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The following is a list of the acronyms, initialism:s, and ahbrevi,at_iuns (including units of

NOTATEION

measure) used in this document.

ACRONYMS, INTTIALISMS, AND ABBREVIATIONS

General

2,4-DNT

ARAR applicable or relevant and appmpnate reqmrcment
BRA baseline risk assessment
. CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
co, carbon dioxide T |
DA 1.5, Departmeni of the Army
DOE 11.5. Department of Energy
EPA 11.5. Environmenial Protecticn Agency
FeS0, ferrous sulfate ”
FS feasibitity study
GAC granular activated carbon
. GWOU groundwater operable unit
MCL maximum contaminant level
NCP National Qil and Hazardous Substances Contmgency Plan
PRG preliminary remediation goal
RA remedial action
RD ~rermedial design
RI " remedial investigation
ROD Record of Decision - C—
TBG--- to-he-considered (requirément)
WSSRAP Weldon Spring Site Remedial Action Project
WSTA Weldon Spring Training Area
Chemicals
1,3-DNB i,3-dinitrobenzens
DNT dinitrotcluene
2-amino-4,6-DINT 2-amino-4,6-dinitrotoluens
4-amino-2,6-DNT 4-amino-2,6-dinitrotoluene

2 d-dinitrotolusne
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2,6-DNT
. TCE

1,3,5-TNB

TNT

2.4,6-TNT

UNITS OF MEASURE
cm centimeter(s)

ft foot {feet)

gpm  gallen(s) per minute
ha hectare(s)

in. inchies)

km  kilometer(s)

L liter(s)

ug microgramis)

m - meter(s)

mg  milligram{s)
.mi mile(s}

pCi picocurie(s)

2,6-dinitrotoluene
trichloroethylene
1,3,5-trinfirobenzene
trinitrotoluene

2,4 6-trinitrotoluens

W

"

ah
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PROPOSED PLAN FOR REMEDIAL ACTION
FOR THE GROUNDWATER QPERABLE UNIT AT THE
CHEMICAL PLANT AREA OF THE W!E:LDON SPFRING SITE

1 INTRODUCTION

This proposed plan addresses the remediation of gmundwétercuntamjnation at the chemical
plant area of the Weldon Spring site in Weldon Spring, Misscuri. The site is located approximately
48 Jon (30 m) west of St. Eouis in St. Charles County (Figure 1). Remedial activities at the site will
be conducted in accordance with the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA). Consistent with U.S, Depérunent of Energy {DOE) pc-lif:y, Naﬁanal'
Environmentai Policy Act (NEPA) values have béen incorpaorated into the C‘ERCLA process, In
accordance with CERCLA, DOE, in conjunction with the U.S. Departrnent of the ﬂi‘my {DA),
conducted a combined remedial investigation/feasibility study (RI/FS) to jointly evaluate
groundwater contamination at the Weldon Spring chemical plant area and the Weldon Spring

ordnance works area, which i an Army site adiacent to the chemical plant area.

This proposed plan summarizes information about chemical plant area groundwater that

is presented in three documents:

1. The Remedial Investigation (RI), which presents information on the nature
and extent of contamination (DOE and DA 19982);

-t

. 2.. The Baseline Risk Assessment (BRA), which avaluates impacts to human
health and the environment that could ocenr if no cleanup action of the
groundwater were taken (DOE and DA 19982); and

3. The Feasibility Study (F5), which develops and evaluates remedial action
alternatives for groundwater remediation (DOE and DA 1998b).

This Proposed Plan is required under CERCLA. The purpose of the Proposed Plan is to:

.= Present lo the public a notice and a brief analysis of the remedial action

alternatives developed in the FS;

7

*  Present the ;atiﬂnaic for the preferred remedial action altemative;
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* Summarize key information from the R, BRA, and FS; and

* Inform the public of its role in the remedial sclcctmn prm:ess and provlda the
public the opponumty ta participate in that procass

Under current conditions, the graundwater at the chemical plant area poses no imminent
risk to human health or the environment. The groundwater is not used at the site. None of the
domestic wells located in the area of inﬂueum; from the chemical plant area are active. Existing wells

screened in the same geologic units are separated from the aquifer prasent beneath the chernical plant
area by 2 regional groundwater divide (Dardenne Creek; see Figure 1) and, thersfore, cannot be
affected by the site. The preferred remediation altemative presented in this plan involves active
remediation of trichioroethylene (TCE}-contaminated groundwater in close proximity io the raffinate
pits area of the chemical plant and allows for natural abatement of other cuntafninant ¢oncentrations
o proceed. Such abatement is expected to occur naturally over time becanse the sources of
contamination that are being addressed under the chemical i:rlant Record of Decision (ROD) (DOE
1993) will no longer be present, The progress of the natural remediation would be monitored uatil
.' acceptable levels ate reached. o

This aliemative was selected from among nine pdtentiai remedial actiun. alternatives that
were presented i the FS (DOE and DA. 1998b). These nine alternatives were developed after careful
analysis of available geological, environmental, and human health and ecolegical risk datz, and an
evaluation of the effectiveness, implementability, and cost of the various technologies available for
groundwater remediation at the chemical plant area. However, final selection of the remedial action
alternative has not yet been made; the alternative selected for implementation will be dﬂcumeﬁtﬂd
in the ROD, following receipt and consideration of p;hlic comments on this plan and any sighiﬁcant_“
new information that may become available. Public input may result in modifications to the ultimate

remedial action selected; therefore, public comment on this plan and its supporting documents is an

important element of the dacision-making process.

_ DOE encourages public review and comment on this proposed remedial action plan for
groundwater at the chemical plant. area. Additional details about the site and the remedial action
alternatives may be found in the RI (DOE and DA 1998c}, BRA {(DOE and DA 1998a), and FS
. . (DOE and DA 1998b) and in supporting technical reports in the Administrative R;con:l. The
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remedial action alternatives are evaluated in detail in Chapters 3, 4, and 5 of the FS and are

surnmarized in Chapters 4 and 5 of this proposed plan.
The remainder of this proposed plan is organized as follows:

*  Chapter 2 presents ihe history and environmental setting of the chemical plant
area and a summary of the natire and extant of contamination,

+ Chapter 3 summarizes the hunan health and ecological risks from
groundwater contamination at the site,

*  Chapter 4 sunumarizes the screening process for the nine preliminary remedial

" action alternatives considersd,

-« Chapter 5 describes the final remedial action alternatives considered for the |

remedial action, ’
+ Chapter & presents the preferred remedial action alternative, and

*  Chapter 7 describes the community’s role in this action.
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2 SITE BACKGROUND

-

2.1 SITE DESCRIPTION AND POTENTIAL AREAS OF CONTAMINATION

The 88-ha (217-acre)} chemical plant area lies within the boundaries of the ordnance works
area (Figure 2). The chemical plant was used for trinitrotoluene (TNT) and dinitrotoluene (DINT)
production from 1941 to 1945 and later as a uraninm-processing facility from 1957 to 1966. The
sources of contamination at the chemical plant area are those shown in the original layout of the
chemical plant area {Figure 3). These consisted of approximately 40 bujldings, four waste retention
ponds (referred to as raffinate pits}, two ponds (Ash Pond and Frog Pond), and two former dumps
(north and south). Remediation of the buildings, Frog Poud, and the north dump hes been completed.
The rerpaining source areas are in the process of being remediated or are scheduled for cleanup
within the next year. The chemical plant is mxmntlypfence.d to restrict i;:ublic access. Burgermeister
Spring, which is hydrologically connected to the chemical plant area groundwater, is in the August
A. Busch Memorial Conservation Area. o

2.2 ENVIRONMENTAL SETTING

The geclogy and hydrogeclogy of the Weldon Spring area govern the rate, path, and extent
of groundwater flow. Land use In the surrounding areas affects the potential for human or ecological

exposure to any cottaminants the groundwater may contain.

2.2.1 Geology ™

" t.;atally, the subsurface consists of porous, unconsolidated deposits that unconformably
overlic bedrock. This unconsolidated overburden material consists primarily of modified loess,
glacial drift, preglaciat deposits, and residuurn (DOE and DA, 1998¢). The thickness of these glacial
and preglacial deposits, known as the “overburden;” generally ranges from 4 to 18 m (13 to 59 fi)

across the chernical! plant area

' The Burlington-Keokuk Limestone, the uppermost bedrock unit at the chemical plant area,
has been separated into two distinet subunits, the weathered and unweathered. The weathered unit
ranges in thickness from 3 1w 17 m {10 to 55 ft). At the chemical plant area, fracturing in the bedrock
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is predominantly horizontal. Solution features are common in the weathered portion of the
Burlington-Keokuk Limestone and range from pinpoint vugs to small zones of core loss, typically
less than 1.5 m (3 ft). The larger zones in many cases appedr to be at least partially filled with clay
or clay mixture {DOE 1992). Significantly fewer horizontal and vertical fractures exist in the
unweathered unit than in the weathered unit. Field data indicate a decrease in hydranlic cc;rnductivity
with depth, which is attributed to decreased weathering, Hydraulia conductivity is contreled by the
size, abundance, and geomeuy of the open fractures within the bedrock aﬁd affecfs the transport of
groundwater through the bedrock.

2.2.2 Hydrogeology

.The three principal bedrock aguifer sysr,ermslin the Welden Spring regioﬁ are & shallow
unconfined aquifer (although it may be confined in some local areas), 2 middle confined aquifar. and
a deep confined aguifer. Groundwater used for drnking water in the area comes primarily from the
deep aquifer and from an alluvial aquifer near the Missouri River. In St. Charles County, the sheilow
and middle aquifers are also used (primarily for rural domestic water supply), although that usage

may occur outside the influence of the groundwater contamination at the chemical plant area.

Because the shallow unconfined aguifer has been affected by former activities at the
chernical plant area, it is the groundwater system of primary interest in the Weldon Spring area. This
aquifer consists of the Burlington-Keokik Limestone and the Fern Glen Formation, both limestone

umits, and; in some locations, the overburden. The principal recharge to'this shallow groundwater
sysiem is thmﬁEh infiltration of precipitation from the overburden or from losing streams. The water
table e:ievé.tian fluctuates seasonally and with precipitation, but remains withir the upper bedrock
ot overburden. An east-west trending groundwater d_i;idc, which coincides with the topographic

highpeint of the area, results in two distinct drainage systems.

Shallow groundwater north of the-divide flows to the north, and-shallow groundwater south
of the divide ﬂéws to the south following natural gradients. The eventual surface discharge points
for groundwater flow are tributaries of the Mississippi and Missouri Rivers. In the northern and
southwestern portions of the chemical plant area, subsurface conduit systems rapidly transport water

to Burgermeister Spring (Figure 4},
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At the chemical plant area, groundwater to the north of the divide flows north dnd west
toward Burgermeister Spring and eveniually toward Dardenne Creek, a tributary of the Mississippi
River (see Figure 2). Groundwater to the south of the divide flows south tu southeast toward the
Missouri River, primarily through the Southeast Drainage. Becauss these drainages are losing
streams in portions of their upper reaches, mixing between gmundwatér and surface water runoff can
occur. The direction of groundwater flow in the drainagés is from the chemical plant area to the

adjacent ordnance works area.

2.2.3 Surface Water

The chemical plant area is located on an easi-west drainage divide betwe:en the Missouri
and Mississippl watersheds. At the chemical plant are& surface drainage to the south of the divide
flows through the Southeast Drainage 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 thé
tributaries, drains a major portion of the chemical plant area. Dardenne Creek flows cast to the
Mississippi River. The drainage divide causes surface water from the chemical plant arez to flow to

the ordnance works area.

- 2.2.4- Land Use

_ The Weldon Spring site i3 located in St. Charles County, whick has a population of
appreximately 100,000, The largest city in the county is St. Charles, which is located approximately
24 kim (15 rai) roctheast of the site and has a population of about 50,000 (DOE 1998). _'

 The chemical-plant area is fenced, and access by the general public is restricted. Adjacent

"to the chemical plmﬁ area, portions of the Weldon Spring Training Area (WSTAj that are within the
" ordnance works ares are curnrently used for field training and outdoor maneuvers by the US. Aoy
Reserve, the Missouri Army 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. The DA intends

to continue using the WSTA for future training activities.

* A large portion of the ordnance works area has been converted into conservation areas. The

August A. Busch Memorial Conservation Area and the Welden Spring Conservation Area
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(see Figure 2) are managed by the Missouri Department of Conservation and are open throughout

the year for recreational use. These areas receive an estimated 1.2 million visitors each year.

L

A state highway maintenance facility just east of the chemical plant area employs nine full-
time staff and one mechanic. The former staff housing complex for the ordnance works area, located
southeast of the intersection of State Route 94 and U.S. Route 40/61, is currently a private housing

development known as Weldon Spring Heights; it has about 80 residents.

Francis Howell High School, located about 1 km (0.6 mi) east of the chemical plant area,
employs about 175 faculty and staff (including employees at the Francis Howell Administration
Annex} and is attended by about 1,930 students.

2.3 NATURE AND EXTENT OF CONTAMINATION

As presented in the RIreport (DOE and DA 1998c), the nature and extent of contamination
within the groundwater system for the chemical plant area was jointly evaluated with that of the
ordnance works area by using data collected during DOE and DA monitoring programs from 1987
through 1993 and 2 jeint sammpling effort conducted in 1995, Data fer the chemical plant ares and
the ordnance werks area were combined and evaluated together because the groundwater system is
continuous beneath both areas. Data obtained since 1995 from the chemical plant area menitoring
wells and springs were also reviewed and are summarized in this sectien to provide the latest
contaminant profile. |

. xF
2.3.1 Groundwater

Dn.tl;basis of the results of t]w evaluation in the RI(DOE and DA 1998¢) and BRA (DOE
and DA 19982), the primary contaminants in chemical plant area groundwater are TCE,

nitroaromatic compounds, nitrate, and graniom.

TCE contamination in groundwater is a recent occurence {i.e., 1996), Contamination is
localized at the chemical plant area, primarily in the vicinity of the raffinate pits. The horizontal
extent of contarnination extends from east of raffinate pit 3 to the south and southeast of raffinate
pit 4, just beyond the adjacent boundary with the W3TA (see Figure 3). Contamination is limited
to seven wells that are open to the wea:ha.rbd portion of the aquifer. ln 1996, TCE concé;tratinns in

groundwater ranged from 1 to 9,000 pg/L. The maximum concentration is a one-time, but
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analytically suspect, detectidn; the next highest concentration detected was I;ID{} ug/L. Post-1996
concentrations have ranged from .6 to 1,300 pg/l.. A decreasing trend in concentrations has been

observed in one well (MW-2038), and concentrations in other affected walls havc.remained

relatively the same.

- The extent of uranium and nitrate contamination in groundwater is primarily limited to the
chernical plant area and nearby vicinity, Contamination eccurs predominantly in the overburden and
weathered units of the aquifer, Recant data collected for uramum in 1997 to 1998 from the 56
monitoring wells ranged from 0.02 to 55 pCi/L. The maximum cencentration was detected from &
well in the raffinate pit area (MW-3024), where previous concentrations were at background levels.
This well may have been affected by recent sludge removal ﬁnd other remediation activities in the
raffinate pit area. The next highest uranium concentrations occurrid in MW-3003, MW-4020, and
MW-2017 at 17, .2[), and 12 pCifL, respectively. These wells also previously indicated elevared

levels relative to the other wells.

- The highest concentrations of nitrate have ty'picaﬂy been measured in the vicinity of the
raffinate pits an;i Ash Pond (sée: Figure 3). Up until 1995, concentrations as high as 12,000 mg/L
were detectad. More recent data show a range of 0.02 to 1,000 mg/L. Rﬂ:_:ent remediation activities
in the raffinate pit area have resulted in some changes in contaminant concentrations in several of

the vicinity wells. A few wells have shown incraases in nitrate concentrations,

Nitroaromatic compounds cecur sporadically at low levels across the groundwater system;
higher levels hgﬁ generally been detected in the overburden and weathered units of the aquifer. The
primary nitroaromatic cnmpm._mds in groundwater include 2,4-DNT,_2,6-DNT, 1,3 5-trinitrobenzene
(1,3.5-TNB), 24,6-TNT, and the amino-DNT degradation compounds. Recently, maximum -
concentrations of 6.0 g/l for 24-DNT; 110 pg/l. for 2,6-DNT; 62 ng/L for 1,3,5-TNB; 0.32 pg/L
for 1,3-DNT; and 25 pg/L for 2,4,6-TNT have been detected.

2.3.2 Springwater

" The primary contaminants in the springwater at surface springs in the chemical plant area:
are uraniurmn, nitrate, and nitroaromatic compounds. Elevated levels of uranium and nitrate have been
routinely detected at Burgenmeister Spring (6300 drainage). Nitrate concentrations at this location

have historically ranged from 0.5 to 10,000 mg/L; more recent data collected since 1995 indicated
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a range of from 3.8 1o 47 mg/L. The wide range of concentrations for nitrate at this location have
been correlated with changes in ﬂow rate. Uranium levels have been elevated in Burgermeister
Spring and the Southeast Drainage. Uranium concentrations have ranged from 0.48 to 370 pCi/L;
the maximum concentration was reported from the Southeast Drainage. Recent levels {1997-1998)
of uranium detected in the Burgermeister Spring drainage and the Southeast Drainage range from
0.03 to 110 pCi/L and 51 to 120 pCi/L, respectively.

Data collected in 1995 indicate a maximum 2.4,6-TNT concentration of 120 pg, for
Spring 5201 and 280 pg/L for the Southeast Drainage. Maximum concentrations of the gther
nitroaromatic compounds (1987 to 1998) are 11 pg/L for 2,4-DNT; 18 pg/L for 2,6-DNT; 15 pg/L.
for 1,3,5-TNB; 1.2 pg/L for 1,3-DNB; 1.4 pg/L for nitrobenzene; 19 pg/L for 2-amino-4,6-DNT;
and 24 p g/l for 4-amino-2,6-DNT, '

-

4
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3 SUMMARY OF SITE RISKS AND REMEDIATION GOALS

As part of .the joint DOE and DA RIFS, potential risks to human health and the
envirenment from groundwater and springwater contamination were evaluated for the chemical plant
area and the ordnance works area on the basis of current and likely firure jand uses, Future land tse
ai both the chemical plant area and the ordnance woerks area is likely (o be recteational, which is the
same as curent Jand use. Accordingly, potential risks were estirnated with reference to current and

future recreational users.

The results of the risk assessments were used to determine areas and contaminants that may
require remediation. Preliminary remediation goals (PRGs) are identified in the FS (DOE and DA
1998b) for each of the contaminants that are considered significant PRGs are concentrations of
contaminants that are within the U.S, Envimnmnnt;I Protection Agency's (EPA’s) acceptable risk
range. The cleanup alternatives discussed in the FS were evaluated with respect to their ability to
achieve the PRGs.

3.1 HUMAN HEALTH RISK ASSESSMENT

Potential cancer risks for the recrsational visitor posed by axpnsur;: to radiation and
chemicals were assessed by using standard methods developed by the EPA and other agencies. The
EPA has established an acceptable risk range of 1 in 1 million to 1 in 10,000 (EPA 1990).

To put this risk range in context, it is estimated that aboui one in three Americans will
;:Itve.lﬂp cancer ;:;:uring their Jifetime from 21l sources {American Cancer Seciety 1992), and that the
risk of developing cancet from exposure to radiation naturally present in the environment (primarily
radon) is about 1 in 100 {(EPA 1989). Thus, the acceptable range is a very small percentage of the
cancer tisk expected in the general U.S. population from everyday exposures. For éxmnple, the
incremental risk at the upper end of the ERA’s range meanis that if all-persons in a population of
10,000 were assumed to be repeatedly exposed to site contaminants, cne additional person might get
cancer as a result of those exposures compared with the estimated 3,000 cancer cases expected from
all other axpn_::surcé; that is, the number of persons who would be expected 1o develop cancer in that

population would be 3,001 rather than 3,000. : e
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Potential health effects other than cancer that could result from exposure to chemical
contamjnants were alse assessed. The quantitative me:asurr_i of noncarcinogenic health effects is the
hazard index. The EPA has defined a hazard index of grester than ! as indicating possible adverse

noncarcinogenic health effects.

The most likely receptor for site-related groundwater contamination is a recreational visitor -

to the area. The human health risk assessment concluded that a recreational visitor ingesting
* springwater from any of the 15 springs evaluated was not at risk for cancer or systemic toxicity;]
these results are expected to be representative of all springs in the study area The recreational visitor

was asstmed not to have any exposure to the contaminated groundwater itself. This assumption is

consistent with land use conditions at the chernical plant, where a recreational visitar wauld not have .

direct access to the groundwater, The risk of develcrpmg radmt:onqnduced cancer was estimated to
range from 4 in 1 billion to 2 in 1 miHion, These values are low and well mthm the acceptable Tisk
range of 1 in 1 million to 1in 10,000 recommended by the EPA (EPA 1989). The estimated risk for
developing chemical-induced cancer is similarly low and ranges from 3-in 10 billion to 6 in
10 rf'lillian. The hazard indices estimnated f:::r a recreational visitor at the spring?s ranged fromn DﬂDI
to 0.4.

3.2 ECOLOGICAL ASSESSMENT

The results of the ecological assessment indicate that contaminant concentrations in spring-
water and sediment pose little or no risk to ecological resources of the ares, and that remediation

from an e.colugftal perspective is not needed.

Biotic survr:.yﬁ of macroinvertebrates, fish, and arnphibians that inhabit the Burgr:nna_ister
Spring ﬂrainagc indicated no evidence of adverse effects. The spring was determined to contain
generally good agquatic habitat, and the species present are typical of those found in similar habitats
throughout the Midwest. Although the Tish community was limited in divefsity and the

macroinvertebrate community was categorized as slightly impaired, the communities are likely

! The assessment presented in tha BRA (DOE and DA 1998a) also included nisk cst:mates for a hypothetical future

regident exposad to groundwater contaminants. These estimates indicats potantial risks from three wellyio be slightly
higher than 1 in }0,000 and (for a hypothetical furure resident) to be primarily atributable to TCE. The hazard index
for several wells containing nitroaromatic compounds and nitrate 156 exceed 1.

i
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affected by the physical nature of the spring and its drainage rather than by contaminant levels. Flow
in the nppermost portion of Burgermeister Spring is maintained by groundwater discharge at the
spring. Under low-flow conditions, as commeonly occur in the summer, the stream 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 results of toxicity testing of surface water and sediment indicate the potential for some
toxicity to fish and macroinvertebrates from within Burgermeister ;Spring proper, but not -
downstream of the spring. However, the presence of apparently unaffected macroinvertebrate, fish,
anid amphibian communities in thesa locations suggests that local populations are tolerant of (or have
adapted to) the contaminant levels prasent in surface water and sediment in the Burgermeister Spring
drainage. Tissue analyses revealed relatively low levels of contaminant bioconcentration, all below

levels of concem.

Modeling of contarninant uptake by the white-tailed deer and American robin drinking from

| Burgermeister Spring predicted very low levels of contaminant uptake by these species. No risk of

harm was found t-o be caused by the modeled contaminant doses to land-based plants and animals
drinking from Burgermeister Spring orother springs in the area,

Risk estimates 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.
Howsever, the aquaﬂc community in Burgermeister Spring is tyfical of similar habi.tats elsewhere in

_ the Midwest and does not appear to be adversely affected by contaminant concentrations at this tirme.
__Few of the other springs in the area provide suitable habitat and, at best, support only very limited

aquatic communities.

3.3 REMEDIATION GOALS FOR GROUNDWATER

On the basis of the results of evaluations presented in the RI (DOE and DA 1958¢) and

BRA (DOE and DA 1998a), the focus of the FS (DOE and DA 1998b) was the identification of
 options .r.hat allow for verification of decreﬁ.sing contaminant concentrations resulting from source
‘removals and options that reduce or remove contaminant cnnci:ntra!inns {i.e., nitfﬁte, TCE,

nitroaromatic compounds, and uranium in groundwater), Nitrate and TCE contamination is primarily
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a concem at the raffinate pits area at the chemical plant-area. Nitroaromatic compounds have been

* identified as contaminants of concern in a few wells at the chemical plant area. Although uranium

concentrations in groundwater are above background levels, concentrations are generally low and

within the acceptable risk range (see Section 2.3.1).

Préliminary remediation goals (PRGs) for TCE, nitrates, nitroaromatic compounds, and
uranium are identified in the FS (DOE and DA 1998b)} as a basis for evaluating the effectiveness of
the various remediafion technologies and alternatives being considered. In accordance with the
ﬁatianal Qil and Hazardous Substances Contingency Plan (NCP) (EPA 1990), the PRGs are
conéantratiuns of coqta-.minams for each exposure route that are bg]jevad, on the basis of site land
use information, to be protective of human heaith or the environment. PRGs are based on applicable
or relevant and appropriate requirements (ARARS) such as maximum contaminant lew:ls (MCLs).

When ARARSs are not available, the EPA sets rememauon goals by developing risk-based values.
The following MCLs have been identified as ARARs:
= 5 pg/Lfor TCE;

10 pg/L. for nitrate as nitrogen;

« 17 ug/L for nitrobenzene;

0.11 pg/l. for 2,4-DNT; and

1.0 ug/L for 1,3-DNB.

No federal or state MCL exists for uraniurm in groundwater. Although the EPA has
proposed an MCL of 20 pg/t. for uranium in its Proposed National Primary Water Regulations

(Volume 56, page 33050, of the Federal Register [56 FR 33050] [fuly 18, 1991]), this standard is

not an ARAR because it has not been promulgated, However, the proposed MCE, might be treated
as a to-be-considered requirément (TBC). _

Because there are 1o ARARs for eight other nitroaromatic compounds and uranium, risk-

based values were developed for those contaminants in accordance with pmtocnls authorized in the
NCP. Rlsic based values are developed on the basis of reference doses or slope factors provided by
the EPA. The reasonable maximum axpcsurc eétimate for future use provides the basis for

developing proteciive exposure levels. Concentrations of carcinogenic contaminants equwalent (o
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the 1 in 10,000 and 1 in 1 million risk cange were estimated for the recreational scenario.
Calculations were performed to determine the concentrations of noncarcinogenic c_nntamiﬁants that
would be eguivalent to a hazard index of 1 for the refreational scenario. Assumptions and
methodologies were similar 1o those used for risk estimates in the BRA {DOE and DA 1998a) and
are further discussed in Appendix B of the FS (DOE and DA 1998b).

Table 1 summarizes regulatory criteria, risk-based values, and PRGs for chemicai plant
groundwater contaminants of concem. For each of the contaminants, PRGs are based on ARARs,
or the 1070 risk, or the hazard index of 1 for the recreational scenario. (Risk-based values were also
calculated for a hypothetical residential scenario for all contaminants, including those with
determined ARARs, in order to pfcwida information for compazison). Table 2 [ists the weils at which

PRGs are exceeded for groundwater contaminants of concem considered for the chemical plant area.
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TABLE i Summary of Regulatory Criteria, Risk-Based Values, and Prelimimry.
Remediation Goals for Groundwater Contaminants of Concern

Risk-Bused Values®

Resideniial Scenario Recreadonal Soenaric
0¥ ¢ Hazad 10%016* Hazard  Proposed

Contaminant Regnlarery  Carcipogenic Tndex Carcinogenic - Indsx PRGs for

of Concern Unit  Critedia®  Risk Rangs® of 14 Risk Range* of I the GWOUSB
2-Amine-4,6DNT  pgiL 2 NaAl 2.2 ' NA 190 190
4-Amine-26-DNT  ugl . NA 2.2 NA 190 150
1,3-DN8 . ol Na 3.7 NA 520 1.0
2 4-DNT KL e1t! . pla-n 73 11- 1,100 £,400 0.}
2,6-DNT g/l - 0.13-13 37 11-1.100 3200 1
Mitrobenzens ug/l 17 NA 18 NA 1500 17
Mitrats-N ' mgt 14 NA 58k MA 5,100 10
m-Nitrotolaene gL . N4 "37 NA 3,200 1,200
o-Niowluens wpl - - NA 37 NA 1,200 3,200
p-Nitrctolusne kgl . NA 27 NA 3,200 3,200
TCE ug/L 5 7.7 =770 NA 630 - 62,000 NA 5
135THe pEL - MNA 1% MA 160 160
24,6 TNT gl - 28 - 280 18 250 - 25,000 LEGO 250
Urznium ' povL - 00050t ilgpga™ 72 -7300" A0 uEA™ 73

&

“Pho values jn this column ineluds MCLs, EPA drinking water health advisocics, Missoar water q-ualiq"slandard:. and Missour
health advisories for groundwatsr, A defailed wbulation of ARARS is presenied in Apperdix A of the F5 (DOE and DA
355 10 :

Risk-based values were catimatzd for the recreational and residential scenarios Following the risk methodelogy and equaticns
wscd for risk cziculations as presented in the BR.A (DOE and DA 1993s) and in Appendix B of the FS (ROE and DA 1998k},
The focserable futuze land use af the chernical plant area is likely t be recreational, which i5 the same 15 current land uze.

Vales in this column represent concentations for &ach contarminant that would be within the scceptabis risk rangs Foc the

retidential scediio.

Values in this column represens e highest concantration for cach contaminant that would be sceeptable or within the nazard
- index of 1 for the mesidential scenario. - .

" ‘v_’a.lu.ts i this cotomn repressnt concentations for each cantarninant that would be within the acceptable risk renge for the _
recToarional sCEnAND. .

Values in this column represent the highest consentration foreach contaminant that would be sceeptable or within the hazard
indest of | for the recreationsal scanarie.

t The proposed PRGs foe TCE, nitrma-N, 2,4-DNT, 1 3-DNE, and nitrobenzene were bused on ARARs. PRGs for carcinogenic
nimoArTIatic compounds (i.6., 2,4,6-TNT, 2,4-DNT) and uranium were based on concentrations egaivalent to the L in L million
risk for the recreational scenatio, PRGE for nontartinogenic nitoaromatic compounds (ie., Zamingd, 5DNT, 4-aming-
2,6.0NT, 1,3-0NB, m-nitratolacne, o-nitrotaluene, sand p-nitrsoluenc) were based on concentations equivalent o 4 hazard
index of 1 fer &aeh compound For the recreational seenario.
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TABLE 1 {Cont.)

b A hyphen (-} indicates that no regulatory criteria are available.
I NA = nol applicable; a stope factor or reference dose, whichover is apprapriste, was not available,
' Missouri water quabity standard ghat is an ARAR.

% Yalue bassd on an adulk residential recepior; the value for infants would be less because nirate-N woukd be moes taxic 1o infanis
thaa adihs.

| Based on the radiological risk For tranizm.
" Based on the chemical taticity of uranjom.
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4 SCREENING OF PRELIMINAI_{Y ALTERNATIVES

4.1 PRELIMINARY ALTERNATIVES CONSIDERED
The alternatives discussad in this chapter were considersd in the FS (DOE and DA 1998b)

in the context of follow-on activities after source removal and control response actions have been
implemented at the chemical plant area. These source removals are stipulated in the ROD addressing
soil and structural contamination at the chemical plant area (DOE 1993).

In the development of preliminary alternatives, a broad range of remediation technologies,
both in-situ and ex-situ, were considered for application at the chemical plant area to addrass the
contaminated groundwater, [n-situ technologies considered included containment approaches such
| as barrier walls or immobilization methods and in-situ treatment approaches such as’ natural
processes or newer innovative technologies like electrokinetics, phytoremediation, Fenton-like
reagents,_and treatment walls. Groundwater removal technologies, including conventicnal and
nonconventional well extraction, interceptor trenches, and excavation, were considered if tr:atmént
was o be perfdnned ex-sin. Conventional and newer innovative technologies for ex-sit
groundwater treatment using physical, chemical, and biological metheds were evalnated, From these
technologies, tine broad alternatives were developed m the FS (DOE and DA 1998b) that are
protective of human heaith and the environment, that maintain protection over time, and that
minimize untreated waste. The nine broad alternatives cutlined below ranged from those considerad
to address all gmundwatar contaminants in the entire affectad aquifer, to those thar focused on more
local;zed h'eaunﬂnt of TCE enly. Treatment or remediation of TCE as a “hot spot” was considersd
because it is the most significant contributor to the estimated potenual risk and because TCE—
contarnination is mere or less confined to one area or plume. Altemnatives 2, 3,4, 5, and 6 pre.sentcd
in the FS were developed and evaleatad to determine their feasibility in addressing all contaminants
in the affectad aquifer at the chemical plant area. Although Alternatives 7, 8, and 9 were evaluated
for their feasibility in addressing the TCE-contaminated groundwater, they address the rest of the

contaminants via monitoring.

" Alternative 1 No Action Alternarive. CERCLA regulations require that this altemative be
considered. It is intended to provide a baseline against which other alternatives can be compared. No

further action would be taken at the site under the no action alternative, and any existing, ongoing
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maintenance, monitoring, and remedial actions associated with the groundwater would be
discontinued. Although contaminant concentrations are expected to decrease with time as a result
_of source removals at the chemical plant area, no monitoring data would be available to verify this

OCCITENCE,

Alternative 2: Monitoring with No Active Remediation. Involves rontine sampling and
analysis to provide monitoring data that would verify expected decreasing contaminant
concentrations. Under this alternative, lower contaminant concentrations are expected in the future

because natural processes will continue to ocecur.

Alternative 3: Natural Antenuation. Includes the construction of new monitoring wells and

the implernentation of a sampling and ﬁnalysis scheme that is more elzborate than required under

" Altemative 2 to verify and monitor paramaters that would document pn:rfﬂnnaﬁce of the natural
remediation processes. Natural attenuation is defined in the NCP (EPA 1990} as *bicdegradation,
dispersion, diluticn, and adsorpiion” of contaminants in groundwater. The implemén'taﬁon of this
alternative would require advanced groundwater modeling capabilities to demonstrate that natural
processes of contarninant degradation would reduce contaminant concentrations below regulatory

standards before potential exposure pathways are encountered.

Alternative 4: Groundwater Removal, On-Site Treamment Using Granular Activated
Carbon. Involves using conventional vertical extraction wells to remove grotmdwater with
- contaminant levels exceeding PRGs, pumping and treating the groundwater at ah aboveground
. treatment system, and releasing or managing the treated groundwater consistent with overall site
strategies. Adsorption by granular activated carbon (GAC), which is a well-developed, effective, and
widely applied technology, would be used to remove organic materials,_inclu&iﬁ nitroaromatic
compounds (such as 2,4-DNT and TNT) and TCE by chemicalty and physically binding them to the

carbon.

" Alternative 5: Groundwater Removal, On-Site Treatment Using Ultraviolet Oxidation.
Similar to Alternative 4, this alternative involves extraction and treatment of groundwater to achieve
naximum contaminant concentrations that are within PRGs. Ultraviolet oxidation 1s a refatively new

treatment technology that can be effective for water contaminated with TCE and nitroaromatic
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cempounds. Unlike adsorption on GAC, it des'tmys the compounds rather than simply transferring

them to a more easily disposable medium.

. Alternative 6: Groundwater Rembvaf, On-Site Treatment Using Phytoremediation, The
objectives and design of Alternative § are similar to those of Alternatives 4 and 5, except that this
alternative assumes on-site treatment using phytoremediation. Phytoremediation is the use of plants
to remediate contaminated groundwater. It exploits an enzymatic activity occurring in plants at the
root level and has been shown to be effective in a number of studies. Groundwater excesding the
PRGs would be removed by using conventional vertical extraction wells and pumped to and treated
. at an aboveground constructed wetland. A constructed wetland is a lined, man-made lagoon that

contains a variety of plants that accumulate and remove nitroarematic compounds and other
,contaminants from influent waters. The treated groundwater would be managed consistent with

overall site strategies.

Alternative 7: Removal and Ex-Situ Treatmenr of TCE-Contaminated Groundwater.
Involves extraction and ex-situ treatment ?f groundwater contaminated with TCE primarily at the
chemical plant area near the raffinate pits area. 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. L

The cbjectives and design of Alternative 7 are similar to those for Alternative 4 and 5,
except that only groundwater exceeding PRGs for TCE would be removed and treated under this
alternative. This groundwater would be removed by using conventional wells, pumped to and treated
in an gbo',rcgmﬁnd treatment system consisting of a sequence of physical and chermcal unit
__operations, and released at a discharge point,

Alternative 8: In-Situ Treatment of TCE Using In-Well Vapor Sm;:;ing Monitoring similar
to that described in Alternative 2 would be implemented for the management of nitroaromatic
cdm_paunds and nitrates in the groundwater. In-well vapor stripping technology involves the creation
of 2 groundwater circulation pattern and simultaneons aeration within the vapor stripping well to
volatilize the TCE from the circulating groundwater. This process would not be amenable to removal
of nonvolatile or highly soluble cnmpuundé Jike nitrates and nitroaromatic compounds that m;ay also

be present. Air-lift pumping is used to lift groundwater and strip it of contaminants. Coritaminated
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vapors are drawn off for aboveground treatment. Partially treated groundwater is forced out of the
‘well into the vadose zone where it reinfiltrates to the watsr kable. ﬂﬁtreattd groundwater enters the
well at iis base, thereby replacing the water lifted through pyumping. Eventually, the partially treated
water is cycled back through the well via this process until PRGs are met. |

Altemmative 9: In-Situ Chemical Oxidation of TCE Using Fenton-Like Reagents. Involves
in-situ chemical oxidation of TCE-contaminated groundwater with Fenton-like reagents. Monitoring
‘'similar to that described in Altemative 2 would be applied to manage other groundwater

contaminants. This alternative provides for active remediation of TCE only.

This in-situ treatment process would involve the direct sequential infection into the shallow
bedrock aquifer of aqueous solutions of hydrogen peroxide, a ferrous compeund, and acidic solutions
(e.g., acetic acid). Acetic acid would be introduced bcfurehand to establish acidic conditions
conducive to production of hydroxyl radicals by th;: Fenton-like reagents. The generated hydroxyl
radicals would react with the TCE in the groundwater to form meostly carbon ﬂiﬂxide (CO,) and

water.

4.2 ALTERNATIVES ELIMINATED FROM CONSIDERATION

Alternatives ! through § were evaluated in the F$ (DQE and A 1598D) in terms of the
three screening criteria defined in the Code of Federal Regulations, Title 40, Part 300 (40 CFR
" Part 300)—effectiveness, implementability, and cost. On the basis of this screening process,

Alternatives 3, 5, and 6 were not retained for further consideration for the following reasons.

]
s Alternative 3— Tt would be difficult to demonstrate natural attenuation for all
of the constituents of concern, and this alernative does net provide better

protection of human health and the environment than Alternative 2.

«  Alternative 5--Stmilar to Alternative 4 in that preliminary simulation results
indicate that remediation would take on the order of 100 yeass, and the

ultraviclet oxidation technology is not well established.

«  Alternative 6—Ramediation would take on the order of 100 years, and the
phytoremediation technology is not well established.
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. 4.3 ALTERNATIVES RETAINED FOR FURTHER EVALUATION

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

rd

evaluation (see Chapter 5);
| »  Alternative 1: No Action,
«  Alternative 2: Monitoring witk No Active Remediation,
* Alternative 4: Groundwater Removal, On-Site Treatment Using GAC,

*  Alternative 7: Removal snd Ex-Situ Treatment of TCE-Contaminated
Groundwater,

*  Alternative 8: In-Situ Treatment of TCE Using In-Well Vapor Stripping, and

»  Altemative 9: In-Situ Chemical Oxidation of TCE Using Fenton-Like
Reagents. ' |
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5 DESCRIPTION AND ANALYSIS OF FINAL ALTERNATIVES

5.1 DESCRIPTION OF FINAL ALTERNATIVES  ~

Six of nine preliminary alternatives were retained for detailed analysis in the FS (DOE and
DA 1998b) and are summarized in this chaptet. Again, these altarnatives are being considered in the
context of follow-on activities after source removal and coatrol response actions have been
implemented at the chemical plant zrea (DOE 1993).

5.1.1 Alternative 1: No Action

This alternative is used as a baseline against which to compare the other alternatives being
considered. Under the no acticn altetnative, groundwater at the chernical plant area would remain
“as 15"’ No containment, removal, treatment, or uth& mitigating actions would be implemented. The
no action altermaiive does not include groundwater monitoring or any cther active or passive
institutional coatrols that mnay reduce any potential for human exposure (e.g., land use restrictions).
Under Alternative 1, it is assumed that ailvcurrenl activities, including groundwater mﬂﬂiﬁ:—tiﬂg by
DOE, would be discentinued. Contaminant concentrations are expected to decrease as a resiit of
namural processes that will continue to occur and from current source removals being conducted per
the chemical pia.m ROD (DOE 1993).

5.1.2 Alternative 2: Monitoring with No Active Remediation

U_ndefﬁﬁltemative 2, no active remediation would take place; howsever, long-term
moﬁitéﬁnﬁ of the groundwater would be performed. The concentrations of contaminants in
g_rcrundwatar at the chemical plant area are expected to decrease with time. This decrease conld result
from any or 2 combinaticn of the following: (1) scurce removals; (2) bicdegradation, photolysis,
volatilization, sorption, and hydrolysis; and {3} dilution from infiltration of rainwater and mnoff.
Further evaluation through long-term monitoring and associated activities would deteymine whether

these processes decreased contaminant levels to or below PRGs.

" Groundwater monitoring would be conducted by using the existing monitoring well

network. It is possibie that this network would be expanded or reduced on the basis of sibsequent
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design of an optimal network. Monitoring would be pecformed for an appropriate period of iime that
- would be defined in the remedial design/remedial action (RD/RA) phase.

r

5.1.3 Alternative 4: Groundwater Removal, On-Site Treatment Using GAC

This alternative involves using conventional vértical extraction wells to remove
gruundwat;er with contaminant levels .axmcding PRGs. In the evaluation presented in the FS, an
estimated 330 to 1,000 vertical extraction wells would be required to address all contaminants at the
chemical plant area (see Appendix C of the FS [DOE and DA 1998b]) to achieve a reasonable
extraction rate and to prcrﬁ::be: wide encugh coverage to prevent any bypass of groundwater
contaminated above the PRGs. However, on the basis of data ﬁ-um recent field investigations within
the TCE-contaminated portion of the shallow hedm.ck aquifer: revised estimates indicate that
between 130 to 390 vertical extraction wells may be required to remove groundwater with

" contaminant concentrations exceeding PRGs.

The exiracted groundwater would be pumped and treated at an aboveground treatment
. systern. Organic materials such ag TCE and nitroarcmatic cc:-mpc:und}; would be removed by using

the well-established GAC adsorption technology.

As required by CERCLA, a review would be conducted every five years because
contaminants would remain in site groundwater at levels above those that allow for uniimited use

and unrestricted exposure.

5. 1.4 Alternalﬁ'e 7: Removal and Ex-Situ Treatment of TCE- Cnntanunawd Groundwater

Tl'us altemative involves the extraction of TCE-contaminated groundwater in the vicinity~
of the raffinate pits of the chemical plant area. Long-term monitoring would be conducted to collect
data that would verify expectations about decreasing concentrations resulting from natural processes
.and source rermovals conducted under the chemical plant ROD {DOE 1993). In the ;valuation
presented in the FS, &ppmximatalj;' 200 to 630 vertical extraction wells (see Appendix C of the FS
[DOE and DA 1993b]) were estimated to be required to achieve a reasonable extraction rate and to
provide wide enough coverage to .prevent any bypass of the TCE. Howevef, on the basis of data from

recent field investigations within the TCE-contaminated portion of the shallow bedrock aguifer,
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revised estimates indicate that between 1 to 23 vertical extraction wells may be required to remove
TCE~ontaminated groundwater in the vicinity of the raffinate pits.

As required by CERCLA, a review would be conducted every five years because
contarninants would remain in site groundwater at levels above those that allow for untimited nse

and unrestricted EXposure.

-5.15 Alternative 8: In-Situ Treatment of TCE Using In-Well Vﬁpnr Stripping

In-well vapor stripping technelogy involves the creation of a groundwater circulation
pattern and simultaneous aeration within the vapor stripping wel! to volatilize the TCE from the
circulating groundwater. This alternative is focused on remediating the TCE-contaminated
groundwater that has been identified near the raffinate pits area of the chemical plant area. Eecau&e
of the nature of the technology involved, this altamative would not direﬁtly remediate the nitrate,

nitroaromatic compounds, and uranium that may also be present. As in Altsrnatives 2 and 7, long-

term monitoring would be conducted to obtain data that would verify expected decreases in -

contaminant concentrations as z result of natural processes that would continee to occur and from

source removals conducted under the chemical plant ROD (DOE 1993).

~ The in-well vapor stripping technology consists primarily of a screened well submerged
beneath the water table and an air line within the well extending to below the water table, A

comprassor delivers air or an inert gas such as nitrogen to the water column gerating the water within

the well. The gag bubbles cause the water within the well to be less dense than the nonacrated water
oitside, 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 column of aerated water within the well, which forms

an air-lift pumping systen:.

As required by CERCLA, a review would be conducted every five vears because -

contaminants would remain in site groundwater at levels above those that allow for unlimited use

and unrestricted exposure.

5.1.6 Altemative 9: In-Situ Chemical Oxidation of TCE Using Fenton-Like Reagents

This alternative involves in-situ chemical oxidation of the TCE-contaminated groundwater

that has been identified near the raffinate pits area of the chemical plant area. Because this
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technology has been proven to address organic compeunds oaly, this alternative would primarily
" address TCE. Long-term monitoring would be conducted, as in Alteratives 2, 7, and 8, to obtain
data that would verify decreasing nitrate, nitrearomatic comipounds, and uranium ¢oncentrations as
a result of natural processes that would continue to occur and from source removals per the chemical
plant ROD (DOE 1993}, |

The application of this technology consists of injection into the shallow bedrock agquifer of
agueous solutions of hydrogen peroxide, ferrous sulfate (FeS0,), and other chemicals (.g., acetic |
acid) through a series of injection wells. Preliminary engineering estimates indicate the installation
of approximately two sets of nested application or injection wells, with multiple rounds (& minimutn
of two) of chemical reagent application. s '

As required .by CERCLA, a review wpuld be cﬂnducted. every five “‘_.i;ca.rs because
contaminants would remain in site groundwater at levels above those that allow for unlimited use

and unresiricted exposure,

5.2 DETAILED ANALYSIS OF FINAL ALTERNATIVES
As required by CERCLA and the NCP (E'PA 1990), the detailed analysié: of the six final

alternatives considered nine evaluation criteriz.

1. Overall protection of human health cnd the mﬁrénmenrmﬁddr:ss:es whether
the alternative adequately protects human health and the envirofiment.
Degscribes how site risks posed by each pathway are eliminated, reduced, or

.- controlted through natural processes, ireatment, engineering, or institutional
controls. Mléws for consideration of any nnacceptable sh_oﬁ~terxn impacts

associated with the alternative.

2. Compliance with ARARs—Addresses whether all applicable or relevant and
appropriate state and federal laws and regnlations are met. (Appendix A of the
F5 [DOE and DA 1998b] presents a detailed discussion of ARARS}.

. 3. Long-term effectiveness and permanence-—Addresses the risk remaining at the

operable unit after remediation goals have been met. Focuses on the ability of
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the alternative to maintain reliable protection of human health and the
environment over time, once remediation goals have been met.

4. Reduction of toxicity, mobility, or voﬁmeﬁ-—mirdressms the statutory pref:_ren.ce
for mleﬁﬁn_g alternatives that permanently and significantly reduce the
toxicity, mobility, or volume of hazardous substances at a site. Focuses on the
extent to which this is achieved by the alternative, |

5. Short-term effectiveness—Addresses the potential impacts to werkers, the
general public, and the environment during implementation of the altemati_vé.

6. Implementability—Addresses technical and administrative feasibility,
including the availability and relisbitity of resources or materials required

during implementation and the nead 1 coordinate with other agencies.

7. Cosi—aAddresses both capital costs and annual operation and maintenance

COsts.

8. Stale accepmnce-'—hddmssehs the statutery requirements for substantizl and
meaningful state involvement. This criterion will be evaluated in the
responsiveness summary and ROD that will be prepared following the public
comment peried on the Propesed Flan:

9. Community acceptance—Assesses the community's preference for, or
cnnoems about, the remediation alternatives being considered. This criterion

w111 be evaluated in the responsiveness surmary and ROD that will ha
prepared following the public comment peried on the Proposed Plan.

5.2.1 Overall Protection of Buman Health and the Environment

The no action alternative should be sdequately protective of human health and the
environment over the long term Under current conditions, the contaminated groundwater ar the
chemical plant area poses no imminent risk io human health or the environment, Currently, the
groundwater is not accessitﬂc and is not tised at the site. Land use in the foreseeable future would

be sitnilar to eurrent land use. Groundwater contaminant levels are also expected to deerease with
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time as a result of source removals (DOE 1993} and naturally occurting processes that wuuld further

" attenuate contaminant concentratmns

Alternative 2 would also be adequately protective of human health and the envirenment
over the long term. Potential migration of groundwater contamination toward the springs would be
monitored. Moenitoring data would be cbtained to ensure continued protectiveness and to verify
expectations for decreasing contaminant concentrations. Natural processes and source removals at
the chemical plant {DOE 1993) are expected to attenuate contaminant concentrations, Dilution of

the contaminated groundwater with uncontarninated groundwater drawn frem infiltration of

 rainwater and runoff could alse result in décreased concentrations.

Altemnatives 4, 7, 8, and 9 would be protective of humah health and the environment.

"

5.2.2 Compliance with Potential ARARs

Chemical-Specific ARARs. Potential regulatory requirements that might be applicable or
relevant 2nd appropriate to the final remedial action alternatives are identified and evaluated in
Appendix A of the FS (DOE and DA 1998b). Chemical-specific ARARs (MCLs) have been
identified for nitrate {10 mg/L), TCE(S pg/L}, and three nitroaromatic compounds (nitrobenzene at
17 ug/L, 2,4-DNT at 0.11 pg/L, aﬁd 1,3-DNB at 1.0 pg/L). The current levels of nitrate, TCE, and
2,4-DNT in groundwater at the chemical plant area exceed the respective chemical -specific ARARs.

All of the alternatives meet cherpical-specific ARARs. Under no actidn, decreases in
concentrations for these contaminants are expected as a fesult of source removals being performed

.per_ the chemical plant ROD (DOE 1993). Natural processes that are occurﬁng are likewise expected

" 1o continue and lower contaminant concentrations. Alternative 2 would meet chemical-specific

ARARSs as a result of natural processes that would continue to cccur and from source removals per
the chemical plant ROD (DOE 1993). Monitoring data would be obtained to verify the expected

decreases in contaminant concentrations.

Alternative 4 would meet chemical-specific ARARs because groundwater extraction and

treatiment would be performed.
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Alternative 7 would meet chemical-specific ARARS as a result of groundwater extraction
and treatment and from natural processes and source rermavals at the chemical plant (DOE 1993).
Alternatives 8 and 9 would meet chemical-specific ARARS s a result of reatment and from natural
processes and source removals at the chemical plant (XOE 1993} '

Location-Specific ARARs. Location-specific ARARs are discussed in Appendix A of the
FS {DOE and DA 1998b). Location-specific ARARs would be similar for all alternatives. All
alternatives would meet location-specific ARARs.

Action-Specific ARARs. Action-specific ARARs would vary depending on the alternative
or technology involved. Action-specific ARARS are discussed in Appendix A of the FS (DOE and
DA 1998).

[

For the no action alternative, there would be no action-specific ARAR. associated with this
alternative because there would be no action taken. Altemnatives 2, 4, 7, &, and 9 would meet
substantive requirements related to any action-specific ARARs {g.g., construction, monitoring,

* extraction, injection wells, treatment plants, and discharge limits).

5.2.3 Long-Term Effectiveness and Permanence

For Alternative 1, under current recreational land use conditions, current contarinant
concentrations of groundwatar at the chemical plant area pose no unacceptable risk to iuman health
or the environment. Although monitoring data would not be available for ve:iﬁcation*.the long-term
effectiveness of this alternative is expected to be maintained by further decreases of contaminant
cunceﬁuﬁﬁons as a Tesult of natral processes and source removals at the chemical plant arca
curcently being performed per the chetnical plant ROD (DOE 1993). o

- Alternatives 2, 7, 8, and 9 require monitoring and maintenance activities. For
Alternatives 7, 8, and 9, in addition to contaminant decreases resulﬁng from paturzd processes and
source removals per tﬁe chemical plant ROD (DOE 1993), some treatrent would be performed.

Monitoring data would be obtained to verify if reduction is permanent.

Alternative 4 would reduce all contaminant concentrations through extraction and treatment

and wouid afford long-term effectiveness and permanence. s
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5.2.4 Reduction of Toxicity, Mobility, or Volume through Treatment

* Aternatives 1 and 2 would not result in the I‘ﬂd}lﬁﬁﬂl‘l of toxicity, mobility, or volume
because these altemnatives do not provide for any treatment of the contaminated groundwater,
Alternatives 7, 8, and 9 utilize treatment to reduce the toxicity, mobility, or volume associated with
TCE contamination at the chemical plant area. Alternative 7 is focused on extracting anﬁ treating
the TCE plume at the chemical plant area. Other contaminants present in this plume would also be
sxtracted. The technotogies involved in Alternative 8 target volatile organic compounds only, like
TCE, The technelogy in Alterpative 9 addresses all organic compounds, which means some
treatment of nitroaromatic compounds in addition to TCE might also occur. Treatment under
Alternative 4 is expected to fedune the toxicity, mability, or volume associated with all contaminants

in groundwater within the shallow bedrock aguifer,

£.2.5 Short-Term Effectiveness

For Altemative 1, there would be no short-term impacts to human health or the environment
because no remedial action would be conducted. For Alternatives 2,7, and 9, construction activities
_are estimated to result in less than one case of occupational injury and ne occupational fatalities
{projections regarding installation of new wells were based on industry-specific statistics from the
1.8, Bureau of Labor Statistics, as reported by the National Safety Council [1995]). Because of the
large number of vertical extraction wells required for Alternatives 4 and 7, construction activities
- are estimated to result in less than one occupational fatality and up to approximately 50 cases of
-uccui}axiqalal injury. '
" Some short-term impacts on recreational use of the surrounding witdlife areas might ocour
as the result of noise, exhanst furmes, and dust asseciated with possible monitoring well construction.
Impacts to natural resources during construction of any new groundwater monitoring wells would

be mitigated by avoiding unnecessary damage to vegetation, mldﬂE: and soil by contrelling traffic

* and minimizing the areas of disturbance.

o

-3



Proposed Pion Draft Final: DoNot Cite” ™~ 40 =" December 1993

On the basis of the FS (DOE and DA, 1998b), capital costs for Altemative 4 are estimated
to range from 341 million to $120 miltion because of the large number of extraction wells (between
330 to 1,000); annual costs would renge from $2 miltion to $4 million per year. Taking into account
recent field investigations within the TCE-contaminated portion of the shallow bedrock aquifer,
capital costs for Alternative 4 are estimated to range from $24 milfion to $60 million; annual costs
wouid range from $2 million to $4 miilion per year. {Thc actual numnber of extraction wells mquﬂ-ed

to achieve a reasonable extraction rate that would not result in dewatering of the shallow bedrock
‘aquifer while providing wide enough coverage to prevent groundwater bypass would be determined

in subsequent RIVRA reports.) This alt=mative is the most costly of the six alternatives considered.

On the basis of the FS (DOE and DA 1998b), capital costs for Altemative 7 are estimated
to range from $23 million to $71 millien; annual costs would range from $1 million to $2 million
per year. Taking into account recent field inmtigaﬁnné within the TCE-contaminated portion of the
shallow bedrock aquifer, capital costs for Alternative 4 are estimated to range from $6 million to
$12 million; annnal costs would range from $1 million to $2 million per year. For Altsrative 8,
capital costs are estimated to be between $1 miltion and $3 million; annual costs would be
approximately $0.5 miilion.

Capital costs for Alternative 9 are r:stirnatad to be ou the order of $0.5 million and
incorporate costs for the installation of injection or application wells and the applicatien of chernical
reagents. Costs for additional monitoring wells were alsc; incorporated into this estimate. Annual
costs would be approximately $0.4 million per year, primarily for l-:mg~tem1 monitoring. This is the
most ccﬁt-effecuve altemative with regard te TCE treatment. The cost-effectivensss determination
ccruld hzwc been different if the cost of thlsremﬂd}r was mgmﬂcanﬂy higher;since treatment of TCE

was not needed 1o snsure protectiveness.

5.3 COMPARATIVE ANALYSIS OF FINAL ALTERNATIVES

This section compares the six final remedial action alternatives with regard to the nine

avaluation criteria. The nine evaluation criterta are categorized into the following three groups, as

stipulated in the NCP: threshold criteria, piimary balancing criteria, and modifying criteria. However,
the benefit {the ability to meet the ARAR for TCE in a shorter time period) gained by

implementation of this alternative is commensurate to its cost.
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5.2.6 Implementability

No concerns mgarding impleniuntability would be posed by Alternative 1, be'c'm-; ne

action would be taken, Few implementability concerns would be posed by Alternative 2 because of

" the limited actions taken. Site operations would continue using readily available resources for
monitoring and maintaining institutional controls. Construction of any proposed monitoring wells

would require mobilization of a drilling rig for instaliation.

Groundwater monitoring is readily implementable. Presently, numerous wells are located
a these operable units, and additional wells could be easily installed and monitored. Monitoring any

off-site plume migration could easily be implemented.

. The administrative feasibility of Alternative 2 would be rel_a_tiimly straightforward. Welden
Spring Remedial Action Project (WSSRAP) and remedial action project activities at the ordnance
works ﬁrea are coordinated with the State of Missouri and EPA Region VIL That coordination would
continue during implementation. The implementation of this alternative would not require

coordination with any other agencies beyond that already occurring. .

The implementability of the active remediation alternatives (Alternatives 4, 7, and 8) hinges
cn the abilify to accurately identify the area-specific hydrogeclogic characteristics of the aquifer.
Recent p;mp test data taken from the TCE-contaminated area indicate that Alternatives 4, 7, and 8
may not be feasible. A pump—and—tréat technology required for Alternatives 4 and 7 conld not be
implemented on a continueus basis because the acquifier dewatered during the pump test, and it is
sti}l recovering &fter four months. The successful generation of a vertical circulation pattern needed
for Alfernative 8 was also not indicated. However, this same pump test indicated that .intmductio_n

of materials into the aquifer in the TCE-contaminated area is possible.

5.2.7 Cost

There are no net present worth, capital, or annual operation and maintenance cOSts
associated with the no action alternative becatise no activities would be undertaken. On the basis of
the FS.(DOE and DA 1998b), costs for Alternative 2 are associated with cgnunumg the existing
environmental monitoring program and constructing and operating possible additional monitoring

P

wells. Annual costs for Alternative 2 are estimated to be approximately $0.4 million. '
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The threshold category contains the two criteria that each altsmative must mest in order to
be eligible for selection:

*  Overall protection of human health and the environment and

. Cnmpliaﬁ;:e with ARARs, unless a waiver condition apfriies_.
These threshold criteria ensure that the n:medi#l action selected will be protective of human health
and the environment and that the action will atain the ARARSs identified at the time of the ROD or

provide grounds for invoking a waiver.

The primary balancing category contains the five eriteria that are used to assess the relative
advantages and disadvantages of gach alternative;

* Leng-term effectiveness and p&rma.nence;

* Reduction of toxicity, mobility, or vnfunﬁ through treatment;
* Short-term effectiveness; |

* Implementability; and

+  Cost.

Cost-effectiveness is determined by evalvating three of the five balancing criteria: long-term
effectiveness and permanence; reduction of toxicity, mobility, or volume through treatment; and
shori-termn effectiveness. Overall effectiveness is then compared with cost to ensure that the costs

are proportional to the overall effectiveness of a remedial action.

" The mbdifying category consists of the two criteria considered in remedy selection:

. State acceptance and
+  Community acceptance. _ _
These two modifying criteria will be addressed in the fcsponsiveness summary and ROD that will
be prepared following the public comment period, and are, th&r—e;are, not addressed in the
comparative analysis. The results of the comparative analysis perforimed for the final altemnatives on

the basi_s of the first seven criteda are sumnmarized in Table 3.
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TABLE 3 Comparative Analysis of Alternatives
Overall protection of humas health
and the snvironmeant Compliance with ARARs

Alternative 1: No Action

Alternative 2: Motitaring with
Mo Active Remediation

Alternative 4: Groundwater
Retoval, On-Site Treatment
Using GAC

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

-

Alternative 8 In-Sim Trearment
of TCE Using In-Weil Yapor
Seipping

Alternative 9: In-Situ Chemical
Oxidation of TCE Using Fenton-
Like Reagents

ke all of the alternatives, would

be adequately protective of human
health and the environment,
althoush monitoring data would
not be available 1 verify this

COCIETENCE,

Like all of the alternetives, would
be adequately pratective of human
health and the environment.
Monitonng data would ba
collected to verify that conditions
continus to be protective of human
health and the environment.

Like alf of the alernatives, would
be adequately protective of human
healih and the environment,

Like all of the alternatives, wounld
be adequately protective of humen
health and the environment.
Monitoring datz would be
collected to verify that conditions
comtinue bo be protective of human
health and the envirenment.

Like ali of the alternatives, would
be adequately protective of human
health and the-environment.
donitgring data wauld be
collected to verify that conditions
continue to be protective of human
healih and the envirgnment.

Like all of the alternatives, would
be adegquately protective of human
heaith and the envirenment.
Monitoring data would be
collected o verify that conditions
continus (o be pratective of human
health and the environment.

Complies with ARARs; ARARSs for
“TCE, nitrats, and nitroaromatic
compournds would be met after a
periad of ume because of source
remevals performed under the
chemiczl plant ROD (DOE 1993).

Complies with ARARS; similar to

Alternative 1.

Camplies with ARARS. Coold take a
similer amount of time as
Alternatives 1 and 2 for all
contarninants (o meet ARARS,
However, TCE ABARSs could be met
in a shorter pericd of time.

Complies with ARARs; similar to
Alternatives 1 and 2 for all
contaminants except TCE. The
ARAR for TCE could be met in a
similar ameunt of tims as
Alternative 4 but longer than
Alternatives Band 9. :

Similar to Alternative 7; could mest
ARAR for TCE in a shorter peciod of
time than Alternative 7 and in a
slightly longer tima than

Alternative 9.

Complies with ARARSs. Requires the
least fime to-comply with ARARSs for
TCE as compared with all other
aleernatives, ncludine Alternatives 7
and 8.,

T oMt
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TABLE 3 (Cont.)

L EK Al TN

December 1963

Long-tetm effectiveness -

Peduction of toxicity, mobility, or

and permanerce volume through ireatment
Alternative 1: Mo Action Is expected to afford long-lerm Mot applicable because the
effe=ctiveness and permanence, contaminated grovndwatsr would not
although investigative and be treated. Restoration of the watse-

Alternative 2: Monitoring with
Mo Active Remediation

Alvemative 4 Groundiater
Removal, On-Site Treaonent
Using GAC .

monitoring activities would not be

perfosmed.

£
"]

Provides for long-term
effectiveness and performance;
unlike Alt=rnative I, would
provide verification monitoring of
the groundwater within the
operable unit.

Would remove or reduce the
contaminant concentrations
through sxtraction and treatment
and afford long-term protection.

bearing zone within the operable unit
woould be provided by natural :
processes such as biodegradation,
agsorption, and chemical reactions

with suhsurfzce materials and By
dilution of the contaminated
groundwater with uncortaminated
grovadwater drawn through

infiltration of rainwater and runoif.

Mot applicable because the
contaminated groundwater would not
be treated. Restoration of the water-
bearing zone within the operable unit
wortld be provided by natural
processes such ag biodegradation,
adsorpdon, and chemical rractions
with subsurface materials and by
dilution of the contaminated
groundwater with uncontaminated
groundwater deawn theough
infiltration of rainwater and runoff.

Reduction of the toxicity, mobility,
or volume associated with afl
groundwaler contamination within
the shallow bedrack aguifer would
be accomplished upon successful
impletmentation of this aliernative,
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TABLE 3 (Cont}

December 1998

Long-term effectivensss .
and permanence (Cont.)

Reduction of toxicity, mobility, or
volume through Teatment (Cont.}

Alternative 7: Removal and Ex-
Siru Tregtment of TCE-
Contarminated Groundwater

Alternetive §: In-Situ Treatment
of TCE Using In-Well Vapor
" Stripping :

Alternative 9: In-Sitn Chemical
Cnadation of TCE Using Fenton-
. 'Like Reagents

Would reduce concentrations of
TCE and other contaminants
prasent in the plume. Would
provide monitocing data ta veeify
positive impacts from source '
removals via the chemical plant
ROD (XCE 1993). Decreases in
contaminant concentrations other
than TCE as a result of natural
processes would also be verified
via menitoring.

E

w

TCE in the plume would be
raduced or rernoved by treatment
of groundwater. Natural processes
arkj source removals per the
chemical plant ROD (DOE 1993)
ars sxpected to result in further
contaminant decreases,

TCE in the plume would be
reduced or removed. Natural
processes and source removals per
the chemical plant ROD (DOE
1903} are expected to result in
further contamingn! decreages.

Reductorn of the toxicity, mobility,
or volume associated with TCE
contamination ot the chemical plant
arsa would be accomplished. Further
restoration of the water-bearing zane
within the pperable unit would be
provided by natural processes such
a3 biodegradation, adsorption, and

. chemical reactions with subsucface

raaterials and dilution of the

‘contaminated groundwater with

uncontaminated groundwater drawn
through infiltration of rainwater and
runoff.

Similar to Alternative 7.

Similar to Alternative 7.

.-nﬂ

Short-term effectiveness

Implementabilicy

Altarnative I: No Action

Alternative 2: Monitoring with
Mo Active Remediztion

"~ No potential impacts on workers or

the environment hecanse no
activitias would be underiaken.

Expected to be low, with less than

one case of oceupational injury and
no occupational fatalities during
propesed monitoring well
construction. Any potential short-
term anvironmental impacts would
be limited to the immediate
vicinity of the operabie unit, and
mitigative measures would be
applied to ensure minimal impacts
to off-site areas.

No implemeantabifity concerns
because no action would bE taken
noT would sy future activities be
consideced.

Few implementability concerns—
hecause of the limited zctions taken.
Current monitoring operations would
continus with the use of readily
available resqurcss.
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Short-term effecdveness (Cont.)

Implementability {funt.}

Alternative 4: Groundwater
Removal, On-Site Treatmant
Using GAC

Alternative 7: Removal and Ex-
Situ Treanment of TCE-
Contaminated Sroundwater

Aleernative 8: In-Sity Treatment
of TCE Using In-Well Vapor
Stripping

Alternative - In-Situ Chemical
Oxidation of TCE Using Fenton-
Like Reagents

Expected to be relatively high
compared with other alternatives
because of a large aumber of
extraction wells (becween 130
390 wells, on the basis of recent
pump test dam). Congtruction .
avtivities are estimated 1o rasult in
up o 50 cases of occupational
injury and less than ons
occupational fatality. Any potential
short-term environmental impacts
wiuld be limited to the immediate
vicicity of the aperable wiit, and
mitigative measures would be
epplied m ensure minimal impacts
to off-gite arsas.

Expected to be low, with less than
nine cases af occupational injury
and ro occupational fatalities
during operations and well
construetion activities. Any
potential shont-term enviroamental
fmpacts would he Hmited 1o the
immediate vicinity of the operable
unit, and mitigative measures
would be applied to ensurs
minimal inpracts to off-site arsas,

Sirnilar to Alternative 7.

Similac to Alfernative 7.

Ungertainties with implementation of
this aletnabive are associated with
the need for location (or area)-
specific hydrogeclogic data to verify
the appropriateness of assumptions .
appliad in the ¢valpations.
Groundwater treatment technologies
have been demonstrated at full-scale
implementation for similar
contaminants,

Uncertainties with implementaiion of
this alternative are associated with
specific hydrogeologic data that
indicate dewatering and very slow
recovery of the aquifer as indicated
by the recent pump test.

Uncertzinties with implementation of
this alternative are relative o the
generation of a vertical circulation
pattern.

Implementzbility indicated by recent
pumnp test performance; intraduction
of materials wag possible.
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Cost

Alternative 1: No Action -

Alternative 2: Monitozing with
No Active BEamediarion

.Mtemative 4: Groundwater -
Removal, On-Site Treatrnent
Ustng GAC

o

Alternative 7: Removal and Ex-
Sitn Treatment of TCE-
Contaminated Groundwater ——

Lowast future cost.

Could be cansidered cost effective
because it would provide overall
protection of human health and the
environment for a reasonable cost.
Costs would be associated with
cantinuing the existing environ-
mental MORITInG program,
constructing and operating the
proposed new. monitoring weils,
and conducting a performance
review at least evary five years.
Could be implemented with

existing resources and-maintained

gt & relatively low cost. Annoal
monitoring costs are estimnated 1o
be 50.4 million.

On the basis of an estimate of 130
o 390 extraction wells, capital
costs &re estimated to range from
524 mullion o $60 million, with
the 30-year present worth cost
estimeted to rangs fiome

$34 million to $73 million. Least
cost-effective of the six
alternatives because the degres of
prokectiveness provided is not
commensurate with the
significantly greater cost.

On the basis of recent pump test
data obtained 2t the TCE area of
the chemical phant, 10 to 23
extraction wells were estimated to
be required. Capital costs are
estimated to rznge from $6 million
o 512 million, with the 30-year
present worth €ost estimated o
range from 515 million to

$2| millivn. Provides some
increases in protection because of
TCE removat or reduction, but at a
much higher cost.
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Cost (Cont.) . B

Alternative 8: In-Situ Treatment  Capital cost estimated to rangs

of TCE Using In-Well Vapor betwean 31 millicn and $3 million.
Stripping Annual costs are sxtimated to be
$0.4 miltion for monitoring.

Alternative §: In-Situ Chemical Mest cost-effective for manags-

‘Ozidation of TCE Using Fenton-  ment of TCE contaminatior as

Lik= Feagents compared with Alternatives 7
and B; capital cost estimaied to be
approximately $0.5 million and
includes the material costs of the
<¢hemical reagents. Annual costs
are estimated to be $0.4 million
end are associated with groumd-
water monitoring. This alternative
provides an increase in
protectvensss that is proportionate
to the cost.
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6 PREFERRED ALTERNATIVE

DCE's preferred alternative is a cumhinatidn of Altemnatives 2 and 9. The preferred
remedial action provides remediation of the TCE-contaminated groundwater via in-situ chemical
oxidation cornbined with long-term menitoring of groundwater and springs at the chemical plant
ared. The treatment method requizes the introduction of Fenton-like reagents (e.g., hydrogen peroxide
and a ferrous compound) into the groundwater as a means of treating TCE in place, Once introduced
into the aquifer, the chemicals would produce hydroxyl radicsls under controlled acidic conditions.
These highly reactive radicals wounld then be expected to react with the TCE in the groundwater to
form innocrous end products (i.e., chloride salts, carbon dioxide, and water). This cheraical reaction
can be completed in a relatively short pariod of time {d'ays), once injection is achieved. The period
of time required for remediation by using this techiology is estimated to be on the order of a faw
months. Long-term: monitoring of an optimized network of wells and springs would generate the

necessary data to verify assumptions and ensure continued protection.

The preferred alternative was de;.'elapad after careful consideration of the contantinant
conditions at the chemical plant area and after a thorough evalvation of available and applicable
technologies. The technologies evaluated in the FS (DOE and DA 1998b) represent a range of
remediation options. They rangad from those considered to address al! groundwater contaminants
in the entire affected aquifer, to those that focused on more localized treatment of TCE only.
Alternatives 2_3, 4, 5, and & présentad.in the F5 were developed and evaluated to determine their
feasibility in addressing all contaminants in the affected aquifer at the chem.ical'plant area.
Alternatives 7, 8, and 9 wers evaluated for their feasibility in addressing the TCE-contaminated

groundwater: - - - —

Various factors were considered in the selection of the TCE-contaminated area as the focus
of 2 more limited active renwdrauﬂn effort. These factors include the distribution uf contaminants,
contribution to estimated potential hurnan health risk, time required to effectively evaluate the effects '

of source removal activities, and the complex site hydrogeology.

" Distribution of Contaminants. The TCE contamination; has been observed to be confined
to one defined plume in the upper portion of the weathered Burlington-Keokuk Limestone. This

condition makes remediation for the TCE plume more feasible ‘and manageable. Nitrate, |
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nitroaromatic compounds, and uranium contamination is distributed in small, noncontiguous areas
throushout the chemical plant area. Nitroarotatic contamination is observed only in the weathered
unit; nitrate and uraninm contamination, however, have been detected in isolated areas of the deeper,

unweathered portion of the Burlington-Keokuk limestone.

Contribution to Potentia! Risk. On the basis of risk calculations presented in the BRA (DOE
and DA 1998a), TCE has been indicated to contribute the most to the estimated potential human
health risk. The removal or reduction of TCE concentrations from groundwater would reduce these
estimates to acceptable levels for a hypothetical residential scenario. Current levels for TCE are
already protective for current land use, which is that for a recreational user. Land use in the

foresecable future is expected to be sitnilar to current land use.

' Time Requiréd to Effectively Evaluate rhewEfécrs of Source Removal Acr.t:ﬁries. Although
individual or isclated areas with nitrate, nitroaromatic compounds, and uranium contamination were
also considered in terms of “hot spot™ ¢cleanup, implementation of an active remediation effort to
. address these areas would be premature because source removal activities are currently taking place
and i-n.the: final sltages under the chemical plant ROD (DOE 1993). Final sources to be remeved
: 1ncludc the Ash Pond and the raffinate pits; nitrate, nitroarornatic cormpounds, and uranium
comamnaﬂun are located primarily in the vicinity of the Ash Pond and the raffinate pits. The full
" benefit of source removal in attenvating the groundwater cunmnu'auﬂns of these cﬂntamumuts could
rot be gleaned unti? several years from now. Data obtained frs:-m a long-term nmmtormg effort would
provide tha needn:d information to evaluate any future positive impacts from the source removals.
These data wnuld alsa allow for the verification of whether protective conditions continue to exist
".or whether additional achion maybe necessary to ensure protectiveness. It 15 expected r.hax decreasing
;;nce:ntrauﬂns of nitroaromatic compounds and uraniom would be observed, similar to those
 ohserved in the groundwater at the Weldon Spring Quarry as 2 result of quarry bulk waste removal.
The Source removals are also expectsd to result in decreasing nitrate concentrations within a

relatively short peried of time (i.e., several years).

~ Complex Site Hydrageaiag}r The results of the svaluation prcsented in the FS (DOE and
- DA 19‘:}8b) indicate that the success of implementing Alternatives 4 and 7 (alternatives znvalwng
groundwater extraction) would be limited by the complex hydrogeclogy and heterogeneous geology

of the site, Previous investigations indicate that the average sustainable yield from the Burlington-
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Keokuk limestone is 0.3 gallon pér minite (gpiij, These wells were constructed in both the
weathered and unweathered portions of the bedrock unit. Becanse uraninm and nitate contamination
is observed in both the weathered and unweathered portions of the Burding-Keokuk Limestone,
evatuations of the implementability of the groundwater extraction remedial alternative were made
on the basis of the 0.3 gpm exiraction rate. This particular characteristic of the aquifer resulis in
implementability limitations. '

In an effort to obtain additicnal information to use further exanﬁﬁi_ng the technologies
considered for the TCEcontaminated arez, additional field studies were performed. Since TCE
contamination bas been limited to only the upper weaﬂmreﬁ unit, field studies were concentrated in
this portion of the aquifer. A pump test was conducted to determine the response of the aquifer to
g:mundwaﬁ:r withdrawal. This test indicated that although the aquifer was more transmissive than
© previously estimated, recharge to this portion of the aquifer is Himited by structural controls, which
results in dewatering of the atea. This information, in addition to other hydrogeologic parameters
estimated from this field study, was useful in the determination that the apphcatmn of a pump-and-
treat technology i is not feasible.

In addition, the aquifer characteristics derived from the field study, coupled with the
predominantly horizontal bedding and fracturing of the limestone aquifer, indicate that the generation
of a vertical ﬁmﬂaﬁnn pattern: may be difficult. This particular circulation pattém is eritical for the

‘successful implementation of an in-well stripping technology, a technology required for

Alternative 8. _

A subsurface tracer test was also pu:rfon‘nad in the area affected by TCE to establish
groundwater movement patterns in this area. During the test, potable water was allowed to flow
under gravity draicage into the subsurface to facilitate the movement of the tracer. This area 'Elf the
aquifer (i.e., upper weathered zone) accepted an injection rate of 25 gpm. These data suggcét that
technologies such as that of Alternative 9, which require the introduction of materials into the
subsurfece, could be feasible in this portion of the aquifer,

. In summary, the preferred alternative is expected to result in a more immediate decrease
in TCE concentrations and provide monitoring data to verify assumpticns and ¢nsure continued

-
protectiveness. The preferred alternative meets the first seven criteria in that it is expected to provide
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overall protection to human health and the environment; meets ARARs; provides long-term
effectiveness and permanence; reduces toxicity, mobility, or volume through treatment of the TCE

plume; provides for short-term effectiveness; and is implementable and cost effective.

Activities related to the design of an optimum monitoring netwoerk of wells, the monitoring

scheme, and details regarding the design and implementation of the TCE remediation effort via

in-situ chemical oxidation would be presented in subsequent RD/RA reports. As required by -

CERCLA, a review would be conducted every five years becanse contaminants would remain in the

site groundwater at levels above those that allow for unlimited use and unrestricted exposure.
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. _ _ 7 COMMUNITY PARTICIPATION

. Input from the public is an important element of the decision-making érocess for cleanup
actions at the chemical plant area. Comments on the proposed remedial action will be received |
during the public review period (tentatively planned for March, 1999) following issuance of this
document. Oral comments will be received at 2 public meeting to be held for this action. Written
comments may be either subrnitted at the public meeting or mailed before the close of the comment

period to:

Stephen H. McCracken

Project Manager for WSSRAP

U.S. Department of Energy

Weldon Spring Site Remedial Action Prq]ect Oifice
72935 Highway 94 South

5t. Charles, Missouri 63304

Information relevant to the proposed remedial action is located in the administrative record
and public document rooms at the WSSRAP site office. Additional information repesitories have

. been established at the following five locations:
Kathryn M. Linneman Branch Francis Howell High School
St. Charles City/County Library 7001 Highway 94 South _
2323 Elm Street St Charles, Missouri 63304
St. Charles, Misscuri 63301
Spencer Creek Branch - Middendorf-Kredell Library
St. Charles City/County Library St. Charles Ciry/County Library
427 Spencer Road 2750 Highway K =
St Peters, Missouri 63376 O'Fallon, Missouri 63366
N Kisker Road Branch |
$t. Charles City/County Library —
1000 Kisker Road

5t ?eters Missouri 63304

|~ o ]nfmmauan on file at these repositories includes the RI (DOE an-:l Da. 1998c), BRA (DOE
| -and DA 1998a), FS {DOE and DA 1998b), and this proposed plan for remed_xa’:' action. Supporting
technical reports are available in the public reading room at the WSSRAP site office. For additional
information, the DOE can be contacted at the address provided above. The telephone number for the
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WSSRAP site office is (314) 441-8086. The remedial project manager for the EPA who can supply

additional information is:

Mr, Daniel Wall
U.S. Environrnental Protection Agency
Region VII
726 Minnesota Avenue
Kansas City, Kansas 66101
- {(913) 3517710
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