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NOTATION

The following is 2 list of the acronyms, initialisms, and abbreviations (including units of
measure) used in this document. ' : .

' ACRONYMS, INITIALISMS, AND ABBREVIATIONS

. GGeneral
ARAR applicable or relevant and appropriate requirement -
BRA + baseline risk assessment :
CERCLA Comprehenswe Environmental Responsc Campensatmn and I.Iahl.].l-t:-,-' Act
CO, carbon dioxide :
DA U.S. Department of the Army
DOE - U.S. Department of Energy
EPA .8, Environmental Protection Agenc}r _
FeSC, ferrous sulfate |
FS feasibility study _
- GAC granular activated carbon
GWOU eroundwater operable unit
MCL maximum contaminant level
MDC Missouri Department of Conservation
MNaA - monitored natural attenuation :
NCP National Oil and Hazardous Substances Paliuuun Connngency Pian
RA remedial action - "
RD. remedial design
RI remedial investigation
ROD Record of Decision
WSSRAP Weldon Spring Site Remedial Action Project
WSTA Weldon Spring Training Area
Chemicals
1,3-DNB 1,3-dinitrobenzene
DNT dinitrotoluene
- 2-amino-4,6-DNT 2-aminc-4,6-dinitrotoluene
4-amina-2,6-DNT 4-amino-2,6-dinitrotelucne
24-DNT - 2 4-dinitrotoluene

vi
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2,6-DNT ' .2, 6-dinitrotoluene -

TCE : trichloroethylene
1,3,5-TNB 1,3,5-trinitrobenzene
TNT - trinitrotolnene
©24.6-TNT . 2.4 .B-trinitrotoluene
. UNITS OF MEASURE
t foot (feet)
. gpm - gallon(s} per minute -
-ha . hectare(s}
km - kilometer(s)
‘L liter(s)
pug ° microgram(s)
m  meter(s}

mg milligramis} -
mi mile(s)

min  monute(s)

pCi picocurie(s)

wif
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 PROPOSED PLAN FOR REMEDIAL ACTION
' FOR THE GROUNDWATER OPERABLE UNIT AT THE
CHEMICAL PLANT AREA OF THE WELDON SPRING SITE, -
WELDON SPRING, MISSOURT

1 INTRODUCTION

This Proposed P]an addresses the remediation of groundwater contamination. at the |

chemical plant area of the Weldon Spring site in Weldon Spring, Missouri. The site is tocated

. approximately 48 km (30 mi) west of Si. Louis in 5t. Charles County (Flgure 1). Remediat activities.
at the site will be conducted in accordance with the Comprehensive Environmental Response,
Compensation, and Liability Act {CERCLA). The U.S. Department ofEncrgy (DOE), in conjunction

 with the U.8. Department of the Army (DA), conducted 2 joint remedial invesﬁgmioﬂfeaéibi'lity :
study (RVFS) to allow for a coﬁprehensive evalnation of groundwater conditions at the Weldon
Spring chemical plant area and the Weldon Spring ordnance works area, which is an Army site
adjacent to the ¢hemical plant area. Consistent with DOE policy, National Environmental Policy Act
(NEPA} values have been incorporated mio the CERCLA, process. That is, the analys:s conducled
and presented in the RIFS repons (DOE and DA 1997a,b; 1998) included an e.valuaunn of -
envwonme:ntal impacts that is comparable to that ]}E!I'fﬂl'mt‘.d under NEPA

This Proposed Plan summarizes information about chemical plant area groundwater that
18 pr&scnted in the following decuments

1. The Rem&dml Investigation (RI), whmh pmsents informatioti on the nature'
‘and extent of contamination (DOE and DA 1997b);

2. The Bazeline Risk Assessment (BRAY. wh1-::h evaluates impacts to human
health and the environment that could oceur if no cleanup action of the
groundwater were taken (DOE and DA 1997a); and :

3. The Feasibility Study (FS) {’DOE'and DA 1998) and the Supplamcntal- F5
{DCE 1999}, which develop and evaluate remedial acticn aliematives for
sroundwater remediation. '

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

'+ Present to the public a notice and 2 brief analysis of the remedial action.
- alternatives developed in the FS; ' '
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+ Tdentify and present the rationale for the pmpns'ed remedial action alternative
- identified in this Proposed Plan; :

»  Summarize Key information from the RI, BRA, and FS: and

.+ Inform the public of its role in the remedial selection process and provide the -
_ public the opportunity to participate in that process.

. Under current and ]ikely foresesable future Jand use mm:iit_i-::nns, the groundwater 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 influence from the chemical
plant area are active. Existing wells screened in the same geologic units are separated from the
aquifer present beneath the chemieal plant area ﬁ}r_ a regienal groundwater divide (Dardenne Creek; -
see Figure 13 and, therefore, cannot be affected by the site. The pmpused remedial action alternative:

pre:sented in this Proposed Plan involves active I‘E-'I]lf:dlatlﬂﬂ af tnchlnmethylenc (T CE}-cantarmnated

groundwater in close proximity to the raffinate pits area of the chemical plant and allows for natural
dbatﬂmﬂnt_ of other contaminant concentrations to proceed. Such abatement is expécted to occur
naturally over time because the sources of contamination that are being addressed under the chemical -
plant Record of Decision {ROD} (DOE 1993) would ;io longer be present, and further contamination
of groundwater would not oceur after these sources have been removed. The progress of the natural
remediation would be monitored unti) acceptable levels are reached. '
This alternative was identified from among nine potential remedial action alternatives that
were presented in the FS (DOE and DA 1998). These nine altematives were developed after careful
~analysis of available geological, environmental; and human health and ecological risk data, 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 wilt be documented
in a separate ROD for the grouﬂdwater operable unit (GWQOU), fcllow;ng receipt and consideration
* of public comments on this plari and any significant new information that may become available.
Public inpot may result in modifications to the ultimate remedial action selected; therefore, public
comiment ¢n this plan and its supporting documents is an important element of the decision-making
PIOCESS.

' DOE encourages public review. and comment on thié proposed remedial acticn plan for

groundwater at the chemical plant-area. Additional datails about the site and the remedial action .

aliernativas may be found in the RI {DOE and DA 1997b), BRA (DOE and DA 1997a), and FS
(DOE and DA 1998) and in supporting technical reports in the Administrative Record. The remedtal
- action alternatives are evaluated in detail in Chapters 3, 4, and 5 of the FS and are summanze:d in’
Chapters 4 and 3 of this Prc-pt:rsed Plan.

"'3’,%*
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The remainder of this Proposed Plan is-organized as follows:

Chapier 2 presents the history and environmental setting of the chemical plant
area and a summary of the nature and extent of contamination,

Chapter 3 describes the scdpe and role of the proposed action,
Chapter 4 summarizes the homan ‘health and ecological risks from

groundwater contamination at the site and presents remediation goals for
groundwater, : '

Chapter 5 summarizes the SCreening process for t]iﬁ_ nine preliminary remedial - |

action alternatives considered,

Chapter 6 describes the final remedial action alternatives considered for the
remedial action, ' '

Chapter 7 presents the proposed remedial action alternative, and

Chapter & describes the cammunity’s role in this action,
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2 SITE BACKGROUND

2.1 SITE DESCRIPTION AND P{jTEN.TIAL AREAS OF CGNTAMNATIOH :

_ The 88-ha {(217- acrt:) chemical piant area lies within the boundaries of the nrdnance worlcs
- area (Figure 2). The chemical plant was used for tnmtmtnlutne (TNT) and dinitrotoluene (DNT]
production from 1941 to 1945 and later as a uranium-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 cosisisted of approximately 411 buildings, four waste retention. - -

ponds freferred to as raffinate pits), two ponds (Ash Pord and Frug Pond}, and two former dumps
{north and south). Remediation of the buildings, Fmg Pond, and the north dump has been completed.
The remaining source areas are in the process of being remediated of are scheduled for cleanup
within the next year. The chemical plant is currently fenced to restri-:t'_pubiic access. Burgermeister
‘Spring, which is hydrologically connected to the chernical plant area groundwater, is in the
August A, Busch Memorial Conservation Area. ' '

22 ENVIRONMENTAL SETTING.

The geology and hydrogeology of the Weldon Spring area govern the rate and path of
groundwater flow. Transport of contamninants within the groundwater depends on the geology and.
hydrogeology of the area, as well as on the physical and chemical properties of the contaminants,
Land nse in the surrounding areas affects the potential for human or ecological exposure 10 an};
contamiprants the graundwater may ccmtam

" 2.2.1 Geology

. Locally, the subsurface consists of porous, unconsolidated deposits that unconformably
overlie bedrock. This unconsolidated overburden material consists primarily of modified loess,
glacial duift, preglacial deposits, and residunm (DOE and DA 1997b), The thickness of these glacial
and preglacial deposits, known as the “overburden,” generally ranges from 4 to 18 m (1310 59 ft)
across the chemical plant area. o

The Burlington-Keokuk Limestone, the uppermost bedrock unit acthe chemical plant area,
has been separated into two subunits, the weathered and unweathered. The weathered unit ranges in
thickness from 3 to 17 m (10 to 55 ft). At the chemical plant area, fracturing in the bedrock is-
predominantlyhorizontal. Solution features are commeon in the weathered portion of the Builingten- -
Keokuk Limestone and range from pinpoint vugs to small zones of core loss, typically
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 FIGURE 2 Map of the Chemical Plant Area and Immediate Vicinity
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less than 1.5 m (3 ft). The larger zones in many cases appear 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 conductivity
with depth, which is attributed to decreased weathering. The size, abundance, and geometry of the
open fractures within the bedrock affect the transport of gmundwater and contaminants thmugh thc
bedrock. :

2.2.2 Hydrogeology

Thete are three bedrock aquifers in the vicinity of the Weldon Spring site: a shaliow
unconfined aguifer (although it-may be locally confined); a middle confined aquifer; and a deep
confined aquifer. An additional shallow, alluviat aquifer is present near the Weldon Spring quarry
adjacent to the Missouri River, In St Charles County, the shallow and middle aquifers are primarily
used for rural domestic water supply: This usage occurs outside of the infiuence of the groundwater _
- contamination at the chemical plant area. The shallow alluvial aquifer near the Missousi River

supplies drinking water through the St, Charles Count}' well field. At the Weldon Spring site, no
groundwater 1s currently vsed. : :

Because the shallow unconfined aquifer has been affected by former activities st the
chemical plant area, it is the groundwater system of primary interest in the Weldon Spring area. This
" aquifer consists of the Burlingtbn-ch}kuk Limestone arid the Fern Glen Formation, i::c-ih limestone
units, and, in some locations, the overburden. The principal recharge to this shallow groundwater -
system is through infiltration of precipitation from the overburden or from losing streams. The water
table elevation fluctuates seasonally and with precipitation, but-remains within the apper bedrock”
or overburden. An east-west trending groundwater divide, which comc:des with the tcpugraphm
* highpoint of the area, results in two dlstlnct drainage S}'ste.ms '

_ At the -:henmcal Plant area, shall&w groundwater north of the leldt flows to the nﬂnh and -
into a karst conduit system that discharges at Burgermeister Spring (Figure 4). Transport ﬂ-m:mgh this
conduit is very rapid. Watef discharged at Burgermeister Spring then mixes with other surface water B
and with ponded water in Lake 34. Any dissolved contaminants in the discharged groundwater are
then subject to extensive dilution and ph},rszcal and chemical deg;radatmn Because most of the
shallow groundwater beneath the chemical plant area discharges to the surface in the Viﬂ]._t_ilt}" of
Burgermeister Spring, the spring defines the notthern-most extent.of direct groundwater transport
from the site and provides an ideal location for monitoring énd-point contaminant cencentrations. -

Groundwater south of the divide at the chemical. plant area fiows south to southeast toward

~ the Missouri River, primarily through the Southeast Drainage. Because this drmnagt has losing o

stream segments in its upper reaches, mixing between gronndwater and sutface water occurs. As
with Burgermeister Spring, springs in the Southeast Drainage act as end points of direct groundwater -
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 transport from the chemical plant area and provide ideal locations for monitering groundwater
contamination. Data from groundwater (MW-4026) downgradient of the springs indicate no impact.

" The shallow groundwater system beneath the chemical plant area is hydrogeologically
cumplcx and is characterized by fractures, conduits, paleochannels, and dissotution/weathering-
features. Because of these features, the aqitifer exhibits highly heterogeneous and anisotropic values
in conductivity and transmissivity {easé with which a porous material allows water to flow) from
place to place. Recent pump tests performed in July 1998 to determine the effects of groundwater
" withdrawal on the aquifer further demonstrated the variability of the aquifer. In one location,
pumping at a rate of less than-3.8 L/min (1 galion per minute [gpm]} could not be sustained. In a
second location approximately 30 m (100 ft) away, water could be pumped, but at a rate of less than
37.9 L/min {10 gpm), which is a low valve from 2 purap and treat perspective. Even with this low
rate of pumping, the shallow groundwater systern could not recharge to sustain this rate, which
resuted in the water level in the well falling below the depth of the pump. Once pumping stopped, -
-recgivery of the groundwater level was very slow, and full recovery to water levels prior to testing
still has not been achieved. '

2.2.3 Surface Water

The chemical plant area is located on an east-west drainage divide between the Missouri
and Mississippi watersheds. At the chemical plant area, surface dramage to the south of the divide
generally 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 Jargest of the tributaries, drains a major portion of the chemical plant area, Dardenne Creek flows
east to the Mississippi River, '

- - 2.2.4 Land Use

The Weldon Spiing sie is located in St. Charles County, which has a population. of -
approximately 100,000, The largest city in the county is St. Charles, which 15 located appmxim_atel_},r _
24 km (15 mi) northeast of the site and has a population of about 50,000 {DOE 1998b). ‘

The chemical plant area is fenced, and access by the general public is restricted. Adjacent
to the chemical plant area, portions of the Weldon Spring Training Area (WSTA) that are within the
~ ordnance works area are currently used for field training and outdoor femeuvers by the U.S. An-ny
Reserve, the Missouri Army National Guard, and other military and police units. An estimated 3,300 -
local Armiy 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.
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A large portion of the ordnance works area has been converted intoconservation arcas. The
August A. Busch Memorial Conservation Area agd the Weldon Spring Conservation Area
{see Figure 2) are managed by the Missouri Department of Conservatien (MDC) and are open
throughout the year for recreational use. These areas receive an estimated 1.2 miflion visitors each
year. - o

A state highway maintenance facility just edst of the chemical plant area employs nine full- -
 time staff and one mecharic. 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. housmg
development known as Weldon Spring nghts it has about 80 rmdents

. Francis Howell High School, laéatad ah:iut 1 kem (0. 6 mi) east of the chernical plant area, -
_ emp]u}fs about 175 faculty and staff {mdudmg empla}rees at the Francis Howell Adrmmstraunn
Annex) am:l is attended by about 1,930 students. : _

2.3 NATURE AND EXTENT OF CONTAMINATION

 Aspresented in the RIreport (DOE and DA 1597h), 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 prograrms from 1987
through 1995 and a joint sampling effort conducted in 1995. Data for the chemical plant area and
the ordnance works area were combined and evaluated together because the groundwater system is -
continuous beneath bﬂth arcas. Data obtained since 1995 from the chemical plant area mﬂn'it-::-ring
wells and spnngs were also reviewed and are summarized 1n thlS section to provide thelatest
contaminant profile.

2.3.1 Grﬁundwater- :

On the basis of the results of the evalvation in the RI{DOE and DA'1997b) and BRA (DOE
- and DA 1997a), the primary contaminants in chemical plam area groundwaler are TCE :
* pitroaromatic compounds, nitrate, and uranium. '

TCE contamination in groundwater is a recent occurrence (i.e., 1996). Contamination is
localized at the chemical plant area, primarily in the vicinity of the raffinate pits. The horizontal
extent of contamination extends from east of Raffinate Pit 3 to the south and southeast of Raffinate
Pit 4, just beyond the adjacent botndary with the WSTA (see Figure 3). Contamination is limited
to seven monitering wells that aré open to the weathered portion of the aquifer. In 1996, TCE
_ concentrations in groundwater ranged from 1 to 9,000 yg/L. The maximum concentration is a one-
titne, but analytically suspect, value; the next highe'st concentration detected was 1,100 pg/l.
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Post-1996 concentrations have rangﬂﬂ from 0.6 to 1,300 pg/i.. Decreasing trends in concentrations -
have been observed in wells located in the area of TCE-contaminated groundwater, Levels have
decreased by 150 to 900% since TCE WaS dlSCD'ff.'-l‘ﬂd n gmundwater at the chemical plant

The extent of uranium contamination in gmundwater is primarily limited to the chemical
plant area and nearby vicinity. Céntaminatit_im occurs predominantly in the overburden and weathered
units of the aguifer. Recent data collected for uranium in 1997 to 1998 from the 56 monitoring wells
ranged from 0.02 to 55 pCi/L. The maximum concentration of 55 pCi/L was detected in a.well
where previous concentratiohs were at background levels. This well is located inthe raffinate pitarsa

. and may have been affected by recent sludge removal and other remediation activities in the raffinate

pit area, The next three highest uranium concentrations are 17, 20, and 12 pCi/L, respectively.

. Analysis of uranium data for 1993 threugh 1998 indicates that uranium concentrations are generaily

static at all of the monitored locations with the exception of the well by the raffinate pit area.
Excavation activities may have resulted in tempurary shght increases in concentrations at these wells
{(ME-Ferguson 1999),

) Similar to uranium, nitrate contamination is primarily limited to the chemical plant area and
niearby vicinity. The highest concentrations of nitrate have typically been measured in the vicinity

- of the raffinate pits and Ash Pond (see Figure 3). Up umtil 1995, concentrations as high- as

12,000 mg/L were detected. Post-1995 data show 'z range of 0.02 to 1,000 mg/L. Remediation

_activities in the raffinate pit area in 1998 have resulted in slight increases in comtaminant' -

concentrations in several of the vicinity wells. Review of the nitrate data indicates increases and
decreases*in concentrations at several areas of the chemical plant. Wells dewngradient from
Raffinate Pits 1 and 2 have shown 250 to 1000% decreases in nitrate levels since 1998, Wells in the -
vicinity of Ash Pond and Raffinate Pits 3 and 4 have recently shown increases in nitrate levels,

~ which is likely due to remediation activities in these areas. As sources are removed and the areas

reclaimed, 1t is expected that lv&:‘qr els will b-egm o decrease

Nitroargmatic comp ounds occur sporadically at low Jevels across the groundwater system;
higher levels have generally been detected in the overburden and weathered units of the aguifer. The
primar}f nitroaromatic compounds in groundwater include 2, 4-DNT, 2,6-DNT, 1,3,5-trinitrcbenzene
(1,3.5-TNB). 2,4,6-TNT, and the aIﬁinQ-DNT degradation compounds. Recently, maximum
concentrations of 6.0 pg/L for 2,4-DNT; 110 pg/L for 2,6-DNT; 62 pg/fL for 1L3,5-TNE; 0.32'pg/L
for 1,3 dinitrobenzene {1,3-DNB); and 25 pg/L for 2,4,6-TNT have been detected, Upward trends
in nitroaromatic compounds have been observed near the Ash Pond and Frog Pond areas. These
increases are Hkely due to soil excavation activities in the area.



B3 - CJuly 1989 -
2.3.2 Springwater

- The primary contaminants in the springwater at surface springs zround the chemical plant
area are dranium, nitrate, and nitroaromatic compounds. Low leveis (less than 2 pugfL) of TCE have
only been detected in one spring, Spring 6303. Concentrations have been less than 2 ng/L. Elevated
levels of uranjum and nitrate have béen routinely detected at Burgermeister Spring (6300 drainage),
This spring is a primary discharge point for gmundwater c-ngmatmg northof the gmum:iwater dwxde :
at the chernical plant area. .

Nitrate concentrations at Burgermeister Spring vary with changes in flow rate, but are
generally lower than concenirations measured in groundwater. Lower concentrations occur during
high flow rates because of dilution, Rf::cr:.nt data {1995-1998) for nitrate indicate a range of 3.8 to

47 mg/L.

Uranium concentrations at Burgermeister Sprmg sampled dunng higher flow rates have
been reperied at slightly higher levels than in groundwater because of residuals in the. fractured
zones, Recent levels (1997—1998) of total uranium range from. 1.0 to 150 pCifi.. The historical

© maximum uranium concentration measured at Burgermeister Spring is 240 pCi/L. Elevated uranium .
concentrations have also been measured in the Southeast Drainage springs. The historical maximum.
uraium concentration at these springs is 370 pCifL; recent levels {199? 1998) ranged fromSito
120 pCi/L. '

Nitroarornatic compounds have been detected in several springs around the chemical plant:
area and WSTA. Springs 5201 and 5303 {Southeast Drainage) had the highest nitroaromatic
concentrations, with levels of 120 and 280 pgf, r;_spectivel}', for 2.4,6-TNT. Maximum
concentrations of the other nitroaromatic compounds (1987-1995) are 11 pg/L for 24-DNT; 18 ng/l. -
for 2,6-DNT; 15 pg/L for 1,3,5-INB; 1.2 pg/l. for 1,3-DNB; | 4ugfoﬂrmtmhanzene 19 pgfour '
2-amino-4,6-DNT; and 24 pg/L for 4- m:mno -2,6-DNT. ' "
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3 SCOPE AKD ROLE OF THE PROPOSED ACTION

The proposed remedial action counstitutes the remaining cumpnﬁmt of the phased cleanup :
process for the Weldon Spring Site (Figure 5). This action addresses contaminated gmundwatﬂr and -
springs at the chemical plant area. Consistent with this prupused action (and previous actions of the.
" Weldon Spring Site Remedial Action project where residual conditiens limit land use), DOE will
prepare a plan that defines stewardship responsibilities and is consistent with CERCLA, This plan -
will address requirements for long-term surveillance, monitoring, and maintenance; land use
assurance; roles and respoensibilities; and public participation. Like all remedial activities.that have -
been conducted at the Weldon Spring site, stakehnlders wﬂl have the opportunity to review and
provide input to site stewardship plannlng activities.

The remedial action stipulated in the ROD for the chernical plant {DOE 1'993} pi'uvide{i.fnr
the removal of the sources of contamination to groundwater, Under the chemical plant remedial -
. action, contarninated soil has been excavated, buildings and structures have been dismantled, and
' raffinate pits surface water and sludge have been removed, dredged, and treated. The placf:mﬂnt uf
the resulting waste at the on-site disposal cell s currently being eumplcted

Decisions for the quamry are recoi’dﬂd‘ in the RODs for the bulk waste and guarry residuals.
oparahie units (DOE 1990, 1998a), The remedial_ action to rémove and treat contaminated pond
water and remove bulk waste has been completed, and the generated waste has been placed at the
" on-site disposal cell. The remedial action for the quarry residuals operable unit is currently in Ihe
remedial design stages, and 1mp1ement&nc:-n is expected o hegm in the fali of 1999.

The purpose of thiiprop_nsed remedial action is to provide an appropriate response that
would verify that gronndwater contaminant levels are decreasing with time as a result of the souree ™ -
removals at the chemical plant and as & result of the continued effects of the natural processes of
dilution and dispersion. The proposed remedial action also provides for air active response to reduce.
TCE levels in groundwater at the chemical plant area (TCE has been found primarily in ﬂ’lﬁ areas
designated as Zones 1 and 2} :
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4 SUMMARY OF SITE RISKS AND REMEDIATION GOALS

As part of the joint DOE and DA REFS, potential risks to human health and the
envirorment frorn groundwater and springwatercontamination were evaluated for the chemical plant
area and the ordnance works area on the basis of current and likely future land uses, Foresesable
future land use (i.e., the next 30 years or 50) at both the chemical plant area and the ordnance works
area is likely to be récreational, which is the same as current land use. Accordingly, consistent with
CERCLA, potential risks were estimated with reference to current and likely foreseeabie fomte
recizational users.! Table 1 gives the results of the human health risk assessment performed. The

" results of the risk assessment were usf:d to detemlmﬁ areas and contaminants that may require
remediatien.

4.1 HUMAN HEALTH RISK ASSESSMENT

 Potential cancer risks for the recreational visitor posed by exposure to radiation and
chemicals were assessed by using standard methods developed by the U.S. Environmental Protection
Agericy (EPA) and other agencies, The EPA has established an acceptabi& risk Iangﬂ of 1 in-
i million to 1 in 10,000 (EPA 1990). -

_ To put this risk range in context, it is estimated that about one in three. Americans will’
develop cancer during their lifetime from all sources (American Cancer Society 1992}, and that the
risk of developing cancer from exposire to radiation naturally present in the environtnent (primarily -
radon) is about 1 in 100 (EPA 1989). Thus, the acceptable range is a very small percentage of the
cancer risk expected in the general U:S. population from everyday exposures. For example, the
incremental risk at the upper end-of the EPA’s range means that if all persons in a poputation of
10,000 were assumed to be repeatedly exposed to site contaminants, one additional person might get
cancer as 4 result of those exposures compared with the estimatad 3,000 cancer cases.expected from
all other exposures; that is, the number of persons who would be expected to develop cancer in that
population would be 3,001 rather than 3,000. ' .

Potential health effects other than cancer that could result from exposure to chemical

- contaminants were also assessed. The quantitative measure of noncarcinogenic health effects is the -
hazard index. The EPA has defined a hazard index of g:reate:r than 1 as indicating posmble adverse

noncarcinogenic health effects, : '

' The assessment presented in the BRA (DOE and DA 19’9?&} also included risk estimates for a hyputheucal future
resident exposed to groundwater condaminants. These estimates indicate potential risks from three wetls 1o be slightty
higher than { in 10,000 (for.a hypothetical futare resident) and to be primarily attributable to TCE. Under the
residential scenario, the hazard indices for several wells containing nitroaromatic cnrmpﬂunds and muata also
exceed 1.
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TABLE 1 Summary uf Human Health Risk &ssessment Results for the
Groundwater Optrahle Unit*

Carcinogenic Risk

Scemaiioc . . Chemical Radiological Hazard Index

Current and foreseeable 2% 10P03x 107" 4x10%w02x 10" <0001 002"
future recreational . )
visitor

Hypothetical resident = 6x 17 10 1 x 107¢ C1x070Tx10%% 0.003 w40

-* Iplornation presented incthis table is taken from the BRA (DOE and DA 19572},
Current and foreseeable future land use were assumed Io be recreational. Estimates for
the corrent and foresecable future recreational visitor dcenarip were performed for the
springs only; there is no access to-the groundwater under this scenario, consistent with
actug] site conditions, The estimates for the hypothetical resident Scenario were
caliculated for informational purposes and assumed access to g:mundwater for ingession,
although currently no such eccess exists. :

The range shown represents-estimates for 15 springs for the recmatiunai visitor
SCEnarie,

The range shown tepresents estimates for 38 of 36 monitoring wells 2t the chemicat
plant area. Estimates were not obtained for the remaining 48 wells because no levels of
any carcinogenic chemical compaund were detected, The upper end of this range is
repotted for well MW-2038, due primarily to the TCE reported. The most recent data
obtained from this well, however, indicale lower concentrations, this resulting in a.
lower Estlmte. for this well (i.e., at 107). :

The range shown reprasents eslimates for 68 of B6 monitering wells at the chemical
plant area. Samples were not collected for the remaining 18 monitoring wells during the
joint DOE and DA sampling founds conducted in 1995. These wells had been reported
as nondetects in sampling rounds previous to 1995, The estimates represent the
potentiaf risk for the hypothetical resident scenario for the ingestion of uranium in
groundwater. The hypothetical resident scenaric assumed access 1o gruuudwater for
ingestion, although carrently no such access exists. '

The range shown represents estimates for 69 of B6 monitoring wells. Dats from the
remzining 17 1mn|mrmg wells were raporied as nundetects
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The most likely receptor for site-related groundwater contamination is a recreational visitor
. tothe area. The assessment assumed conservatively that for 30 years the recreational visitor would
visit the area 20 limes a year for 4 hours each visit and each time ingest or drink 2 cups of
spnngwater The human health risk assessment concluded that a recreational visitor mgestmg
springwater from any of the 15 springs evaluated was not at risk for cancer or systemic toxicity; thesé -
results are expected 1o be representative of all springs in the sftut:lj.»r area. The recreational visitor was
assumed not to have any exposure to the contaminated groundwater itself. This assﬁuiptiﬂn_ is
consistent with land use conditions at the chemical plant, where a recreational visitor would not have
direct access to the groundwater. The risk of developing radiation-induced cancer was estimated to
range from 4 in 1 billion te 2 in 1 million. These values are low and well within the amptahla sk
range of I in 1 millien to 1 in 10,000 recommended by the EFA (EPA 1989). The estimated risk for
 developing chemical-induced cancer is similarly low and ranges from 2 in 10 biliion to 3 in
- 10 million. The hazard indices estirnated for a recreational visitor at the springs range.d from less_-'-
than (.001 to 0.2,

4,2 ECOLOGICAL ASSESSh{EhT

The results of the ecolo gical assessment indicate that contamitant concentrations in spnngv
water and sediment pose little or no risk to ecological resources of the area, and that remediation -
from an ecological perspemwe is not needed. -

- Biotic suwe}'s of macroinvertebrates, fish, and amphibians that inhabit the Burgermeister
Spring drainage indicated no evidence of adverse effects. The spring was determined {6 conizin
generally good aquatic habitat, and the species present are typical of those found in similar habitats
thf‘c-ughuut the Midwest. Although the fish community was limited in diversity and the
macroinvertebrate community was categorized as slightly impaired, the communities are likely
affected by the physical nature of the spring and its drainage rather than by contaminant levels. Flow
in the uppermost portion of Burgermeister Spring is raintained by groundwater discharge at the
- spring. Under low-flow conditions, as commonly occur in the summer, the stream drainage below

the spring becomes intermiittent, and portions of the habitat become dry. Sunreys of amphibians
fﬂund a community typical of similar habitats in the Midwest. :

The results of toxicity testing of surface water and sédimént_ indicate the potential for some -
toxicity to fish and macminvérte.brates from within. Burgermeister Spring proper, but not '
downstream of the spring. However, the presence of apparently unaffected macroinvertebrate, fish,
and amphibian communities in these locations 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 analyses revealed re]atwely low levels of u:r:mta:mnant bmccsncentratmn all below
Iexeis of concern. '
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Modeling of contaminant uptake by the white-tailed deer and American robin drinking from -
Burgermeister Spring predicted very low levels of containinant uptake by these species, No risk of
harmm was found to be cansed by the modeled contaminant doses to land-based plant.s and anunals -
drinking from Burgermeister Spring or other springs in the area.

Risk estimates fer aquatic biota based on media concentrations indicate that surface water
concentrations of iron, manganese, mercury, uranium, 1,3,5-TNB, and 2,4,6-TNT, and sediment
concentrations of arsenic, lead, and silver might pose low to moderate risks to aguatic biota.
However, the aguatic community in Burgermeister Spring is typical of similar habitats elsewhere in
the Midwest and does not appear to be agversely effected by contamninant concentrations at this time.
Few of the other springs in the area provide suitable habitat on the basis of their inherent or natural
features, and, at best, suppert only very Iiini_ted aquatic communities.

4.3 REMEDIATION GOALS FOR THE CHEMICAL PLANT GRDUNDWATER

The evaluations presented in the RI{DOE and DA 1997b) and the BRA (DOE and DA
19974) indicate that current contaminant concentrations in chemical plant area groundwater do not
pose unacceptable risk to the recreational visitor because there is no access to the groundwater under .
this scénario. In addition, contaminant concentrations at the surface springs ate low and likewise do
not pose unacceptable risk to the recreatonal visitor. Current and likely fmeseeab]e futuye land use
at the chemical plant area is mnmdercd to be recreational.

" However, the groundiwater at the chemical plant area is considered potentially useable (EPA
1986; MK-Ferguson 1990); therefore, consistent with EPA guidelines, restoration of this
groundwater to beneficial use may be considered, In recognition of this, alternatives that could
reduce or remove contarninants, such as TCE and nitrate, were evaluated in addition to those that _
provide verification of decreasing groundwater contaminant concentrations due to source removals
stipulated in the chemical plant ROD (DOE 1993). - B

The remediation goal for' the chemical plant area GWOU is to verify decreasing
groundwater contaminant concentrations that are expected to result from the source removals and
to imnprove and restore groundwater conditions as much as tcchm-::ally practlcahlc
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5 SCREENING OF PRELIMINARY ALTERNATIVES

5.1 PRELIMINARY ALTERNATIVES EUNSIDERED :

The alteinatives discussed in-this chapter were considered in the FS {DOE and DA 1998)
in the context of follow-on activities after source removal and sousce control zesponse actions have
been implemented at the chernical plant area. These source removals are stipulated in the ROD
(DOE 1993) addressing soil and structural contamination at the chemical plant area. S

In the development of preliminary alternatives, a broad range of remediation technologies,
both in-site and ex-situ, were considered for application at the chemical plant area to address the -
contaminated groundwater, In-sitt technologies considered included containment approaches such

. as barrier walls or immobilization methods and in-situ treatment approaches such as natural

processes or newer innevative technologies such as electrokinetics, phytoremediation, Fenton-like
reagents, and treatment walls. Groundwater removal technologies, including conventienal and
nonconventional well extraction, interceptor trenches, and excavation, were considered if treatrnent

--was to be perfqrm'ed ex-situ. Conventional and newer innovative technologies for ex-situ

groundwater treatment using physical, chemical, and biological methods were evaluated. From these

. technologies, nine broad altematives were developed in the FS (DOE and DA 1998} that are

protective of human health and the environment, that maintain protection over time, and that
minirmize untreated waste. The nine broad alternatives outlined below ranged from those that could

. provide a cornprehensive restoration of the groundwater to those that were more limited in scépe and.
focused on localized areas. The selected remedial strategy may incorporate the most prnmmmg '
_components of multiple alternatives considered in the preliminary alternative analysis,

_.TD further facilitate the FS (DOE and DA 1998) evaluations, the concentrations repnﬁtd_
for 1997 1o 1998 for each well for the centaminants of ¢oncern were reviewed, and concentrations
that exceeded established bench marks were plotted on a map of the chemical plant area (Figure 6). .
The bench marks tsed were 3 pg/L. for TCE and 14 mg/L for nitrate, which were established with
reference to the maximum contaminant levels {MCLs) for those substances. A bench mark of
0.11 pe/l was used for 2,4-DNT, which was established with reference to the Missouri Water
Quality standard. Risk-based concentrations of 0.13, 2.8, and. 1.8 pg/L were calculated as bench
marks for 2,6-DNT, 2,4,6-DNT, and 1,3,5-TNB, respectively. These concentrations are either
equivalent to the 10® risk or the hazard index of 1 for the hypothetical resident scenario. The EPA’s
proposed MCL of 20 pg/L for uranium was used as the bench mark for uranium. The 20 g g/Lis

equivalent to 14 pCi/L, on the basis of the uraninm 150t0p1c ratio determined in grnundwater atthe

chemical plant area.

From this map, seven zones of contamination are indicated. These zones were derived from
the locations of wells in which measured contaminant concentrations exceeded their respective
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bench marks and the inferred directmn of groundwater flow based on the pntenﬂametﬁc surface of
the shallow groundwater system beneath the chemical plam area.

_ Seven zones were used to define the area of groundwater contamination at the chemical
plant area that would require cleanup. Each zone was drawn in‘the. shape of a rectangle. The size of
each rectangle was chosen such that it included all of the wells in which the maximum measured
‘contaminant concentrations exceeded established bench marks. In addition, each rectangle included
some buffer space te account for potential contamination in areas where there were no wells. The
rectangles were oriented parallel withthe local direction of groundwater flow. Within each rectangle,
the concentration of each contaminant was assumed to be a constant value. In general, this value was
equal to the maximum contaminant cencentratipn for all wells within the area that had
concentrations that exceeded the established bench marks. This procedure thus provided a range of . - -
constant concentrations for each zone. This range was then used to estimate a rmaximum and
minimum cleanup time for each contaminant within 2 zone. In a few cases, the constant
concentration was obtaitted from a single well meagurement. For these cases, f;:-nl}r one value was
used, and there was no range. ' :

- Alternative I: No Action A.Efemarwe CERCLA regulatlcnﬂs require that this alternative 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 éxisting, ongoing:
maintenance, mionitoring, and remedial actions associated with the groundwater would. be
discontinued. Although contaminant concentrations are expected to decrease with time as aresult
of source removals at the chemical plant area, no moénitoring data would be avaitable 1o verify this
Qccurrence. ' o

Alrernative 2: Long-Term Monitoring. This alternative involves routine sampling and
analysis to provide monitoring data that would verify expected . decreasing contaminant -
concentrations. Under this alternative, lower cnntannnant concentrations are expected in- thn future
because namraI processes will continge 10 occur. . :

Alternative 3. Manimred Natural Atenniation (MNA). This alternative inchades the-
construciion of new monitoring wells and the implementation of a sampling and analysis scheme that
js more elaborate than that required under Alternativis 2 to verify and ronitor parameters that would .
document the natural remediation processes. The term “monitared natural attenuation” as used in
the EPA Directive "Use of Monitered Natural Attenuation at Superfund, RCRA Corrective Action,

- and Underground Storage Tank Sites” (EPA 1999), refers to the reliance on natural attenuation
processes (within the context of a carefully controlled and monitored site cleanup approach) to
achieve site-specific remediation objectives within a time frame that is reasonable compared with "~
that offered by other more active methods. The “natural attennation processes” that are at worl in
such a remediation approach include a variety of physmal chemical, or biclogical pmcesses that,




TABLE 2. Contaminants of Concern for Zomcs at the Chemical Plant Area

Zonc  Excceding Bench Marks

Monitoring Wells
with Contaminanls

Range of Maximurh Centaminant Concentration

TCE
(ngfl}

Uranium

{pCiAl.)

Miralc
{mgz1.}

24-DNT
{(Hg/L}

2,6-DNT
(pe/L}

2.4.6-TNT

1.3.5-TNE
(pe/l)

7

MW-2037, MW-201H
MW-2039, MW-2020
MW-2040, MW.2041
MW.-3024, MW-3025
MWE.21

MW-3026, MW-3027
MW-4001, MW-4006

MW-2001, MW-2002
BIW-2003, MW-2005
MW-3003, MW-3023
MW-4011

MW-2006, MW.-2010
MW-2012, MW-2013
MW-2014, MW-2033

MW-2032

MW-4015

52-1.400

3.3

MA

NA

NA
NA

MA

53

NA

1522

NA

NA

MA

20

881,000

23450

80420

NA

1o

MNA

NA

0.73-14

0.13

0.12-0.73

0.12-4.0

NA
NA

NA

0240027

23-2.5

0.19-2.4

0.50-110

1.3
0.83

NA

{ug/Ly-

NAT

NA

NA

15

44
NA

NA

MA

2162

NA

¥

28-12

pAH
7.1

NA

3, Nﬁ'd'pﬁﬁtes that the parlicular contaminant of concern was wot detected, or f

MW-4024)

- the respective bench mark.

hat the reported concentration did not exceed

6661 AMf
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under favorable conditions, act without human mterventmn to reduce the mass, toxicity, mobility, -
volume, or concentration of coritaminants in soil or groundwater. These in-sith processes mclucier '
biodegradation; dispersion; dilution; sorption; volatilization; radicactive decay; and chemical of 3
biological Slabi.]izatic-n, traﬁsfﬂrmatinn,'ur destruction of contaminants. The implementation of this
alternative may require advanced groundwater modeling capabilities, -

Alternative 4: Groundwater Remaoval and On-Site Treatment Using Granular Activated
Carbon and Ion Exchange. This alternative involves using conventional vertical extraction wells to
remove contaminated groundwater, pumping and treating the groundwater at an aboveground
treatment system, and releasing or managing the treated groundwater consistent with CERCLA and’
overal 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, including
nitroarematic compounds {(such as 2,4-BNT and TNT} and TCE h}' chemically and physically

- binding them m the carben

Alternative 5: Groundwater Removal, On-Site Treatment Using Ultravioler Oxidation,
Similar 10 Alternative 4, this alternative involves ‘exiraction and treaiment of contaminated
groundwater. Uliraviolet oxidation is a relatively new treatment technology that can be effective for
water contarninated with TCE and nitroaromatic compourids. Unlike adsorption on GAC material,
it destroys the compcvunds rather than simply transferring them to a more eas‘il}; dispﬂsable medium,

~ Alternative 6 Grmmdwarer Removal, On-Site Treatrment Usmg Phyraremedlarmn The' E
objectwes and design of Alwernative 6.are similar to those of Altematives 4 and 5, except that this
alternative assumes on-site treatmient using phytoremediation, Phytoremediation is the use of plants
to remediate contaminated groundwater. It exploits an enzymatic activity occwTing in plants at the
root leve] and has been shown to be effective in a number of studies. Contaminated groundwater
~ would be removed by using conventional vertical extraction wells and puraped to and treaied at an’
- above gmunﬂ constructed wetland. A_coné-tmcted wetland is a lined, man-made lagoon that contains _
a variety of plants that accumulate and remove nitroaromatic mmpﬂunds and other contaminants
from influent waters. The treated groundwater would be managed consistent with overall site
' strategies.

Alrernative 7: Removal and On-Site Treatment of Graumiwarer in Zones 1 and 2. This.
alternative involves extraction and on-site treatient of contaminated groundwater in Zones 1 and
2 near the raffinate pits area. These two zones are characterized primarily by TCE contamination.
This alternative provides for active remediation of groundwater in Zones 1 and 2 only.

The objectives and design of Alternative 7 are similétr“t::'r those for Alternative 4, except that
contaminated groundwater only in Zones 1 and 2 would be removed and treated under this
alternative. This groundwater would be removed by using conventional wells, pumped to and treated
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in an aboveground treatment systeth consisting of a sequence of physical and chemical unit
operations, and released at 2 dlscharge point. - o

- Alternative 8: In-Situ Treatment of TCE Using In- Weil Vapor Stripping. In-well vapor
stripping technology involves the creation of a groundwater circulation pattern and simultaneous
- aeratioh 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 compounds like nitrates
and nitroaromatic compounds that may also be present. Air-lift pumping is used to lift groundwater . -
and strip it of contaminants. Contaminated 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 water
table. Untreated groundwater enters the well at its base, thereby replacing the water lifted through
pumping. Eventually, the partlaH}f treated water is cycled back throu gh the well via th15 process untll S
it 15 fully treated. '

_ Alternative 9: In-Sitt Chér_ufmf Oxidation of TCE Using Fenton-Like Reagents. This
aliernative involves in-situ chemical oxidation of TCE-contaminated groundwater in Zones 1 and
2 with Fenton-like reagents. This alternative provides for active remediation of TCE only.

This in-situ treatment process wonld involve the direct sequential injection into the shailow
bedrock aquifer of agueous solutions of hydrogen peroxide, a ferrous compound, and acidic solutions
(e.g., acetic acid). Acetic acid would be introduced beforehand to establish acidic conditions
* conducive to production of hydroxyl radicals by the Fenton-like reagents. The generated hydroxyl .
radicals would react with the TCE in the groundwater to form mostly carbon dioxide (CO,) and
water. ' '

5.2 ALTERNATIVES ELI,?V[INA'I_‘ED'FRUM CONSIDERATION

Alternatives 1 through 9 were evaluated in the FS (DOE and DA 1998) in terms of the three -
screening criteria defined inthe National Qil and Hazardous Substances Pollution Contingéncy Plan
 (NCP) (EPA 1990)—effectiveness, implementability, and cost. Gn the basis of this screening
process, Alternatives 5 and 6 were not retained for further consideration. Although the theorstical
effectiveness of these alternatives is similar to other alternatives that have been retained, the
treatment technology is more uncertain and is not well established.
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5.3 ALTERNATIVES RETAINED FOR FURTHER EVALUATION.

On the basis of the screening process, the following altemat_ive's were retained for detailed
evaluation: : ' -

+  Alternative 1: No Action,
v Alternative 2; Long-Té:nn Moritoring,
»  Altemative 3: Monitored Natural Attenuatien,

*+  Altemnative 4: Groundwater Removal and On-Site Treatment Using GACand
‘Ton Exchange, ' o

»  Altemative 7: Removal-and On-Site Treatment of Groundwater in Zones 1
and 2, -

+  Altemnative §: In‘-S_itﬁ Treatment of TCE Using In-Well Vaper Stripping, and

*+  Altemative 9: In-Situ Chemical Oxidation of TCE Using Fenton-Like
Reagents. '
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6 DESCRIPTION AND ANALYSIS OF FINAL ALTERNATIVES

6.1 DESCRIPTION OF FINAL ALTERNATIVES

Seven of nine preliminary altematives were retained for detailed analysis in the F§ (DOE
and DA 1998) and are summarized in this chapter. As stated earlier, these alternatives are being -
considered in the context of follow-on activities after source removal and control response. acl:lons
. have he:en implemented at the chemical plant area (DOE 1993),

6.1.1 Alternative 1: No Action

This alternative is used as a baseline against which to compare the other alfematives being
considered. Under the no action alternative, groundwater at the chemical plant area wonld remain
“as is.” No containment, removal, treatment, or other mitigating actmns would be impiemented. The -
no action altemative does not include groundwater monitoring or any other active or passive -
institutional controls that may rednce any potential for human exposure (e.g., land use restrictions).
Under Aliernative 1, it is assumed that all currerit activities, including groundwater monitoring by
DOE, would be discontinued. Contaminant concentrations are expected to decrease as a result of
natural processes that will continue to occur and from current source rémovals being conducted per-
the chemical plant ROD (DOE 1993). However, nionitoring would not be performed to vanf}' the
decrease ir contaminant concentrations,

6.1.2 Alternative 2: Long-Term Monitoring

_Under Altemnative .2, no active remediation would take place; however, Jong-term
monitoring of the groundwater would be performed. The concentrations of contamtinamts in
groundwater atthe chemical plant area are expected to decrease with time. This decrease is expected
to result from source removals and dilution from infiltration -of rainwater and runoff.. Further
evaluation through long-term monitoring and associated activities would verify whether these
processes decreased contaminant levels, '

Groundwater monitoring would be conducted by using I_He_ existing monitoring well
network. It is possible that this network would be expanded or reduced on the basis of subsequent

design of an optimal network. Monitoring would be performed for an appropriate period of time that .

. would be defined in the remedial design/remedial action (RD/RA) phase. 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 unlimited use and unrestricted exposure.
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6.1.3 Alternative 3: Monitored Nﬁtural_ Attenuation

This alternative involves the use of monitoring to verify the effectiveness of naturally
occurring processes in the GWOU to reduce contaminant concentrations. Dilution and dispersion
are the primary natural processes identified that are acting to reduce all contaminant concensrations,
in groundwater at the chemical plant area (DOE 1999). However, because of the wide range in-
hydraulic conductivities and the karst nature of the aquifer across the contaminated areas, it is
difficult to predict with any certainty the retnedial time frame once source-removal actions have been
completed. The evaluation presented in the Supplemental FS (DOE 1999} indicates a long time
pertod (in the order of decades) before contaminant concentrations would decrease to the bench
" marks that are equivalent to MCLs or risk-based {:Gncenn'auﬂns Table 3 presents the results of these
~ calcuolations. : g

"The source removals that are performed per the chemical plant ROD (DOE 1993) sre
expected 1o ultimately result in decreasing groundwater contaminant levels, since no further
contribution to the contamination will oeeur, Conditions do not appear to be favorable for biological
processes degrading the TCE, nitroaromatic compounds, or. nitrate; however, sorption of uranium
_is expected to be occurring to some extent. In addition, discharged groundwater (to the surface
springs, prmarily Burgermeister Spring and the Southeast Drainage) are subject to furtharextenswe
dilution and physical and chemical degradation. Performance monitoring to determine mntmuetd'
occurrence of dilution and dispersion would be similar to that performed under Alternative 2. The
. monitoring activities would essentially be to verify contaminant concentration decreases at the
various monitering wells-and discharge points (e.g., Burgermeister Spring).

As required by CERCLA, a review would be conducted. every five yeais hecause
_contaminants would remain in site grc-undwater at levels above those that allow for uulm'uted use
and unrestricted exposure.

6.1.4 * Aliernative 4: Grﬂund“aler Rémoval and On-Site Treatment Using GAC and
Ton Exchange

This altemative involves uSmg cenventional vertical extraction wells to remove -
groundwater with contaminant levels exceeding the bench marks, In the evaluation presented inthe
Supp]ementa] FS{DOE | 9G9), an estirmated 24 vertical extraction wells would be required to address
the contaminants at the cheﬁliﬂal.plant'area to achijeve a feasonable exiraction rate and.to provide
wide enough coverage (o prevent any bypass of contaminated groundwater. The evaluation presented
in the Supplemental FS indicates a long time petiod (in the order of decades) before contaminant
concentrations would decrease to bench marks that are equivalent 1o MCLs or risk-based
~ concentrations. Table 3 presents the results of these caleulations. It should be nmsd that the




TABLE 3 Estimated Cleanup Times for Monitored Natorasd Attenuation and the Pump and Treat Method”

Lone |

Fane 1

Zonc 2. ZFone 4
Pump sind Pump and Pump .and Putmpr aned
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{hrandum K1 104 MA NA 2400 - 15,460 005 — 6 425 MA MNA
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1AM valves are in units nf years. The renges provided reflect the range u[ maxitmom cm‘menmf:ons for each of the contaminants within each zone
{l c.. for Zones that Ccomtain several moniboring wells}

NA nat applicable bmc:ru:m the conlaminanl was nol rcpurmd in the ptarticular zone at cnnu:ntmtluns em:admg Ihc beteh mark.
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evaluations simulate ideal gmundWater'conditionk_ and are not reflective of actual complex site
. conditions. The results provided tepresent the most optimistic performance under this altarnative for
ideal groundwater conditions; much pu-m‘er performance is expected under actual site conditions. '

. The extracted groundwater would be pumped and treated at an aboveground treatment
system Organic compounds such as TCE and 2.4-DNT would be removed by using the well-
established GAC adsorption technolngy Inorgamc contammants such as nitrate and uranium would
be treated using ion exchange

As regnired by CERCLA, a review would be conducted every five years because -
- contaminiants would remain in site groundwatr.r at levels above those that allow for unhrmtﬂd use
and unrestricted exposure. :

6.1.5 Alternative 7: Removal and On-Site Treatment of Groundwater in Zones 1 and 2

This alternative involves the extraction of TCE-contaminated groundwater in Zones 1 and
2, which are in the vicinity of the raffinate pits of the chemical plant area, In the evaluation presehted
in the Supplemental FS (DOE 1999), approximaiely 15 vertical extraction wells were estimated 1o '
be required to achieve a reasonable extraction rate and to provide wide encugh coverage to-preveit '
an;-,r bypass of the contaminants in Zunes 1 and 2.

As required by CERCM a review wnuld be conducted every fiw.: years bacause,
contaminants would remain in site g;mundwater at levels al::mre thﬂse that allow for unlimited use
and unrestricted exposure. '

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

In-well vapor stripping technology involves the creation of a groundwater circulation
pattern and simuitaneous deration within the vapor stripping well to volatilize the TCE from the
circulating groundwater. This alternative is focused on remediating the TCE-contaminated
groundwater in Zones 1 and 2 that has been identified near the raffinate pits area of the chemical
plant area. Because of the nature of the technology involved, this alternative would niot remediate
the nitrate, nitroaromatic compounds, and uranivm that may also be present,

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

compressor delivers air or an inert gas such as nitrogen 1o the water column aerating 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 through the well screen and forces the agrated water
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upward within the well. The result is a rismg colurnn c-f aerated water mthm the well, whicti forms
an alr-lzft pumpmg system.

As raquirad by CERCLA, a review would be conducted every five years bccaﬁse _
contaminants would remain in site groundwaier at levels above those that allow fc-r unlimited use

. and unrestricted exposure.

_ 6.1.7 Alternative 9: In-Situ Chemical Oxidation of TCE Using Fn_ahtnn-Like Reagents

This alternaﬁva involves in-si"tu chernical uxidaﬂcr.n of the T‘CE{ontaminﬁted érouhdwater
that has been identifted in Zones 1 and 2 of the chermnical plant area. Because this technology has
been proven o address organic compounds only, this alternative would primarily address TCE.

The application of this technology would consist of injecting agueous sciutions of hydrogen |
peroxide, ferrous sulfate (FeSQ,), and other chemicals (e.g., acetic acid).into the shallow bedrock
-aquifer through a series of injection wells. Preliminary engineering estimates indicate the installation
of approximately two sets of nested application ot injection wells, with multiple rounds {aminimum
. of two) of chemical reagent applicatien. : :

A% reguired by. CERCLA a review would be conducted every five years because
contaminants would rernain in site groundwater at levels above those that allow for unhmated nse
and unresteicted exposure,

6.2 COMPARATIVE ANALYSIS OF FINAL ALTERNATIVES

 This section compares the seven final remedial action alternatives with regard to the nine -
CERCLA evaluation criteria. The nine evaluation criteria are categorized into the following three -
groups, as stipulated in the NCP (EPA. 1990): threshold eriteria, primar}' balancing criteria, and
modifying criteria.

The threshold category contains the twc criteria that an aIternatwe must meet in c-rder Lo
- be ehcrlble for selection:

*  Overall protection of human health and the environment and

* Compliance with applicable or relevant aﬁd appropriate reguirements
{ARARs), unless a waiver condition applies.




4. - S C July 1999

These threshold critéria ensure that the remedial action selected will be protective of human health
" and the environment and that the action will attain the ARARs identified at the time of thﬁ RODor
provide grounds for invoking a waiver

The primary balancing category contains the five criteria that are used to assess the relatwe-
advantages ang disadvantages of éach altemative:

+ Long-term effectiveness and pernanence;

+ Reduction of tuxici_t}', mobility, or volume through tréatrzent;

' Short-term cffectiveness;

’ I_mplemantﬂability; 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
shert-term effectiveness, Overall effectiveness is then compared with cost to ensure that the costs
are proportional to the pverall effectiveness of a remedial action. '

The modifying category consists of:

« State acceptance and

«  Community aﬂcaptaﬁce.
These two modifying criteria will be addressed in the ;ﬂspﬂnsivenass summary and ROD that will _
be prepared following the public comment period for this Proposed Plan; therefore, they are not
addressed in this analysis, The resukis of the comparative analysis performed for the final aliernatives .
on the bams of the first seven critetia are summarized in Tahle 4. S
6.2.1 Gverall Protection of Human Health and the Envirenment

The no action alternative should be adequately protective of human health and the
environment over the long term. However, monitoring would not be performed to verify contaminant
concentrations. Under current recreational land use conditions, the contaminated groundwater at the

chemical plant area poses no.immigent risk to human health or the environment. Currently, the
groundwater is not accessible and is not used at the site. Land use in the foreseeable future (ie., the -
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TABLE 4 Ca_mﬁamﬁve Analysis of Alternatives

Altemative 2: Long-Term

1

Alternative & CGroundwater

Allernative 7- Removal and On-

Lftcma..ti_vc ¥ in-5im

Alternative % In-Sim Chamical

_ Altzmative 3: Monitored Nalr_rrri Removal and On-Site Treatment Sive Trearment of Groundwarar Tregtment of TCE €fsing ~ Oxidation of TCE Using Fenton-
Alternative 1: Na Action Manitoring - Altenuation Using GAC and lon Exchange .inZones | and 2 Inﬁ-@u Yapor Stpping Like Reagents
” ) T i
Overall protection of Human Like all of the alternatives, would be | Like 2il of the altermatives, Like all of the al::manm. 1 Likeall of the altematives, . Like alt of the altemnatives, would  Like'slf of the altermatives, Like all of the alternatives, would
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- and the vironment, aithough of human heafth and the of human health and the B of human health and the hurman heaith and the pm{ﬂﬁim af human heaith health and the environmenr.
mentoring data would not be availabls  environmert. Meonitoring data environment. Monitoring data ; EnviIMEnt. _ efvironment. and I8¢ environment, -
to vertfy this occumence, would be collected to verify thar  would be collected to verify'iat TR
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protective of human health and procective of human healthamd: =._!-?‘-
rhe ef v Ipnmene e EnvirgnsrenL S
Compliance with ARARS Caleulations indicate a timé period of  Calculations indicate a time Calulations indicate a timne - Cateulations indicare that it Calenlations indicate that it could Requires the least time to comply

Long-term effectiveness
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Reéduction of toxicity, mobility,

ar volurme through treatment

at laast several desades w appmach
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effectiveness and penmancice,
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* contaminated groundwater would ot

Tree treated.

period of at least several

_dmades o approach ARARs.
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cifectiveness and permancnce;
unlike Ajternative T, would
provide werification monitoring
of the groundwater within the
operable unit.

No reduction of toxicity,
mobility, or volumes through
trearment would be

"accomplished because the

contaminated groundwater
would not be weated.

period of at least several decadzes
W approach ARARS,

Provides for long-term ;
effectivensss and pecmzanerce.’
Vertficaton monitoring dala -
would be collected. '

Mo reduction of taxicicy,
mobility, or volume through
eeamment would be v
accomplished bocauss the -
contaminated g;mundwa.ter
would not be treated.

. ":1— Ho

V.

could 1ake several decades w
approach ARARSs due to the
complex hydiogeologic
chargeiedstics of the sie and the
state of cusmeon kechnology. &
relaively shorter time period W
approach ARAR: than
Altecnative 3.

Affords long-term effectiveness
and permanencs becauss
contaminant conceatrations
would be ramoved or reduced
through extraction and reatiment
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mobility, ar volume assoctated
with all groundwater
contamination within the shaliow
bedrock aquifer would be
accomplished upan successkil
implementation of this
gltemmative,

take several decades to approach

ARARSs doe o complex
hydrogenlogic characietistics of
the site and the state of current
technolomy. The ARAR for TCE-
could be approached. in a simitar
amount of fime 35 Altemative 4,
buet longer cthan Altematives 8
and . ARARS for nitrae and
24-DNT would be approached in
Zoaes | and 2 in a time period
sigilar to that in Alterative 4.

Would reduce concentrations of

TCE, nitrae, ndtroarcmeatic
compeunds, and wraniom present
in Zones 1 and 2. Natural
processcs and source remavals
per the chemtcal plant ROD

. {DMOE 19973) are cxpected o

result in decreases of
COTLAmINAn levels intha
(T ZOIRS. |

Reduction of the toxicity.
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compounds, and wramum in

Zones 1 and 2 would be
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implementation of this
alternatve.
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than Alternative 9. The
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ARJ’R i5 also Hmited by the

‘warcfex, hydropeotogic

ch istics of the site and
the #ite of curent
tectifiphagy
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ke rli:.d]mﬁd or removed by
treatent of grotndwater.
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remfyvals per the chemical
plart ROD {DOE 1591 am

Rm%:_tiun of the toxicity,
moiity. or valume
assqictated with TCE
contamitation at the
chemical plant area (Zones |
and % wonld be

" acchmplished upon

sucpisstul implementation of
this aleernative.

with ARARs for TCE as comparad
with all ather altermarives,
including Adematives Tand 8.
The atiliry to zpproach the ARAR
is alsq limited by the complex
hydrogeologic characterisics of
the site and the state of cumrent
technoiogy.

TCE in Fomes 1 and 2 would be
reducad or compved. Namral
processes and sobtce removals per
the chemical plant ROD {DOE
1593) are expected to result in

" decreases of contafminant levels in

the mpiaining zones.”

Reduction of the toxicity,
miobility, or valeme associated
with TCE contarmination at the
chemical plant aréz {Zoness 1 and
21 would be accomplished upon
successful implementarion of this
altarnative.
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Altemative 2: Long-Term

Altemative & Efﬂlﬂldwmer

Altemative 7: Removal and On-
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: envifonment because no activities - ta be low, with bess than one congiruction of the extraction than five cases of docupatianal [ ' . . S :
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£ uearment technologies have been  recovery of the aquifer s Srculaticn patsm s
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._;;_. implementation for similar test performed in the arsa of
T ! CONATRINAALS. Zones 1 and 2.

Cosr Lowest Buture cost, Anmiual monitocng costs are Capital costs of approxitsyely Ot the basis of an ¢stimase of Capital costs are estimated o be pitel costs are estimated o Lowest eust 25 cofpared with
estimated to be $0.4 million, $9.3 million, primarily fo 24 extraction wetls, capitat costs approgimaiely 535 million, with ange between $1 miflion and other TCE treatrment alternatives
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aext 30 years or so) would likely be similar'to current land use: Groundwater contaminant lev'a'ls'arc
also expeeted to decrease with time as a result of source removals (DOE 1993) and naturaily
occurring processes that would further attsnuate contaminant concentrations.

" Alternatives 2 and 3 would also be adequately protectivé of human health and the

- environment over the long term. Potential migration of grovndwater contamination toward the -
springs would be monitored. Monitoring data would be obtained 1o ensure continued protectiveness
and to verify expectations for decreasing contaminant concentrations. Natural processes and source.
removals at the chemical plant (DOE 1993) arc expecied to aftenuate contaminant concentrations -
in the lenig term; however, contaminant levels may increase during and immediately following source
removal due todisturbances of the area generated by removal activities, Dilution of the contaminated
groundwater with uncentaminated groundwater drawn from infiltration of rainwater and runoff could
dilute the contaminant conﬂentranom in gmundwater and result i decreaswd cOncentrations. '

Alternativas 4, 7.8, and 9,-if determined to b:: feasible and cust—'effecuvc, wonld be .'
protective of human health and the environment because these alternatives would prowda additional
* contaminant reduction o remaval '

6.2.2 Compliance with Potential ARARs

Potential regulatory requirements that might be applicable or relevant and appropriate o _
the final remedial action alternatives are identified and evalizated in Appanmx Aofthe FS {DOE and .
DA 1998).

: Chemical-Specific ARARs. Chemical-specific ARARs (MCLs) have been identified for
nitrate (10 mg/L), TCE (5 pg/L), 2nd three nitroaromatic compounds (nitrobenzene at 17 pg/L,
24-DNT 2t 0.11 pg/L, and 1,3-DNB at 1.0 pg/lL). The current levels of nitrate, TCE, and 2,4-DNT
in groundivater at the chemical plant area excesd the respective chemical-specific ARARs.
Groundwater levels of nitrobenzene and 1,3-DNB are below their respective ARARs. . '

Although all of the alternativés would meet chernical-specific ARARs at varying time
frames, these time frames are in the order of at least severa] decades. Under no action, estimated
decreases in concentrations for these contaminants are expected as aresult of source removals bemg
'performed per-the chemical plant ROD (DOE 1993). Natural processes that are occiuring are -
likewise expected to continue and lower contaminant concentrations. Alternatives 2 and 3 would
. meet chemical-specific ARARS a$ a resujt of natural processes that would continue to. occur and. -
from scurce removals per the chemical plant ROD (DOE 1993). Monitering data would be obtained
to verify the expected decreases in contaminant -::onc&ntratmns
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* Altsmative 4 would meet chemical-specific ARARs because groundwaier extraction and
treatment would be performed. Alternative 7 would meet chemical-specific ARARSs as a result of
gronndwater extraction and treatment and from natural processes and source removals at the
chemica} plant (DOE 1993). Altematwes 8 and 9 would meet chemical-specific ARARS as aresult
of treatment and from natural processes and source removals at the. chemical plant (DOE 1993} '

Location- Specg’ic ARARs. Location-specific Ms are discussed in Appendix A of the
FS (DOE and DA 1998). Location-specific ARARs would be similar for all a]tcmanws Al
alternatives wauld meet Jocation-specific ARARs.

 Action- Specific ARARs. Acuon -specific ARARs wuuld vary, depenmng on the altemanvc
or technology involved. Actmn»sp:mﬁc Ms are dw:usscd in Apptndm A of the FS (DOE and.
DA 1998).

For the no action altemnative, there would beno action-specific ARAR associated with this
slternative because there would be no action taken. Alternatives 2,3, 4, 7, 8, and'9 would meet .
substantive requirements related to any action-specific ARARs (e.g., constmctmn monitoring,
extraction, mje.cuon welIs, treatment plants, and discharge).

6.2.3 Long-Term Effectiveness and Permanence: -

" For Alternative 1, under current recreational and use conditions, current contaminant

concentrations of groundwater at the chemical plant area pose no unacceptable risk to human health -

orthe environment: Although monitoring data would not be available for verification, the long-term

effectiveness of this alternative is expected to be maintained by further decreases of contaminant
concentrations as a result of natural processes. and source removals at the chemical plant area
currently being performed per the chemical plant ROD (DOE 1993). The compliance points for this

© - operable unit would include the grovndwater monitoring well network ‘and the surface springs

identified -as known discharge points for the groundwater within this operable unit (e.g.
Burgermeister Spring, Dardenne Creek, and Southeast Dramage}

Mtamatwcs 2, 3, 7. 8, and 9 require monitering and maintenance &ctwmcs For
" Altematives 7, 8, and 9, in addition to contaminant decreases resulting from natural processes and
- source removals per the chemical plant ROD (DOE 1993}, some treatment would be performed for
TCE. Monitoring data would be obtained to verify if reduction is permanent.

Implementation of 1nst1tutmna1 controls to enforce resmcunns on watér use may be
necessary in conjunclion with Alternatives 2, 3, 7, 8, and 9. These restrictions could be enforced in
the form of deed restrictions, well- -drilling prehibitions, building permits, well use advisories, and
© deed nm]ces Current recreational land use of the site docs not pose a threat m human health or the
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envifummm However, institutional controls could be utilized to ensure that residentiai use of the
groundwater would not occur. Thie effactwentss of instimutional controls 1o be implemented and
maintained for a long time pcnnd (1 e., greate: than 30 years) ma}' ‘be uncerain.

Alternative 4 wuul;i reduce all mntmunm concentrations through extraction and treatment N
* and would afford iong-term effectivensss and permanence because groundwater quality wouid
essentially be restored. -

'6.2.4 . Reduction of Toxicity, Mobility, or Volume through Treatment

Aliernatives 1, 2, and 3 would not result in the reduction of toxicity, mobility, or volurne
through treatment because these alternatives do not provide for any treatment of the contaminated
© groundwater. Alternatives 7, 8, and $ wtilize treatment to veduce the toxicity, mobility, or volume -
associated with TCE contamination at the chemical plant aree. Alternative 7 is focused on extracting
ang ireating the TCE-contaminated area at the chemical plant area (i.e., Zones 1 and 2), Other
coftaminants present in-these zones would also be extracted. The technologies involved. in
Alternative § target volatile organic compounds only, like TCE. The technology in Alternative &
addresses all organic compounds, which means some. treatmeént of nitroaromatic compouads in
addition to TCE might also occur. Treatment under Alternative 4 is expected to reduce the toxicity, -
mohlhty, or volume associated with all contaminaats in groundwatf.r within the shallow bedrock
aquifer. :

6.2;5 Short-Term Effectiveness

For Alternative 1, there would be no short-term impacts to human heaith or the environment

because no remedial zction would be conducted. For Alternatives 2, 3, 7, and 9, construction . - '

activities are estimated to resull in less than one case of occupational injury and no occupational _
fatalities {projections regarding installation of new wells were based on industry-specific statistics -
from the U.S. Bureau of Labor Statistics, as reported by the National Safety Council [1995]).
" Construction of verti_cal wells associated with Altemativgs 4 and 7 are estimated to reselt in less tha_n
seven cases of occupational injury and less than one case of occupational farality.

Some short-term impacts on recreational use of the survounding wildlife areas might occur
as the result of noise, exhaust fumes, and dust associated with possible monitoring well constructior:.
Impacts to natural resources during construction of any new groundwater monitoring wells would
be mitigated by avoiding unnecessary damage to vegetation, wildlife, and soil by controlling traffic
and minimizing the areas of disturbance.,
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6.2.6 Implementability

No. concerns regarding i:nplcment'abﬂity would be posed by Alternative 1, because no
action would be taken. Few implementability concems would be posed by Altemative 2 becauseof.
 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 inssallation. -

. Groundwater monitoring is readily implementable. Presently, numerous wells are located

* atthe chemical plant area as partof the GWOU monitoring network of wells. Additiopa) welis could
be easily installed and monitored. Monitoring any off-site plume migration could sasily be .
impiemented. - co o - o

. The administrative feasibility of Alternatives 2 and 3 would be relatively straightforward:
Weldon Spring Remedial Action Project (WSSRAP) and remedial action project activities are
coordinated with the State of Missouri and EPA Region VIL That coordination would continue
during implementation. The implementation of this alternative would not requirs coordination with
any other agencies beyond that already occuring. ' : -

Institutiona! contiols would be implemented under Alternatives2,3,7,8,and 9. mposition
of institutional controls on Jand under continued faderal ownetship {i.c., the area containing the
‘on-site disposal cell and its footprint} would be relatively easy. Land use restrictions that could
include St. Charles County zoning regulations and deed restrictions by the MDC may be necessm'},r
on land got currently under federal ownership (¢.g., August A, Busch Memorial Conservation Area)
‘to ensure long-term protectiveness. The implementability of appropriate institutional controls on -
nonfederal land may require agresment to be put in place between landowners and DOE. DOE has

identified some options for enforcing walér use restrictions that may be needed. It is cu_irently in
" negotiations with the MDC to identify the appropriate and acceptable forms of institutional controls
. that could be implemented. ' B '- '

The implementability of the active remediation aliernatives (Alternatives 4,7, and 8) hinges.
- on the sbility to accurately identify the area-specific hydrogeologie characteristics of the aquifer. A
purnp and treat technology required for Alternatives 4 and 7 couid not be implemented on a -
continuous basis because the aquifer dewatered during the pump fest performed in the summer of

.. 1998, and it is stil) recovering after four months. The successful generation of a vertical circulation

. pattern needed for Alternative 8 was also riot indicated. However, this same pump test indicated that
introduction of materials into the aquifer in the TCE-contéminated area is possible.
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- 6.2.7 Cost

No.net present-worth cap;tal or annual operation and maintenance ¢osts are asscciated
with the no action alternative because ro activities would be updertaken. Costs for Altesnatives 2
and 3 are associated with continuing the -existing environmental monitering program and
constructing and operating possible additional monitoring wells, Annnal mumturmg costs -for
Alternatives 2 and 3 are estimated 1o be appmx:matﬂ]y $04 m:ilmn, capital costs are estimated to
be $0.3 millicen. : :

Capital costs for Alternative 4 are estimated at apprdxjmn'ely_ $7 miliion; the 30-year _
_ present-worth cost is estimated to range between $15 million and $24 million. Annual costs would
. be approximately $1 million. This alternatjve is the most costly of the seven altematives considered.

_ Capital costs for Alternative 7 are estimated to be approximately $5 million. The 30-year ,'

present-worth cost is estimated to range between $11 million and $16 million. Annual costs would
-be less than $1 million. Taking into account recent field investigations within the TCE-contaminated
portion of the shallow bedrock aquifer, capital costs for Altemative 4 are estimated to range from
$6 miilion to $12 million; annual costs wonld range from $1 million to $2 million. For Alternative §, -
cap:tal costs are estimated to bé betw&en $1 miilion arui $3 million; annual costs would be
apprnximately $0.5 million. : :

Capital costs for Alternative 9 are estimated to be on the order of $0.5 million and
 incorporate costs for the installation of injection or application wells and the appiication of chemical -
© reagents, Thisisthe most cost-effective alternative with regard to TCE treatment, although treatment
of TCE 15 NOt NECessary (o ensure prntectwencss
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7 PROPOSED ACTION

The pmpose;d action provides for active mmemauun of the TCE-cantaJnmated gmundwatar
in Zones 1 ang 2 via in-situ chemical oxigation as deseribed in Altesnative 9, combined with Jong-
term monitoting of gruundwater and springs &t the ::henm:al plant area as described in Altr.matwe 3.

Thc treatment ml:thud .invo_lvea the introduction of Fmten-like reagcms (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 radicals under controlied scidic
conditions. These highly reactive radicals would then be expected 1o react with the TCE in the.
grbundwater to form innocuous end products (i.e., chloﬁ{lé salts, CO,, and water). This chermical
reaction can be completed in a relatively short period of tims (days), once injection is achieved. The
period of time required for mmediauon by using this wchnuiag}r is ¢st1matf,d to be on the order of
a few mm‘sths '

Long‘-larm'monit_uringi of an ap_timjied network of wells and springs would generate the
necessary datato verify assumptioqs and ensure continued protection. The lnng-term monitoring atid
assessment strategy will be designed 1o confirm that the contaminated zones are not progressing and

that contaminant Jevels are diminishing with time. The dectease in contaminant concentrations is . '

exppeted as a resuli of the source removals-performed under the chemical plant ROD (DOE 1993} .
and the conhnucd occurrence of natural processes, prn'rm.rllj;,r dilution and dispersion.

The prcrposed action was dev:_luped after carefl canside:ratian of a full range of treatment
technologies and remedial options. Becanse of geochémic.a.l and hydrogeological constraints, it is
_ not technically practicable to achieve ARARs (MCLs) throughuut the contaminated zones in 2
reasonable time frame using any of the remedial alternatives that were evaluated. However, it is-
considered feasible 1o effect some locallzcd_cle:anup in certain contaminated zones where the aquifer
yields are uncharacteristically high. When evaluated against the remédy selection criseria defined
in the NCP (EPA 1990), Altemative 9 (in-sitw chemical axidation of thé TCE in Zones 1 and 2} is

- the best option for localized remediation because it offers the greatest potential for short-term -

reduction of the predominent potential risk driver, TCE, and ¢an be implemented quickly and
. inexpensively relative to pump. and treat options. Successful in-situ treatment of the TCE would
eliminate or decrease TCE concentrations and would result in risk estimates fallmg within the .
acteptable risk range f—;:rr the hypothetical residential seenario.

Localized pump and trear options for other contaminants- are not proposed because .
technical praciicability is highly uncertain, and ever: optimal performance would not substantially
- decrease remediation time frames over that of natural attenuation processes. The uncertainty is
associated pr1mar1ij,f with the complex hydrogeology and heterogeneous geology -of the site.
Investigations indicate that the sustainable yield from the Burlmgtpn -Keokuk limestone ranges from
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1,2 L/min (0.3 gpm) up to less than 37.9 L/min (10 gpm). Previous investigations indicated that the
average sustainable yield from wells constructed in both the weathered and unweathered portions
of the Burlington-Keokuk limestone is 1,2 L/min {0.3 gpm). This particular characteristic of the

aquifer results in implementability limitations where contaminants occut in both units. |

A lopg-term pump test was performed in the area of TCE-contaminated groundwater to
assess the effects of gronndwater withdrawal in 2 more conductive portion. of the weathered
Burlington-Keokuk limestone. This test indicated that although the aquifer south of Raffinate Pits 3

and 4 was more transmissive than previously estimated, recharge is limited by structural controls,”

which results in dewatering of the area. Groundwater was withdrawn during the test at a rate of .
approXimately 37.9 L/min (10 gpm}; however, on the basis of drawdown in the pomping well, this
rate could not be sustained for an extended period. This information, in addition to other
hydrogeologic- parameters éstimated from this field study, was useful in determining that thc
apphcatmn of a2 pump and treat technnlugy is not technically pract:cable

_ - Natural attenuation is proposed as a compunem of the remedy because the available -

information indicates that the zongs of contamination are stable (Le., they are not expanding), that
- 'contaminant levels will diminish with time at a rate comparabile to that achieved through any active
measures, and that this can be demonstrated or confirmed throughempitical and statistical methods.
While natural atienuation is considered an important component of the proposed remedy, it is -
recognized that certain expectations generally associated sith MNA remedies will not be achieved
in this eircomstance. As with the active remedial methods that were evaluated, this approach is not
expected 1o result in the achievement of ARARS (MCLs) threughount the contaminated zonss over
" - atime frame that can be planned for. Also, sophisticated groundwater modeling is not proposed
because complex hydrogeological conditions and the mechanisms of att;nuaunn Limit the usefuiness "
of this appreach.

Details of the optimum monitoring network of wells, the monitoring scheme, and the in-situ
chemical oxidation process will be presented in remedial design planning documents developed.
© subsequert to the ROD. As required by CERCL&,'a-re?iaw would be' conducted every five years
because contaminants would remain in site groundwater at levels above those that allow for
unlimited use and unrestricted exposure.

The proposed action is considered protective because there is no direct exposure to
groundwater under current and foreseeable land uses, that is, hand vse is expected to Temain

 recreational. However, the gronridwater has been defined by the EPA as potentially useable

(EPA 1986, MK-Ferguson 1990); therefore, deed restrictions or other institutional conitols will bé
recorded as part of the proposed action to ensure agamst the p-ntenual use of the grovndwater for
drinking water purposes.
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Thf: following MCLs or more stringent state standards are cons:demd ch:nncal-spmﬁc
ARARS for the contaminated gmundwatcr -

Chemical  Remediation Goal

Nitrate - . 10mg/L

TCE =~ . Spgl
* Nitrobenzene - 17 pgll.
2.4-DNT 0.11 pgL

1,3-DNB 1ppll

Current groundwater levels for nitrobenzene 'and'i 3-DNB meet their respective ARARs.
The proposed MCL of 20 ug/L for uranium is regarded as a m—bﬁ-consmered requirement (1BC) for
this action.

With respect to nitrate and 2,4-DNT, the state of the curtent techuology and the complex
hydrogeologic characteristics of the siie render comphanu with the requirements technically
impracticable. Accordingly, the ROD will contain a waiver of the ARARs for nitrate and 2,4-DNT
for all the contaminated zones on the basis of technical impracticability per §121{d)(4) of CERCLA
and §306.430 of the NCP (EPA 1990). With sespect to TCE, it is intended that the proposed action
will achieve the ARAR for TCE in Zones 1 and 2 (TCE has not been detected at the Iemaining
zones). However, considerable uncertainty is associated with.achieving this goal because of the

innovative nature of the technology and the complex hydrogeologic characteristics of Zones 1 and

2: Since ﬂie_s upplemental FS (DOE 1999) established that the pump and treat option is not effective

for Zones 1 and 2, if the ARAR for TCE is not achieved after completion of the treatment component

in accordance with the. RD!RA. work plan, a waiver of the ARAR for TCE in Zones and 2 will be
' apprnpnate

A number of factors associated with the shallow groundwater systém beneath the chemical -
plant area are strong indicators that it would be technically impracticable to achieve reduction of the
contamninant levels to meet ARARs within a reasonable time frame. These factors are as follows:

.+ The hydrogeology present in the shallow groundwater system is highly
complex and unfavorable {i.e., karst features such as paleochannels, conduits,
fractures, weathering, and dissolution featares) for remediation using
extraction methods; '

+  The hydraulic conductivity of the shal]ow groundwatcr systemn is tn,g,;hlyr
heterogeneous and amsutmplc,




45 : - - . Iu.iy 1999

¢  Sustainable yield (i.e., the maximum rate of groundwater reraoval that can be
sustzined by pumping without dewatering the’groundwater system) is low
{<37.9 L/min {<10 gpm]); - . '

s The area of influence of the ;xt‘rﬁ::tion well 15 stroctorally :nnn-:ﬂlcd;_

+ The distribution of contaminants is complex (i;e., multiple historical sources .
" introduced into 2 compiex: shallow groundwater system) and, in general, of
© jow concentration; ' : S . '

* « In spite of source removal at the ground surface, residual contaminants are
likely to be present in undefinable and irrernovable quantities in the karst -
features beneath the chemical plant area; . ' - -

. Cleanup times estimated by using very optimistic extractioﬁ vates are still -
excessively long (i.e., hundreds to thousands. of years, depending on the -
contaminant of concern); and . :

* Pumj:in g tests pcrfurmed atthe sité: demonstrated that cieanup times would be -
excessive because of low yields, long recovery times for groundwater Ievels,
. and a high potential for dewatéring the adjaceat porous medium,
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§ COMMUNITY PARTICIPATION

Input from the public is an important element of the decision-making process for cleanup
actions at the chemical plant area. Comments on all the alternatives evaluated and the proposeil
remedial action will be rteceived during the public review period from August 3 through = -
Septe.mher I, 1999. Oral comments will be received 4t a public meeting to be beld {during the week -
of August 23, 1999) for this action. Written comments may either be submitted at the public mesting -
or mailed before the close of the commient period tox

Stephen H. McCracken - .

Project Manager for WSSRAP

U.S. Department of Energy

Weldon Spring Site Remedial Action Prq]ﬁ:t Office
7295 Highway 94 South :

St. Charles, Missourt 63304

Information relevant to the proposed remedial action is Jocated in the administrative mnrd
and public document rooms at the WSSRAP site office. Additjopal information repositories have

been established at the following five locations:

* Kathiryn M. Linnéman Branch Francis Howell High School

-8t. Charles City/County Library 7001 Highway 94 South
2323 Elm Street _ St. Charles, Missouri 63304

St Charles, Missouri 63301

Spencer Creek Branch ~ Middendorf-Kredell Libary

St. Charles City/County Uhrar}' St. Charjes City/County Library
427 Spencer Road . 2750 Highway K

St. Peters, Missouri 633?5 . O'Fallon, Missouri 63366
Kisker Road Branch

$t1. Charles City/County Library

1000 Kisker Road

5t. Peters, Missouri 63304

. Inforrnation on file at these repositories includes the RI(DOE and DA 1 997b), BRA (DOE
and DA 1997a), FS (DOE and DA 1998), Supplemental FS (DOE 1999), the chemical plant ROD
(DOE 1993}, and this Proposed Plan forremedial 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 WSSRAP site office is -
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(314) 441-8086. The remedial project manager for the EFA who can supply additional information
o | S L y

Mr. Daniel Wall _

U.S. Environmental Protection Agency
Region VI ' ' '

901 N. Fifth Street .

Kansas City, Kansas 66101

(513) 551-7710 -
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