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_ NOTATION

The following is a list oflthe acronyms, mmahsms and abbreviations (1ncludm° units of
measure) used i in this document. ! : -

ACRONYMS, INITIALISMS, AND ABBREVIATIONS

2,4-DNT

General
ARAR apphcable or relévant and appropnate requu'ernent
BRA baseline risk assessment
. CERCLA : Comprehenswe Environmental Response, Compensation, and Llabllny Act
Co, carbon dioxide ! : ~
DA U.S. Department of the Army
DOE U.Ss. Depanment of Energy
EPA uUs. Envxronmenta.l Protectxon Aoency
FeSO, - ferrous sulfate
FS feasibility study-
‘GAC granular activated carbon
GWOU groundwater operable unit : -
MCL maximum contaminant level :
NCP National Oil and Hazardous Substances Contingency Plan
PRG " preliminary remediation goal
RA remedial action| |
RD --remedial desxcn . , ..
RI " remedial investigation o
ROD Record of Decision e
TBG— to-be-considered (requirement)
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-amino-4,6-dinitrotoluene e
‘4-amino-2,6-DNT o 4-amino-2,6-dinitrotoluene

2,4-dinitrotoluene
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2,6-DNT -
"TCE - -
1.3,5-TNB
TNT

+2,4,6-TNT

UNITS OF MEASURE

cm ccniimeter(s)
ft foot (feet)

gpm.  gallon(s) per minute

ha hectare(s)
in inch(es)

km ..- kilometer(s)
L liter(s) -

174 microgram(s)
m - meter(s)

mg milligram(s)
mi mile(s) .

pCi  picocurie(s)

2,6-dinitrotoluene
trichloroéthylene
1,3,5-trinitrobenzene
trinitrotoluene

2,4 6-trinitrotoluene

vi
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R PROPOSED PLAN FOR REMEDIAL ACTION
o - FOR THE GROUNDWATER OPERABLE UNIT AT THE
| CHEMICAL PLANT AREA OF THE WELDON SPRING SITE

1 INTRODUCTION

This proposed plan addresses the remediation of groundweter contamination at the chemical
plant area of the Weldon Sprmg site in Weldon Spring, Missouri. The site is located approximately
48 km (30 mi) west of St. ‘Louis i in St. Charles County (Figure 1). Remedial activities at the site will
be conducted in accordance W1th the Comprehenswe Environmental Response, Compensation, and
Liability Act (CERCLA). Consistent with U.S. Depertment of Energy (DOE) policy, National
Enviro'nmenta,l Po!icy Act (NEPA) values have béen incorporated into the ClE'.RCLA process. In
accordance with CERCLA, DOE in conjunction with the U.S. Departrnent of the Almy (DA),
conducted a combined remedxal mvestwauon/feasxblhty study (RUFS) to. jointly evaluate
groundwater contamination at the Weldon Spnng chemical plant area and the Weldon Spring

‘ ordnance works area, which i 1s an Army site adjacent to the chemical plant area.

This proposed plan summanzes 1nformat10n about chemical plant area groundwater that

is presented in three docurnents

1. The Remedial Investlgatlon (RD), whxch presents’ information on the nature
and extent of contammatlon (DOE and DA 1998c)

-

- B

.. 2. The Baselme Rxsk Assessment (BRA), Wh.lCh evaluates 1mpacts to human
health and the environment ‘that could occur if no cleanup acuon of the

groundwater were taken (DOE and DA 1998a); and

3. The Feasxbxhty Study (FS), whxch develops and evaluates remedial action
alternatives for groundwater remediation (DOE and DA 1998b).

Thls Proposed Plan is reqmred under CERCLA. The purpose of the Proposed Plan is to: .

- Prescnt to the pubhc a notice and a brief analysis of the - remed1a1 action

‘ . altemanves developed in the FS;
\] ; v

.'/‘

= Present the ‘ra"tionale for the preferred remedial action alfernative;
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. ? |

. e .Summarize key information from the RI, BRA, and FS; and

¢ Inform the public of itsrole i_n'the remedial selection process and provide the

_ public the oppdrtunity to participate in that process.

Under current conditions. 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 frorn the chemical plant aree are active. Existing wells
screened in the same geologic units are separated from the aquifer present beneath the chemical plant
area by a reglona.l groundwater divide (Dardenne Creek; see Figure 1) and, therefore, cannot be
affected by the site. The preferred remediation alternative presented in this plan involves active
-remediation of trichloroethylene (TCE)-contanﬁnated groundwater in close proximity to the raffinate -
pits area of the chemical plant and allows for natural abatement of other co’ntarrﬁnant concentrations
to proceed. Such abatement is expected to occur naturally over time because the sources of "
contamination'that are beiné addressed under the chemical olant Record of Decision (ROD) (DOE
: 1993) will no longer be present. The progress of the natural remediation would be monitored until

. - acceptable levels are reached. .

This alternative was selected from among nine potential remedial ac{ion alternatives that .-
were presented in the FS (DOE and DA 1998D). These nine alternatives were developed after careful -
analysis of available geolog1cal environmental, and human health and ecologlcal risk data, and an
evaluation of the effectiveness, 1mplementab1hty and cost of the various technologres avallable for
groundwater remediation at'the chemical plant area. However final selecuon of the remedial action
altematrve has not yet been made; the alternative selected for 1mplementat10n will be documented
in the ROD, following recelpt and consideration of t;J—blic comments on this plan and any slgrriﬁcant_—— ,
new information that may b'ecome available. Public input may result in modiﬁcatlons to the ultimate

remedral action selected therefore public comment on this plan and its supporting documents is an

1mportant element of the decrsxon making process.

- DOE encouragesipubhc review and comment on this proposed remedial action plan for
crroundw'at'e‘r at the chenﬁcal' plant area. Additional details about the site and the remedial action
alternatives may be found’m the RI (DOE and DA 1998c), BRA (DOE and DA l998a) and FS

‘ (DOE and DA 1998b) and in supportmv technical reports m the Adrmmstranve Record The

/
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remedial action altemanves are evaluated in detail in Chapters 3, 4, and 5 of the FS and are

summarized in Chapters 4 and 5 of thlS proposed plan.

The remamder of thxs proposed plan is orgamzed as follows:

remedial action,

Chapter 2 presents | the hrstory and environmental setting of the chemical plant

area and a summary of the nature and extent of contammatmn

Chapter 3 summarizes the human health and ecoloaxcal risks from

groundwater contamination at the site,

Chapter 4 summarxzes the screemng process for the nine preliminary remedial -

- action alternatives considered,

Chépter 5 describes the final remedial action alternatives considered for the '

v

Chaprer 6 presents the preferred remedial action alternative, and

Chapter 7 describes the community’s role in this action.

4
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2 SITE BACKGROUND

2.1 SITE DESCRIPTION:AND POTENTIAL AREAS'OF CONTAMINATION .

The 88-ha (217—acr¢) chemical plant area lies within the boundaries of the ordnance works
area (Figure 2). The chemical plant was used for trinitroioluene (TNT) and dinitrotoluene (DNT)
production from 1941 to 1945 and later as a uramum—processmg facmty from 1957 to 1966. The
sources of Gontamination at the chemical plant area are those shown in the original layout of the
chemical plant area (Figure 3). These consisted of approxlmately 40 buildings, four waste retention
ponds (referred to as raffinate pits), two ponds (Ash Pond and Frog Pond), and two former dunips

" (north and south). Remediatiém of the buildings, Frog Pond, and the north dump has been complefed |
The remaining source aréas, are in the process of bemg remediated or are scheduled for cleanup
within the next year. The chermca.l plant is currently fenced to restrict public access. Burgermeister
Spring, which is hydyologma}ly connqcted to the chemical plant area groundwater, is in the August .

-

A. Busch Memorial Conservation Area. .

2.2 ENVIRONMENTAL SETTING

The geology and hydrogeology of the Weldon Spring area govern the rate, paih, and extent
of groundwater flow. Land use in the surrounding areas affects the potential for human or ecological

exposure to any c;ontaminanits the groundwater may contain.

2.2.1 Geology

’ Locally, the subsurface consists of porous, unconsohdatcd dep051ts that unconformably

overhe bedrock This unconsohdated overburden material consists primarily of modified loess

' glamal dnft preglacial deposus, and residuum (DOE and DA 1998c) The thickness of these olacxal
and preglacial deposits, known as the “overburdeﬂ- generally ranges from-4 to 18 m (13 to 59 ft)

across the chemical plant area.

The Burlington- Keokuk L1mestone the uppermost bedrock unit at thc chermcal plant area,
has been separatcd into two‘ distinct subunits, the weathered and unweathered. The weathered unit
ranges in thickness from 3 to 17 m (10 to 55 ft). At the chemical plaht area, fracturing in _tHe bedrock

i
N =
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is predominantly horizontal. Solution features are common in the weathered portion of the

Burlington-Keokult Limestone and range from pinpoint vugs to small zones of core Ioss, typically

less than 1.5 m (5 ft). The larger zones in many cases appedr to-be at Jeast partially filled with clay

or cley mixture (DOE 1992). Significantly fewer horizontal and vertieal fractures exist in the

unweathered unit than in the weathered unit. Field data indicate a decrease in hydraulic conductivity

with depth, which is attributed to decreased weathering. Hydraulic conductivity is controlled by the

size, abundance, and geometry of the open fractures within the bedrock and affects the transport of -

groundwater through the bedrock.

2.2.2 Hydrogeology

The three principal bedrock aquifer systems in the Weldon Spring.reg'ion are a shallow

unconfined aqurfer (although it may be confined in some local areas), a middle confined aquifer, and

a deep confined aquxfer Groundwater used for drinking water in the area comes pnmanly fromthe - - -

deep aquifer and from an alluvial aqurfer near the Missouri River: In St. Chatles County, the shallow
and middle aquifers are also used (primafily for rural domestic water supply), although that usage

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

Because the shallow unconﬁned aquifer has been affected by forrner activities at the
chemical plant area, it is the groundwater system of primary interest.in the Weldon Spring area. This
aquifer consists of the Burli_ngton—Keokuk Limestone and the Fern Glen Formati’on, both limestone

units, and, in some locations, the overburden. The principal recharve to this shallow groundwater

system is through infiltration of precrprtatxon from the overburden or from losing strearns. The watér

table elevatron fluctuates seasonally and with precrpttatron but remains withirr the upper bedrock
- or overburden. An east-west trending groundwater drvrde which coincides with the topoaraphtc

hr_hpomt of the area, results in two drstmct drainage systems

‘ Shallow groundwater north of the divide ﬂows to the north, and-shallow groundwater south
of the divide ﬂows to the south followmg natural gradients. The eventual surface discharge poxnts

- for groundwater flow are tributaries of the Mississippi and Missouri Rivers. In the northem and

' southwestern portions of the chemical plant area, subsurface conduit systems rapidly transport water

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

-adjacent ordnance works area.

‘ 223 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 drainage to the south of the divide
flows through the Southeast Drainage and dlscharges to'the Missouri River. Surface drainage to the
north of the divlde flows toward l)ardenne Creek and its tributaries. Schote Creek, the largest of the
tributaries, drains a major portion of the chemical plant area. Dardenne: Creek flows east to the
Mississippi River. The drainage divide causes surface water from the chemical plant area to flow to

the ordnance works area.

2.24 Land Use

" The Weldon Spnng site is located in St. Charles County Whlch has a populatron of
apprommately 100,000. The largest city m the county is St. Charles, which is located approxlmately
24 km (15 mx) ortheast of the site and has a populatwn of about 50, 000 (DOE 1998)

) The chemxcalplant area is fenced, and access by the general pubhc is restncted Adjacent = -

~ tothe chermca.l 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 maneuvers by the US. Army
Resepve the Missouri Army National Guard and other military and pohce units. An est1mated 3 300
| local Army reservists and 3 ,400 other reserve troops use the training area each year. The DA mtcnds

to contmue usmc the WSTA for future training activities.

A larve portton of the ordnance works area has been converted into conservatxon areas. The

August A. Busch Memonal Conservauon Area and the Weldon Spnno Conservauon Area
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i (see Figure 2) are managed b'y the Missouri Department of Conservation and are .o;.;en throughout |

s

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

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

development known as Weldon Spring Heights; it has about 80 resrdents

Francis Howell Hrgh School, located about 1 km (0.6 mi) east of the chemrcal plant area,
employs about 175 faculty and staff (mcludmg employees at the Francis Howell Administration
Annex) and is attended by at§_>out 1,930 ;tudents.

2.3 NATURE AND EXTENT OF CONTAMINATION

. As presented in the RI report (DOE and DA 1998c), the nature and extent of contamination
within the groundwater system for the chermcal plant area was jointly evaluated with that of the
ordnance works area by usrng data collected durmg DOE and DA monitoring procrams from 1987
through 1995 and a joint samplm° 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 bqth'are:as. Data obtained since 1995 from the chemical plant area monitoring
~wells and springs were a.lsci) reviewed and are summarized in this section to provide rhe latest

centaminant profile. ‘ | o

.- o
2.3.1 Groundwater P

On the basis of the results of the evaluation in the RI (BOE and DA 1998c) and BRA (DOE
and DA 1998a), the pnrnary contaminants in chemical plant area groundwater are. TCE,

nitroaromatic compounds, mtrate and uranium.

TCE contamination in groundwater is a recent occurrence (i.e., 1996). Contamination is
. locahzed at the chermcal plant area, primarily in the vicinity of the raffinate pits. The horizontal
extent of contamination ext'ends from east of raffinate pit 3 to the south and southeast of raffinate
>. pit 4 just beyond the ad}acent boundary with the WSTA (see Figure 3). Contarmnatlon is limited
to seven wells that are open | to the weathered portion of the aquxfer In 1996, TCE concenr.ratrons in

croundwatcr ranged from ’l to 9000 p,/L The maximum’ concentranon is a one- tnme but




-
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analytically suspect, detectidn; the next highest concentration detected was I;IOO pg/L. Post-1996
concentrations have ranged from 0.6 to 1,300 'p' gL A decreasing trend in concentrations has been
observed in one well (MW-2038), and concentrations in other affected wells have remained

relatively the same.

- The extent of uranium and nitrate cpntamination in groundwater is primarily limited to the
. chemical plant area and nearby vicinity. Contamination occurs predominantly in the overburden and
‘weathered units of the aquifer. Recent data collected for hranium in 1997 to 1998 from the 56
monitoring wells .ranged from 0.02 to 55 pCi/L. The maximum concentration was detected from a
well in the raffinate pit area (MW -3024), where previous concentrations were at background ievels.
This well may have been affected by recent sludge removal and other remediation activities in the
raffinate pit area. The next hiOhest uranium concentrations occurred in MW-3003, MW-4020, and
MW-2017 at 17, 20 and 12 pCi/L, respectively. These wells also prevxously mdxcated elevated

levels relanve to the other wells.

The h1ghest concentratmns of hitrate have typically been measured in the vicinity of the
raffinate pxts ‘and Ash Pond (see Figure 3) Up until 1995, concentrations as high as 12,000 mg/L - |
were detected More recent data show a range of 0.02 to 1,000 mg/L. Recent remedlanon activities
in the raffinate pit area have resulted in some changes in contaminant concentrations in several of

the v1c1mty wells. A few wells.have shown increases in nitrate concentrations.

Nitroaromatic compounds Qccur sporadically at low levels across the groundwater system;

| higher levels h@ve generally been detected in the overburden and weathered units of the aquifer. The
primary niu'oeromatic componnds in groundwater include 2,4~DNT,_2,6-DNT; 1,3 ,S-trinitrobeniene

(13,5-TNB), 2,4,6-TNT, and_the amino-DNT degradation compounds. Recently, maximum
concentrations of 6.0 pug/L for 2,4-DNT; 110 pg/L for 2,6-DNT; 62 p:,/L for 1,3,5-TNB; 0.32 pg/L
for 1,3-DNT; and 25 p g/L for 2,4,6-TNT have been detected.

2.3.2 Springwater

The primary contaminants in the spnnvwater at surface spnncs in the chexmcal plant area
are uraniurm, nitrate, and mt.roaromatxc compounds Elevated levels of uranium and nitrate have been
routinely detected at Burgermeister Spnng (6300 drainage). Nitrate concentranons at [hlS location

have historically ranged from 0.5 to 10,000 mg/L; more recent data collected since 1995 indicated
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arange of from 3.8 té 47 mg/L. The wid; range of concentrations for nitxjaté at this location have
been correlated with changes in ﬂow rate. Uranium levels have been elevated in Burgerm’éister
Spring and the Southeast Drainage. Uranium concentrations have ranged from 0.48 to 370 pCi/L;
the maximum concentration was reported from the Southeast Drainage. Recent levels (1997-1998)
‘of uranium detected in the Burgermeister Sprmg dramage and the Southeast Drainage range from
0.03 to 1 10 pCl/L and 51 t0'120 pr/L respectively.

Data collected in 1‘995 indicate a maximum 2,4, 6 -TNT concentration of 120 pg/L for

‘Spring 5201 and 280 pg/L for the Southeast Drainage. Maximum concentrations of the other
nitroaromatic compounds (1987 to 1998) are 11 pg/L for 2,4-DNT; 18 p g/L for 2,6-DNT; 15 pg/L

for 1-,3,5-TNB, 1.2 pg/L for 1,3-DNB; 14 pg/L for nitrobenzene; 19 pg/L for 2-ammo—4,6 DNT;

and 24 pg/L for 4—énﬁnd—2,6-DNT. ’

w

&
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" 3 SUMMARY OF SITE RISKS AND REMEDIATION GOALS

As part of the jeint DOE’. and DA RIFS, potential risks to human health and the A.
environment from groundwater and: spn'ngwater contamination were evaluated for the chemical plant:
area and the ordnance works area on the basis of current and likely future land uses. Fﬁture land use
at both the chemical plant aréa and the ordnance werks area is likely to be recreational, which is the
same as current land use. Accordmgly, potential risks were estimated with reference to current and

future recreatlonal users.

The results of the nsk assessments were used to determine areas and contaminants that may
reqmre remediation. Prehmmary remedlanon goals (PRGs) are identified in the FS (DOE and DA
1998b) for each of the contammants that are consxdered significant. PRGs are concentrations of
contarmnants that are wnhm the U.S. Envxronmental Protection Agency s (EPA’s) acceptable nsk

range. The cleanup a.ltemauves discussed in the FS were evaluated with respect to their ability to

actueve the PRGs.

¢ i ¢ '
3.1 HUMAN HEALTH RISK ASSESSMENT .
Potential cancer risks for the recreational visitor posed by exposu're to radiation and
. chemicals were assessed by usmo standard methods developed by the EPA and other agencies. The

EPA has estabhshed an acceptable risk range of 1 in 1 million to l in 10,000 (EPA 1990)

To put this risk range in context, it is estlmated that about one in three Americans will
develop cancer dunng thexr hfenme from all sources (Amencan Cancer Socxety 1992), and that the
risk of developing cancer from exposure to radlatxon naturally present in the environment (primarily
" radon) is about 1 in 100 (EPA 1989). Thus, the acceptable range is a very small percentage of the
- cancer risk expecfed in the general U.S. population ffqm everyday exposures. For &arhple, the

incremental risk at the upper ead of the EPA’s range means that if all-persons in a populaﬁen of
10,000 were assumed to be repeatedly exposed to site contaminants, one additional person might gei
cancer as‘a.result of those e:i(posures compared with the estimated 3,000 cancer cases expected from
all o.thef efcpqsures; that is, éhe number of persons who would be expected to develop cancer in that
paplaen el hs 3,001 _.rather than 3,000. | s

i
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Potenual health effects other than cancer that could result from exposure to chemical
contammants were also assessed. The quanutatxve measure of noncarcinogenic health effects is'the

hazard index. The EPA has defined a hazard index of greater than 1 as indicating possible adverse

" noncarcinogenic health effects.

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

to the area. The human health risk assessment concluded that a recreational visitor ingesting

 springwater from any of the 15 springs evaluated was not at risk for cancer or systemic toxicity;!

these results are expected to be representative of all springs in the study area. The recreational visitor
was assumed not to have any exposure to the contaminated groundwater itself. This assumption 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 developmg radiation-induced cancer was estimated to
range from 4 in.1 billion to 2 in 1 million. These values are low and well within the acceptable risk

range of 1 in 1 millionto 1 in 10,000 recommended by the EPA (EPA 1989). The estimated risk for

' developing chemical-induced cancer is similarly low and ranges from 3 in 10 billion to 6 in

10 million. The hazard indices estimated for a rcc'reationél visitor at the springs ranged from 0.001

to04. - . , ]

3.2 ECOLOGICAL ASSESSMENT

The results of the ecological assessment indicate that contaminant concentrations m sprmg—

. water and sed1ment pose little or no risk to ecological resources of the area, and that remedlatxon

from an ecologxcal perspecuve is not needed. oL

ontm surveys of macromvertebratcs, fish, and amphlbxans that inhabit the Burgerme1ster

Spring dramage indicated no evidence of adverse effects. The sprmg was determined to contain

generally good aquanc habxtat and the species present are typical of those found in similar habitats
throughout the Midwest. -Although the fish community was lumted in dlversxty -and the

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

! The assessment presented in the BRA (DOE and DA I998a) also included risk estimates for a hypothetical future

. resident exposed to groundwater contaminants. These estimates indicate potential risks from three wells'to be slightly
higher than 1 in 10,000 and (for a hypothetical future resident) to be primarily atibutable to TCE The hazard index
for several wells containing nitroaromatic compounds and nitrate also exceed 1.
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.‘ ~ affected by the physical n&tu?xe of the spripg and its drainage rather than by contaminant levels. Flow
‘ in the uppermost portion of Burgermeister Spring is maintained by groupdwater discharge at the
spring. Under low-flow conditions, as commonly occur .in the summer, the stream dra.inagé below
the spring becomes int'ermjittent, and portions of the habitat become dry. Surveys of amphibians

found a community. typical 6f similar habitats in the Midwest.

‘The results of toxicity testing of surface water and sediment indicate the -potential for some
toxicity to fish- and macroinvertebrates from within Burgenneiéter épdng 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 preserit in surface water and sediment in the Burgermeister Spring
drainage, Tissue analyses re\irea‘led relatively low levels of contaminant bioconcentration, all below

levels of concern.

Modeling of contarninant uptake by the white-tailed deer and American robin drinking from
Burgermeister Spring predic;ted very low leveis §f contaminant uptake by these species. No risk of
. harm was found to be caused by the modeled contaminant doses to land-based planfs and animal;

drinking from Burgermeister Spring or other springs in the area.

.o

Risk estimates for éqixatic biota based on media concentrations indicate thatv surface water
concentratibns of iron, man‘ganese,- mercury, uranium, 1,3,5-TNB, and 2,4,67TNT, and sedime_nt
A con;entrations of arsenic, lead, a?xd silver might pose low to moderaié risks to aquatic biota. °
However, the aquaﬁc comm:.}mity in Burgermeister Spring is typical of similar habitats elsewhere in
the Midwest and does not api;ear to be adversely affected by contaminant concentrations at this time.
~—Pcw of the other spnngs in thc area provide suitable habitat and at best,_pport only very limited
aquatxc commumnes '

3.’§‘T1EMEDIAT10N GO;f\LS FOR GROUNDWATER

- On ihe basis of thé results of evaluations présented in the RI (DOE and DA 1998c) and

BRA (DOE and DA 1998&) the focus of the FS (DOE and DA 1998b) was the identification of

~ options that allow for verlficauon of decrea.smo contaminant concentranons resulting from source
‘ rernovals and options that reduce or remove contaminant concentranons (x e., mtrate TCE;

nitroaromatic compounds and uranium in groundwater). Nitrate and TCE contarmnauon is pnmanly




i
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-

a concem at the raffinate prts area at the chermcal plant-area. Nltroaromatlc compounds have been .

" identified as contarmnants of concemn m a few wells at the chemical plant area. Although uranium :

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

w1thm the acceptable risk range (see Section 2.3.1).

Preliminary remediation goals (PRGs) for TCE, nitrates, nitroaromat‘ic compounds, and
uranium are identified in the FS (DOE and DA 1998b) as a basis for evaluating the effectiveness of
the various remediation technologies and alternatives being considered. In accordance with the
National Oil and Hazardous Substances Contmgency Plan (NCP) (EPA 1990), the PRGs are

concentrations of contaminants for each exposure-route that are believed, on the basis of site land

_use information, to be protective of human health or the environment. PRGs are based on appliceble

or relevant and appropriate requirements (ARARs) such as maximum confaminémt levels (MCLs).

‘The following MCLs have been identified as ARARs
_-1 5 pg/L for TCE; - :

* . 10 pg/L for nitrate as nitrogen;

* 17p g/L for nitrobenzene;

* 0.11 pg/L for 2,4-DNT; and |

* 1.0 pg/L for 1,3-DNB.

No federal or state MCL exists fof uranium in groundwater. Although the EPA has

proposed an MCL of 20 pg/L for uranium in its Proposed National Primary Water Regulations

When ARARs are ho; available, the EPA sets remediation goals by developing risk-based values. .

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

not an ARAR because it has not been promulgated. However, the proposed MCL might be treated

as a to-be-consxdered requirement (TBC).

Because there are no ARARs for ewht other nitroaromatic compounds ‘and uranjum, risk- .

' based values were developed for those contaminants in accordance with protocols authonzed in the

NCP. Risk-based values are developed on the basis of reference doses or slope factors provxded by
the EPA. The reasonable maximum exposure estimate for future use provides the basis for

developing protective exposure levels. Concentrations of carcinogenic contaminants equivalent to

',
S
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the 1 in 10,000 and 1 in’il .million rjsk range were estimated for the recreational scenario.
Célculations were pérformed to determine the concentrations of noncarcinbgenic contaminants that
would be equivalent to a éhazard index of 1 for the re€reational scenario. Assumptions and
.methodologies were similar }o those used for risk estimates in the BRA (DOE and DAl 1998a) and
are further discussed in App?e_ndix B of the FS (D(')Eand.DA 1998b).

Table 1 sdmmarizés. regulatory criteria, risk-based values, and PRGs for chemical plant
groundwater coﬁtaminants of concemn. For each of the contaminants, PRGs are based on ARARs,
or the 1076 risk, or the hazarc‘l index of 1 for the recreational scenario. (Risk-based values were-also
calculated for a hypotheﬁéﬂ ‘rcsidential scenario for all contaminants, iﬁcluding those with
detgrmined ARARSs, in order; to provide information for comparison). Table 2 lists the wells at which

PRGs are exceeded for groundwater contaminants of concem considered for the chemical plant area.

A

i
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TABLE 1 Summary of Regulatory Criteria, Risk-Based Values, and Preliminary - o :
Remediation Goals for Groundwater Contaminants of Concern o ’ '

Risk-Based Values®

Residential Scenario Recreational Scenario
10500 10*  Hazard . 10%w010% Huad ~ Proposed

Contaminant Regulatory  Carcinogenic Index Carcinogenic Index PRGs for

of Concern Unit  Criteria®  RiskRange® - of 1¢ Risk Range* oflf  the GWOUsE
2-Amino-4,6DNT  pg/L a0 ~ -NA 22 NA 190 190 )
4-Amino-2.6-DNT  pg/L - NA 22 NA 190 190
1,3-DNB pg/L 100 Na 37 Na 300 10
24DNT . =~ pgl- O1li . 013-13 7 11 - 1,100 6,400 ol
2,6-DNT pg/lL . C0.13-13 37 11 -1,100 3,200 11
Nitrobenzene = pg/l 174 NA 18 ° NA 1,600 17
Nigate-N mg/L 10 NA sk _ NA © 5,100 C0
m-Niotoluene p. - NA 7 NA 3,200 3,200
o-Nitrotoluene ug/l . NA' 37 NA 3200 - .3.200
p-Nitrotoluene pg/l - NA 37 NA ©.3,200 ~3.200
TCE £ gl 5 77-770 NA 680 - 68,000 7
135TNB  ~ pgl 0 NA 18 - NA C w0 160
2,4,6-TNT gl - . 28-280 18 250 - 25,000 1600 250 Co
Uanium  © pCil - 090-90'  110pgA™ 78-7,800'  9,600ugN™ 78 . .

The values in this column include MCLs, EPA drinking water heaith advisories, Missouri water quality standards, and Missouri
health advisories for groundwater. A detailed tabulation of ARARs is presented in Appcndix Aofthe FS (DOE and DA
" 1998b).

Risk-based values were estimated for the recreational and residential scenarios following the risk methodology and equations
used for risk calculations as presented in the BRA (DOE and DA 1998a) and-in Appendix B of the FS (DOE and DA 1998b).
The forsecable future land use at the chemical plant area is likely to be recreational, which is the Same as current land use.

Values in this column represent concentations for each contaminant that would be within the acceptable risk range for the
: resldenual scennno . .

Values in this column represent the hnghest concentration for each contanunant that would be acccpmble or within the hazard
- index of 1 for the residential scenario. —

-Values in this column represent concentations for each contaminant that would be within the acceptable nsk range for the
" recreational scénario.

Values in this column represent the highest concentration for- each contaminant that would be acccplablc or within the hazard
index of 1 for the recreational scenario. ‘

8 The proposed PRGs forFCE, nitrate-N, 2 4-DNT 1,3-DNB, and nitrobenzene were based on ARARs. PRGs for carcinogenic
nitroaromatic compounds (i.e., 2,4,6-TNT, 2,4-DNT) and uranium were based on concentrations equivalent to the 1 in 1 million -
risk for the recreational scenario. PRGs for noncarcinogenic nitroaromatic compounds (i.e., 2-amino-4,6-DNT, 4-amino-
2,6-DNT, 1,3-DNB, m-nitrotoluene, o-nitrotolucne, and p-nitrotoluene) were based on concentrations equivalent to a hazard
index of 1 for each compound for the recreational scenario. -
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TABLE 1 (Cont.) T .

b A hyphen (-) indicates that no regul_.';:m criteria are available.

NA = not applicable; a slope factor or reference dose, whichever is appropriate, was not available.
J Missouri water quality standard that is an ARAR.

Value based on an adult residential l%ecqﬁor, the value for infants would be less because nitrate-N would be more toxic to infants
than adults. ?

.Based on the radiological risk for uranium.

Based on the chemical toxicity of uranium.

A



" TABLE 2 Maximum Contaminant Concentrations for the GWOU Monitoring Ne;work“

. . : S Nitro-
TCE Nitrate 1,3,5-TNB  24,6-TNT 24-DNT 2,6-DNT benzene 1,3-DNB  Uranium
Well (ug/l)  (mg/L (vg/L) (ug/L) (ug/L) (ug/l)  .(pg/l) (ng/L) (pCi/L)
W 2 .

PRG? 5 10 160 250 0.11 11 17 1.0 80
Weathered ' ) .
MW-2001 . € (68) 0.062 0.015 0.083 0.062 0.015 0.045 0.52
MW-2002 = (46) 0.015 0.015 0.046 0.26 0.015 0.045 0.70-

. MW-2003 - - (2900) - 0.015 0.015 0.12) 0.46 0.015 0.045 2.6.
MW-2005 t (83) 0.058 - 0.015 0048 ~ 0.1 0.015 0.049- 056
MW-2006 [ . 1.0 - 0.015 0.13) 1.3 0.054 0.078 - 45 -
MW-2010 - - 012 0.13 0.088 ©0.66 . 0015 . 0.049 0.16
MW-2012 . = 72 25 «(6.0) (110) 0.015 0.09 -0.12

. MW-2013 1.1 - 43 0.88 0.17) 2.1 - 0.015 0045 084
Mw-2014 . - - 2.8 0.015 (0.16) 0.49 0.015 0.082 0.57
MW-2017 . = 0015 .- 0.015 0.015 0.0050 - 0.015 0.045 12
MW-2018 . 072 0015 ' 0015 0.015- ~ 0.0030 0015 . 0.045 2.0
MW-2032 1.6.  (105) 2.0 4.4 0.11 1.3 -0.015 0.073 5.2
MW-2033 ' - ND 0.78 5.3 1.4 0.12) 1.5 0.015 0.045 1]
MW-2034 - 5.0 0.015 0.015 0.015 0.0050 = 0.015 . 0.045 5.0
MW-2035 - 3.6 0015 0.015 0.015 . 00050  0.0!5 0.045 3.6
MW-2036 - 3.6 0.015 0.015 0.015 0.0050 0.015 0.045 6.6
MW-2037  (1,300)  (320) 0.20 0.015 (0.73) 0.13 0.030 0.094 1.3

MW-2038 (950)  (1,000) 0.18 0.015 (1.4) 0.24 0.056 0.067 1.6 .
MW-2039 o (88) 0.015 0.015 0.019 0.005 0.015 0.045 4.1
MW-2040 5 170) 0.015 0.015 0.022 0.005 0.030 - 0.045 4.6
b MW-2041 5 (210) © 0.015 , 0015 0015 0.005 0.015 . .0.045 5.7
MW-3003 - 410) 0.015 0015 (0.13) 0.19° 0.015 0.045 17
_MW-3019 - 3.7 0.015 0.015 0.015 0.0050 0.015 0.045 2.0
MW-3023 -+ (190) 0.015 0.030 (0.73) 24 0015 0.070 =
MW-3025 . (50) (510) 0.015 0015 0.099 027 0.015 0.045 3.6
MW-3027 4 (450 0077 - 0.01S 0.037 0.039 0.015 0.045° 1.5
MW-3028 - (300) 047 - 0.015" (0.80) 0.14 0.024 0.081 1.0
MW-4001 (5.5). @n 62 - 2.4 (0.13) 2.5 70.030 0.045 24
MW-4002 R ) 0.015° 0.049 . 0,018 0.040 0.015 '0.045 0.34

2110 10N 0Qq ‘|ould ifosq uvjg p'asodo.‘lJ. o
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TABLE 2 (Cont.)

Nitro-

TCE  Niwate 13,5TNB  24,6TNT 24-DNT 26-DNT benzene 13-DNB  Uranium

Well (g/l)  (mg/L) (ug/L) (pg/L) (/L) (wg/l) (ug)  (ng/lL) (pCi/lL)
PRG® 5 10 4 160 250 0.11 11 17 1.0 80
Weathered (Cont.) - ; o
.MW-4005 - ! - 0.015 0.015 0.015 0.005 0.015 0.045 -
MW-4006 . - - 2y 0.015 0.078 2.3 0.015 0.045 34
'MW-4$IO - - - . . Tt e - s o 12:
MW-4013 - - - - - - - - 5.1
MW-4014 - - - - - - - - 1.2
© MWw-4015 . - - 7.1 0.015 0.082 0.83 0.015 0.045 3.2
i .
Unweatliered at . . :
MW-3024 - (460) 0.015 0.015 0.015 0.0030 - 0.015 0.045 55
MW-3026 - | (510) 0.095 0.015 0.099 0.063 0.015 0.045 2.5
MW-4004 - (23) - - - - - - : -
MW-401T1 - (280) ‘0.015 0.015 0.051 0.06F 0.015 0.045 8.4
MWw-4026 = - 9.7 0.015

0.015 0.015 0.0050 . 0.020 0.045 0.34

9 Concentrations are the maximum reported for data collected in 1997-1998. Well concentrations that exceed the PRGs are
denoted within parentheses. Sampling performed in 1995 for the five nitroaromalic compound degradation products of DNT
and TNT indicate maximum concentrations as follows: 16 pg/L for 2-amino-4,6-DNT, 24 pg/L for 4-amino-2,6-DNT, 54 pg/L
for 2-nitrololuene, 4.3 pg/L for 3-nitrotoluene, and 0.70 pg/L for 4-nitrotoluene.

® PRGs are risk-based values for the recreational scenario, except for TCE, 2,4-DNT, 1,3-DNB, and nitrobenzene.

- ¢ A hyphen indicates the well was.eilhi:r not sampled or was reported at below detection limit.
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4 SCREEN'ING OF PRELIMINARY AL’I’ERNA’I‘IVES '

- 44 PRELIMINARY ALTERNATIVES CONSIDERED

" The alternanves discussed in this chapter were considered in the FS (DOE and DA 1998b)
in the context of follow-on activities after source removal and control response actions have been
. irnpleménted at the chemical@ plant area. These source removals are stipulated in the RQD addressing

soil and structural contamination at the chemical plant area (DOE 1993).

In the development!of preliminary alternatives, a broad range of remediation technologies,
both in-situ and ex-situ, were considered for application at the chemical plant area to address the
contaminated groundwater. In-51tu technologles considered included containment approdches such -
as barrier walls or munoblhzaucm methods and in-situ treatment approaches such as’ natura.l
' processes or ne"wer innovative téchnologies like electrokinetics, phytoremediation, Fenton-like
reagents, and treatment walls. Groundwater removal technologies, including conventional and
nonconvennonal well extracuon interceptor trenches, and excavation, were considered if treatment
was to be performed ex-$itu. Conventional and newer innovative technologies for ex-situ .
groundwater treatment usmg physical, chermcal and b1ologxcal methods were evaluated. From these
technologies, nine broad altemanves were developed in the FS (DCE and DA 1998b) that are.
protective of human health_ and the environment, that maintain protection .over time, and that
minimize untreated waste. The nine broa.d alternatives outlined below ranged from those considered
to.address all groundwater contaxmnants in the entire affected aquifer, to those that focused on.more
locahzed treatment of TCE only Treatment or remediation of TCE as a “hot spot” was con51dered
because it is the most significant contributor to the estimated potential risk and because TCE — .
contamination is more or lés$ conﬁ—n—;d to one area or plume. Alterriatives'Z, 3,4, 5 and 6 preéented
in the FS were developed and evaluated to determine their feésibility in éddressing all contaminants . -
in the affected aquifer at the chexmcal plant area. Although Alternatives 7, 8, and 9 were evaluated

for their feasibility in addressm*7 the TCE-contaminated groundwater they address the rest of the

- contammants via momtonng.
¢ i

Altemative 1: No Action Alternative. CERCLA regulations require that this alternative be
éonsidered..l; is intended to provide a baseline against which other alternatives can be corpared. No

further action would be taken at the site under the no action alternative, and any existing, ongoing

L
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mamtenance momtonng, and remedlal actions assocxated with the groundwater would be
discontinued. Although contaminant concentrattons are expected to decrease with tlme as a result
- of source removals at the chemical plant area, no monitoring data would be available to verify'this

occurrence.

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

because natural processes will continue to occur.

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

tl1e implementation of a sampling and enalysis seherne that is more elaborate than required under
) Alternative 2 to verify and monitc;r'parameters that would document performance of the natural

remediation processes. Natural attenuation is defined-in the NCP (EPA 1990) as “biodegradation,
dispersion, dilution, and adsorption” of contaminants in groundwater. The implementation of this
altematwe would reqmre advanced groundwater modehno capabnlmes to dermnonstrate that natural
processes of contaminant degradatxon would reduce. contarmnant concentrations below reculatory

standards before potential exposure pathways are encountered.

" Alternative 4: Groundwater Removal, On-Site Treatment Usfng .“Cranular Activated
Carbon. Involves using conventional vertical extraction wells to remove groundwater with
contammant levels exceedmg PRGs, pumping and treating the groundwater at an aboveoround
treatment system and releasmc or manaoma the treated groundwater consistent with overall site
strategxes ‘Adsorption by granular activated carbon (GAC) which is a well—developed effecuve and
wxdely applied technology, would be used to remove organic materials, mcludxm mtroaromatxc
compounds (such as 2,4-DNT and TNT) and TCE by chermcally and physically binding them to the '
carbon. '

" .Alternative S: Groundwater Removal, On-Site Trédnnen.t-'Usirig' Ultraviolet Oxidation.
Slrmlar to Alternative 4, this alternative involves extraction and treatment of groundwater to achieve
maxunum contaminant concentrations that are within PRGs. Ultravlolet oxidation is a relatively new

treatment technology that ‘can be effective for water contaminated with TCE and nitroaromatic
. . . . . b » - t ‘/t



_ Proposed Plan Draft Fi inal: Dp Not Cite 27 ' . December 1998

compounds Unhke adsorptton on GAC it destroys the compounds rather than sxmply transferring -

‘them to a more easily dxsposable medmm

Alternative 6: Groundwater Removal On-Site Treatment Using Phytoremedxatxon. The
objectives and design’ of Alternative 6 are similar to those of Alternatives 4 and 5, except that this
alternative assumes on-site treatment using phytoremediation. Phytoremediation i is the use of plants
to remediate contaminated gr'oundwater It exploits an enzymatic activity occurring in plants at the
oot level and has been shown to be effective in a number of studies. Groundwater exceedmg the
PRGs would be removed by { usmg conventional vertical extraction wells and pumped to and treated
.atan aboveground constructed wetland. A constructed wetland is a lined, man-made lagoon that
contains a variety of plants that accumulate and remove nitroaromatic compounds and other
,contaminants from influent :v&(eters. The treated groundwater would be mtmaged consistent with

v

overall site strategies. .

Alternative 7: Re(r;:oval and Ex-Situ Treatment of TCE-Contaminated Grau_ndwhter.
Involves extraction and ex- -situ treatment of crroundwater contaminated with TCE primarily at the
chermca.l plant area near the raffinate pltS area. An approach identical to that-described in

Alternative 2 would be apphed to manage other contaminants in the groundwater. Thxs alternative

<«

provides for active remediation of TCE only.

The objectives andédesign of Alternative 7 are similar to those for Alternative 4 and 5,
- except that oniy groundwate:r- exceeding PRGs for TCE would be removed and tr'eated under this
alternative. This groundwater would be removed by using conventional wells, pumped to and treated
in an aboveground treatment system consrstmg of a sequence of physmal and ‘chemical umt

operations, and released ata dlscharge point.

Alternative 8: In-Sitis Treatment of TCE Using In-Well Vapor Stripping. Monitoring sumlar '
to that described in Altemaltwe 2 would be 1mplemented for the management of mtroaromanc
compounds and' nitrates in the groundwater. In-well vapor stripping technology involves the creation
of .a groundwater circulation pattern and simultaneous aeration within the vepor stripping well to
volatilize tne TCE from the circulating groundwater. This process would not be amenable to removal

.of nonvolatile'.or highly solub;le compounds like nitrates and nitroaromatic compounds that may also
be present. Air-lift pumping 1's used to lift groundwater and strip it of contaminants. Con"taminated

- ) N
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vapors are drawn off for aboveground treatment Partially treated groundwater is forced out of the -
‘well into the vadose zone where it reinfiltrates to the water table. Untreatcd groundwater enters the
well at its base, thereby replacmg the water lifted through pymping. Eventually, the partially treated

'water is cycled back through the well via this process until PRGs are met. -

Alternative 9: In-Situ Chemtcal Ondatlon of TCE Using Fenton-Like Reagent.s' Involves'
in-situ chemical oxidation of TCE-contaminated groundwater with Fenton-like reagents. Monitoring
similar to that described in Alternative 2 would be applied to manage other groundwater

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

This in-situ treatment process would involve the direct sequeutial injection into. the shallow
bedrock aquifer of aqueous solutions of hydrogc_:n peroxide, a ferroug compound, and acidic solutions
(e.g., acetic acid). Acetic acid would be introduced beforehanrl ”to establish acidic conditions
conducive to production of hydroiyl radicolg_ by the Fcnton-li_ke reagents. The generated hydroxyl
radicals would react with the TCE in the groundwater to form mosrly carbon' dioxide (COZ) and

water.

42 ALTERNATIVES ELIMINATED FROM CONSIDERATION

Alternatives 1 through 9 were evaluated in the FS (DCE and DA 1998b) in terms of the
three screening crfteria defined in the Code of Federal Regulations, Title 40, Part 300 (40 CFR
Part 300Hffecdveness,Aimplementability, and cost. On the basis of this screen.iug process,

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

4 e _ Alternative 3— It would be difficult to demonstrate natural attenuation for all
' of the constituents of concern, and this alternative does not provide better

protection of human health and the environment than Alternative 2.

‘o Alternative 5—Similar to Alternative 4 in that preliminary simulation results
' indicate that remediation would take on the order of 100 years, and the

. ultraviolet oxidation technology.is not well established.

" Alternative 6—Remediation would take on the order of 100 years, and the

- phytoremediation technolog’y is not well established.



!
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43 ALTERNATIVES RETAINED FOR FURTHER EVALUATION

On the basis of the screem'ﬁg prbcess', the following alternatives were retained for détailed

-

evaluation (seg Chapter 5): :
* Al'temati;/'e 1: No Action,
| e Alternative 2: Monitbring with No Active Remedia_tion,
. Aliemativc 4: Ggroundwafcr Remov'al, On-Site Treatment Using GAC,

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

Groundwater, l
e Alternative 8: In-Situ Treatment of TCE Using In-Well Vapor Stripping, and

"« Alternative 9: In-Situ Chemical Oxidation of TCE Using Fenton-Like’

Reagents. !

A
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5 DESCRIPTION-AND ANALYSIS OF FINAL ALTERNATIVES

5.1 DESCRIPTION OF FINAL ALTERNATIVES -

Six of nine prehmmary alternatrves were retained for detailed analysis in the FS (DOE and

'DA 1998b) and are summarized in this chapter. Again, these altemnatives are being considered in the

context of follow-on activ;ities after source removal and control response actions have been

implemented-at the chernicasl plant area (DOE 1993).

5.1.1 Alternative 1: No Action

‘This-alternative is used as a baseline against which to compare the other alternatives being

conéidered Under the no action alternative, groundwater at the chemical plant area would remain

v

“as is.” No contarnrnent removal treatment, or other mm ating actions would be implemented. The
gaung Pl

. no action alternative does ?not include groundwater monitoring or any other active or passive

institutional controls that may reduce any potential for human exposure (e.g., land use restrictions). .
Under Alternative 1, it is aseumed that all current activities, inciuding groundwater moni.t'oring by
DOE, would be diséontinued. Contaminant concentrations are expected to decrease as a result of
natural processes, that will continue to occur and from current source removalc"being conducted oer

the chemical plant ROD (DOE 1993).

51.2 Alternative'Z' Monitoring with No Active Remediation '

Under Altematrve 2, no active remedratxon would take -place; however, long-term . .

monrtonng ‘of the groundwater would be performed The concentrations of contaminants in

groundwater at the chemicaliplant area are expected to decrease with time. This decrease could result

~ from any or a combination fof the following: (1) source removals; (2) biodegradation, photolysis,

volatilization, sorption, and hydrolysis; and (3) dilution from infiltration of rainwater and runoff.
Further e\)aluation through l§)ng-term monitoring and aséociated activities would determine whether
these processes decreased contaminant levels to or below PRGs. -

| Groundwater momtonno would be conducted by using the existing monitoring well

network. It is possible that thrs network would be expanded or reduced on the basis of- subsequent

N

e —n w1
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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. 5

-,

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

| Tnis altenative involves using conventional 'vertical extraction wells to remove
groundwater with contaminant levels exceeding PRGs. In the evaluation presented in the FS, an
estimated 330 to 1,000 vertical extraction wells would be required to address all contaminants at the
chemical plant area (see Appendix C of the FS [DOE and DA 1998b]) to achieve a reasonable
extraction rate and to provide wide enough coverage to prevent any bypass of groundwater

_contaminated above Lhe PRGs. However on the basis of data from recent field mvestrgauons within

the TCE-contarmnated portron of the shallow bedrock aqurfer revrsed esumates indicate that .

A between 130 to 390 vertrcal extracuon wells may be required to remove groundwater with

contammant concentrations exceedmg PRGs

The extracted groundwater would be pumped and treated ‘at an aboveground treatment
“system. Organic materials such as TCE and nitroaromatic compounds would be removed by usmo

the well-estabhshed GAC adsorption technology.:

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

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

and unrestricted exposure.

51 4 Alternatrve K Removal and Ex~Srtu Treatment of TCE- Contammated Groundwater

Thls alternative involves the extraction of TCE-contammated groundwater in the vicinity™
of the raffinate pits of the chermcaﬁlant area. Long-term monitoring would be conducted to collect
data that would verify expectauons about decreasing concentrations resulting from natural processes
and source rernovals conducted under the chemical plant ROD (DOE 1993). In the evaluatxon
presented in the FS, approxrmately 200 to 650 vertical extraction wells (see Appendix C of the FS
[DOE and DA 1998b]) were estimated to be required to acnxeve a reasonable extraction rate and to
provide wide enough coverage to prevent any bypass of the TCE. However, on the basis of data from

.recent field investigations within the TCE-contaminated portion of the shallow bedrock aquifer,
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l
revised esttmates indicate that between 10 to 23 verttcal extracuon wells may be requu'ed to remove

TCE-contammated groundwater in the v1c1mty of the raffinate pits.

-

: As requued by. CERCLA a review would be conducted every five years because

contammants would remain'iri site groundwater at levels above those that allow for unlimited use

and u_nrestncted exposure. ) -

5.1.5 Alternative 8: InSttu Treatment of TCE Using In-Well Vapor Stripping

.In'.-well vapor stdpping technology involves the creation of a groundwater circulation
pattern and simultaneous ae;'ation within the vapor stripping well to volatilize the TCE from the
eirculating, -groundwater. 'fms alternative is focused on remediating the TCE-contaminated
‘groundwater that has been identified near the raffinate pits area of the chemical plant area. Because
" of the nature of the technol'ogy involued, this alternative would not direetly remediate the rtitrate,

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

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

contaminant concentrations as a result of natural processes that would continue to oécur and from

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

&

.~ The'in-well vapor stripping technology consists primarily of a screened well submerged

beneath the water table and an air line within the well extending to below the water table. A

compressor delivers air or ans inert gas such as nitrogen to the water column aerating the water within

the well. The gag bubbles cause the water within the well to be less dense than the nonaerated water
out51de As a result, the dense water flows in through the well screen and forces the aerated water
upward W1thm the well. The result is a rising column of 2 aerated water within the well, whxch forms

an air-lift pumpmg system.

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

contaminants would remain:in sxte oroundwater at levels above those that allow for unlumted use

and unrestncted exposure

5.1.6 Alternatxve 9: In- Sxtu Chermcal Oxxdatlon of TCE Using Fenton-Like Reagents

This alternative mvolves in- sntu chemical oxidation of the TCE-contammated oroundwater

that has been identified near the raffinate pltS area of the chexmcal plant area. Because this
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_technoldgy has been proven to add_ress Prganic compounds oﬁly,,this alternative would primarily' .
address TCE. Long-term monitoring would be éonducted, as in Alternatives 2, 7, and 8, to obtain
data that would verify deéreasing nitrate, 'ni&oaromatic compounds, and uranium concentrations as
aresult of natural processes that would contmue to occur and from source removals per the chermcal
plant ROD (DOE 1993)

Theapphcauon of this technology consists of injection into the shallow bedrock aquifer of
aqueous solutions of hydrogen peroxide, ferrous sﬁlfate (FeSO,), and other chemicals (e.g., acetic |
acid) through a series of injection wells. Preliminary engineering estimates indicate the installation
of approximately two sets of nested application or 1nJecnon wells with multiple rounds (2 minimum

of two) of chemical reagent apphcanon

As required by CERCLA, a review would be conducted every five years because
comaminahts would remain in site groundwat;r at levels above those that allow for unlimited use

and unrestricted exposure.

5.2 DETAILED ANALYSIS OF FINAL ALTERNATIVES .
As required by CERCLA and the NCP (EPA 1990), the detailed analysis of the six final.

-

alternatives considered nine evaluation criteria.

1. Overall protection of human health and the envir"onmen{—Addre_sses whether

: the alternative adequa;ely protects human health anci the: 'exivixjonment.

" Degscribes how site risks posed by each pathway are eliminated, reduced, or

.—. ..z controlled through natural processes, treatment, engineering, or institutional
controls. Allows for consideration of any'unaéceptable sh_ort-tenn impacts

associated with the alternative.

2. Compliance with ARARs—Addresses whether all aplﬁlicable or relevant and _
. appropnate state and federal laws and revulatxons are met. (Appendlx A of the

. 'FS [DOE and DA 1998b] presents a detailed dnscusswn of ARARs).

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

‘operable unit after remediation goals have been met. Focuses on the ability of
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' . ' - the alternative to maintain reliable’ protection of ‘human health and the

i
environment over time, once remedxaonn goals have been met.

4. Reductton of toxu::ry mobility, or vonne—Addresses the statutory preference
| for selectmg ;alternatives that permanently and significantly reduce the -
toxicity, mobility, or volume of hazardous substances at a site. Focuses on the

i : . ;
extent to which this is achieved by the alternative.

5. Short-term eﬁ’ectiveness—Addresses the potential impacts to workers, the

general pubhc1 and the envn'onment during xmplementanon of the altemanve

6. Implementabzllty——Addresses technical and administrative feasxblhty,
including the; avallablhty and reliability ‘of resources or matenals requlred

'durmg 1mplementauon and the need o coordinate with other agencu:s

7. Cost—Addresses both caplta.l costs and annual operatxon and maintenance

costs.

' _ 8. State acceptatizce—Addresses the statutory requirements for substantial and
S : meaningful state involvement. This criterion will be evaluated in the
responsiveness summary and ROD that will be prepared following the pnblic

comment pe‘x_'i.’od on the Proposed Plan.

9. Community qcceptance—AsséSses the community's . preference for, or

: ] o . . c e .
concems about, the remediation alternatives being considered. This criterion

~

.. will be evaluated in the responsiveness summary and ROD that wdl be

| prepared followmg the public comment period on Lhe Proposed Plan. =~ . ~—

¢

5.2.1 Overall Protectlon of Human Health and the Envnronment

The no action altemanve should be adequately protecuve of human health and the
envu'onment over the long term. Under current conditions, the contaminated groundwater at the
chemxcal plant area poses ‘no imminent risk to human health or the environment. Currently, the
ground\a/ate,r is not accessible and is not used at the site. Land use in the foreseeable future would

! . : D .
' ‘ be similar to current land use. Groundwater contaminant levels are also expected to decrease with

N
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.

time as a result of source removals (DOE 1993) and naturally occumng processes that would further

o attenuate contarnmant concentrattons

Altemanve 2 would also be adequately proteetive of human health_ arxd the environment
over the long term. Potential migration of groundwater contamination toward the springs would be
monitored. Monitoring data would be obtarned to ensure continued proteetiveness and to verify
expectations for decreasing contaminant concentrations. Natural processes and source removals' at
the chemical plant (DOE 1993) are expected to attenuate contaminant concentrations. Dilotion of
the contamiriated groundwater with uncontaminated groundwater drawn from infiltration of

rainwater and runoff could also result in decreased concentrations.
. Alternatives 4, 7, 8, and 9 would be protective of human health and the environment.

v

' 5.2.2 Compliance with Potentlal ARARs

. Chemtcal-Specrﬁc ARARs Potenual regulatory requirements that might be applxcable or

" relevant and appropriate to the final remedial action alteraat1ves are identified and evaluated in
i Appendix A of the FS (DOE and DA 1998b). ‘Chemical-specific ARARs (MCLs) 'has/e been
| identified for nitrate (10 mg/L), TCE(S pg/L), and three nitroaromatic compounds (nitrobenzene at
17 ug/L, 2,4-DNT at 0. 11 pg/L, arrd 1,3-DNB at 1.0 pg/L). The current level$ of nitrate, TCE, and
'2 ,4-DNT in groundwater at the chemical plant area exceed the respective chermcal—specxﬁe ARARs

All of the altematrves meet chermcal-specrﬁc ARARs. Under no acnon decreases in
concentratxons for these contammants are expected as a result of source removals bemg performed -
per ! the chcrmcal plant ROD (DOE 1993). Natural processes that are occumng are likewise expeeted
to contmue and lower contaminant concentratxons Alternative 2 would ‘meet chemical- spec1ﬁc
ARARs as a result of natural processes that would continue to occur and from source removals per

' the chermcal plant ROD (DOE 1993) Monitoring data would be obtained to verify the expected

deCIC&SCS in contammant concentrations.

Altematrve 4 would meet chemical- specxﬁc ARARs because groundwater extractxon and

treatment wouId be performed
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Altematxve 7 would‘ meet chermcal-specxﬁc ARARs as a result of groundwater extracnon
and treatment and from natural processes and source removals at the chemical plant (DOE 1993).

Altemauves 8and 9 would meet chermca]-spemﬁc ARARS as a result of treatment and from natural

‘ processes and source removals at the chemical plant (DOE 1993)

Locatzon-Speczﬁc ARARs Locauon-specrﬁc ARARSs are discussed in Appendix A of the
FS (DOE and DA 1998b) :Locanon-spemfic ARARs would be similar for all alternatives. All

alternatives would meet locatron-spemﬁc ARARSs.

Acnon—SpeczﬁcARARs Action-specific ARARs would vary depending on the altemanve
or technology involved. Acuon-specxﬁc ARARs are d1scussed in Appendrx A of the FS (DOE and
DA 1998).

- For the no action alternative, there would be no action-specific ARAR associated with this
alternative because there would be no action taken. Alternatives 2, 4, 7, 8, and 9 would meet

substantive requirements related to any action-specific ARARs (e.g., construction, monitoring,

* extraction, injection wells, t;reatment plants, and discharge limits)."

5.2.3- Lorig-Term Effectiveness and Permanence . a
For Altematrve 1 under current recreational land use conditions, current contammant

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

or the environment. Although monitoring data would not be available for venﬁcaﬂon the long-term'

effecnveness of t}us alternanve is expected to be mamtamed by further decreases of contaminant .

concentratxons as a result of natural processes and source removals at the chexmcal plant area

currently bemg performed per the chermcal plant ROD (DOE 1993) o _ ¢ -

Alternatives 2, 7 8, and 9. require rnomtormg and maintenance actxvmes For

!
Alternatives 7, 8, and 9, in addition to contaminant decreases resultmv from naturzl’processes_and
source removals per the chemical plant ROD (DOE 1993), some treatment would be performed.

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

Alternative 4 would reduce all contaminant concentrations through extraction and treatment
. T .

and would afford long-term effectiveness and permanence. o

i N . -
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524 Reduction of Toxicity, Mobility, or Volume.t'hrough Treatment

‘ Altematives' 1 and 2 would not result in the reduction'of toxicity, mobilit.y, or volurne
because these alternatives do not provrde for any treatment of the contarnmated groundwater.
Alternatives 7, 8 and 9 utilize treatment to reduce the toxicity, rnoblhty, or volume assoc1ated with
TCE contamination at the chemical plant area. Alternative 7 is focused on extractmg and treating
the TCE plume at the chemical p'lant' area. Other contaminants present m this plume would also be
extracted. The technologres involved in Alternative 8 target volatile orgamc compounds only, like
TCE. The technology in Alternative 9 addresses all organic compounds, which means some |
treatment of mtroaromatrc compounds in addmon to TCE might also occur. Treatment under
Alternative 4 is expected to reduce the toxrcxty, rnobrlrty. or volume’ assocrated with all contarmnants

in groundwater within the shallow bedrock aquifer, . ' : S

- 5.2.5 Short-Term Effectiveness

For Alternative 1, rhere would be no'short-term-impacts to hun'lan'health or the environment
because rlo'remedial action would be couducted. Por Alternatives 2; 7, and 9, construction activities
are estimated to result in less than one case of occupational injury and no occupational fatalities
(projections regarding installation of new wells were based on industry-specific statls;ics from the
U.S. Bureau of Labor Statistics, as reported by the National Safety Council [1995]). Because of the
large number of vertical extraction wells required for Alternatives 4 and 7, construction activities’
are esnmated to result in less than one occupational fatality and up to approxxmately 50 cases of

~=

occupauonal injury.

Some short-term impacts on recreatronal use of the.surroundmg wrldhfe areas rmght occur
as the result of noise, exhaust fumes, and dust associated wrth possible momtonno well construction.
Impacts to natural resources during construction of any new groundwater monitoring wells would
be mitigated by avoiding unnecessary damage to vegetauon wrldlrfe and soil by controllmg traffic

and rmmn'uzmo the areas of disturbance. -
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5.2. 6 Implementablhty - " s

No concerns regardmg xmplementabxhty would bc posed by Alternative 1, because no

 action would be taken. Few unplemen_tabmty concerns would be posed by Alternative 2 because of |

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

" would require mobilization of a drilling rig for installation.

Groundwater monitoring is readily implementable. Presently, numerous wells are located
 atthese operable units, ‘and additional wells could be .casily installed and monitored. Monitoring any

off-site piume migration could easily be implemented.

. The administrative feasibility of Altemanve 2 would be relatwely straxghtforward Weldon
Spnng Remed1a1 Action Project (WSSRAP) and remedial action prolect acnvmes at the ordnance

works area are coordmated with the State of Missouri and EPA Region VII. That coordination would .

continue during implementation. The ‘implementation of this alternative would not require

coordination with any other agencies béy0nd that already occurring.
~ The implementability of the active remediation alternatives (Altematives 4, 7, and 8) hinges
on the ability to accurately identify the area-specific hydrogeologic characteristics of the aquifer.

Recent pump test data taken from the TCE-contaminated area indicate that Alternatives 4, 7, and 8

. may not be feasible. A pump-and-treat technology required for Alternatives 4 and 7 could pdt be -

implemented on a continuous basis because the acquifier dewatered during the pump test, and it is

still recovering &fter four months. The successful generation of a vertical circulation pattern needed -

for Alfernative 8 was also not indicated. However, this same pump test indicated that introduction
of materials into the aquifer in the TCE-contaminated area is possible.

5.2.7 -Cost

" There are no net ‘present worth, capital, or annual operatmn and maintenance costs
assocmted ‘with the no acuon alternative because no activities would be undertaken On the basis of
the FS.(DOE and DA 1998b), costs for Altemauve 2 are associated with contmumg the existing

et monitoring proéram and constructing and 6perating possible additional monitoring
, g :

wells. Annual costs for Alternative 2 are estimated to be approximately $0.4 million.”

N
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| ~ On the basis ofthé »SS (ﬁOE ar}d DA 1998b), capital costs for Alternative 4 are estimated

to range from $41 million to $120 million because of the large number of extraction wells (befween .
330 to 1,000); annual costs v‘wvould range from $2 million to $4 million per year. Taking into account
recent field investigar.ions lwu:hm the TCE~contaminated portion of the shallow bedrock aquifer,
capital costs for Alternative 4 are estimated to range from $24. million to $60 million; annual costs
“ would range from $2 rmlho’n to $4 million per year. (Thé actual number of extraction wells requifed ]
to achieve a reasonabie éxt,!raction rateAthal would not result in dewatering of the shallow bedrock
‘aquifef whilé providing wide enough covemgé to prevent groundwater bypass would be determined -

in subsequent RD/RA reporlrs ) Tlus alternative is the most costly of the six alternatives considered.

On the basis of t.he FS (DOE and DA 1998b), capntal costs for Alterative 7 are estimated
to range from $23 ‘million to $71 million; annual costs would range from $1 million to $2 million -
per year. Taking into account recent field investigatforié within the TCE-contaminated portion of the
shallow bedrock aquifer, capna[ costs for Altemanve 4 are estimated to range from $6 million to
8512 xmlhon ‘dnnual costs would range from $1 million to $2 million per year. For Alternauve 8,
capital costs are esnmated to be between $1 million .and -$3 million; annual costs would be -

* approximately $0.5 miillion.

. Capital costs for Alternative 9 are estimated to be on the o;'der of $0.5 million and: |
. mcorporate costs for the msta]latxon of i mjecnon or apphcauon wells and the application of chemical
reagents. Costs for additional morutormg wells were also incorporated into this estirate. Annual
costs would be approxlmately $0.4 million per year, pnmanly for lonO-term monitoring. This is the -
most cost-effecnve alternan‘ve with regard to TCE treatment. The cost-effecnveness determination
could have been different 1f the cost of this remedy was sxgmﬁcantly hlgher-smce treatment of TCE

was not needed to ensure protecnveness

53 COMPARATIVE ANALYSIS OF FINAL ALTERNATIVES

This section comﬁares the six final remedial action altémat_iircs with regard to the nine
evaluatiof;' criteria. The nin%a evaluation criteria are categorized into. the following three groups, as
' sdpula'téd in the NCP: threslgmld criteria, primary balanci-n:g criteria, and modifying criteria. However,
the benefit (the ability to meet the ARAR for TCE in a shorter time period) .gained by

implementation of this alternative.is commensurate to its cost.
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The threshold category contains the two criteria that each altemanve must meet in ordcr to
be eligible for selecuon
. Overall prOtecti;)'n of human health and the environment and
. Complia;iee with ARARSs, unless a waiver condition apélie;.
These threshold criteria ensuxje that the remediel action selected will be protective of human health
and the environment and that: the action will attain the ARARSs identified at the time of the ROD or

provide grounds for mvokmg a waiver.

The pnmary balancmg category contains the five criteria that are used to assess the relative

advantages and (hsadvantages of each alternative:
5 1

* - Long-term effectivenese and permanence;
. Reduetioh of to;Xicity, mobility, or volvur.rie through treatment;
* Short-term effeg:tiv'eness; | '
. Impleméritabili%y; and .
& Cost.. ;
Cost-effectivenees is determined by evaluating three of the five balancing. criteria: long-term
effecnveness and permanence reductlon of toxicity, mobility, or volume through treatment; and -

short-term effectiveness. Overall effectiveness is then compared with cost to ensure that the costs

are proportional to the overall effecuveness of a rcmedxal acuon

The mo‘difying category consists of the two criteria considered in remedy selection:

~ e State acceptance and

» Community acceptance.

These two modifying criteria will be addressed in the responsiveness summary and ROD that will
be prepared following the:g public comment period_ and are, therefore, not '—a-ddressed in the
comparatxve analysis. The results of the comparative analysxs performed for the final altematwes on

the: ba515 of the ﬁrst seven cntena are summanzed in Table 3.
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TABLE 3. Comparative Analysis of Alternatives

December 1998

Overall protection of human health
and the environment

Compliance with ARARs

Alternative 1: No Action

Alternative 2: Monitoring with
No Active Remediation

Alternative 4: Gx;oundwater
Removal, On-Site Treatment
Using GAC

'Altemaiive 7: Removal and Ex_-
Situ Treatment of TCE-
Contaminated Groundwater

-

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

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

Like all of the alternatives, would

- be adequately protective of human

health and the environment,

'althpugh monitoring data would
- not be available to verify this

occurrence.

Like all of the alternatives, would

. be adequately protective of human
" health and the environment.

Monitoring data would be

collected to verify that conditions -
continue to be protective of human :

health and the environment.

.Like all of the alternatives, would

be adequately protective of human
health and the environment.

.

Like all of the alternatives, would
be adequately protective 'of human
health and the environment.
Monitoring data would be A
collected to verify that conditions
continue to be protective of human
health and the environment.

" Like all of the alternatives, would -
" be adequately protective of human

health and the-environment.
Monitoring data would be
collected to verify that conditions
continue to be protective of human
health and the environment.

Like all of the alternatives, would
be adequately protective of human
health and the environment.
Monitoring data would be
collected to verify that conditions
continue to be protective of human
health and the environment.

Complies with ARARs; ARARs for
TCE, nitrate, and nitroaromatic
compounds would be met aftera
period of time because of source
removals performed under the
chemical plant ROD (DOE 1993).

Complies with ARARSs; similar to
Alternative 1.

Complies with ARARs. Could take a
similar amount of time as
Alternatives 1 and 2 for all
contaminants to meet ARARs.
However, TCE ARARs could be met
in a shorter period of time.

Complies with' ARARs; similar to
Alternatives 1 and 2 for all
contaminants except TCE. The
ARAR for TCE could be metina
similar amount of time as ’
Alternative 4 but longer than
Alternatives 8 and 9.

Similar to Alternative 7; could meet
ARZAR for TCE in a shorter period of .
time than Alternative 7 and in a ’
slightly longer time than

Alternative 9.

Complies with ARARs. Requires the

least time tocomply with ARARs for

TCE as compared with all other

- alternatives, including Alternatives 7

and 8.;
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TABLE 3 (Cont.)

-

December 1998

Long-term effectiveness *
_and permanence

Reduction of toxicity, mobility, or

Alternative 1: No Action i

Alternative 2: Monitoring with
No Active Remediation :

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

e

Is expected to afford long-term
effectiveness and permanence,
although investigative and

" monitoring activities would not be

performed.

.

v

Provides for long-term .
effectiveness and performance;
unlike Alternative 1, would

provide verification monitoring of

the groundwater within the
operable unit.

Would remove or reduce the
contaminant concentrations
through extraction and treatment

and afford long-term protection.

volume through treatment

'Not applicable because the

contaminated groundwater would not
be treated. Restoration of the water-
bearing zone within the operable unit
would be provided by natural
processes such as biodegradation,
adsorption, and chemical reactions
with subsurface materials and by
dilution of the contaminated
groundwater with uncontaminated
groundwater drawn through
infiltration of rainwater and runoff.

" Not applicable because the

contaminated groundwater would not
be treated. Restoration of the water-
bearing zone within the operable unit
would be provided by natural

* processes such as biodegradation,

adsorption, and chemical reactions
with subsurface materials and by
dilution of the contaminated
groundwater with uncontaminated

- groundwater drawn through

infiltration of rainwater and runoff.

Reduction of the toxicity, mobility,
or volume associated with all
groundwater contamination within
the shallow bedrock aquifer would
be accomplished upon successful
implementation of this alternative. -
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TABLE 3 (Cont.)

- o ADecembe’rf'1998

Long-term effectiveness .

Reduction of tdxicity_. mobility, or
volume through treatment (Cont.)

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

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

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

and permanence (Cont.)

Would reduce concentrations of
TCE and other contaminants
present in the plume. Would
provide monitoring data to verify
positive impacts from source
removals via the chemical plant
ROD (DOE 1993). Decreases in

~ - contaminant concentrations other
- than TCE as a result of natural

processes would also be verified
via monitoring. .

»

- W

TCE in the plume would be
reduced or removed by treatment
of groundwater. Natural processes’
and source removals per the
chemical plant ROD (DOE 1993)
are expected to result in further
contaminant decreases.

TCE in the plume would be
reduced or removed. Natural
processes and source removals per
the chemical plant ROD (DQE

- 1993) are expected to result in

Reduction of the toxicity, mobility,
or volume associated with TCE .
contamination at the chemical plant

area would be accomplished. Further -

restoration of the water-bearing zone
within the operable unit would be
provided by natural processes such
as biodegradation, adsorption, and

" . chemical reactions with subsurface

materials and dilution of the.
contaminated groundwater with
uncontaminated groundwater drawn
through infiltration of rainwater and

runoff. . S

Similar to Alternative 7.

Similar to Alternative 7.

e

further contaminant decreases.

Short-term effectiveness

Implementability

i Altemativ}e.:-l: No Action

Alternative 2: Monitoring with
No Active Remediation

No potential impacts on workers or

the environment because no
activities would be undertaken. -

Expectc;.d to be low, with less than

one case of occupational injury and
no occupational fatalities during

. proposed monitoring well

construction. Any potential short-
term environmental impacts would
be limited to the immediate
vicinity of the operable unit, and
mitigative measures would be

applied to ensure minimal impacts

No implementability concerns
because no action would b€ taken
nor would any future activities be
considered.

Few implementability concerns— .
because of the limited actions taken.
Current monitoring operations would
continue with the use of readily
available resources.

to. off-site areas.
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TABLE 3 (Cont.)

December 1998

Short-term effectiveness (Cont.)

Implementability (Cont;)

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

!

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

Alternative 8: In-Situ Treatment’
of TCE Using In-Well Vapor
Stripping T

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

Expected to be relatively high
compared with other alternatives
because of a large number of
extraction wells (between 130 to
390 wells, on the basis of recent
pump test data). Construction ..
activities are estimated to result in
up to 50 cases of occupational
injury and less than one .
occupational fatality. Any potential
short-term environmental impacts

would be limited to the immediate

vicinity of the operable urit, and .
mitigative measures would be

.applied to ensure minimal impacts

to off-site areas.

Expected to be low, with less than
nine cases of occupational injury
and no occupational fatalities
during operations and well
construction activities. Any
potential short-term environmental
impacts would be limited to the
immediate vicinity of the operable
unit, and mitigative measures
would be applied to ensure
minimal impacts to off-site areas.

Similar to Alternative 7.

- Similar to Alernative 7.

Uncertainties with implementation of
this alternative are associated with
the need for location (or area)-
specific hydrogeologic data to verify
the appropriateness of assumptions

- applied in the evaluations.

Groundwater treatment technologies
have been demonstrated at full-scale -
implementation for similar
contaminants.

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

<

" Uncertainties with implementation of

this alternative are relative to the
generation of a vertical circulation
pattern..

Implementability indicated by recent
pump test performance; introduction
of materials was possible.

|
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Cost

Alternative 1: No Action -

Alternative 2: Monitoring with

~No Active Remediation

Mmmaﬂve 4: Groundwater -
* . Removal, On-Site Treatment
Using GAC

ez

Alternative 7 Removal and Ex-

Situ Treatment of TCE-
Contaminated -Groundwater

Lowest future cost.

- Could be considered cost effective

because it would provide overall
protection of human health and the
environment for a reasonable cost.
Costs would be associated with .
continuing the existing environ-
mental monitoring program,
constructing and operating the
proposed new monitoring wells,
and conducting.a performance
review at least every five years.
Could be implemented with
existing resources and maintained
at a relatively low cost. Annual
monitoring costs are estimated to
be $0.4 million.

On the basis of an estimate of 130
to 390 extraction wells, capital
costs are estimated to range from-
$24 million to $60 million, with
the 30-year present worth cost
estimated to range from

$34 million to $73 million. Least
cost-effective of the six -
alternatives because the degree of
protectiveness provided is not
commensurate with the

‘significantly greater cost.

On the basis of recent pump test

. data obtained at the TCE area of

the chemical plant, 10 to 23
extraction wells were estimated to
be required. Capital costs are
estimated to range from $6 million

_to $12 million, with the 30-year

present worth Cost estimated to
range from $16 million to

$21 million. Provides some
increases in protection because of
TCE removal or reduction, butat a
much higher cost.
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TABLE 3 (Cont.)

December 1998

Cost (Cont.) . -

Alternative 8: In-Situ Treétmen(
of TCE Using In-Well Vapor
Stripping

'
Alternative 9: In-Situ Chemical

_Oxidation of TCE Using Fenton-
Like Reagents

Capital cost estimated to range
between $1 million and $3 million.
Annual costs are estimated to be
$0.4 million for monitoring.

Most cost-effective for manage-

_ment of TCE contamination as

compared with Alternatives 7

and 8; capital cost estimated to be
approximately $0.5 million and
includes the material costs of the
chemical reagents. Annual costs
are estimated to be $0.4 million
and are associated'with ground-
water monitoring. This alternative
provides an increase in :

_protectiveness that is proportionate

to the cost.

it
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6 PREFERRED ALTERNATIVE

3
'
]

~DOE'’s preferred altfemé.tive is a combination of Alternatives 2 and 9. The preferred
remedial action provides remediation of the TCE—contaminated ‘groundwater via in-situ chemical
oxidation combined with long-term monitoring of groundwater z and springs at the chemical plant
~ area. The treatment method requu‘es the mtroducuon of Fenton-like reagents (e.g., hydrogen peroxide
and a ferrous compound) into the groundwater as a'means of treating TCE in place. Once introduced
into the aquifer, the chemcals.would produce hydroxyl radicals under controlled acidic conditions.
These highly reactive radicals would then be expected to react with the TCE in the groundwater to
form innocuous end products (i.e., chloride salts, carbon dioxide, and water). This chemical reaction .
can be completed in a relativeiy short period of time (deys) once injection is achieved The period
of time requxred for remedlanon by using this technology is estimated to be on the order of a few
months Long-term monitoring of an optimized network of wells and springs would generate the

necessary data to venfy assumpuons and ensure contmued protection.

. The preferred dtemiauve was developed after careful consideration of the contaminant
conditions at the chemical plfant area and after a thorough evaluation of available and applicable
technologies. The technologies evaluated in the FS (DOE and DA 1998b) represent a.range of
remediation options. They ranged from those considered.to address all groundwater contaminants

in the entire affected aquer to those that focused on more localized treatment of TCE only.
| Alternatives 2, 3, 4, 5, and 6 xpresented in the FS were developed and evaluated to determine their
feasibility in acfdressmg a.llf contaminants in the affected aquifer.at the chemical plant area.

Alternatives 7, 8, and 9 were evaluated for their feasibility in addressing the TCE-contaminated

groundwater: - s . _ —
Vanous factors were considered in the selecnon of the TCE-contaminated area as the focus

of a more hmxzed active remed:ranon effort. These factors include the distribution of contaminants,

contribution to estimated potennal human health risk, tn_ne required to effectively evaluate the effects '

of source removal activities, and the complex site hydrogeology.

' Distribution of Contaminants. The TCE contamination has been observed to be confined
to one defined plume in the lupper portion of the weathered Burhno'ton-Keokuk leestone This

condition makes remediation for-the TCE plume more fea51ble and manageable. Nitrate, .
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nitroaromatic compounds and uranium contaxmnatmn is dlstnbuted in small, nonconuguous areas
throughout the chemical plant area. Nitroaromatic contamination is observed only in the weathered ‘ -
unit; nitrate and uranium contamination, however, have been detected in isolated areas of the deeper,

unweathered portion of the Burlington-Keol_culé limestone.

Contribution to Potential Risk. On the basis of risk calculations presenieci in the BRA (DOE -
and DA 1998a), TCE has been indicated to contribute the most to the estimated potential human

o R

health risk. The removal or reduction of TCE concentrations from groundwater would reduce these
estimates to acceptable levels for a hypothetical residential scenario. Current levels for TCE are
already protective for current land use, which is that for a recreational user. Land use-in the

P

foreseeable future is expected to be similar to current Jand use.

" Time Required to Effecnvely Evaluate the Ejfects of Source Removal Actzvmes Although
dwxdua.l or isolated areas with nitrate, mt.roaromanc compounds, and uranium contamination were
also considered in terms of “hot spot” cleanup, implementation of an active remediation effort to ’
- address these areas would be premature because source removal activities are curfently faking place ’
and in the final stages under the chemical plant ROD (DOE 1993) Final sources to be removed .
- include the Ash Pond and the raffinate- p1ts mtrate nitroaromatic compounds and uranium
- contamination are Jocated primarily in the vicinity of the Ash Pond and the raffina.te pxts. The full .
* benefit of source removal in attenuating the groundwater concentrations of these cohtéxnirxants could
not be éleaned‘until several years from now. Data obtained from a long-term monitc;;ing effort would
provxde the nee’qed information to evaluate any future posmve impacts from the source removals
These data would‘also allow for the verification of whether protective condmons continue to exist
or whether ‘additional acfion maybe necessary to ensure protectiveness. It is expected that _decreasmg
;concentfadons of nit_roaromatic compounds and uranium would be observed, similar to those
observed in the groundwater at the Weldon Sprihg Quarry as a result of quarry bulk w'és.te removal,

“The ‘stmrce remcvals are also expected to result in decreasing nitrate concentrations w1thm a

relanvely short period of time (i.e., several years).

Complex Site Hydrogeology The results of the evaluanon presented in the FS (DOE and
.DA 1998b)_ indicate that the success of unplemennng Alternatives 4 and 7 (alternatives involving
. groundwater extraction) would be limited by the complex hydrogeology az'xd'heterogen,cohs geology ‘

of the site. Previous investigations indicate that the average sustainable yield from the Burlington-
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Keokuk llimestone is 0.3 giallon per rni‘nute (gpm). These wells were constructed in both the
' weathered and unweathered portions of the bedrock unit. Because iranium and nitrate contamination
is observed m both the weathered and unweathered portions of the Burling-Keokuk Ltmestone
evaluattons of the trnplemenitablhty of the groundwater extraction remedial alternative were made
.on the basis of the 0.3 'gpm ‘extraction rate. This patticular characteristic of the aquifer results in

implementability limitations

In an effort to obtam additional information to use further exarmmng the technologies
considered for the TCE-contammated area, additional field stud.tes were performed. Since TCE
contamination has been limited to only the upper weathered unit, ﬁeld studies were concentrated in
this portion of the aquifer. A purnp test was conducted to determine the response of the aquifer to
groundwater withdrawal. This test indtcated that although the aquifer was more transrrtissive than
* previously estimated, recharge to this portion of the aquifer is limited by structural controls, which
results in dewatering of the iarea. This information, in addition to other hydrogeologic parameters .
estimated from this field study, was useful in the determination that the application of a pump-and-

treat technology is not feasxble

In addition, the aQuifer 'characteristics derived from the field study, coupled with the

; predommantly horizontal belidmg and fracturing of the limestone aquifer, mdncate that the generation
of a vertical circulation pattern may be difficult. This particular circulation pattem is critical for the

‘successful 1mplementatton of an 1n-we11 stnppmg technology,- a technology reqmred for

Alternatwe 8

A subsurface tracer test was also performed in the area affected by TCE to estabhsh
: groundwater movement patterns in this area. During the test; potable water was.allowed to flow
under gravity drainage into the subsurface to facilitate the movement of the tracer. This area of the
aquifer (i.e., upuer weathered zone) ac'r.‘epted an injection rate of 25 gpm. These data suooest that
technologies such as that of Alternative 9, which require the mtroducuon of matenals into the

subsurface could be feasxble in this portion of the aqutfer

. In summary the p‘referred alternative is cxpected to result in a more immediate decrease
'in TCE concentrations and provide monitoring data to verify assumpuons and ensure continued

protectiveness. The preferred altemattve meets the first seven critenia in that it is expected to provide

N\ # i
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overall protection to human health and the envuonment meets ARARs provxdes long-term

effccuveness and perrhanence; reduces tox1c1ty, mobility, or volume through treatment of the TCE

_plume; provides for short-term effectiveness; and is 1mp1emen;able and cost effective.

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

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

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

CERCLA, areview would be conducted every five years because contaminants would remain in the

site groundwater at levels above those that allow for unlimited use and unrestricted exposure.

A

A



Pro"pased Plan Dra[t Final: Do Not .Cite 53 o December 1998
7 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 the proposed remedial action will be received
during the public review period (tentatively planned for March, 1999) following issuance of this

document. Oral comments v?will be received at a public meeting to be held for this action. Written

- comments may be either submitted at the public meeting or mailed before the close of the comment

period to:

Stephen H. McCracken
Project Manager for WSSRAP
T U.Ss. Depa:tment of Energy
‘Weldon Spring:Site Remedial Action Prolect Office
7295 Highway 94 South
- St. Charles, Missouri 63304

v s

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

been established at the following five locations:

Kathryn M. Linneman Branch Francis Howell High School .
St. Charles City/County Library 7001 Highway 94 South A
2323 Elm Street St. Charles, Missouri 63304 =
. St. Charles, stsoun 63301

" . Spencer Creek Branch " Middendorf-Kredell Library
St. Charles City/County Library St. Charles City/County Library
427 Spencer Road 2750 Highway K -
St. Peters, stsoun 63376 O'Fallon, Missouri 63366
Kisker Road Branch :
St. Charles City/County bera.ry : —
1000 Kisker Road '

St. Peters stsoun 63304 - , =

Information on ﬁle at these repositories includes the RI (DOE and DA 1998c) BRA (DOE |

-and DA 1998a) FS (DOE and DA 1998b), and this proposed plan for rcmedxal action. Supporting

technical reports are available in the pubhc readmg room at the WSSRAP sxte office. For additional

mformanon the DOE can be contacted at the address provided above. The telephone number for the

4
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-,

WSSRAP site office’is (314) 441- 8086 The remed1a1 project rnanager for the EPA who can supply

additional mformanon is:

Mr. Daniel Wall T
-U.S. Environmental Protection Agency )
Region VI
726 Minnesota Avenue
Kansas City, Kansas 66101
(913) 551-7710

1
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