amount of time (i.e., greater
than 10 years) or until remedial objectives were met, long-term operation costs were based on a

30-year period, per instructions in EPA (1988}, and include annual sampling and analysis costs.

F.4 SAMPLE CONSTRUCTION COST CALCULATION FOR ALTERNATIVE 2

The construction of approximately 10% of the number of existing wells (i.e., 15 additional

wells} was conservatively assumed in Alternative 2 (Monitoring with No Active Remediation) to
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TABLE F.2 WSOW.Specific Indjrect Cost Relationships Applied

in This F8 -
Indirect Cost Eelationship Applied Under
Lnmponent
Contractor overhead 5% of total direct labor cost Cost of OH/FeefCon®
Coniractor profit 8% of sum of dirert eost and all Cost of GH/Fee/Con
preceding indirect cost components
Contingency 10% of suim of direct cost and all Cost of OHFee/Con
preceding indirect cost components
Fraject management 8% of sum of divect cost and all Cost of OH/TFee/Con

preceding indirect cost companerls,
excluding contingency

? OH/Fee/Con = overhead/performance feefconkingency,
Source: Data From Patton et al. (1996).

evaluate the protectiveness of this alternative. The following assumptions were made during

development of the construction costs for Alternative 2;
*  Well installation would be in a consolidated formation;

= Safety Level D conditions would be maintained during construction (Level D
provides minimal protection against respiratery hazards. Coveralls, hard hat,
leather or chemical-resistant boots/shoes, and safety glasses or chemical
splash goggles are required. Personal dosimeters are included for Level D

radicactive sites.);
* Censtruction materials would be stainless steel (for long-term effectiveness);
»  Fifteen wells would be developed with the following characteristics:

- Well diameter, 5 ¢m (2 in.);

- Depth to top of screen, 20 m fﬁi ft},

- Screen length, 3 m (10 ft); and

* Dedicated pumps would be provided for each well for purge and sampling

purposes,
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This informaticn was used with the RACER model to determine the direct construction costs. The
indirect cost relationships provided in Tables F.1 and F.2 were then applied to determine the total

¢onstruction cost (direct and indirect). Estimates of the direct costs are given in Table F.3.

F.5 EXAMPLE OF A PRESENT-WORTH COST CALCULATION FOR ALTERNATIVE 2

Costs for Alternative 2 would be associated with continuing the existing environmental
monitoring prograin, constructing and operating the proposed additional monitoring wells, and
conducting a performance review every five years. The methodology ocutlined in Section F.3 was
implemented within 4 Microsoft Excel™ spreadsheet, as shown in Table F.4. The spreadsheet
methodology was developed to allow a variable discount rate and operations duration, to ﬂlow for

consideration of differant “what-if"* scenaros.
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F.6 REFERENCES FOR APPENDIX F

Delta Research Corporation, 1993, Remedial Action Cost Estimating and Requirements System
fRACER} User Manual, Niceville, Fla.

DA: see U.S. Department of the Army.
DQE: see U.S. Department of Energy.
EFA: see U.S. Environmental Protection Agency.

Hood, F., 1997, persenal communication from F. Heod (MK-Fergusen Company, Boise, Idaho) to
S. Folga (Argonne National Laboratory, Argonne, 111.), March 3. '

Patton, T., et al., 1996, Focused Feasibility Study for Surface Soil at the Main Pits and Pushout
Area, J-Field Toxic Burning Pits Area, Aberdeen Proving Ground, Maryvland, ANL/EAD/TM-61,
prepared for 11.5. Atmy Aberdeen Proving Ground, Aberdeen, Md., June.

U5, Army Corps of Engineers, 198%, Computer Aided Cost Engineering Support System:
Description and Overview, Office of the Chief of Engineers, May 1.

U.S. Department of the Army, 1993, Final Feasibility Study Former Weldon Spring Ordnance
Works Weldon Springs, Missourt, prepared by IT Corporatien for the 15.8. Army Corps of Engineers,
Kansas City District, July.

U.S. Department of Energy, 1990, Cost Estimating Handbook for Environmental Restoration,
Environmental Restoration and Waste Management Cost Assessment Team, Rev. 0, Sept.

U.S. Environmental Protection Agency, 1988, Guidance for Conducting Remedial Investigations and
Feasibility Studies wnder CERCLA, Interim Final, EPA 540/G-89/004 (OSWER Directive
94355.3-01), Office of Emergency and Remedial Response, Washington, D.C., Oct.

U.S. Eavironmental Protection Agency, 1993, Revision to OMB A-94, Average Discount Rate for
Beneficial Cost Analysis, OSWER Directive 9355.3-20, Washington, D.C., June.
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APPENDIX G:

ANALYTICAL METHODOLOGIES USED TO ADDRESS POTENTEAL
ENVIRONMENTAL IMPACTS FOR ALTERNATIVE 2:
MONITORING WITH NO ACTIVE REMEDIATION
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APPENDIX G:

ANALYTICAL METHODOLOGIES USED TO ADDRESS POTENTIAL
ENVIRONMENTAL IMPACTS FOR ALTERNATIVE 2:
MONITORING WITH NO ACTIVE REMEDIATION

The U.S. Department of Energy (DOE) and the 11.5. Department of Army {DA) are
conducting an evaluation of potential alternatives for addressing groundwater contamination at the
Weldon Spring Chemical Plant (WSCP) and the Weldon Spring Ordnance Works (WS0OW),
respectively, in St. Charles County, Missouri. This appendix discusses the analytical methodologies
used o address potential environmental impacts for Altemative 2: Monitoring with No Active
Remediation. The general methodology is explained for estimating physical hazards and airborne

emissions during the constructicn and operational phases of Alternative 2.

G.1 PHYSICAL HAZARDS

The estimated number of worker fatalities and injuries associated with construction and
operaticns were calculated on the basis of statistics available from the U.S. Bureau of Labor
Statistics, as reported by the National Safety Council {1995), and on the basis of estimates of tolal
worker hours and full-time eguivalents (FTEs) required for construction and operational activities

determined from the cost estimates {Appendix E) deterinined for this feasibility study (FS).

The specific rates nsed in the calculations were as follows: fatalities during construction,
15 per 100,000 weorkers; fatalities during operations, 4 per 100,000 workers; injuries during con-

structien, 5.5 per 100 full-time workers; injuries during operations, 5.3 per 104 full-time workers.

Fatality and injury risks were calculated as the product of the appropriate incidence rate and
the work hours expended during construction and operations (including both direct.and indirect
activities}, which was then normalized by the number of work hours per day. The fatality ard injury
incidence during construction of additional monitoring wells equivalent to approximately 10% of

the number of existing wells (i.e., about 15 additional wells) was estimated as follows:

(Fatalitv/Injury Incidence)

construction

= {Construction Work Hours} / { (% months per year) /
{12 months per year} x {52 weeks per year) '
* [{6.5 hours per day) f (8 hours per day)
® {40 work hours per weak) ]}
» {Fatality/Injury Rate)

Constructon *
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conservatively assuming that construction occurs canly ¢ months per year (due to winter or floeding)
and might require the use of personal protective equipment (resulting in 6.5 hours of actual work per
8-hour workday). Construction activities associated with Alternative 2 are estimated to result in less
than one case of occupational injury and no occupational fatalities, on the basis of a tutai of about

2,100 construction work hours.

The fatality and injury incidence during annual operations of additional monitoring wells

was estimated as fellows:

{Annuai Fatalite/Injury Incidence) = {Annual Qperations Work Hours} /

[ (52 weeks per year} % (6.5 hours per day) /

operations

(8 hours per day) x {40 work hours per week} }
x (Fatality/Injury Rate) operatians ° .
assurming that operations may require the use of personal protective equipment {resulting in 6.5 hours
of actual work per 8-hour workday). Operational activities associated with the proposed monitoring
wells are estimated to result in Iess; than one annmal case of occupational injury and no annual

occupational fatalities, based upon a total of approximately 1,600 annual work hours.

The fatality and injury incidence during annual operations of the existing menitoring wells
was estimated as follows:
(Anmuat Fatality/Tnjury Inn:i+:|vf:n+:vf:],:,pm“i,:,“5 = [Annnal Sampiing Labor Costs ($4y1)] /

{$100,000 per FTE)
 {Fatality/Injury Rate}upmﬂmg :

assuming an annual fully loaded labor cost of $100,000. (An approach different from that applied
for the proposed monitoring wells was used to estimate the farality and injury incidence for the
existing monitoring wells due to the availability of specific cost data for the Weldon Spring area.)
Operaticnal activities associated with the existing monitoring wells are estimated to result in less
than one case of annual occupational injury and no annual occupational fatalities, on the basis of an
annual fabor cost of approximately $270,000, which includes monitoring for both the DOE and the

DA groundwater wells.

The calculation of fatalities and injuries from industrial accidents was based solely on

historical industrywide statistics. The DOE and DA would implement best management i:}ractices
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during any proposed construction and operational activities; therefore, fatality and injury incidence

rates would be lower than the indusorywide rates applied in this analysis.

(.2 AIRBORNE EMISSIONS OF CRITERIA POLLUTANTS

The emission rate factors nsed in calenlating airborme emissions are presented in Table G.1.
The criteria pollutants considered in this analysis inciuded carbon monoxide {CO), hydrocarbons
(HC}, nitrogen oxides (NO,), sulfur oxides (SO,), and total suspended particulates (TSP). These
pollutants weould be emitted as the result of the combustion of diesel fuel and gasoline by equipment
and vehicles. For this analysis, fugitive dust emissions during land clearing were assumed to be
negligible (because of the limited iand area that would be affected by monitoring well construction)

and would be suppressed by watering and other containment methods, as needed.

G.2.1 Criteria Pollutant Emissions during Construction

Criterta pollutant emissions doring the construction phase would consist primarily of
emissions from construction equipment and worker vehicles. Estimating the quantities of these
criteria pollutants requires data regarding (1) type and quantity of equipment to be used, (2) number

of hours of operations, and (3) rate at which the pallutants would be emitted.

The types and quantities of equipment used during monitoring well construction were
estimated by associating the individual activities within the consiruction cost estimate for Alter-
native 2 with the equipment required for that activity. (e.g., a flatbed truck with avger would be
required during development of the 20-cm [8-in.] borehole for a 5em [2-in.} menimring well.} This
information was provided by the Remedial Action Cost Estimating and Reguirements System
(RACER) computer model ({Delta Research Corporation 1995) used in the calculation of
construction ¢osts for this feasibility study (Appendix E) .

E ii'l‘l‘

The operational time for construction activity “i” was determined by dividing the direct

work force (in person-hours) by the appropriate crew size:
[Operational Time (h)], = [Work Force {persan-hours)]; / [Crew Size (workers)], .

For example, emplacement of a 2-m (5-ft) guard post made of cast iron and filled with concréte

would require two laborers (i.e., the crew size in this case equals two),
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TABLE G.1 Criteria Pollutant Emission Rate Factors

Construction Equipment * {1b/h)

Worker Vehicle
Poilutant Flathed Truek Post Driver {fkm)
Carbon monexide (CO) 1.8 ’ 17 79
Hydrocarbons (HC) .19 0.56 1.4
Nirogen oxides LNy 4.2 0.41 1.3
Sulfur oxides (3G} 0.45 0.023 0.12
Taotal suspended particulates (TSP} 0.26 0026 0.25

* Source: U.8. Environmental Protection Agency (EPA 1985).
P Source: U.8. Nuclear Regulatory Commission (NRC 1994,

Emission factors {Ib/h) were obtained from EPA (1985) for the construction equipment
identified within the construction cost estimate. The emission of pollutant *i” from construction
equipment operations was estimated by the following:

[Emission of Poilutant " () onsmction equipment = 3 3 [Operationai Time (il

ik
x [Emission Rate (Ib/h)l; ,, .
by summing over all construction activities *j™ and required construction equipment “k.” Table G.2

shows the predicted emissions from equipment required for monitering well construction.

Criteria pollutant emissions from construction worker vehicles were estimated assuming
that the workday would be 8§ hours and that each construction worker would travel to and from the
construction site in a single vehicle. The number of one-way triﬁs was calculated on the basis of total
work hours {both direct and indirect activities) deterrnined within the construction cost estimnate for

Alternative 2

{Number of One-Way Trips} = (Total Work Hours) / (8 Hours per Workday)
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TABLE G.2 Predicted Emissions from Equipment Raqmred for Monitoring

Well Construction
Workday Average
Emission Rate {Th/h) Total Work Hours
. Emissions
Flathed Truck  *Post Driver Flatbed Truck  Post Driver {1b)

Co 1.8 1.7 278 31 10040
HC 019 {36 273 3] 71
NO, 4.7 0.41 275 31 1,200
50, 45 0023 278 EX| 130
TSP 0.2 0.026 278 31l 72
Aldehydes .11 0.020 278 31 32

For local impacts, it was assumed that the worker vehicles traveled 32 kin (20 mi) to and from work
or 64 km (40 mi) round-trip each day. The vehicular emissions of criteria pollutants were calculated

as follows:

[Emission of Pollutant “i" " (b orker vehicles = (Number of One-Way Trips)
® {2 % [Cme-Way Trip Distance (mm)] }
* {Ibf453.59 g) x (1.609 km/mi)
* [Emission Factor (gfkm)];

The estimated values are provided in Table G.3.

In general, the total amount of criteria pollutant emissions was estimated to be relatively
low (see Table G.4). The low emissions would result from the limited actions associated with

monitering well construction.

G.2.2 Criteria Pollutant Emissions during Operations

e k]

Adrborne emisstons of a given criteria pollutant “i” resulting from operations activities were

caleulated on the basis of the product of the number of aute cne-way trips to the groundwater
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TABLE G.3 Predicted Emissions from Construction Worker Vehicles

Emizsion One-Way
Potential ~ Number of Auto Factor Trip Distance  Emissions
Polhttant  Ome-Way Trips {z/km) (mi) {1h)
CO 261 7.93 20 290
HC 261 1.35 20 50
NO, 261 . 1.32 20 45
80, 261 012 20 4
TSP 261 0.25 20 9

TABLE G.4 Total Predicted Conmstruction

Emissions for Alternative 2: Monitoring with
No Active Remediation

Emissions (16}
Potential Construction Worker
Polhutant Equipment Vehicles Total
CO 1,000 290 1,300
HC i | 50 120
NO, 1,200 49 1,200
SO, 133 4 130
TSP 12 g 81

operable unit (GWOU) (for monitoring purposes), with a one-way trip distance (assnmed to be 8 km

[3 mi)) and the appropriate vehicular criteria pollutant emission rate factor from Table G.1:

(Number of One-Way Trips) = (Total Number of Monitoring Wells)

{Annual Emission (Ib/yr}y, =

% [Sampling Frequency (times per year)] /

(Mumber of Wells Sampled per Trip),

(Number of One-Way Trips)
® { 2 % [One-Way Trip Distance (mi)} }

x {Ib/453.59 g) % {1.609 km/mi}
x [Emission Factor (g/km)], .
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The total number of monitoring wells was assumed to be 167 (152 existing plus 15 proposed). The
sampling frequency would be annual (i.e., once per year), and only one well would be sampled
during each trip (examination of recent groundwater sampling data for the GWOU indicates a

median of three wells sampled per trip).

During operations, each worker was assumed to travel to and from the GWOU in a single
vehicle (np car pooling}, and the worker vehicles were assumed to travel 8 ¢m (5 mi) to and from
the GWOU, or a 16-km (10-mi) round-trip. Emission factors (g/km traveled) were obtained from
NRC (1994). {The difference in emission factors between .thc-se obtained from NRC [1994] and
those obtained by running the EPA-approved vehicle emission models MOBILE 5a [EFA 1994a]
and PARTS {EPA 1994b] was determined to be less than 10%.} The predicted annual emissions from

vehicles used by monitoring workers are shown in Table G.5.

TABLE G.3 Predicted Annual Emissions from Vehicles Used by Monitoring

Workers
Total Mumber Sampling Nitmber of
Potential  of Monitoring Frequency Wells Sampled MNumnber ot Aug
Polletant Wells {times par year) per Trip One-Way Trips
Co 167 | 1 167
HC 167 1 1 167
NG, 67 1 1 167
50, 167 { I 167
T5P 147 1 1 167
One-Way Emissions Annug!
Potential Trip Distance Factor Emissions
Pollutant (o) {zflem) (lb/yr)
Co 5 7.93 47
HC 5 1.35 H]
NG, 5 1.32 8
50, 5 12 1
TSP 5 .25 1
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G.3 REFERENCES FOR APPENDIX G

Delta Research Corporation, 1995, Remedinl Action Cost Estimating and Requirements System
{RACER) User Manual, Niceville, Fla.

EPA: see U.S. Environmental Protection Agency.
Mational Safety Council, 1995, Accidents Facts, 1995 ed., Itasca, T1.
NRC: sge U8, Nuclear Regulatory Cormumission.

U.S. Environmental Protection Agency, 1983, Compilation of Air Pollutant Emission Factors,
Volume 1. Stationary Point and Area Sources, AP-42, 4th ed., Washington, D.C.

UL.S. Environmental Protection Agency, 19944a, Users Guide to MOBILE 5a, EPA-AA-AQAB-94-01,
Office of Air and Radiation, Washington, D.C., May.

U.S. Environmental Protection Agency, 1994b, Draft User’s Guide to PARTS: A Program for Calcu-
lating Particle Emissions from Motor Vehicles, National Motor Vehicle and Fuels Emission
Laboratory, Office of Mobile Sources, Aan Arbor, Mich., July.

U.5. Nuclear Regulatory Commission, 1994, Final Envirommental Impact Statement for the Con-
struction and Operation of Clatborne Enrichument Center, Homer, Louisiana, NUREG-1484, Vol. 1,
Office of Nuclear Material Safety and Safeguards, Washington, D.C., Aug.
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