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Department of Energy
Oak Ridge Operations:

Weldon Spring Site

~llmEldialAction Project Office
7295 Highway 94 South ~__;-:'>

St. Charles, Missouri 63304

November 2S, 1992

Addressees:

Enclosed are copies of four documents prepared by the U.S. Department of Energy for
cleanup activities at the Weldon Spring Site. These documents are the Remedial
Investigation, Feasibility Study, Baseline Assessment and Proposed Plan. Together they
compromise the draft RemediallnvestigalionfFeasibility Study-EnvironmenJallmpact
Statement (R1fFS-EIS) for Remedial Action al the Chemical Plant Area of the Weldon
Spring Site. This information pas been prepared by DOE in compliance with the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as
amended. For remedial actions taken under CERCLA, it is DOE policy to integrate the
values of the National Environmental Policy Act (NEPA) into the procedural and
documentation requirements of CERCLA. Accordingly, an integrated RI/FS-EIS has been
prepared to assess site problems and to analyze alternatives for managing contaminated
material at the Chemical Plant of the Weldon Spring site.

The draft RI/FS-EIS analyzes the .potential environmental impacts of DOE's preferred
alternative: removal of contaminated materials, treatment as appropriate using chemical
stabilization/solidification, and disposal of treated and untreated materials in an engineered
on-site disposal facility. Additionally, this document analyzes a no action alternative
involving no further action at the site other than the completion of certain interim actions for
which decisions have been finalized under the CERCLA PiQCess. Other alternatives analyzed
involve removal of contaminated material, treatment as appropriate using vitrification and
disposal of treated and untreated material either on-site, at the Envirocare facility near Clive,
Utah, or at the DOE Hanford Site in Richland, Washington.

DOE invites you or your representative to comment on the enclosed draft RI/FS-EIS.
Information relevant to the proposed remedial action is located in the administrative record
and public reading room at the Weldon Spring Site Remedial Action Project Office: To
assist the public in providing comments on the document, copies have been· placed in four
information repositories identified in Section 7 of the Proposed Plan volume of the RIlFS
EIS.
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Written comments must be postmarked no later than January 20, 1993 and sent to the
following:

Stephen H. McCracken, Project Manager
A1TN: RIlFS-EIS Comments
U.S. Department of Energy
Weldon Spring Site Remedial Action Project Office
7295 Highway 94 South
St. Charles, Missouri 63304

Comments may also be provided at the public hearing scheduled for 7:00 p.m. Wednesday,
December 16, 1992, at The Columns, a meeting center in St. Charles, Missouri. An
information exposition showing studies and activities that have taken place at the site will
begin at 1:30 p.m. and continue through the public hearing. Presenters will be available at
each display to help explain the activity and to answ~r any questions. You are strongly
encouraged to attend the exposition in order to gain a better understanding of the work that is
planned for the Weldon Spring Site.

For more information contact Jim McKee, Community Relations Department at
(314)441-8086.

Sincerely,

~
} ,

///~'~ /
7/ ( k-&c'/I~~,-

tephen H. McCracken
Project Manager
Weldon Spring Site
Remedial Action Project

Ehclosure:
As stated
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Documents Comprising the Draft
RemediallnvestigatlonlFeaslblllty Study-Environmental Impact Statement

for the Weldon Spring Site Remedial Action Project

DOElEIS-D185D

Baseline Assessment for the Chemical Plant Area of the Weldon Spring Site, DOE/ORt
21548-091. U.S. Department of Energy, Oak Ridge Field Office, Oak Ridge, Tennessee,
November 1992.

Feasibility Study for Remedial Action at the Chemical Plant Area of the Weldon Spring
Site, DOElORt21548-148, Volumes I-II, U.S. Department of Energy, Oak Ridge Reid
Office, Oak Ridge, Tennessee, November 1992. . \

Proposed Plan for Remedi~1Action ~t the Chemical P/~ntArea of the Weldon Spring Site.
DOElORl21548-160, U.S. Department of Energy, Oak Ridge Field Office, OakRidge,
J"ennessee, November 1992.

Remedi~J Investigation for the Chemical Plant Area of the Weldon Spring Site,
DO~ORl21548-074, Volumes I-II, U.S. Department of Energy, Oak Ridge Field Office, .Oak
Ridge, Tennessee, November 1992.

Addendum to the Remedial Investigation for the Chemical Plant Area of the Weldon Spring
Site, DOElORl21546-272, U.S. Department of Energy, Oak Ridge Field Office, Oak Ridge,
Tennessee, November 1992.

Reproduced directly from the beSt available cepy.

Available 10 DOE and DOE conlractors from the OffICe

Df Scientific and Technical InfomJalion, P.O. Box 62.

Oak Ridge, TN 37831; prices available from

(6r5) 576-8401.

Available to the public from the National Technical

Information Service. U, S. Department of Commerce,

5285 Port Royal Road. Springfield, VA 22167.
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NOTATION - VOLUME I

The following is a list of the acronyms, initialisins, and abbreviations (including ~ts
of measure) used in this document. Acronyms used in tables only are defined in the respective
tabies.

ACRONYMS, INITIALISMS, AND ABBREVIATIONS

U.S. Atomic Energy Commission
as low as reasonably achievable
applicable or relevant and appropriate requirement
American Society for Testing and Materials
baseline assessment
COWlcil on Environmental Quality
Comprehensive Environmental Response, Compensation, and Liability

Act of 1980, as amended
CFR Code of Federal Regulations
CSR Code of State Regulations
DNB dinitrobenzene
DNT dinitrotoluene
DOE U.S. Depcirtment of Energy
DOT U.S. Department of Transportation
EA environmental assessment
EE/CA engineering evaluation/cost analysis
EIS environmen~ impact statement
EP extraction procedure
EPA U.s. Environmental Protection Agency
FONSI finding of no significant impact
FS feasibility study
HEPA high-efficiency-particulate-air (filter)
ICRP International Commission on Radiological Protection
MOOC Missouri Department of Conservation
MSA material staging area
MSL mean sea le~el

NAAQS National Ambient Air Quality Standards
NB nitrobenzene' .
NCP NationaJ Oil and Hazardous Substances Pollution Contingency Plan
NEPA National Environmental Policy Act of 1969
NESHAPs· National EriUssion Standard ·for Hazardous Air Pollutants
NORM naturally occurring radioactive material
NPDES National Pollutant Discharge Elimination System .
NPL National Priorities List
NRC U.s. Nuclear Regulatory Commission
PAH polycyc;lic. aromatic hydrocarbon
PCB polychlorinated biphenyl
PM-10 particulate matter with an aerodynamic mean diameter of $10 JJffi
PP proposed plan
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RCRA
RI
ROD
RS
SHPO.
TBC
TCLP

'TNB
TNT

" TSA
TSCA
TSP
U~5
UMTRA
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Resource Conservation and Recovery Act, as amended
remedial investigation
record of deciSion
responsiveness summary
State Historic 'Preservation Office
to-b~onsidered (requirement)
toxicity characteristic leachate procedure
trinitroberwme
trinitrotoluene
temporary storage area
Toxic Substances Control Act
total suspend~d particulates
95% upper co¢idence ,limit of the arithmetiC average ,

,Uranium Mill Tailings Remedial Action (Project)
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UNITS OF MEASURE

°C
OF

'Ci
em
cm2

em3

·d
" dL

ft
tt2
ftl
g
gal

.gpd
gpm
h
ha
in.
kg'
,km
lan2

kPa
L
lb
Pg

..degree Celsius
degree Fahrenheit
curie
centimeter
square cennmeter
·cubic centimeter
day .
decaliter
foot
square foot
cubic foot
gram
gallon
gallon per day
gallon per minute
hour '
hectare
inch
kilogram
kilometer
square kilometer
kilopascal '
liter
PC?und
microgram

m
'm2

m3

meq
mg
m.i
m.i2

min
mL
mm
MPa
mph
mrem
pCi
,ppm
psi
rem
s
t
WL
WLM
WLR
yd
yd2

yd3

yr
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meter
square meter
cubic meter
milliequivalent
milligram
mile '
square mile
minute
milliliter
millimeter
megapascal
mile per hour
millirem
picocurie
part per million
pound per square inch
roentgen equivalent man
second
metric ton
working level
working-level month
working-level ratio
yard.
square yard
cubic yard
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• . ENGLISHJM:ETRIC AND METRICIENGLISH EQUIVALENTS

In this document, units of measure are presented with the metric equivalent first,
followed by the measured English unit in parentheses. In cases where the, measurement was
originally made in metric units, the values were not converted back to English units; in tables,
the data are generally in English or metric units only. The following table lists the appropriate
equivalents for English and metric units.

Multiply By To Obtain

English/Metric Eqlli't'alents

acres 0.4047 hectares (ha)
cubic feet (fi3) 0.02832 cubic mete~s (m3)

cubic yards (yd3) 0.7646 cubic meters (m3) .

degrees Fahrenheit (OF) -32 . 05555 degrees Celsius (oq
feet (ft) 0.3048 meters (m)
gallons (gal)·· 3.785 liters (L)
gallons (gal) 0.003785 cubic meters (m3)

inches (in.) 2540 .centimeters (em)

• miles (mi) 1.609 kilometers (kIn)
poUnds (lb) 0.4536 kilograms' (kg)
short tons (tons) 907.2 kilograms (kg)
short tons (tons) 0.9072 memc tons (t)
square feet (f~) 0.09290 square meters (m2)

square yards (yd2) 0.8361 square meters (m2)
square miles (nli2) 2.590 square kilometers (km2)

yards (yd) 0.9144 meters (m)
--------------------------------------------------------------------------

Metric/English Equi't'alents

centimeters (em) 0.3937 inches (in.)
cubic meters (m3) 35.31 cubic feet (tt3)
cubic meters (m3) 1308 cubic yards (yd3)

cubic meters (m3) 264.2 gallons (gal)
degrees Celsius (oq +17.78 1.8 degrees Fahrenheit (OF)
hectares (ha) 2.471 acres
kilograms (kg) 2.205 pounds (Ib)
kilograms (kg) 0.001102 short tons (tons)
kilometers (km) 0.6214 miles (mi)
liters (L) 0.2642 gallons (gal)
meters (m) 3.281 feet (ft)
meters (m) '1.094 yards (yd)
metric tons (t) 1.102 short tons (tons)

• square kilometers (km2) 0.3861 square miles (mi2)

square meters (m2) 10.76 square feet (f~)

square m~ters (m2) 1.196 square yards (yd2)
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SUMMARY

This feasibility study (FS) has been prepared to support the decision-making process for
remedial action at the chemical plant area of the Weldon Spring site, located in St. Charles

"County, Missouri. The site consists of an 88-ha (217-acre) chemical plant area and a 3.6-ha
(9-acre) limestone quarry, both of which are chemically and radioactively contaminated as a"
result of past processing "and disposal activities. The Weldon Spring sit~ is listed on the National
Priorities List of the U.$. Environmental Protection Agency (EPA). The U.S. Department of
Energy (DOE) is responsible for cleanup activities at the site under its Environmental Restoration
and Waste Management Program.

Nitroaromatic explosives .were processed by the U.s. Department of the Army at the
chemical plant area during the 194Os, an.d radioactive materials, were processed by DOE's
predecessor agency, the U.S. Atomic Energy Cominission, during the 1950s and 19605.. During
the latter period, waste slurries were piped to four on-site raffinate pits that were excavated from
existing clay. A small amount of solid waste was placedin one of the pits and in two dump
areas on-site; most solid waste was disposed of in the quarry, which had also beenused by the "
Army for waste disposal. Low levels of radioactive and chemical contaminants are present in
soil at the diemical plant area as a result of plant operations, and more than 40 bUildings and
structures that were part of the Chemical plant contain varying degr~s of contamination..

Cleariupacnvities at the Weldon Spring site are conducted in accordance with both the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as
amended, and ~e National Environmental Policy Act (NEPA). For remedial action sites, it is
DOE policy to integrate NEPA values into the procedural and documentational requirements of
CERCLA, wherever practicable. To support cleanup decisions for contaminated material at the
chemical plant are~, DOE has prepared an integrated remedial investigation/fea~ibility

study-environmental impact statement (RI/FS-EIS) in accordance with this policy. That is, the
. RI/FS documents under CERCLA have been written toincorporateNEPA values at the level of

an EIS. These documents are the RI and addendum, the baseline assessment (BA), this FS, and
the proposed plan (PP); together they constitute the draft Rl/FS-EIS now being issued. The
content of the documents prepared for this project is not intended to represent a statement on
the legal applicability of NEPA to remedial actions conducted under CERCLA.

The Rl and addendum present general information on the site eiwironment and the
nature and extent of contamination. The BA evaluates health and environmental effects that
might occur if no cleanup action were taken. This FS evaluates alternatives for site "cleanup. The
PP summarizes key infonnation from the RI, BA, and FS and identifies the preferred alternative
for this remedial action. Responses to public comments on these documents will be presented
in a responsiveness summary (RS). The RS - which combined with the RI, BA, PS, and PP
comprises" the final RI/FS-EIS - will be issued to the public for review. The cleanup decisions
made for the chemical plant area on the basis of these documents will be presented in the record
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of decision (ROD) for this action. The ROD will include a swnmary of the RS and will be issued
. after the revie~ period tor the final RJ/FS-EIS. . .

The DOE is curTently preparing a programmatic EIS for environmental restoration and
waste management, arid ~e document is expected to be issued as a draft for public comment
in the fall of 1993. The draft implementation plan for the programmatic EIS listed a number of
NEPA documents prepared for site-specific actions, many of which are considered to qualify as
interim actions for the programmatic E15 under the conditions esta~lished in Title 40, Code of
Federal Regulations, Part 1506.1(c); the 1987 draft E15 for the Weldon Spring site was considered
in that list. At this time, the action proposed for the chemical plant area of the Weldon Spring
site is considered an appropriate interim action because it is justified independently of the

.. program, would be accompanied by an adequate environmental impact statement, and does not
prejudice the ultimate decision on the program by detennining subsequent development or
limiting alternatives. Before issUing the ROD pursuant to the RI/F5-EIS for the Weldon Spring
site, DOE will further review these conditions to ensure that they are met at that time.

A number of interim cleanup decisions have previously been made for contaminated
.. material at both the chemical plant area and the quarry. Some of the major actions involve the

'!ifollowing: (1) a water treatment plant has recently been constructed at each location to treat
>~contaminated surface water, (2) the chemical plant buildings are being dec,ontaminated and
dismantled, and (3) the bulk waste that was dumped in the quarry more thari 20 years ago will .
:soon be excavated. The contaminated material generated by each of these actions will be placed
.in short-term storage facilities at the chemical plant area to await the dispoSal decision that will .

. be made on the basis of the evaluations in this RI/F5-EIS and subsequent public review.

Certain additional media and locations are not part of the current remedial action, such
as sediment in a natUral drainage channel from the chemical plant area (termed the Southeast
Drainage) and groundwater at both the chemical plant area and the quarry. The need for
remedial action for those contaminated locations and media will be detennined from additional
analyses to be conducted over the next several years, after the primary cleanup actions have
been taken to control the sources of that contamiriation. Nevertheless, because contaminated
material that could be generated by future cleanup activities for these media would be similar
to the material being addressed under the current remedial action, the upcoming disposal
decision will also include that material. By this approach, a comprehensive disposal decision
will be made for the project at this major stage of site cleanup.

This FS presents information to support the selection of the most appropriate cleanup
remedy for the chemical plant area. The analyses in this FS address (1) technologies that cQuld
be applied to the various contaminated media, including the practicability of chemical and
thennai treatment; (2) the specific areas and media to be remediated; (3) the. goals for soil

, cleanup levels; (4) potential health and environmental impacts associate,9 with cleanup; and
(5) the disposal location for contaminated material generated by site cleanup activities.

•
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Potential remedial action altema.tives for the chemical plant area have been developed,
.screened, and analyzed to detennine an appropriate cleanup remedy. The preliminary alterna
tives developed for the site are:

• No Action;

• In-Situ Containment and Limited Disposal;
;

.• In-Situ Chemical Stabilization/Solidification and Limited Disposal;

• In-Situ Vitrification and Limited Disposal;

'. Removal, Minimal Treatment, and Disposal;

• Removal, Chemical Stabilization/Solidification, and Disposal; and

• Removal, Vitrification, and Disposal.

Each preliminary action alternative was further divided into four disposal options: (a) disposal
in an engineered cell at the Weldon Spring site; (b) disposal at the commercial'Envirocare site
near Clive, Utah; (c) disposal at DOE's Hanford site near Richland, Washington; and (d) disposal
at a hypothetical site in the state of Missouri within 160 kIn (100 mi) of the Weldon Spring site.
The preliminary alternatives were evaluated for applicability to remediating the Weldon Spring
site and were screened on the basis of effectiveness, implementability, and cost. .

On the basis of the screening analysis, the final alternatives retained for detailed
evaluation are:

• Alternative 1: . No Action;

• Alternative 6a: Removal, Chemical Stabilization/Solidification, and
Disposal On-Site;

• Alternative 7a: Removal, Vitrification, and Disposal On-Site;

• Alternative 7b: Removal, Vitrification, and Disposal at the' Envirocare
Site near Clive, Utah; and

• Alternative 7c:' Removal, Vitrification, and Disposal at the Hanford·Site
near RiChland, Washington.

Except for the no-action alternative, which was retained to provide a baseline for
comparison, these alternatives would provide a permanent solution to the contamination
problems at the site. Each action alternative would reduce exposures and risks to humans and
biota toward background levels by removing the sources of contamination, treating the waste
that is most heavily contaminated, and isolating both the treated and untreated materials from
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the envirorunent in an engineered disposal cell designed and maintained to ensure long-tenn
protection. .. .

Applicable eri*onmental requirements would be attained by each action alte~tive,
with few waivers during the cleanup period, and the· protectiveness and effectiveness of the
overall cleanup responSe would be comparable. Potential impacts to human health and the
environment from site cleanup activities, including releases of radon and dust,. would be
·minimized by engineering c<mtrols such as wetting contarninate~ surfaces during excavation.
Estimated health effects for members of the general public from exposures to possible site

·releases during the cleanup period are below EPA's targe~ limits for Natiorud Priorities List sites.
Air, surface water, and groundwater would be monitored during and following cleanup to assess
the effectiveness of the control measures and identify any maintenance needs over time. .

The two basic differences between the final alternatives are (1) the treatment method,
for the most heavily contaminated waste, which includes the sludge in the raffinate pits and soil
from the quarry and beneath the pits, and (2) the loca~on of the ~posal cell The total volume
of waste currently at the -site is estimated to be about 675,000 m3 (883,000 yd3). Two options.

. were considered for the primary treatment technology. The first is chemical stabilization!solidi
. fication, which would inv;olve inixing the waste with cement and fly ash to generate a cement
:- like product. The second is thermal treatment by vitrification, which would involve melting the
.•.. was!e in a ceramic melter to generate a fritted glass-like product. It is projected ~t cleanup
.: could be completed under either option within 10 years of the 'remedy selection.,:

The chemical treatment process is a standard technology that has been proven at a
number of other contaminated sites, and it could be implemented with resources that are readily
available. In contrast, the vitrification process is developmental for waste treatment applications,

J and it has not been applied at the large scale required for the Weldon Spring site., Equipment
is not readily available, and extensive testing and engineering scale-up would be required. The

·vitrification facility would also require specially trained wod~ers, and the high operating
temperatures and process compleXity would result in increased safety hazards and high costs.
In addition, a considerabl.e amount of energy ·(fossil fuel) would be required to sustain the
continuous melting operations.

To achieve a 7-year treatment schedule, the vitrification process would be operated
continuously, i.e., 24 hours per day for 365 days per year, compared with a standard work

'.; schedule (8 hours per day for 5 days per week) and a3-month winter shutdown for the chemical
treatment process. The vitrification process would generate stack emissions whereas the
chemical treatment process would not, but the facility would be equipped with an extensive air.
pollution control system to control releases.. No health impacts would be expected from those
releases for a member of the general public.

If engineering scale-tip and optimiUtion could be achieved in a timely manner, the
vitrification process would more effectively reduce contaminant toxicity. mobility, and volume;
Both treatment processes would immobilize contaminants ih a solid matrix, but neither would
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• reduce the radiation toxicity of the waste. Vitrification would reduce the overall waste volume
by 24% because certain contamirumts would be volatilized and released as gases (including
hydrogen, oxygen, nitrogen, and radon) and the pore space would be reduced; in contrast, the
overall waste volume would increase by 12% under the chemical treatment method because
cement and fly ash would be added to stabilize and solidify the treated materiaL

An effectively vitrified waste would be expected to resist leaChing for thousands of
years compared with hundreds to thousands of years for chemically stabilized/solidified Waste..
The disposal cell, which would serve as the primary containment measure, would be designed
to withstand natural forces such as heavy rains and earthquakes and toen:sure protection for at
least 200 to 1,000 years.' However, if it were hypothetically assumed that the disposal cell failed
in the extended future and no corrective measures were taken, the effectiveness of the chemical
treatment alternative might be slightly lower than the vitrification alternatives in ,the distant
future because that portion of the waste that was vitrified would be expected to resist leaching
for a longer time than the chemically treated form. 1his vitrified portio.n would represent only
about 15% of the total waste volume and the mobility of contaminants in the larger volume of

. other materials would be the same under each alternative; therefore, no significant difference
would be expected between the vitrification and chemical treatment c1lternatives.

Three final options were considered for the disposal location: the Weldon Spring site,
the Envirocare site, and the Hanfo~d site. The ,results of numerous hydrogeologicai and
geotechnical studies conducted on-site indicate that the site is suitable for waste disposal. The
long-term impacts of waste disposal are expected to be comparable at' each of the .three
alternative locations.

For the on-site disposal alternatives, the OOE would maintain custody of and
accountability for the disposal area, but property outside of that area could be released for other
uses. Institutiona~ controls such as access restrictions would be maintained at the disposal area,
and the effectiveness of the remedy would be reviewed every 5 years because the waste would
remain at the Weldon Spring site within the engineered disposal cell. For the' off-site disposal
alternatives, all of the Weldon Spriilg site could be released for other uses.

•

Off-site disposal at either the Envirocare or Hanford site would involve hauling waste
by truck from the Weldon Spring site over existing highways to a r~ siding in Wentzville,
Missouri. This activity would require about 38,600 truck trips and would extend over a period
of 7 years. In Wentzville, the waste would be transferred to rail cars for shipment to either of. '

the distant sites, which would require more than 500 train trips of 25 railcars each over the
7-year period. For the off-site disposal alternatives, administrative procedures would have to
be developed to coordinate with the many states through which the waste would be transported
and the host state in which it would be disposed. Transportation accidents and worker
exposures would result from the large number of trips and considerable distance traveled - i.e.,
24 k,m (15 mi) by road to the Wentzville siding and 2,400 or 3,400 km (i,500 or 2,100 mil by rail
to the Envirocare site or Hanford site.
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. The estimated cost of the chemical treatment· alternative with on-site disposal is
$157 million. VitrificatioI'\ with on-site disposal would cost about $25 million more, with no
significanfincremental benefit.' By comparison, the off-site diSposal alternatives would be much
more expensive (by about $150 million and $200 million for the Hanfor~ and Envirocare sites,
respectively) because they combine the high cost·of vitrification with the considerable cost of
waste transport and off-site disposal. The potential benefits of vitrification associated with a
reduced cell size and a possible inaementa1leach resistance in the distant future could be offset
by short-term impacts associated With energy expenditures; stack releases, and technical
implementation difficulties that could delay site cleanup: Additioruil adverse impacts would be
associated with the off-site disposal alternatives because o[ the potential [or accidents and
exposures during the extended transportation activities.

'~
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1 INTRODUCTION

" "

The U.s. Department of Energy (DOE) is responsible for cleanup activities at the Weldon
Spring site under its Environmental Restoration and Waste Management Program. The major
goals of this program are to eliminate potential hazards to human health and the eiwironment
"tha~ are associated with contamination and to make surplus real property available for other
uses, to the extent possible." "

The Weldon Spring site is located in St. Charles County, Missouri, about 48 kIn (30 mi)
west of St. Louis (Figure 1.1). The" site became contaminated as' a result of processiilg and
disposal activities thattook.place from the 19405 through the 19605, and it is listed on the

"National Priorities List (NPL) of the U.S. Environmental Protection Agency (EPA). The site
consists of two noncontIguous areas: a chemical plant area and a limestone quarry. Explosives
were produc;ed at the chemical plant during the 194Os, and uranium and thorium materials were
produced during the 1950s and 1960s.· In the latter operational period, waste slurries at the
chemical plant area were piped to four retention ponds, referred to as raffinate pits. Various
solid wastes (i.e., process residues and decontamination residuals such as soil, robbIe, metal"
debris,· and equipment) were disposed of in the quarry between 1942 and 1969.. Both the
chemical'plant area and the quarry are fenced and closed to the public.

This feasibility study (FS) addresses remedial action altematives for the chemical plant
area and related properties outside the site fence that are contaminated as a result of past site
activities and ongoing releases. These properties include ten' areas of localized soil contami
nation, which have been designated vicinity properties, and three lakes nearby. Although this
report focuses on the chemical plant area and related properties, most of the waste hom the
quarry is also included because it will be stored at the chemical plant area follOWing its
upcoming excavation from the quarry under an interim action. Contamination remaining at the
quarry area and other locations is also considered in the context of comprehensive planning to
develop an integrated disposal decision for all site waste at this major stage of site cleanup. "

The discussions in this FS and in the companion documents for the current remedial
action have used the term "on-site" to refer to the property located within the fence of the
chemical plantarea and the term "off-site" to refer to contaminated locations outside the fence.
The formal definition 01 the term "site" in the context of this remedial action includes the
chemical plant area, related soil vicinity properties, and other areas contaminated by the
migration of a hazardous substance, pollutant, or contaminaIlt from any of the properties under
the custody and accountability of DOE. However, in these documents, the term site refers to
the chemical plant area only; this approach was taken to reflect the more common use of the
term and to Simplify the presentation with regard fo distinguishing between the chemical plant
proper and the smaller areas of contamination nearby.
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1.1 PURPOS'E AND NEED FOR DECISION

The Weldon Spring site is radioactively and chemically contaminated at levels that
exceed certain standards and guidelines for protecting hwnan health and the environment. The
DOE has custody of the site and restricts access with fences and security guards, so it is very
unlikely that a member of the general public would be exposed to the heavily contaminated
areas. However, to focus cleanup decisions for sites on the NPL, a hypothetical scenario is '
evaluated Wlder which it is assumed that access is not controlled and an individual could be
repeatedly exposed to site contaminants. Results of the analysis for this hypothetical case at the
Weldon Spring site indicate that an individual who frequently enters the site and accesses the
most highly contaminated areas, i.e., the raffinate pits and process b;;'~dings, could incur adverse
health effects (DOE 1992a).

The land surroWlding the site is owned by the federal and state governments. Public
access to the adjacent Anny property is restricted, and the remaining land is managed by the
state as wildlife area. Therefore, potential exposures of the general public at off-site locations
are somewhat limited because activities are primarily recreational. Also, the extent of 'con
tamination in off-site areas is localized, and contaminant levels are generally low. Thus, the
potential for Wlacceptableimpacts to humans or biota off-site under current conditions is low
(DOE 1992a). ' '

The ongoing site characterization and environmental monitoring programs provide
information on the nature and extent of contamination, including information for off-site areas

, to which contaminants have migrated or could migrate in the future. These programs support
DOE's ability to implement source-eontrol and/or exposure-eontrol measures in the event that
conditions change, e.g., if off-site contaminant levels were to increase in the future. ' '

Although humans and biota are not adversely impacted by site contari'linants at this
time (DOE 1992a), the purpose of DOE's remedial action program is to preclude the potential
for such impacts in the future by implementing long-term environmental restoration and waste
management decisions. The DOE is addressing long-term management of the Weldon Spring
site through an integrated environmental decision-making process. '

1.2 PURPOSE AND ORGANIZAnON OF THE REPORT

The purpose of this feasibility study is to evaluate potential options for addressing
contaminatipn at the chemical plant area of the Weldon Spring site in accordance with the
integrated environmental compliance process for the Weldon Spring Site Remedial Action
Project. The FS is an important component of this process, and its purpose is to provide
sufficient information to support an informed decision regarding an appropriate remedy for the
chemical plant area. The FS is organized as follows:

• The remainder of Chapter 1 presents (1) a brief description of the history
and environmental setting of the chemical plant area and its contamination
(Section 1.3), emphasizing key information from the remedial investigation
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(RI)report (DOE 1992c); (2) an overview of the environmental compliance
proCess for the project (Section 1.4); (3) a summary of the environmental
activities and documentation for the project (Section 1.5); and (4) a brief
discussion of human health and environmental impacts that might occur
in the absence of remedial action at the chemical plant area (Section 1.6),
s~riziriginformation from the baseline assessment (BA) report (DOE
1992a) and from the rebaseijne 'assessment (Append~ E of this FS).

• Chapter 2 identifies (1) the scope of remedial action at the chemical plcmt
area; (2) preliminary ~timates of the areas and ~~lumes of, various
contalnii'lated media addressed in this FS; and (3} remedial ·action
objectives and goals, including cleanup criteria fOT site soil.

• C~pter 3 identifies arid evaluates potential response technologies for
managing the chemicalplant.area.

• Chapter 4 develops and screens preliminaryalternatives for the remedial
action.

• ,Chapter 5 describes the final remedial action alternatives.

•l
i
1

, I

I

. '. . ~

Supporting information is provided in Appendixes A through J. nus information
addresses scoping (Appepdix A), engineering technologies (Appendix 5), potential health and
environmental impacts (Appendixes C, D, E, F, H, and I), regulatory requirements (Appendix G);
and letters .of consulta~onreceived from the various agencies contacted (Appendix J).

I, Additional engineering information is presented in supporting technical reports. '

r,,:. • Chapter 6 ev~luates the final. alternatives in detail.
, ,

• ' Chapter 7 presents a comparative analysis of t!te alternatives'.

• Chapter 8 is a list of the references cited in Chapters 1 through 7 of this FS..

• 'Chapter 9 is a list of agencies' contacted for supporting information.

• Chapter 10 provides infonnation regarding the contt:ibutor~ to this FS.

. 1;3 SITE BACKGROUND

The chemical plant area of the Weldon Spring site is radioactively and' chemically
contaminated as a result of past processing and disposal activities. The radioactive contaminants
are associated with the uranium-23S, uranium-23S, and thorium-232 decay Series (see Figures 2.1,

',2.2; and 2.3 of the BA); the chemical contaminants are associated with processing operations for
, both nitroaromaticcompounds and uranium and thorium products.
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1.3.1 Site History

In April 1941, the U.S. Department of the Army acquired about 7,000 ha (17;000 acres)
of land in St.Charle~ County, Missouri, to construct and operate the Weldon Spring Ordnance,
Works. From Nove~ber 1941 through January 1944, the Atlas Powder Company.operated the
ordnance works for the Army to produce, trinitrotoluene (TNT) and dinitrotoluene (ONT)
explosives; information on the processes and chemicals used for operating the ordnance works
is presented in the R1 (DOE 1992c).

The plant was reopened in 1945 but was closed and declared surplus to Army needs
in April 1946. By 1949, all but about 810 ha(2,000 acres) of the property had been transferred
to the state of Missouri (August A. Busch Memorial Wildlife Area) and the University of
Missouri (agricUltural land). Much of the land transferred to the university was subsequently
transferred to the Missouri Conservation Commission and developed into the Weldon Spring
Wildlife Area. Except for several small parcels transferred to St. Charles County, the remaining
property became the Weldon Spring Uranium Feed Materials Plant and the U.s. Army Reserve
and National Guard Training Area.

- The land for the feed materials plant (~ow referred to as the chemical plaIlt) was
acquired in May 1955, when 83 ha (205 acres) of the fonner ordnance works was'transfe,rred
from the Army to the u.s: Atomic Energy Commission (AEC, a predecessor of DoE) through
a memorandum of understanding. About 6 ha (15 acres) of additional land was la~er transferred
from the Army to the AEC for expansion of waste storage capacity, i.e., to construct the fourth
raffinate pit. Considerable,explosives decontamination and regrading activities were conducted
prior to constructing the feed materials plant.

Uranium and thorium ore concentrates were processed at the plant from June 1957 to
December 1966; the Uranium Division of Mallinckrodt Chemical Works acted as the AEC
'operating contractor. During plant operations, an average of 14,000 t(16,000 tons) of wanium
material was processed per year to produce uranium trioxide, uranium tetrafluoride; and
uranium metal. A small amount of thorium ore concentrates was also processed at the plant.
Information on the processes and chemicals used for operating the feed materials plant is
presented in Appendix D of the R1 (DOE 1992c) and summarized in Section 2.1 of the BA (DOE
19913).

Plant operations generated several chemical and radioactive waste streams; including
raffinates from the 'refinery operation and magnesium fluoride slurry (washed slag) from the
uranium recovery process. Raffinates and waste slurries were piped to the raffinate pits, where
the solids settled to 'the bottom and the supernatant liquids were decanted to the plant process
sewer; this sewer drained, off-site to the Missouri River via a 2.4-km (1.5-mi) natural drainage
channel termed the Southeast Drainage (FigUre 1.2): Some solid waste was disposed of on-site
during the operational period of the plant; the remainder was placed in the quarry.

The Army reacquired the chemical plant in 1967 arid initiated decontamination and
dismantling operationS in January 1968 to prepare the plant for conversion to a herbicide
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FIGURE 1.2 Surface Features near the Weldon Spring Site
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production facility. Much of the resultant debris was placed in the quarry, although a small
amount was also placed in the fourth raffinate pit. The extensive decontammation effort and
associated costs required to meet extant radioactive contamination limits, combined with reduced
requirements for the herbicide, resulted in cancellation of the project in February 1969 prior to
any herbicide production. The Army retained responsibility for the land and facilities at the
chemical plant, and the site entered care and custody status. In 1984, the Army repaired several
buildings, conducted additional decontamination, and isolated some contaminated equipment.

In 1975, the AEC contracted the National Lead Company of Ohio to perform environ
mental monitoring and maintenance of the raffinate pits and quarry. In October 1981, Bechtel
National, Inc., asswned management responsibility from National Lead Company of Ohio under
contract to DOE. In November 1984, DOE was directed by the Office of Management and
Budget to asswnecustody and accountability for the chemical plant from the Army; this transfer
occurred in October 1985. In May 1985, DOE designated the control and decontamination of the
Weldon Spring site as a Major Project; it was redesignated as a Major System Acquisition in May
1988. A project office was established in October 1986, and the site is currently under the control
of DOE and is managed by DOE's project management contractor, MK-Ferguson Company.

In October 1985, the EPA proposed to list the Weldon Spring quarry on the NPL; this
listing ocCurred in July 1987 (EPA 1987b). In June 1988, the EPA proposed to expand the listing .
to include the chemi.cal plant area; this listing occurred in March 1989 (EPA 198?c). The balance··
of the former Weldon Spring Ordnance Works property, which is adjacent .totheDOE·
portion and for which the Army has responsibility, was proposed for NPL listing in July 1989;·
this listing was finalized in February 1990 (EPA 1990b).

1.3.2 Site Description

The Weldon Sprmg site is located in St. Charles County, Missouri, near the town of
Weldon Spring (Figure .. 1.1). The chemical plant area of the site is about 3.2 kIn (2 mi) southwest
of the junction of Missouri (State) Route 94 and U.s Route 40/61. The Weldon Spring quarry
is about 6.4 kIn (4 mi) south-southwest of the chemical plant area. Both the chemicalplant area
and the quarry are accessible from State Route 94 and are fenced aI1d closed to the public. TIlis
FS focuses on alternatives for remediating the chemical plant area; hence, the follOWing site
description is limited to the chemical plant area and vicinity. Separate documentation and
review processes have beencamed out for the quarry, and additional work is under way for
both areas (see Sections 1';5.1 and 1.5.3).

The 88-ha (217-acre) chemical plant area, hereafter generally referred to as the site,
contains about 40 buildings and structures, .four raffinate pits, two ponds (Ash Pond and Frog
Pond), and two former dwnp areas (North Dump and South Dump). These surface features are
shown in Figure 1.3, which also reflects the changes resulting from recent interim actions at the
site (e.g., the construction of storage, staging, and treatment facilities and the dismantlement of
site structures). A baseline map of the site is shown in Figure 1.5 of the BA (DOE 1992a). The
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various environmental resources at the site are described briefly in Se~tions1.3.2.1 through
1.3.2.8; extensive details on these resources are presented in the RI (DOE 1992c) and BA (DOE
1992a) and in supporting characterization documents for the site.

1.3.2.1 Soil and General Surface Features
. .

The Weldon Spring site was extensiv~ly regraded following decommissioning of the
ordnance works and prior to construction of the uranium feed materials plant. The predominant
soil type is the Harvester-Urban complex. lhis soil is primarily compo~d·Ofsilty loess material
of moderate pe~eability and high water content and can easily-erode when exposed. The
Harvester group has been transported and shaped by earth-moving equip!I'ent; the Urban group
has been covered by roads, parking lots, buildings, and other surface fea.-tures. Also present in
the chemical plant area and vicinity is Mexico fine loam, which typically ·occupies irregular areas
of 20 to 80 ha (50 to 200 acres) to a depth of approXimately 33 em <1:? in.).. nus soil type is
characterized by slow penneability and high water content. Mexico fine loam has been classified
as prime fannland soil by the U.s. Soil Conservation Service (1982). Additional information on
overburden material at the site is sUIlU'riarized in Section 1.3.2.2.

Soil at the Ash Pond area includes fly ash from the fonner coal-fired steam.plant~ The
South Dump is located ~t the southern end of Ash Pond and was used to store,dnuns of radio
active'materials, as. well as equipment, rubble, and other debris; portions were also used to bum
trash. The North Dump is located at the northern boundary of the site and was used to store
barrels of radioactive materials. Much of the land surface around the buildi:rigs, which include.
five major process buildings, is paved or covered with gravel. The spoils pile is located adjacent

. to the raffinate pits and contains the soil excavated for their construction~In contrast to Ash
Pond and the two dump areas, the spoils pile is not considered a contaminated source area at
the site. Over time, it has generally been incorporated into the surrounding soil .. - ..

1.3.2.2 Topography, Seismicity, and' Geology

The site is located in the southwest uplands of St. Charles County, which is bounded
by the Mississippi Rive~ to the north and the Missouri River to the .south; about. half of the
countyland is uplands, and the other half is floodplain. Gently rolling topography characterizes
the area to the nortl1 and west of the site, whereas the terrain to the south and east is heavily
wooded, rugged, and ravined. Except for the embankments built around the raffinate pits, the
land surface on-site is gently sloping.. .

The site is located in a stable, tectonically quiet, central seismicregion. Scattered seismic
events have been recorded throughout Missouri and IDinois, but they have generally been of
small magnitude. No evidence has been found of tectonic surface ruptures related to historic
earthquakes in the nearby area. The New Madrid seismic zone, about 260 kIn (160 mi) south
of the site, is the nearest zone of major seismic activity. Isoseismal maps compiled by Hopper
et al. (1983) for the 1811, 1843, 1895, and 1968 earthquakes show that'.the Weldon Spring area
has experienced Modified Mercalli earthquake intensities ranging from V to vn. A review and
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evaluation of published earthquake studies indicate that maximum intensities at the site could
-be vn or vm on the Modified Mercalli scale. These intensities would be associated with near
site. earthquakes ranging ~ magnitude from 5;3 to 5.8 on the ~chter scale, or with larger
earthquakes at some dist:aJ;lce from the site (Bechtel National 1983). The maximum·earthquake
predicted for the Weldon Spring site with a return period of 1,000 years would result in a peak
ground acceleration of 0.26 g (MK-Environmental Services.Group 1991).

The geology at~ site. i,s characterized by 5 to 18 m (15 to 60 ft) of clayey overbU:rden
overlying an argillaceous Cherty limestone bedrock. The overburcien has been divided into five
.laYers on the basis of physical characteristics: topsoil and loess, Ferrelview clay, clay till, basal

. till, and residuum. ' .

Borehole data iIldicate that the Mississippian Burlington-Keokuk Limestone bedrock can
be divided into two unit~:ion the basis of the degree of fracturing and weathering. The upper
weathered· unit ranges in thickness from 3 m (9 ft) to .more than 15 m (50 ft); the lower
competent (unweathered);unit ranges from about 27 to 46 m (90 to 150ft). The bedrocksurface
is highest on the eastem portion of the site and lowest on the n~rthem/northwestempbrtion

,of the site. The upper Unit is highly weathered at the top, with solution features ranging from
. "pinpoint vugs (cavities, often with a mineral lining) to small cavities that are generally filled with
~clay. A more detailed description of the site geology is presented in Section 4.3 of the Rl (DOE
1992c).

.1.3.2.3 Ground~ater

Groundwater at the site consists of perched groundwater in the unconsolidated deposits
r~ (e.g., near the raffinate pits), a shallow unconfined aquifer in the Burlington-Keokuk Limestone,

and a deep confined aquifer in the St. Peter Sandstone. Current data indicate that the shallow
. limestone aquifer has be~n contamfuatedas a result of past processing and disposal activities
by the Army and the AEC.

The shallow aquifer consists priIIlarily of saturated rocks of the Mississippian .
Burlington-Keokuk Limestone and occasionally residuum. Groundwater in this aquifer appears
to flow by diffuse flow (porous media flow), along horizontal.bedding planes, and to a lesser

~. extent through fractures. :' Because the intensity of w~ather and fracturing decreases with depth,
". the aquifer becomes more homogeneous, flow paths are more widely spaced, and the influence

of vertical fractures is m9re limited with depth: <:;roundwater off-site flows by diffuse flow and
also via certain free-flow, conduits 6n both sides of the groundwater divide. Discharge points
for the conduits are perennial springs such as Burgenneister Spring and springs in the SOutheast
Drainage (DOE 1992c). >

•, :

\
i

The water table: surface in the upper portion of the shallow aquifer exhibits an east
northeasterly trending ~oundwaterdividethat passes within about 100 to 200 m (330 to 6~0 ft)
of the southern edge of iPesite (Figure B.2 of the BA [DOE 1992a)). Groundwater north of the

. divide flows north toward Dardenne Creek and the Mississippi River; groundwater south of the •
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divide flows toward the Missouri River. A similar divide is indicated for the deeper aquifer,
displaced slightly to the north (Figure B.3 of the BA [DOE 1992a»..

1.3.2.4 Surface Water·

The raffinate pits cover about 10 ha (26 acres) and 'contain residues from uranium- and
thorium-processing operations previously conducted at the chemical plant (Section 1.3.1). Ash
Pond covers about 4.5 ha (11 acres) and is located in a topographic low in the northwestern
portion of the site.. Ash Pond received fly ash piped from the coal-fired power plant that.
provided steam to the chemical plant during its operational period, and it currently receives

.surface runoff from the northwestern portion of the site. Frog Pond covers about 0.3 ha
(0.7 acres) near the eastern boundary of the site; it was used as a settling basin for storm~wer
flow and for fire control during the operational period of the plant, and it currently receives
surface runoff and storm flows from the sewer system at the northeastern portion of the site.
These impoundments cover approximately 15 ha (38 acres) and are currently.classified as
wetlands (U.s. Fish and Wildlife Service 1989). The raffinate pit wetlands are contaminated and
of very poor quality. Ash Pond and Frog Pond are also contaminated (see Section 1.3.3).. The
DOE is surveying the areas and has initiated consultations with the U.S. Fish and Wildlife
Service regarding the loss of these habitats as a result of site cleanup (McCracken1991b).

The site straddles a surface water divide (see Figure 1.4) and contains three general
drainage systems. Ash Pond and the raffinate pits drain to the northwest, Frog Pond and related
streams drain to the north, and a small area at the southern end of the site drains to the
southeast into a natural channel referred to as the Southeast Drainage; detailed information on
these drainage systems is presented in the RI (DOE 1992c). The first two drainage systems flow
nonh toward the Mississippi River and are hydrologically connected to streams, 'lakes, and'
springs in the BusCh Wildlife Area. A small portion of the northern area of the site is within the
100-year floodplain of Schote Creek, a perennial off-site stream.

Dye-tracing studies indicate that surface water lost to groundwater beyond the
northwestern site boundary from the first drainage system reemerges at Burgermeister Spring.
The third system is hydrologically connected to springs and streams in the Weldon Spring
Wildlife Area and drains south to the Missouri River through the Southeast Drainage channel
(Missouri Department of Natural Resources 1989).

1.3.2.5 Climate, Meteorology, and Air Quality

The Weldon Spring area has a modified continental climate characterized by moderately
cold winters and warm summers. Temperatures measured from 1958 through 1988 rangedfrom
-28 to 42°C (-18 to 107°F). Evapotranspiration and .precipitation in the area generally balance
each other. Average annual precipitation typically totals approximately 86 an (34 in.), of which
about 25 em (10 in.) occurs in the spring. Thunderstorms usually occur between 40 and 50 days
per year; as much as 25 an (10 in.) of rain hasbeen recorded in 24 hours during a heavy storm.
Winter is the driest season, with precipitation averaging about 15 an (6 in.). From 1937 througb
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1988, annual snowfall in the are~ averaged 50 cm (20 in.); most snowfalls occur from December
through March. Tornadoes occur in Mi,s.souri most often in April and May. Tornadoes may
occur in the Weldon Spring area once or twice per year, but they usually have a narrow path
and often disintegrate after a few kilometers. The probability of a tornado stroong the site in
any year has been estimated to be about 0.002 (DOE 1990d).

The Weldon Spring site: is located in the St. Louis Air Quality'Control Region, which
includes St. Charles County, St. Louis and St. Louis COWlty, Franklin County~ and Jefferson
County. The National Ambient Air Quality Standards (NAAQS) for six criteria air pollutants
are used by the state of Missouri to assess regional air quality and to designate nonattainment

· areas (i.e., those areas for which one or more of the standards is not-met). Thl;! criteria pollutants
.are sulfur oxides (as 502)' carbon monoxide, ozone, nitrogen dioxide; PM-10 (particulate matter
with an aerodynamic diameter less than or equal to 10 J.lIIl), and lead.

. .
The Weldon Spring area is currently an attainment area fortive of the six criteria

pollutants, i.e., all but ozone (Cassin 1990). Violations of the ozon~ standard have been recorded
at the nearest state monitoring station located 22 km (14 mi) southeast of the .site (Queeny Park),

· as well as at the majority ·of stations in the St. Louis area (Missouri Department of Natural
:~ Resources 1984, 1985; ShiSsler 1990)..As a result, all of St. Charles COWlty - which includes the
. Weldon Spring site - has been designated as anonattainment.area for ozone since 1979.

1.3.2.6 Biotic: Resources

Except for the' northern 22 ha "(55 acres) of the site, which is unmanaged, little
· undisturbed and/or natural habitat exists; most of the site is maintained in a pasture-like

,;; condition by an active management program that includes routine mowing. The managed vege-
.tated portions of the site are essentially grassland; some unmanaged secondary forest growth
occurs in the northern region. Wildlife in unmanaged areas of the site are more diverse .than in
managed areas. Specific information on the areas and types of habitat .and vegetation on-site is
presented in SectionS.S of the RI (DOE 1992c) and in Section 7.1 of the BA (DOE 1992a). .

Portions of the .forested area in the northern portion of the site were used in the early
1940s as a storage and dump site (the North Dump) (DOE 1992c). As a result of these past

~ activities, the forest community in the northern/northwestern portion of the chemical plant area
is probably no more than 50 years old. Because much of the site is highly disturbed and actively

. managed (e.g., mowed), it probably supports amphibian, reptilian, and mammalian species
typically associated with urban or industrial settings (related surveys have not been conducted
in these areas).' Few reptiles or amphibians are expeCted to be. present, but some turtles and

;: frogs have been observed; those amphibians present would be fOWld in surface unpoWldments
and drainage ditches. Mammals that have been observed include the cottontail rabbit, deer,
raccoon, and squirrel. :me predominant bird species at the site are' those typicaUy associated
with grassy urban re'sidential/industrial areas. These birds.include thestarling, crow, robin, and
a variety of swallows and sparrows; wild turkey and raptors hav~ al~o been observed. The
on-site surface impoundments (Figure 1.3) also provide aquatic habitat suitable for waterfowl,

, and ducks and geese have been observed resting on the raffinate pits and Frog Pond.

•
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The ,site does not provide critical habitats for any federal listed threatened or
'endangered species, and no such species are known to occur or utilize habitats in this area. The
bald eagle, Haliaeetus leucocephillus, and the peregrine falcon, Falco peregrinus, are federal
endangered species that could occur intennittently near the Weldon Spring area. However, no
critical habitat for these species exists at the site (Brabander 1990;' Nash 1990). Except for the
pied-billed grebe, a state rare species, no state listed threatened, endangered, or special concern
species have been reported for the site. The pied-billed grebe has been observed on raffinate
pits ,2 and 4 (MK-Ferguson and Jacobs Engineering Group 1992d). '

1.3.2.7 Land Use and Demography

The Weldon Spring site is bordered by the August A. Busch Memorial Wildlife Area
to the north, the Weldon Spring Wildlife Area to the south and east, and the. U.S. AImy Reserve
and National Guard Training Area to the west (Figure 1.2). The Busch Wildlife Complex consists
of the 2,828-ha (6,987-acre) Busch Wildlife Area, the 2,977-ha (7,356-acre) Weldon Spring Wildlife
Area, and the 1,031-ha (2,547-acre) Howell Island Wildlife Area. Thi~ complex is managed by
the Missouri Department of Conservation and is open throughout the year for recreational use. '
The Busch and Weldon Spring wildlife areas receive an estimated 1,200,000 visitors each year;
annual visitors to these areas may exceed 2 million by 1994 (Crigler 1992).

The 670-ha (l,655-acre) U.S. Anny Reserve and National Guard Training Area is fenced,
and access by the general public is restricted. Throughout the year, the area is occupied by one
full-time staff person and numerous part-time and temporary personnel. Appro'ximately 3,300
local Anny reservists and 3,400 other military'reserve troops may use ,the area each year. An,
average of 150 to 400 Anny reservists are present in the area on weekends during 35 to 48 weeks
of the year for 2-day drill training. Military reserve troops use a limited portion 'of the area,
including the firing range, for training exercises (Daubel 1992).

Several small areas on the adjacent Anny property and wildlife areas are contaminated
as a result of previous activities at the chemical plant; these areas are tenned vicinity properties.
The DOE is responsible for the vicinity properties associated with past AEC activities at the site.
The locations of these vicinity properties are shown in Figure 1.4; properties located on the Army
land are identified with the letter "A", and those in the wildlife areas are identified with the
letter "B" (except property A4, which is in the Weldon Sp,ring Wildlife Area but was associated
with the Army property during designation activities). ' ,

A state highway maintenance facility is located on State Route 94 juSt east of the site.
The facility employs nine full-time staff and one mechanic (Sizemore 1991). These individuals
work at the facility and off-site, performing road maintenance activities on nearby state
highways.. Francis Howell High School is located about 1 Jan (0.6 mi) east of the site, also on'
Route 94, on 16 ha (40 acres) of land owned by the St. Charles County Public School District.
The school employs approximately 160 faculty and staff and is attended by about 1,600 students
(Hartwig 1992). Adjacent to the school is the fonner St. Charles County Extension Center, which,
was operated by the University of Missouri until 1988;' the area is now used as a school

..
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administration anne~. The university also owns 300 ha (740 acres) of land between the annex
and the site, and the northwestern portion of this land is currently being developed into a
research park.

A former elementary school about 3.2 km (2 mi) east-northeast of the site was recently
converted to a daycare facility for children of school district employees. This facility was
designed to accommodate 10 to 45 children during the 3-week vacation period between school
quarters' (Meyer 1992).

The conununities of Weldon Spring and Weldon Spring Heights are located about
3.2 km (2 mi) east of the site and have a combined population-of about 850. The city of
St. Charles, the largest in the county, is located about 24 km (15 mi) northeast of the site and has
apopulation of about 40,000. .

1.3.2.8 Archaeological and Cultural Resources

Archaeological remains from all periods of the regional prehistoric record in the vicinity
of the Weldon Spring site have been recovered in northeastern Missouri (Chapman 1975,1980; .
Donhafn 1982; O'Brien and Warren 1983). These data have contributed to research concerning
a variety of issues in regional prehistory (e.g., O'Brien et aI. 1982).. Euro-American settlers first.
penetrated the region near the Weldon Spring site in the 1600s and encountered Algon,quin
speaking Native American groups. Although the city of St. Louis was founded. in 1764,
widespread Euro-American settlement did not begin until after the Louisiana Purchase in 1803.
Overviews of Missouri history have been presented by Meyer (1963), March (1967), and others.

Archaeological sites and historic structures that meet the criteria established for
eligibility to the Natio7Ull Register of Historic Places would require mitigative action if subject to
adverse effects. In 1986, the Missouri State Historic Preservation Officer (SHPO) detennined that
the Weldon Spring chemical plant area was not eligible for the Natio7Ull Register (Weichman
1986). This detennination was made on the basis of pnor disturbance, low potential for
archaeological remains, and possible health risks. Activities associated with the site contiI:\Ue to
be coordinated with the Missouri SHPO. For example, the Missouri SHPO has been consulted
regarding the representative off-site borrow area currently being evaluated to support site
cleanup activities (this area is described in Section 5.2.1.10).

1.3.3 Nature and Extent of Contamination

. An. extensive characterization program has been conducted at the Weldon Spring site
over. the past several years to determine the nature and extent of contamination, and sample

'Subsequent to completion of the analyses in this FS, the former Weldon Spring Elementary Schoo) was'
destroyed by fire on July 17, 1992. Nevertheless, the risks estimated for a potential receptor at that
location during site cleanup activities have been retained in this document (Appendix F) to address th~

possibility that the facility might be rebuilt for a similar use.
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collection and analysis has,'generated o~er 100,000 data points. Additional information continues .'
to be collected through an ongoing environmental monitoring program, and further specific
characterization studies ate planned. Sampling locations for soil, surface water, groundwater,
andair are shown elsewhere (e.g., see Figure B.1 of the BA [DOE 1992a], Figures 3.2-1 and 5.3-1
and Plate 2 of the RI [obE 1992c], and Figure 4-1 of the annual site environmental report for
1991 [MK-Ferguson Company and Jacobs Engineering Group 1992dJ).

. Severai areas of 'contamination have been identified from results of the sitecharac
terization (Figure 1.3). Detailed infonnation on the nature and extent of this contamination,

;including concentratjon ranges and averages for various contaminants iri each of the affected
media, is presented in the RI (DOE 1992c) and is summarized in the,BA (DOE 1992a). Specific

. sources of contamination within the scope of the current remedial action and the primary media
and key contaminants associated with each source are listed in Table'1.1. Related discussion,
including affected areas' and volumes, is presented in Chapter 2.

Most of the contaminated media on-site and at locations outside the property fence are
addressed in the current 'remedial action. Additional contamination is associated with past
activities at the chemical plant area but is outside the scope of this action. This contamination

: is present in the Southeast:Drainage vicinity property and in groundwater in the shallow aquifer,
: which is located in the Burlington-Keokuk Limestone. cleanup decisions for ~ese locations and
affected media will be addressed in documentation to be prepared within the next several years,
as will decisions for material remaining at the quarry follOWing excavation of the bulk waste (see
Section 1.5.3). .

The Southeast Dramage was previously used to ~~l decanted water from the
raffinate pits to the Miss9uri River. This natural dramage now carries only effluent from the

;~. sanitary treatment plant at the project office building and stonn-water runoff from the south
eastern portion of the site. .Until recently, this drainage was also considered as the discharge
channel for effluent from the newly constructed water treatment plant (see Section 1.5.1.4).
Surface water in the drainage contains radionuclides, inorganic anions, and nitroaromatic
compounds; sediment ~d soil contain radionuclides~ Specific information on the nature and
extent of contamination ~ the Southeast Drainage is presented in Section 5.2.3.2 of the RI (DOE
1992c).

Contamination i~ also present in groundwater beneath the site due to leaching from the
raffinate pits ~d other contaminant sources. The groundwater contains elevated levels of
uranium, nitrate, sulfate, .md nitroarornatic compounds (2,4-DNT, 2,6-DNT, TNT, DNB, NB, and
TNB); some metals (e.g., a,ntirtlony, chromi~, lithium, and manganese) have also been detected
at levels above background in isolated wells on-site. Specific information on the nature and
extent of groundwater contamination is presented in Section 5.4 of the RI (DOE 1992c) and in
Appendix B of the BA (DOE 1992a). Both the Southeast Drainage and groundwater at the site
will be addressed as separate response actions (see Section 1.5.3).

I
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TABLE 1.1 Sources of Contamination at the Weldon Spring Site

•

•

Area/Medium

Primary On-Site Sources

Raffinate pits

Surface water

Sludge

Soil

StructUral debris

Frog Pond

Surface water

Sediment

Soil

Ash Pond

Surface water

Sediment

Soil

Description"

The four raffinate pits previously received process waste from the chemical
plant and constitute the most heavily contaminated source area at the site.

Although currently present in the pits, this water is targeted for removal and
treatment under an interim action. Key contaminants: uranium, radium,
arsenic, manganese, selenium, cyanide, nitrate, aod fluoride. '

Solids from waste slurries of the uranium- and thorium-processing o~rations
have settled to the bottom of eaCh pit. Key contaminants: uranium, thorium,
radium, arsenic, molybdenum, vanadium, and sulfate.

Contamination in berms and beneath the pits is a result of contact with and
leaching from the sludge and surface water. Characterization of this soil is
limited because of difficulty in sampling Under current conditions; additional
characterization will be conducted after the surface water and sludge are
removed. Key contaminants: radionudides, metals, and nitrate (see sludge).

A small amount of debris consisting of concrete, tanks, piping, drums, and ,
structur~l material is present in raffinate pit 4. These materials were placed in
pit 4 during'c\osure of the chemical plant when the Army began converting the
plant for herbicide production. Key contaminants: uranium, thorium, and
radium.

Frog Pond previously received flow from storm and sanitary sewers at the pilot
, chemical plant and currently receives overland flow from the northeastern

portion of the site.

Although.currently present in the pond~ this water is targeted for removal and
treatment under an interim action. Key contaminants: uranium and Chloride.

The sediment contains transported and settled solids from the surface water.
Key contaminant: uranium.

Soil around or beneath the pond could be contaminated as a result of leaching
from the surface water and sediment. Additional characterization will be
conducted after the water and sediment have been removed. Key contaminant
uranium.

Ash Pond previously received fly ash slurry' from the power plant and currently
receives overland flow from the northwestern portion of the site.

Although currently present in the pond, this water is targeted for removal and
treatment under an interim action. Key contaminants: uranium and nitrate.

The sediment contains transported and settled solids from the surface water.
Key contaminants: uranium and nitrate.

Soil around and beneath the' pond could be contaminated as a reswt of leaching
from the surface water and sediment. Additional characterization will be
conducted after the water and sediment have been removed. Key contaminant
uranium.
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Drums and metal build- Key Contaminants: uranium, thorium, and radiY!ll ..
ing and equipment
debris

I
I

•1

I
Descriptiona

These dump areas were previously used to store and dispose of radioactive
material.

Primary On-Site Sources (Cont.)

Area/Medium

North Dump and
South Dump

Soil Key. contaminants: uranilim~ thorium,radium, arsenic, and lead.

TABLE 1.1 (Conl.)

Material Staging Area
(MSA)

Metal building and
equipment debris

The MSA is located in the northwestern portion of the site and provides a
staging area for contaminated material resulting from dismantlement, construc
tion, and excavation activities. The original MSA was planned as part of
interim actions for building dismantlement and debris consolidation, and it
includes a 3-ha (7-acre) gravel pad staging area with a runoff collection system
and retention pond; this portion of the MSA IS now referred to as the debris
staging area. The facility was subsequently expanded to include a soil staging
area,to support excavation and construction activities for the interim quarry
bulk waste and site water treatment plant actions. The MSA will continue to
'expand within the northwestern quadrant of the site, as needed (e.g., to stage
construction materials), as part of the current remedial action. ,

Key contaminants: uranium, thorium; and radium. •Concrete building
debris

Key contaminants: uranium, thorium, and radium.

Decontamination debris
(including dnnnmed
personal protective
equipment)

Key contaminants: uranium, thorium, radium, asbestos, and PCBs.

.-

Soil Key c<;>ntanUnants: uranium, thorium, and radium.

Temporary Storage Area
(TSA)

The TSA is being constrUcted to store the bulk waste that will be excavated
from the quarry unde~ an interim action and water treatment plant process
wastes from additional interim actions for surface water at the quarry and
chemical plant area. The bulk waste will be further characterized after
excavation.

Drums and metal build
ing and equipment
debris

Key cOntaminants: uranium, thorium, and radium.

Concrete building
debris and rock

Soil

, Key contaminants: uranium, thorium, and radium.

Key contaminants: uranium, thorium, radium, arsenic, lead, nickel, and
selenium; also, in some spots, PCBs, PAHs, and nitroaromatic compounds such
as TNT. 2,4-DNT, 2,6-DNT, NB. and TNB. •
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TABLE 1.~ (Cont.)

, Area/Medium

Primary On-Site Sources (Cont.)

Temporary StOrage Area
(cant.)

Descriptiona

Containerized chemicals Building 434 was remodeled to' use for controlled storage of containerized
material resulting from interim response actions. (As a contingency, this
building might be used to store containerized process wastes from the water
treatment plants.) Key contaminants: nitric acid, sulfuric acid, hydrofluoric
acid, sodium hydroxide, PCBs, heavy metals, and paint solvents.•

•

Sludge and sediment

Vegetation

Containerized process
wastes from 'the two
water treatment plants

Residual soil and
sediment from the
quarry area

Building 434

Scattned On-Site Sources"

Soil in areas adjacent to
and beneath the chemical
plant buildings

Soil in areas adjacent
to the raffinatepits

Chemical storage tanks

Key contaminants: uranium, thorium, radium, arsenic, and 2,4-DNT.

Key contaminantS: uranium and radium.

Key contaminants: uranium, thorium, radium, arsenic, fluoride, and
nitroaromatic compounds.

This material could be placed in short-term storage at the TSA if it were
removed from the quarry and/or Femme Osage Slough; it will be further
characterized within the next several years. (The contaminated material that
could result from' future' actions is included in the development of general
treatment/disposal analyses in this document.) Key contaminants: same as the
bulk waste soil and sediment. '

Areas adjacent to the buildings were previously used to unload and store
process material and to house electrical equipment. Key cOntaminants:
uranium, thorium, radium, suUate, nitrate, PCBs; and PAHs. Soil beneath the .
buildings might be contaminated as a result of spills and leaks from floors,
pipes, and sUmps. This soil will be characterized after the structures are
removed.

These areas were previously impacted by spills or overland flow. Key
contaminants: uranium, thorium, radium, fluoride, nitrate, and sulfate.

Tributyl phosphate is currently stored in two tanks with double containment
systems that are located adjacent to the MSA. '
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TABLE 1.1 (Cont.) •Area/Medium

Off-Site Sources

Burgermeister Spring and
Lakes 34, 35, and 36 in the

.. Busch Wildlife Area

Surface water

Sediment

Soil at vicinity properties

.Description3

These areas are contaminated by surface runoff and groundwater discharge
from contaminated areas on-site. (They also receive runoff from a much larger
area, including the adjacent Army property and local agricultural land.) .

Key contaminants: . uranium and nitrate.

Key contaminant uranium.

These areas were previously impacted by transport and storage activities. Key
.contaminants: uranium, thorium, and radium.

a More detailed information, including specific contaminant data, are provided in the RI (DOE 1992c).
Notation: TNB, 1,3,5-trinitrobenzene; 2,4-DNT,.2,4-dinitrotoluene; 2,6-DNT, 2,6-dinitrotoluene; TNJ,
2,4,6-trinitrotoluene; NB, nitrobenzene; PAHs, polycyclic aromatic hydrocarbons; PCBs, polychlorinated
biphenyls.

b Althbugh not considered a primary contaminant source, site vegetation could be contaminated as a result of
biouptake. II contaminated,it would be placed in the TSA with vegetation from the quarry; if uncontami
nated, it would be placed in a mulch pile at the northern portion of the site. Key contaminants: uraniuII\
and radium.

1.4 OVERVIEW OF THE ENVIRONMENTAt COMPLiANCE 'PROCESS

1.4.1 General Compliance Process

The EPA has developed procedural and documentational requirements for cleaning· up
hazardous waste sites under the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA), as amended. ·The general compliance approach that incorporates these
requirements is tenned the remedial investigation/feasibility study (RI/FS) process. A diagram
of the RI/FS process is presented in Figure 1.5. Three primary evaluation documents comprise

. the RIfFS package:' . .

• The remedial:investigation~ which presents information on the environ-
.mental setting at a site and the nature and extent of contamination; .

• . The baseline risk assessment - which addresses the environmental fate
and transport of contaminants and assesses potential impacts to human
health and the environment associated with exposures under current and
possible future conditionS; and

• . The feasibility study .:..- which. develops, screens, and evaluates
technologies and alternatives for site remediation and indicates potential
cleanup criteria.

!.
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REMEDIAL INVESTIGATION

Site Characterization :. Treatability Investigations

Developmenl and Saeening ofAlternalives

• identify 19deraUstale chemical·
and location-specific ARARs

• Define nature and extent of
contamination (waste types,
concentrations, distributions)

'-------+f • Saeen techologies

• Assemble tec:tlnologies.
inlo alternatives

-N-To:

• Remedy selectiOn

• Record of decision

• Remedial design

• Remedial ac.1ion

• Funtler reline alternatives
as necessary

• Analyze a1tematives .
against the nine criteria ~

• Compare a1tematives
against each other

Delailed Analysis 01 Alternatives

I . Perlonn bench-scale or
I .pilot-scale treatabaity tests
I as necessary ,

I
I
I
I
I
I

• SaNn alternatives as
necessary to reduce
number sUbject 10
detailed analysis

~. Preserve an appropriate
range 01 options

• Identify action-specific
ARARs .

FEASIBILITY
STUDY

• Conduct field investigation

• Conduct base~ne risk
assessment

• Identify potential treat
ment technologies and
containment/dispOsal
requirements for residuals
or untreated waste

Scoping of the RUFS

• Coiled and analyze
existing data

• identify initial project!
operable unit, likely
response scenarios,
and remedial action
objectives

• Initiate identification 01
federal/state ARARs

• Identify inilial data
quality objectives

• Prepare project plans

From:

• Preliminary
assessment f--.

• Site inspection

• NPL listing

RGURE 1.5 Summary Diagram of the RIIFS Process (Source: EPA 1988a)
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A fourth document -' the proposed plan (PP) - sumni.arizes· key information from the RI/FS
and identifies the preferred alternative..

The RIfFS doctunents for the chemical plant area have been prepared in accordance
with the requirements of both CERCLA and the codified National Oil arid Hazardous Substances
Pollution Contingency Plan (NCP) (EPA 1990a). The guidance established by EPA for
conducting an RI/FS and a risk assessment at Superfund sites has also been followed
(EPA 1988a, 1989d, 198ge).

I

•
For remedial action sites, it is DOE policy to integrate' values of the National

,Environmental Policy Act. (NEPA) into the procedural and docwnentational requirements Of
CERCLA, wherever practicable. In accordance with this policy, the RIfFS documents prepared
under CERCLA to support cleanup decisions for the chemical plant area of the Weldon Spring
site have been written to incorporate elements of an environmental impact statement (ElS)
prepared under NEPA. The resultant integrated process and document package is termed the
RI/F5-ElS. The content of the documents prepared for the project are not intended to represent
a statement on the legal applicability of NEPA to remedial actions conducted under CERCLA.

. In integrating the CERCLA and NEPA processes for these documents, the CERCLA
baseline risk assessment prepared for the chemical plant area was expanded to include NE;PA
elements of the no-action alternative. This integrated assessment presents potential_itnpacts to ~

hurnanhealth and environmental resources in the absence of site cleanup. 0 The resultant .
'document can be more broadly termed a baseline assessment (BA), and it provides a combined'

" analysis of the no-actionaltemative for the chemical plant area under both CERCLA and NEPA. ,

In the primary' evaluation documents prepared to support this remedial action, the R1
(DOE 1992c) incorporates the affeCted environment description of an EIS, the SA (DOE 1992a)
prOVides the no-action alternative evaluation of an ElS; and the FS incorporates the action
alternatives evaluation of an EIS. The PP (DOE 1992b) presents the preferred alternative
component of an ElS. Together~ the RI, SA, FS, and PP comprise the revised draft ElS for the
Weldon Spring site (see Section 1.4.2). The activities and environmental compliance documents
for the Weldon Spring Site Remedial Action Project are developed by the. DOE ill coordination
with the EPA Region vn and the state of Missouri. In accordance with both CERCLAand
NEPA processes, these documents are also made available to the public for comment, and public
involvement is an important factor in the decision-making process for site. cleanup.

Responses to public comments on the draft RE/F5-EIS now being issued - i.e., the RI,
0: SA, this FS, and the PP - will be prOVided in a responsiveness swnmary (RS). The RS

(combined with the draft RI/F5-EIS now being issued to comprise the final RI/P5-EIS) will be
. issued to the public for a 30-day review. Public comments will be used to develop the decision

0' for the current remedial action, which will be presented in a record of decision (ROD). The ROD
: will include a swrunary of the RS and will be issued after the review period for the final
o RI/FS-EIS. Applying the integrated approach for NEPA and CERCLA, a single ROD will be

prepared for this action, and it will be signed by both DOE and EPA. FollOWing the cleanup
, decision, remedial design and remedial action activities will be planned and implemented at the •

site. An overview of this process is presented in Figure 1.6.

1,
I
\
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FIGURE 1.6 Prim:ary Documents of the Integrated Environmental Compliance
Process for the Proposed Remedial Action at the ChemiCal Plant Area
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during document preparation, and a' summary ~as provided in Appendix B of the draft EIS
(DOE 1987). . .

The draft EIS was prepared iil accordance with DOE's implementing gUidelines for
NEPA and regulations promulgated by the Council on Environmental Quality (CEQ). The
document was issued in February 1987, several months after Congress passed the CERCLA
amendments and prior to DOE's explicit policy for integrating NEPA values into the proced~ral

and docurnentational requirements of CERCLA for remedial action sites, wherever practicable.
Extensive comments were received 'on the draft EIS, both by letter and verbally at a public

. hearing held on April 10,1987, at Hollenbeck Junior High School in Harvester, Missouri.

Follo~ing publication of the draft EIS, Significant new information became available that
was relevant to envirornnental concerns at the Weldon Spring site; this infonnation indicated that
groundwater beneath the chemical plant area ¢ontained elevated concentrations of 'nitrates and
nitroaromatic compounds. In response to this development, DOE announced in June 1987 its
intent to issue for public comment a revised draft, EIS that would incorporate ,the new
infonnation~ Subsequent t~ this decision, EPA Region vn fonnally requested that DOE prepare

, an RIfFS for the site pursuant to the requirements of CERCLA, as amended. The DOE agreed
i:, to prepare an RIfFS that would incorporate revisio~ to the draft EIS. Since that time, DOE has
,conducted an,integrated CERCLAfNEPA compUance process at the Weldon Spring site.

0;,

Results of the public seoping process - including responses to the major issues raised
'j. on the draft EIS - were_presented in the RI/FS-EIS work plan subsequently prepared for the

project (Peterson et aI. 1988). All coinments received on the draft EIS (DOE 1987) have been
treated asscoping input for the RI/FS-EIS; the issu~s addressed as a result of such input are

, summarized in Appendix A of this FS.
~,

'1.4.3 Consultation with Other Agencies

Response actions for 'the Weldon Spring site are subject to EPA oversight because the
site is listed on the NPL; this oversight is being provided by EPA Region VII. The DOE and
EPA entered into a federal facility agreement in August 1986 whereby' the respective responsi
bilities of these two agencies for the project were defined. This agreement was revised to
incorp~rate new requirements pursuant to the CERCLA amendments. The first amended agree
ment was signed by DOE in December 1991 and by EPA in January 1992; it became effective in
July 1992. The EPA's primary responsibility is to ensure compliance with CERCLArequire
ments under the Superfund program. In addition, EPA reviews and prOVides input to
engineering and characterization plans and to federal environmental requirements and reports
developed for the project.

~
I

",! ,

,
; .

The DOE also consults with the state of Missouri regarding the Weldon Spring Site
Remedial Action Project. The' DOE interfaces directly with the Missouri Department of Natural
Resources, the agency designated by the state of Missouri to coordinate state involvement. '
Along with the EPA, the state of Missouri reviews and provides input to, engineering and .\
characterization plans' and reports;, the state also provides input on state environmental'
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requirements, conducts independent envirorunental monitoring, and perforins additional studies
as appropriate.. In addition, DOE coordinates characterization activities and shares information
with the U.s. Department of the Anny to address issues common to bothlhe Weldon Spring site
and the adjacent NPL site for which the Army is responsible.

Formal consultation is also undertaken with the U.s. Army Corps of Engineers to
address wetlands and floodplains. The U.s. Fish and Wildlife Service (Department of the
Interior) is also· consulted regarding wetlands and floodplains, in addition to consultations
regarding the status of threatened and endangered species. The Missouri SHPO is consulted
regarding archaeological sites and other cultural resources, and the' U.S. Department of
Agriculture, Soil Conservation Service, is consulted for issues relafing to prime farmland. Two
other organizations directly .involved in this project are the' U.s. Geological Survey and the
University of Missouri. These organizations are funded by DOE to perfonn specific geological

. and hydrological studies because of their related expertise and experience. Agencies that have
been consulted regarding the current remedial action for the Weldon Spring Site Remedial
Action Project are liSted in Chapter 9..

1.5 SCOPE OF SITE ENVIRONMENTAL ACTIVITIES AND DOCUMENTAnON

Cleariup ofthe Weldon Spring site consists of several integrated components, which are
shown together with the affected media in Figure 1.7. An overview of the relatiot;1Shipbetween
environrnentalcompliance activities and documents for the project is presented in Figure 1.8.

. This FS is one of the primary evaluation documents of the RI/FS-EIS for the current remedial
action at the chemical plant area. The scope of this action encompasses all media except .
groundwater and includes vicinity properties related to. the chemical plant area except the
Southeast Drainage. Additional documents will be prepared within the next several years to
support decisions for both groundwater and the Southeast Drainage. .

The RI/FS-EIS also addresses compreherisive disposal decisions for the project,
including the disposition of contaminated material generated as a result of previous response
actions and material that might be generated by upcoming response actions. The scope of this
FS in relation to the chemical plant area component of site remediatio~ is discussed in
Section 1.5.2.

A number of interim actions have already been documented to address other
components of the site remediation process, including the first and secOIld stage of quarry
cleanup (i.e., the surface water and bulk waste components). These actions and related
documents are described in Section 1.5.1. Additional documents will be prepared within the
next several years to add,~ss the remaining quarry components - i.e., residual solid material;
vicinity soil, sediment, arid surface water; and .groundwater. Those actions and related
documents are discussed in Section 1.5.3.
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FIGURE 1.8 Major ,Environmental Compliance' Activities and RelatedDocumen~for the
Weldon Spring Site Remedial Action Project
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All interim actions for the project, both expedited response (removal) actions and
interim remedial actions, have been performed in accordance with CERCLA requirements and
within the constraints of CEQ regulations for NEPA for interim actions while an EIS is in
preparation ..JTitle 40, Code .of Federal Regulations, Part 1506.1 [40 CFR 1506.1]). That is, the

. interim actions. have been justified independently, have been accompanied by adequate
environmental documentation, and have nof prejudiced the ultimate decision for which the
RI/F5-EIS is being prepared (e.g., by limiting the choice of reasonable alternatives). The interim .
actions have not addressed decisions on remediating $e entire chemical plant area or .
comprehensive waste disposal. Contaminated material generated by the interim actions is being
placed in short-term storage at the chemical plant area, pending theJinal waste disposal decision

~'for the project. This deciSion will be based on the information and,analyses presented in the
RI/FS-EIS.· .

1.5.1 Previous Response Actions

.Various interim actions have been identified for the project to mitigate actual or
p'otential releases of radioactive or Chenucal contaminants into the environment. A number of
small-scope expedited response actions have' been documented in focused engineering evalu- .

I.·ation/cost analysis (EE/C/\.) reports. ,As discussed below, some of these CERCLA reports 1)a.ve .
',been supplemented to incorporate NEPA ~alues and to serve as environmental assessment (EA)
'reports under NEPA; in other cases, a memorandum-to-file was appropriate as the NEPA review
for the ~proposed action (this was a level of NEPA review that was discontinued by DOE on

. September 30, 1990)~

1.5.1.1 Expedited Actions at the Chemical Plant Area

Expedited actio~ at the chemical plant area were defined to mitigate health and safety,
threats to on-site personnel and/or to respond to off-site contaminant releases. Pursuant to the .
integratedEE/CA process, which induded a public review and comment period, the following
actions have been. implemented:

• Inactive power lines and poles that were falling to the ground have been
taken down Uncontaminated material has been released off-site for reuse,
and contaminated material has been placed in the debris staging area of
theNffiA. .

1,
I

I

r.\
I
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. ~ i

i·.

• Overhead external piping insulated with deteriorating asbestos coverings
has been taken down. The asbestos coverings have been removed, and all
material has been surveyed and classified. Most of the piping has been
released off-site for rei.lSe; the remainder has been placed in the debris
staging area of the MSA. The asbestos has been bagged and placed in bin
containers for short-term storage in the northeastern portion of the 'site
(Figure 1.3). .

I
I

!

i
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• PolyChlorinated biphenyls (rCBs) have :been flushed from electrical
. equipment. Items'contaminated with PCBs only have been transported off
site to a permitted treatment and disposal facility; PCB-eontaminated items
that are also radioactively contaminated are stored on-site within~ empty
nonprocess building that was recently converted for waste storage
(Building 434).

• Chemicals from ,various buildings have, been (and continue to be)
containerized anq. consolidated in Building 434.

• A sma~ amount of radioactively contaminated soil from a vicinity property
on the adjacent· Army Reserve area has been excavated, drununed, and
'placed in controlled storage in, Building 434.

• A dike and diversion system has been constructed at Ash Pond to direct
surface ";fioff around a contaminated area (the South Dwnp) in order to
reduce contaminant releases (principally uranium) off-site via' surface
drainage from the northemsite boundary.

-. Several nonprocess buildings have been dismantled (including the fonner
administration building and steam plant), and the resultant contaminated
material has been placed in the debris staging area of the MSA.

More extensive interim actions have also been documented for the project (Figure ~.7),

but these actions are in the detailed design and site preparation stage and have not yet been
fully implemented. Two such actions, management of contaminated pond water and
management of the bulk (solid) waste, address quarry components of site remediation '(see
Sections 1.5.1.2 and 1.5.1.3).

1.5.1.2 Management of Quarry Pond Water

Management ofcontaminated surface water in the quarry was prop~sedas an expedited
response' action to mitigate the potential ~eat to a nearby drinking water supply, i.e., the
cO,unty well field located within 1.6 kIn (1 mi) of the quarry (Figure 1.2). Monitoring results
have indicated that contaminants are migrating from the quarry pond into the local groundwater
and moving in the direction of the well field. The quarry pond is contaminated as a result of
contact with the solid wastes that were placed in the quarry more than 20 years ago. This pond
provides a gradient for contaminant migration because the pond surface is higher than the
nearby groundwater table. An EE/CA, written to incorporate NEPA values appropriate for an
EA, was prepared to support this action (MacDonell et a1. 1989).

The alternative selected pursuant to'the integratedEE/CA process, which included
public review and comment, was to treat the pond water in a facility constructed adjacent to the
quarry and release the treated water t,o the Missouri River ,in compliance with a pennit issued
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to DOE by the Missouri Department of Natural ResoUrces. A responsiveness summary was.
prepared to respond to public comments on the EE/CA, and the documents were adopted as
an EA under NEPA. A finding of no significant impact (FONSI) was issued in February 1990.
The water treatment plant has recently become operational an~ is expected to treat .water during
the quarry remedial action period,·e.g;, for 8 to 10 years. The treatment plant process waste will
be containerized for transport to the TSA, as described for the quarry bulk .waste. In addition
to mitigating a potential threat to human health and the environment at the quarry, this action

:supports the second component of quarry cleanup, i.e., management ,of thE! bulk waste.

Management of the bulk (solid) waste was proposed as an interim remedial action to
mitigate the potential threat associated with that waste, which is the source of contaminants
migrating into the air and the underlying groundwater at the quarry. A focused RIfFS package
was prepared to support the action and was written to incorporate NEPA values appropriate for
an EA. This document package consisted of (1) an RI, which presented 'characterizationinforma
'tion for the quarry and the waste therein (DOE 1989); (2) a baseline risk evaluation, which.

,.....assessed potential exposures to this waste in ,the short term under current conditions (DOE
~.1990a); (3) an FS, which developed, screened, and evaluated potential altematives.for managing
... the 'bulk waste (DOE 199Pb); and (4) a PP, which summarized key information from the other i.'

primary documents (DOE 1990c).

The alternative selected pursuant to the integrated RI/FS process, which included public
review and comment, was to excavate the bulk waste from the quarry and transport it to the
chemical plant area of the Weldon Spring site for short-term storage, pending the disposal

:.; decision that will be determined from the current RI/FS-EIS. Removal of the q4arry pond water
will facilitate the excavation of this waste. Following excavation, the waste is to be placed in
controlled storage in an engineered facility (termed the TSA) constructed adjacent to the raffinate
pits. The TSA includes an equipment decontamination pad and contains a retention pond to

,collect water such as precipitation runoff and any leachate generated during the projected 3- to
6-year storage period. Also included in this action was the decontamination and dismantlement
of four buildings in the area targeted for the TSA and the construction of an MSA debris staging
area for short-term storage of this material (and other debris from similar actionS

~

~. [Section 1.5.1.1]), pending the upcoming dispoSill decision.

,.
i

I!
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•

1.5.1.3 Management of Quany Bulk Waster;;'

A responsiveness swnmary was prepared to respond to public comments on the quarry
RI/FS; and a ROD prepared in accordance with the CERCLA decision process was signed by ,
EPA in September 1990 and issued by DOE in March 1991. (The NEPA review process for this
action was addressed together with a related response action for surface water at the chemical
plant area, as discussed in Section 1.5.1.4.) Waste excavation is expected to be initiated in 1993

.: and to continue for 2 to 3 years.

•
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1.5.1~4 Management of Water Impounded at the Chemical Plant Area

An additional expedited response action for the project, management of contamii1ated
water impounded at the chemical plant area, was proposed to mitigate the potential threat
associated with ecological exposures and contaminant releases to on-site groundwater and off
site surface water. An EE/CA, written to incorporate NEPA values appropriate for an EA, was
prepared to support this action (MacDonell et a1. 1990). The alternative selected pursuant to the
integrated EE/CA process, which included public review and comment, was to treat the
impolUlded water in a facility constructed adjacent to the raffinate pits and release the treated
water to the Missouri River in compliance with a permit issued. to DOE .by the Missouri
Department of Natural Resources. The treatment plant process wast~ will be containerized and
placed in short-term storage at the TSA, pending the upcoming disposal decision. Also included
in this action was the decontamination and dismantlement of three structures in the area
targeted for treatment plant construction, with short-term storage of debris in the staging area
at the MSA. nus water treatment action supports the quarry bulk waste action because the
plant would be available to treat water collected in the TSA retention pond.

A responsiveness s~ary was prepared to respond to public comments on the
EE/CA, arid a removal action decision document was prepared to support the CERCLA decision
process. The integrated RI/FS for the bulk waste interim action and the EE/CA for this water

.. treatment plant were jointly adopted as an EA under NEPA, and a FONSI was issued in
.. November1990.,

The original discharge plan for the water treatment plant, which was to release the
effluent to the Southeast Drainage for gravity flow to the Missouri River, was subsequently
modified during detailed design of the treatment system. As part of the design effort,flows in
the drainage were studied to assess the potential for contaminant resuspensio~at the expect~d

discharge rates. Clean water .was released from a hydrant at the upper end of the channel and
. then sampled for uranium at several locations downstream. Results indicated that uranium in

the sediment ·from past releases (e.g., from decanting the raffinate pit water) could be
resuspended at levels comparable to those naturally occurring in the Southeast Drainage after
rainfall or snowmelt. To limit the potential for this resuspension, the design was changed such
that treated water would be released through a buried 15<m (6-in.) pipe similarto that designed
for the quarry water treatment plant. The route determined for this pipeline follows the haul
road recently constructed for transporting the bulk waste from the quarry to the chemical plant
area, then parallels an abandoned railroad embankment and turns to follow a dirt road toward
the Missouri River, with discharge through a submerged outfall.

A separateNEPA review (categorical exclusion) wasconducted to address this design
modification, and a floodplain/wetlands assessment was published in the Federal Register on
September 15, 1992. The treatment plant and pipeline are expected to be completed soon and
the facility is expected to be operational in early 1993. It would continue to treat water at the
chemical plant area during the remedial action period, e.g., for 8 to 10 years.
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1.5.1.5 Management of Chemical Plant Structures

A further interim action for the.chemicai plant area, management of 15 nonprocess
buildings, was documented as an expedited response action to mitigate potential health and
safety threats to on-site petsonnel. This action also addressed the potential threats associated
with contaminant releases off-site. The chemical plant buildings have been inactive for more
than 20 years and are in varying stages of disrepair; the roofs of some of these bQ.ildings have
deteriorated to the extent that rainfall enters during storms, resulting in potential contaminant
resuspenSion and transport off-site via water that enters the old process sewers.

.. An EE/CA and addendum, written to incorporate NEPA values appropriate for anEA;
were prepared to support this action (MacDonell and Peterson 1989, 1990). The alternative
selected pursuant to the EE/CA process, which included public review (no fonnal comments
were received), was to decontaminate and dismantle the buildings and place the material in
controped storage within the MSA,pending the upcoming disposal decision; uncontamiriated
salvageable material such as structural steel could be released off-site for reuse.

. .

. A similar interim action to decontaminate and dismantle the remaining chemical plant
,structures was subsequently documented as an expedited response action, to mitigate similar
.threats. An EE/CA, written to incorporate NEPA values appropriate for an EA, was also
prepared to support this action (Peterson and MacDonell 1991). The alternative selected
pursuant to the EE/CA process, which included public review (no formal comments were'
received), was the same as that selected for the 15 nonprocess buildings. A removal acti.on
decision document was prepared for the CERCLA decision process. The two EE/CAs and the
addendum were jointly adopted as·an EA under NEPA, and a FONSI was issued irl October .

. 1991.

1.5.2 Currently Proposed Response Action

.Two basic components of the chemical plant area are addressed in this FS:

• Assessment of the. appropriate response for contaminated soil,. sludge,
sediment, and vegetation; and ..''.

• Assessment of the appropriate response for vicinity properties associated
. with the chemical plant area, except the Southeast Drainage; these ,vicinity
properties include localized areas of contaminated soil and water,
sediment, and shoreline soil at lakes in the Busch Wildlife Area.

•

"" .; .

J

••
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This RI/FS-EIS also addresses the disposition of material resulting from previous
interim actions (Section 1.5.1), induding:

• Bulk waste excavated from the quarry and stored at the' TSA;

• Demoiition debris, equipment, tanks, and other material resulting from the
decontamination and dismantlement of site structures (referred to as

.structural material in this FS) and stored at the MSA debris staging area; •.1
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• Chemicals stored in Building 434;

• Asbestos removed from piping and structures and stored in the staging.
area in the northern portion of the site; and

• Containerized process wastes generated by water treatmentplants at both
the quarry and the chemical plant ar!i?a and stored at the TSA.

. Future cleanup decisions for the quarry are not included in the scope of the current
remedial action for the chemical plant area; these will be addressed in documentation to be
prepared within the next several years,' as will the decisions for_~e Southeast Drainage and
groundwater (see Figures 1.7 and 1.8 and Section 1.5.3). However, contaminated material that
'could be' generated as a result of future activities is expected to be similar to that addressed by
the current action. Hence, the disposition of that material is included in this RI/F5-EIS process

. for planning purposes to ens~JTe a comprehensive di~posal decision for the project.

The BA (DOE 1992a) addresses conditions as they existed at the site in early 1992,
. irrespective of interim responses for which decisions had already been made but had not yet

been fully implemented. In contrast, the updated conditions for this FS TE~flect the configuration
of the site as itwill soon exist as the result of those interim actions. That is, although the bulk
waste is still in the quarry, thiS waste .was assumed to be in storage at the TSA for the analyses
in this docwnent. In addition, although many buildings and underground tanks are still in place
at the chemical plant area, contaminated material resulting from their decontamination and
dismantlement was assumed to be in storage at the debris stag~g area of the MSA.. Finally,
although surface water is still present in the quarry pond and in the .pits an<:i porids at the
chemical plant area, it was assumed that the water treatment plants are operating at both
locations. . .

The locations of the TSA and MSA, including the debris staging area, are shown in
Figure 1.3. The volume of material at the TSA is expected to total about 115,000 m3

(150,000 rd3), and the volume of material at the debris staging area is estimated to total about
73,000 m(95~000 yd3);the latter will consist of contaminated material generated from building
dismantlement. In addition, up to 168,000 m3 (220,000 yd3) of contantinated soil and rubble
generated by cleanup and support activities. (e.g., for construction of the water treatment plant
and TSA) would· be staged in the MSA soil staging area, as needed, over the remedial action
period.. The materials assumed to be stored at the TSA and MSA are s~arized in Table 1.1
and are also described in the RI report for the quarry bulk waste (DOE 1989) and the design
criteria report for the MSA (MK-Ferguson Company and Jacobs Engineering Group 1990).

The locations of the water treatment plants are shown in FigUres L2 and 1.3. The
annUal average volume of process wastes generated by water treatment is not expected to exceed
about 30 m3 (50 yd3) for the quarry system and about 70 m3 (90 yd3) and 290 m3 (380 yd3) for
the physicochemical and distillation process trains, respectively, of the chemical plant area
system. The types of process wastes that would be generated are described in the respective
EE/CA reports (MacDonell et aI. 1989, 1990). Volume estimates for the contaminated media at
the site are summarized in Section 2.1.
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1.5.3 Future Response Actions
. i

Additi'onal response actionsar~..proposed for the project to address the last two .
.components of the cheplical plant area remediatIon - the Southeast Drainage and groundwater.
·.Fwther actions are also proposed to address the :fiIlalstage of quarry remediation, Le., to manage
.resiQual material at the quarry area follo~ing bulk wast~ removal.

· . The response for the Southeast Drainage has been separated from the current response
.,action in part because conc:iitions in the draiilage will change as a result of the upcoming
~decision for. the chemical plant area.. For example, w~ter quality will improve because cleanup
~activities on-site are expected' to reduce con~t transport -in surface runoff down the
·drainage, which would also limit potential 4eposition of suspended solids. Also, further
sampling is needed to fully characterize the drainage so more representative impacts can be
assessed. Therefore, the Southeast Drainage w.ill be addressed as a removal action within the

· next several years, and anEE/CA will be prepared to support related decisions.
. . I .

The grO\mdwater response action has ~een separated from the current response action
·because the comprehensive data needed to support a final decision are not currently available.
"This approach will also permit coordination with the Army, which,is responsible for the adjacent·
'NPL site at which groundwater is als9 contan\inated (Section 1.3.1). Therefore, groundwater
remediation is being addressed as a separate ioperable unit remedial action: .Over the next
several years, an Rl/FS work plan will be preR~red to describe the scope of this action, .and an
RI, BA, FS, and PP will be prepared to support related decisions. .
~. .. . '.. .'

The scope of the follow-on actions for the quarry will also be defined in an RI/FS work
plan that will be prepared within the next year to support the final decision-making process for

" this area (Figure 1.8). This follow-on effort will assess the appropriate respons~.for(1) residual
'solid materials in the crasks and crevices of the quarry, (2) groundwater at the quarry, and
(3) contaminated media at.quarry vicinity properties, which include surface water and sediment
in Femme Osage Slough and nearby areas of contaminated soil. After the bulk waste has been

: excavated from .the' quari;y, the quarry walls, floor, and subsurface will be characterized.
Additional data will also be collected' for the other media. This information will be presented'
in an RI and will be evaluated in a BA for the firull quarry response. Alternatives for the

· permanent disposition of the quarry area will be developed and evaluated in an FS, and a PP
':. will be prepared to propose the finalresponse.

As .lor the other documents,' these future documents will incorporate NEPA values
whenever practicable, and they will b'e issued to the public for comment-The types and
volumes of contaminated material that could begenerated as a result cif upcoming activities have

· been conservatively estimated in this FS for planning purposes to support comprehenSive project
·decisions. These volumes and those estimated for other contaminated media are presented in
~ Section 2.1. '. .

.'j
I
I

;

I
I
I
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1.6 SUMMARY OF SITE RISKS

Potential human health and environmental effects have been assessed for the baseline
conditions at chemical plant area of the Weldon Spring site and nearby locations outside the
property fence (referred to in this discussion as off-site areas) to help focus forthcoming cleanup
decisions. The health effects were estimated from radiological arid chemical doses. that could .
result from exposures to site contaminants if no cleanup actions were taken. These contaminants
include radionuclides, metals, inorganic anions, nitroaromatic compounds, PAHs, PCBs, and
asbestos (Table 1.2). Because the baseline configuration of the site js changing as interim actions
are conducted (Section 1.5), risks were assessed for several stages of site conditions. The
assessment of baseline· conditions addresses the site configuration as of early 1992 and is
presented in the BA (DOE 1992a). The human health assessment of rebaseline conditions
addresses the t:ransitional or interim site configuration resulting from interim actions and also
focuses on a range of possible exposures to soil contamination under hypothetical future
conditions. This assessment is presented in Appendix E of this FS. The environmental
assessment of rebaseline conditions is presented in Section 6.1 and 6.11 of this FS.

1.6.1 Human Health Assessment

1.6.1.1 Exposure Scenarios

To address the changing site configurations, five assessments were conducted for the
chemical plant area that.considered time, institutional controls, and land use. A sixth asses~ent
was conducted for the off-site areas impacted by site releases. The receptors, areas and media
contacted, and routes of exposure evaluated for these assessments are summarized in Tables,13,
and 1.4 and are desc:ribed as 'follows.

For the first assessment, the site configuration as of early 1992 was evaluated to identify
potential health effects under baseline conditions. These conditions include the presence of the
raffinate pits and buildings but not the temporary facilities such as the TSA, MSA, and water
treatment plant that will soon be completed to support interim actions. About 200 workers are
currently on-site, and public access is controlled by a perimeter fence and security guards. The
potential on-site receptors idimtified for these conditions are a site maintenance worker and a
trespasser.

The worker was assumed to conduct routine maintenance activities across the site.
Direct contact with source areas such as the raffinate pits and buildings is restricted for this
worker because of access controls and worker protection measures. Hence, potential exposures
were assessed only for on-site soil and air for this individilal. In contrast, the trespasser was

-assumed to access all areas of the site. Hence, in addition to the exposures identified for the
worker, the trespasser could be exposed to surfa'ce water and sludge at the raffinate pits and to
air and residues in the buildings. To address the possibility that an intruder-might swim in the



1-36
I

I
TABLE 1.2 . Contaminants of Concern for je Weldon "Spring Site

Radionuclidesi •b . Metals

. Other .1'
Inorganic; Nitroaromatic

Compoun~s Compounds PCBs and PAHs

•
I.

Actinium-227
Lead-210 .
Protactinium~231 .
Radium-226 .
Radium-228
Radon-220
Radon-222
Thorium-230
Thorium-232
Uranium·235
Uranium-238

. Aluminumc

Antimony
Arseni~

.Barium
Berylliumi

Cadmiumi

'Chromiumi

. Cobalt.
Copper
Leadi

Lithium
Manganese
Mercury
Molybdenum
Nickel i

Selenium
Silver.
Thallium
Uranium
Vanadium
Zinc

Asbestos~
Fluoride
Nitrate
Nitrite I

DNB
2,4-0NTi

2,6-DN1'"
NB
TNB
TNT"

!,CBsi

Acenaphthene
Anthracene
Benz(a)anthracenei

Benzo(b)f1uoranthenei

_.Benzo(k)fluoranthenei

. ~nzo(g,h,i)perylene

Benzo(a)pyrene"
Chrysene"
Fluoranthene
Fluorene
Indeno(1,2;3-cd)pyrenei

2-Methylnaphthalene
Naphthalene
Phenanthrene
Pyrene

i Potential carcinogen.

b Exposure to gamma radiation resulting from:the presence.of these radionuclid~ was also
evaluated. .

C A contaminant of concern only for the ecological risk assessment.

. . . . .

. raffinate pits, a swirruner was also evaluated, ~xposures for this first assessment were assumed
to extend over the next 10 years..

For the second assessment, the same baseline site configuration was evaluated as for
the first assessment but it was hypothetically ,assumed that DOE and other workers were no

. longer at the site and access was no longer controlled; this assessment permits an evaluation of
long-term impacts that might occur in the absence of any further cleanup. Under these
conditions, land use on-site was assumed to be recreational because the site is adjacent to two
wildlife areas for which recreational use is expected to continue irito the reasonably foreseeable
future .. Therefore, a recreational visitor was~dentified as the future on-site receptor.. The same
types of exposures were evaluated for the on-site recreational visitor as for the trespasser. To
address possible exposures to contaminated game, a sportsman who was assumed to hWlt
on-site was also evaluated. Because a sportsman might also fish at the off-site lakes, on-site and
off-site exposures were combined for this receptor. This second assessment was assumed to
extend over the next 30 years. Potential exposures were also assessedfor an individual (youth) •
who was assumed to swim in the raffinate pits over a 10-year period. The first and second
assessments are presented in the BA (DOE 19?2a).
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TABLE 1.3 Scenario Descriptions for On-Site Receptors under Current and Future Conditions

Site Conditions
and Receptor '

Ra5eline site conftguralion, with
access res/riclions

Maintenance worker

Trespasser

Swimmera

Description

An individual conducts routine maintenance
activities 8 hours per, day, 200 days per year.
for 10 years.

An individual enters the site 5 times per
year for 1 hour per visit for 10 years.

An individual swims in the raffinatepitS
once per year for 1 hour for 10 years.

On:Site Area

Sitewide

Sitewide

Raffinate pits

Buildings

Rafrinate pits

Medium

Soil

Air

Soil

Air

Surface water

,Sludge

Residues

Air

Surface water

Sludge

Air

, Routes of Exposure

External gamma irradiation'
" Incidental ingestion

Dermal contact

" Inhalation

Extemal gamma irradiation
Incidental ingestion
Dermal contact

Inhalation

Ingestion

\ ,

Extemal gamma irradiation
Incidental ingestion

External gamma irradiation
Incidental ingestion
De"rmal contact

Inhalation

Incidental ingestion
Dermal contact

External gamma irradiation
Incidental ingestion
Dermal contact

Inhalation......................., ,' .



TABLE 1.3 (Cont.)

Site Conditions
and Receptor

Baseline site configura/ion. with
no access res/ricliollS

Recreational visitor

Sportsman

Description

An individual visits the site 20 times per
year, 4 hours per visit, for 30 years.

An individual hunts at the s'ite 15 days per
year, 4 hours per day, for 30 years.

On-Site Area

Sitewide

Raffinate pits

~uildings

Sitewide

Medium

Soil

Air

·Surface water.

Sludge

Residues

Air

Soil

.Air

Routes of Exposure

External gamma irrad)ation
Incidental ingestion'
Dermalcontact

Inhalation

Ingestion

Incidental ingestion

External gamma irradiation
Incidental ingestion ...

.'Oer"maJ-contact - _ ~ .- - '.- -lu'- .
00

Inhalation

External gamma irradiatio"n .
Incidental ingestion
Dermal contact

: Inhalation

. Game Ingestion ............................: : .

•• -.
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TABLE 1.3 (Cont.)

Site Conditions
and Receptor

""erim site configuration, with
access restrictiolls .

Maintenance worker"

Trespasser

interim site configuration,
with 110 access restrictions

Recreational visitor

•
Description

An individual visits the site 20 times per
year, 4 hours per visit, for 30 years..

On-Site Area

Sitewide

Raffinate pits

Medium

Soil

Air

Surface water

Sludge

Routes ofExposure

External gamma irradiation
Incidental ingestion
Dermal contact·

Inhalation

Ingestion

Incidental ingestion.

•

TsA and MSA Waste/debris External gamma irradiation
........................................: .



TABLE 1.3 (Cont.)

Site Conditions
and Receptor

Modified site configuration, with
no access restrictions

Recreational visitor

Ranger

ResidentC

Description On~Site Area Medium· Routes of Exposure

a Conditions for this receptor also represent those for a swimmer under the baseline configuratj~n with no access restrictions.
'b .

Exposures were assessed for a worker performing routine maintenance activities such as mowing and fence repair (as for the worker under the
baseline configuration) and also for a worker performing maintenance activities at the TSA and MSA debris staging area.

C Although ingestion of groundwater was evaluated for. this reCeptor, the results are not included in this summary because of the preliminary
nature of the assessment (see Ap'pendix E, Sectiorl_E.4). .

......._'-_.... .-..._~-_....
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TABLE 1.4 Scenario Descriptions for Off-Site Receptors under Current and Future Conditions

Receptor

Recreational visitor

Description·

An individual visits the off-site location
20 times per year, 4 hours per visit, for
30 years. .

Off-Site Area

Vicinity properties·

Southeast Drainage

Medium

Soil

Surface water

Routes of Exposure

External gamma irradiation
Incidental ingestion

Ingestion

Sediment/soil . External gamma irradiation
Incidental ingestion

Burgermeister Spring

Lakes 34, 35, and 36

Surface water

Surface water

Ingestion

Ingestion

Swimmer An individu"al swims in Lake 34, 35, or 36
once per year for I hour for 10 years.

Lakes 34, 35, and 36

Sediment/soil

Surface water

Sediment/soil

External gamma irradiation
Incidental ingestion
Dermal contact

. Incidental ingestion
Dermal contact

External gamma irradiation
Incidental ingestion
Dermal contact

....
I

0/:>.....

Sportsman· An individual fishes at Lakes 34, 35, and 36 Lakes 34, 35, and 36
7 days per year, 4 hours per day, for 30 years;·

Surface water

Sediment/soil

Fish

Ingestion

External gamma irradiation
Incidental ingestion
Dermal contact

Ingestion

A Soil vicinity propenies except the Southeast Drainage, which is addressed separat~ly.
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For the third and fourth assessments, which are presented in Appendix E of this FS, the
site configuration Was ~ssurned to reflect conditions associated with recent interim actions that
are in various stages of-planning and implemehtation. 'These actions include dismantling the
chemical plant buildings arid storing the materi~l at the MSA, storing the bulk wastes excavated
from the quarry at theTSA, and removing, and 'treating water from the raffinate pits
(Section 1.5.1). The purpose of these two assessments was to identify potential impacts that
could occur if no further cleanup actions were t:eu<en at the site beyond those that have already

.' been initiated; and assuming they are completed. These actions will result in interim or
-transitional site conditions because they represent only a:partial completion of overall cleanup
" plans, pending implementation of those actionS being eValuated in this RI/FS-EIS. .

. . I -~

Both short-term and long-term assessments :Were conducted for the interim site
configuration. The short-term assessment evali.xated po~sible health effects for the transitional

· site conditions for the reasonable 'scenario w1der which DOE remains on-site and existing
institutional controls such as access restrictions,' are maintairied. The maintenance worker and
trespasser were the receptors evaluated, and exposures were assumed to occur over the next
10 years. The long-term assessment of the irlte,rim site configuration evaluated exposures that

· could occur in the more extended future, e.g., after 100 years, hypothetically assuming that OOE
'>ris no longer present. and access to .the site is ~estrided .. Under these conditions, the most
·,likely land use is recreational. Therefore, arecreatiopal. visitor was evaluated, and on-site

exposures were assumed to extend over a :peri?d of 30 'years. ' .

The fifth assessment. was conducted to focus the development of preliminary cleanup
criteria for site soil. Soil is the only medium for which criteria were developed within the scope
of the current remedial action because the other media have been addressed by interim actions
(Section 2.1). Therefore, a modified site configUration was evaluated that focused on soil areas

~; and did not include therClffinate pits, buildings, or temporary facilities. For this assessment,
which is presented in Appendix E of this FS,it was hypothetically assumed that DOE is no
.longer present, access is Unrestricted, and land t;J.se in the area might change in the exten~ed long
term, e.g.~ aftet100 to 200 years and beyond. Four receptors were evaluated for this long-term
assessment of the modified site configuration: a recreational visitor, ranger, re~ident, and farmer.
The ranger and recreational visitor were assw!ned to be exposed to contaminated soil and air
over periods of 25 and 30 years. Additional exposures were evaluated for the resident and

'r farmer to address full-time exposures and ingestion of homegrown food and ingestion of
. drinking water from the contaffiinated aquifer. ,These tWo receptors were assumed to be exposed

over a period of 30 years. ' '.

For the sixth assessment, off-site exposures were evaluated for a member of the general'
public at Burgermeister Spring; Lakes 34, 35, and 36; the Southeast Drainage;. and specific soil
vicinity properties. Although most of these areas are located in the Weldon Spring and Busch

~ wildlife areas, several vi~inity properties are located on the adjacent Army land to which access
is currently restricted. Recreational use of the wildlife areas is expected to continue f~r the
reasonably foreseeable future. Hence, this assessment estimat~d exposures to the contaminated
areas for a recreational visitor~ These exposures were assumed to occur over a period of
30 years. (Ongoing and likely future exposures on the Army land would be bounded by tho~

•.'. !
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associated with recreational use because use by Army personnel is less frequent. To 'be
conservative, recreational use of those vicinity properties was evaluated for both the current and
future assessments.) A swimmer was also evaluated for the off-site lakes, assuming expos~res

could occur over a period of 10 years.

Contaminant levels at the off-site locations are expeCted to remain the same or be.
somewhat lower in the future because interim actions are mitigating site releases. Therefore, one
-assessment was conducted for both current and future exposures that ext~nd'to 100 or 200 years
and beyond. 1b.is assessment is presented in the BA (DOE 1992a): The combined approach was
considered reasonable for the Clirrent stage of the decision-making process because separate
plans have already been developed for Lakes 34, 35, and 36 and-the Southeast Drainage that
affect the estimation of future exposures. The Missouri Deparhnenfof Conservation expects to
drain and dredge the lakes within the next several years as part of a routine ~dimentation

management program for the Busch Wildlife Area. Current data for the Southeast Drainage are
limited (generally to hotspots), so eXposures associated with this location will be reevaluated
in greater detail within the -next several years after more data become available. For the
remaining vieinity properties, to address the possibility that local land use might change in 'the
extended future, the results of the long-term assessment of the modified site configuration that
considered nonrecreationalland uses for on-site solI will be incorporated into decisions ,for off-
site soil. • .

1.6.1.2 Risk Characterization

Potential carcinogenic risks from radiological and chemical exposures were estimated
for the human health assessment in terms of the increased probability that an exposed individual
could develop cancer over the course of a lifetime. The EPA has identified a range of 1 x -10-6
to 1 x 10-4~ or 1 in 1 million to 1 in 10,000 - for the incremental risk associated with an NPL- ,

site (EpA 1990a). This .range isreferred to as the target range in this discussion, and it prOVides
a point of reference for the site-specific risks presented in the BA and FS.For comparison, about
one in three Americans wili develop cancer from all sources, and it is estimated that 60% of
cancers are fatal (American Cancer Society 1992). These estimates translate to a cancer risk of
about 2 x lO-t , or 1 in 5. The individual lifetime risk .of fatal cancer associated with background
radiation, primarily from naturally occurring radon, is estimated to be about 1 x 10-2, or 1 in 100
(EPA 1989b);

The potential for adverse health effects other than caricer from exposure to site.
contaminants was assessed by estimating the hazard index. The hazard index is determined
from the ratios of the doses e~timatedfor an individual from site exposures to standard reference
doses.deterrilined by the EPA. Noncarcinogenic health effects are not expected for endpoint
specific (segregated) hazard indexes of 1 or: less; conversely, an endpoint-specific hazard index
of greater than 1 indicates a potential for a~verse health effects (EPA 198ge). .

To determinewhether cleanup is warranted atNPL si~es, the EPA considers incremental
risks relative to the target range of 1 x 10~ to 1 X 10-4, in combination with other site-specific
factors (EPA 1991b). In the follOWing summary presentation of the risk results, estimates aroe
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generally .presented a~ total risks. Potenti~l incremental risks frOIn exposures to site
contaminants were assessed in developing cleanup criteria for site soil, which are discussed in

' .. Chapter 2 of this FS and presented in Chapter 4of the proposed plan for this remedial action
(DOE 1992b). An integrated summary of totkl and i,f\cremental risks for the baseline and
rebaseline human heaith assessments is presen~ed in Chapter 4 of the proposed plan.

. I

The estimated risks and hazard index~s evaluated for e~posures at the site .under the
baseline configuration are summarized in Tables 1.5. and1.G. For the baseline configuration with
continued access controls, the estimated radiological risk for the maintenance worker from
exposures to sitewide soil and air is 5 x 10-4; ~lationof radon accounts for mosto! this risk.
However, it was assumed'that the worker accessed all soil areas arid a conservative estimate was
used for the radium concentration in soil. A more realistic risk estimate would probably be
lower because of the' high bias in the data for radium in soil from which the radon
'concentrations were derived. Ina~dition, a imaintenance worker would not access highly'
contaminated areas because access to these areas is restricted. In fact, these results confirm the
appropriateness of such ~ access restrictions.. The estimated risk to a worker from sitewide
exposures to chemical contaminants is 1 x 10-5, and the hazard index is less than· 1. The'

iu radiological and chemical risks for a trespasser repeatedly entering the site are 9 x 10-5 and
.: 1 x 10"'\ which are at the upper end of EPA's target range; the hazard index is slightly above 1.

'. For a swinunerin the raffinate pits, the estimated rad~ological and chemical risks are 2'x 1Q-4
. and 5.x 10-6, and the llazard index is less than L Dermal absorPtion from ,water is the major
. contributor to the risk; however, considerable' uncertainty is associated' with related estimates

because of limitations in the methodology for estimating intakes. The combined radiological risk
from all other exposure routes for the swimmer.is within·EPA's target range (the estimates for
chemical health effects are within or below the levels of concern).

For the baseline configuration under which it is hypot~etkally assumed that DOE has
left the site and access is no longer controlled, the risk estimated' for an on-site recreational
visitor is Ix 10-3 for both radiological and che~icalexposures, and the hazard index exceeds 1.

.~. The radiological and chemical risks estimated for the sportsman from combined on-site and off-
site exposures are 5 x 10.5 and 3 x 10-6, and the hazarq index is less than 1. . '

. I' '.

•

J
.I
i

"

•

For the interim site configuration witt' continued access controls, worker requirements
~ would change as a result of additional maintenance activities needed at the temporary fucilities

-particularly the TSA ,and the MSA. The health effects for the original maintenance worker
'"' would be essentially the same as those estirrlatedfor the baseline configuration. However, a

. radiological risk would be incurred by an additional worker assigned to maintain the temporary .
facilities. The risk to this new worker from external gamma irradiation would be about tlu:ee

. times higher than that estimated for the routine maintenance worker; the new worker would also

. be.exposed to sitewide soil and air. Accounting for the shorter tUne spent on;.site for periodic
1 . .

maintenance, the overall radiological risk for this worker under the interim configuration would
be generally similar to (about 20% of) that estimated for the routine maintenance worker under i

the baseline configuration.. The chemical, ris~ and haz~rd index are expected to be the same as . j
. those estimated for the worker under the baseline configuration. •
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TABLE 1.5 Estimated Carcinogenic Risks for On-Site Receptors under the Baseline
Configurationa

Maintenance Worker Trespasse~ Recreational Visito~

Radio- Radio- Radio-
Area and Medium logical Chemical logical Chemical logical Chemical

Sitewide soil and air 5 )(,10'" 1 )( 10-5 2 )( 10-6 2 )( 10-7 6 )( 10-5 3 )( 10-6

Raffinate pit surface NQc NQ 2 lC 10'" 9 )( 10-6 3 )( 10,3 . 1 )( 10-4
water and sludge

Building air and NQ NQ 1 lC 10'" 4 )( 10-4 1 )( 10-3 3 )( 10-3

residues
--- -,;.------ --------------------~--- ------- - - --- ------ - - - - - - - - - - - - ----- - ------~---------

Combined risk 5 )( 10'" 1 )( 10-5 9 )( 10-5 1 )( 10,3 1 )( 10-3

•

a, The maintenance worker and trespasser were evaluated for the baseline configuration under which existing
. site controls were assumed to be maintained; the recreational visitor was evaluated for the baseline

configuration under which controls were assumed to no longer exist.

b The individual risks correspond to ,the reasonable maximum exposures, which were estimated by assuming
that the entire exposure Occurs at the indicated area and medium. The combined risks correspond to
exposures that were assumed to be equally distributed among sitewide soil and air, raffinate pit surface,

. water and sludge, and b~ding air and residues. For a swimmer, the estimated radiological and chemical
risks from exposures toraffinate pit surface water and sludge and sitewide air are 2 )( 1~ and 5 )( 10-0.

C NQ indicates that the risk was not quantified for this receptor.

TABLE 1.6 Estimated Hazard Indexes for On-Site Receptors under the Baseline
Configurationa

Maintenance Recreational
Area and Medium Worker Trespasserb Visitorb

Sitewide soil and air 0.5 0.005 0.03

Raffinate pit surface water and sludge NQc 0.7 2

Building air and residues NQ 3 10
-------------------------------------------------------- -----------------------~-

Combined hazard index 0.5 1

.'

a. The maintenance worker and trespasser were evaluated for the baseline configuration
under ,which existing site controls were assumed to be maintained; the recreational visitor
was evaluated for the baseline configuration under which controls were assumed to no
longer exist. .

b The individual hazard indexes correspond to the reasonable maximum exposures, which
were estimated by assuming that the entire exposure occurs at the indicated area and
medium. The combined hazard index corresponds to exposures that were assumed to be
equally distributed among sitew'ide soil and air, raffinate pit surface water and sludge,
and building air and residues. For a swimmer in the raffinate pits, the estimated hazard
index is 0.02. .

C NQ indicates that a hazard index was not quantified for the worker from those
exposures.
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. . . The radiological and chemical risks e~timated, for the trespasser under this interim •
configuration are expected to decrease to abou~ 2% of those for the baseline configuration, to .
2 x 10-6 and 2 x 10-1, and the hazard index would be well below 1. These decreases would

. . I ,

occur because (1) trespassing inside the build.i,ngs .would no longer 'be possible because the
buildings would have been dismantled and (2) trespassing at the' raffinate pits.wo~d be very

.. unlikely because workers would be present at the treatm,eht plant adjacent to the pits to support
; the removal and treabnent of siuface water. Siinilarly, exposures are not expected at the. other
temporary facilities because of the increased activity levels of workers,

. i • .

For the interim configuration under which it i~ hypothetically assumed that DOE has
. left the site and access is unrestricted, it is expected that. the raffinafe pits could refill with water
over time so exposures at the pits could be the same as those estiinated for the recreational .
visitor under the baseline configuration. . In addition, the qu~rry bulk waste and building
material in storage at the TSA and MSA would. no longer be controlled and might therefore be
accessed and/or dispersed over time. The reductions associated with. building dismantlement
(specifically from the absence of exposure to indoor radon) would be offset by new exposures
associated with this stored material. These d1anges would essentially balance each other such
that overall health effects would be similar to those estimated for the recreational vlsitor under

.. the baseline configuration.
•

The risks and hazard indexes estirn~ted for four future land-use scenarios under the
I . '.

modified site configuration are swrunarized 4t Table l.7. These analyses focused on exposures .
related to soil contamlnahts, and the results ~hownin the tables represent the range of values
estimated from data for different locations ~cross the site. Radiological.md chemical risks
estimated for the recreational visitor from exposures to soil and air are·6 x 10-5 and 2' x 10-6, and

.;- the hazard index is much less than 1. For the ranger, resident, and £anIler, the estimated
radiological risks exceed EPA's target range at most locations, primarily from inhalation of
radon. The chemical risk estimated for the ranger is 2 i< 10-5 and the hazard mdex is less than 1
at all locationS. The chemical risk for the resident exceeds the target range at one location, and
it ranges from 3 x 10-6 to 6 x 10-4 across th~site; the hazard index ranges from 0.09 to 9 and

~. exceeds 1 at 14 locations. These effects are associated with incidental ingestion of soil, and the
primary contributors are arsenic, PCBs, and uranium. For the farmer,'the estimated radiological
and chemical risks are 1 x 10-2 and 2 x 101, and the hazard index exceeds 1. ConSiderable

"'" limitations. and uncertainties .exist in the data and methodologies available' for estiinating
.. potential health effects from ingesting homegrown food, and the results for this pathway for
. nonradiological exposures are comparable to those determined for an off-site background

location.' The radiological and chemical risks estimated .for the farmer from the other exposure
. pathways (for which the uncertainty is low,er) are 1 x 10-2 and5 x 10-5, and the hazard index

exceeds 1.

i..

.; The risks and hazard indexes estimated for a recreational.visitor at the off-site locations
are shown in Table 1.8. The radiological and chemical risks at Burgenneister Spring and
Lakes 34, 35, and 36 are less than 1 x 10-5, as are the chemical risks at the Southeast Drainage;. .

the hazard indexes at each of these locationS are well below 1. The radiological risks for the soil •/1
'/
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TABLE 1.7 Estimated Carcinogenic Risks and Hazard Indexes for Exposures to Soil
and Air under the Modified Site Configuration

Health Hazard
Carcinogenic Risk Index for

Noncarcinogenic
Receptor'. Radiological Chemical Effects

Recreational visitor 6)( 10-5 2 )( 10-6 0.02

Ranger
6 )( 10-4 - 1 )( 10-2 2 )( 10-5Range" 0.3 - 0.5

Median 7 )( 10-4· 2 )( 10-5 0.4

Resident
Range 1 )( 10-6 - 9 )( 10:2 3 )( 10-6 • 6 )( 10-4 0.09 - 9
Median 2 )( 10-4 3 )( 10-5 0.6

'Farmerl' 1 )( 10-2 2 )( 10-4 11

.. .For chemical risks, because the variation is small and the results are rounded to one significant
figure, the range and median are represented by the same value in this table.

b Results for the farmer include the contribution from ingesting food grown on contaminated soil.,
Considerable uncertainty is associated with the methodology used to estimate intakes for this
pathway, and the chemical risk and hazard index estirilated from a parallel analysis for a nearby
background location are comparable to those estimated for the on-site farmer location.
Excluding the contribution from this pathway; the estimated radiological and chemical riskS for'
the farmer are 1 )( 10-2 and 5 )( 10-5, and the hazard index is 2. .

vicinity properties - estimated by assuming that 600 exposw-es occur at each individual
property over the 30 years - are within or beiow the target range except for vicinity property B4
(Figure 1.4). The risk estimated for repeated exposures at this remote location in the Weldon
Spring Wildlife Area is 3 x,10-4. The radiological risk estimated for the Southeast Drainage with.
the same conservative assumptions ,described for the soil vicinity properties is 2 x 10-4. Most
of this risk results from repeated incidental ingestion.of thorium-230 from the sediinent, based
on data from only 5 samples taken from the most highly contaminated areas. These estimates
are preliminary because the data are limited.and biased high; potential impacts will be
reevaluated within the next several years after additional characterization data become available
(Section 1.5_3). For a swimmer in the lakes, the total radiological and cheinic~risks are 3 x 10-7 .

and 4 x. 10-8, and the hazard index is less than 1. These values are below EPA's target levels.

1.6.2 Ecological Risk Assessment

The Weldon Spring site is adjacent to two state wildlife areas and near a third, and
more than 200 species of plarits and animals are expected to occur on-site. Several species listed
by the state and/or federal government as threatened or endangered have been identified for
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TABLE 1.8 Estimated Carcinogenic Risks arid Hazard Indexes for a Recreational Visitor
at Off-Site Areasa !

! •
:1:.

Area and MediUm

Lakes 34; 35, and 36 surface wah'!r and
sediment

Burgermeister Spring surface water

Southeast Drainage surface water and
sediment

Vicinity property soil

Radi~logical
R,isk

. I
8 )( 10-6

4 )(: 10.6

2 ~ 10-4
\ '

I
I·

6 )( 10.7'. 3 )( 10-4

Chemical Risk Hazard Index

5 )( 10-6 0.1 I
)
I

9)( 10.7 0.04 \
i

2 x. 10.6 0.2 I
I.
I

NQb NQ

a The results shown in this table represent both current and future conditions (see text).

b NQ indicates that a carcinogenic risk or hazard iridex was not estimated for this location.
I '
I

'f the general area. These species have not been teported at the site from the studies conducted
:', to date, although the pied-billed grebe; a state .-are species, has been observed at the' raffinate
.pits.

At scattered soillocati~ns,elevated levels of naturally occurring metals such as arsenic,
cadmium, copper, lead, mercury, uranium, and zinc could potentially impact certain bi<;>ta (Le.,
invertebrates). If exposure to the maximum me~sured oil-site concentrations of these metals is
assumed, possible ecological effects reported in ,the scientific literature include decreases in the
diversity, density, and bibmass of invertebrate species. This information was incorporated into
the development of cle~up criteria for site soil! No adverse ecological impacts are associated
with either the radionuclides or chemicals in solI at the cleanup levels developed for the site on
the basis of the human health assessment: ' . ,

Under baseline conditions, certain contaminants present in surface water in the raffinate
pits exceed either water quality criteria established by the EPA and/or the state of Missouri or
concentratiops reported in the scientific literature to adversely impact biota. For example, levels

.;f.:

y of arsenic, beryllium, cadmium, chromium, copper, lead, mercury, selenium, silver, uranium,
<, fluoride, and nitrate could pose a threat to aquatic and semiaquatic biota. ' Selenium is present
-.;,

at concentrations exceeding those shown to adversely affect waterfowl. Furthermore, because
selenium bioconcentrates, it could pose a hazard to wildlife species higher in the food chain.
This information confirrils the previous decision to remove and treat the contaminated surface
water from the pits as ap interim action; it also :supportsplans to address the rem"aining waste
(raffinate pit sludge), whiell serves as the soutce of the water contamination, as part of the
current' remedial action.

For off':'site surface water, the maximum concentrations measured for nitrate in the
Southeast Drainage andBurgermeister Spring exceed the level that poses a potential for adverse '.
impacts to aquatic biota, as indicated by the ~PA. Similarly, the maximumconcentratiof\S
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measured for.arsenic, le~d, mercury, and silver exceed water quality criteria for protection of
. freshwater biota. Although the maximwn measured concentration of uraniwn in the Southeast
Drainage exceeds levels shown to be toxic to Daphnia (water fleas), estimates of related exposures
are well below the 1 rad/d dose limit for protection of aquatic biota. However, uraniwn metal
is also chemotoxic to aniinals, and the elevated concentrations reported for certain sediment
locations and in water at certain locations during the periods of intermittent flow could poten
tially pose a threat to aquatic biota at the confluence of the drainag~ with the Missouri River if
nq mixing were to occur. The concentrations of other metals and radioactive contaminants are
sufficiently low that no threats to'biota are anticipated. (For the off-site surface water, only
elevated levels of radionuclides are directly associated with the sit~: Site nIDoff contributes only
a fraction of the flow in the drainage areas for the off-site lakes and streams. For example, these
areas also receive runoff from the Army property adjacent to the site and from local agricultural
land.) .

Certain contaminant levels .in the drainage have decreased from the maximum concen-
. trations evaluated in this assessment; these decreases have resulted from natural attenuation and
specific soUrce control measures that have been implemented as part of interim actions at the
site (including surface runoff controls). The information from this assessment confirmstlle plans
to collect additional data from the Southeast Drainage to support final decisions for that location,
which will be made within the next several years; these decisions will evaluate the .potential
adverse impacts associated with environmental disturbance in the drainage relative to the
potential benefits associated with the cleanup measures being considered.

No obvious adverse ecological impacts have been observed to date at the site or
surrounding areas, except for circumstantial evidence (the paucity of biota) at the raffinate pits..
However, adverse ecological impacts might occur if the site were not cleaned up and contami~

nants remained in their current state, particularly at the raffinate pits. .The results of this
assessment were used to focus remaining deciSions for site deanup, e.g., for sludge in the
raffinate pits. .

1.6.3 Assessment of Other Environmental Resources

In addition to the ecological assessment, potential impacts ·to other environmental
resources in the absence of remedial- action at the site were also assessed. On the basis of current
site information, no significant adverse impacts to other environmental resources are expected
to result from a continuation of current conditions, with the possible exception of groundwater.
Additional studies to further characterize the nature and extent of groundwater contamination
are under way and will be incorporated into documentation to be prel'ared within ·the next
several years in support of the decision for site groundwater.
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2 PURPOSE AND OBJECTIVES OF THE REMEDIAL ACTION
AND DEVELOPMENT OF CLEANUP CRITERIA

2.1 PURPOSE AND OBJECfIVES OF THE REMEDIAL ACfION

The overall objectives of remedial action at the Weldon Spring site are to:

• Protect human health and the environment by developing actions that
address the radioactive and chemical contaminants in various media at the
site and control related exposures;

• Implement the actions in a manner that will ensure compliance with
applicable environmental requirements; and

• Release the property for unrestricted use, to the extent practicable.

Additional objectives incl~de removing physical hazards to ensure worker and. public safety;
minimizing contaminant transport to off-site areas, and instituting permanent control measures
for wastetnaterial. The comprehensive risk-based objective for the project is to minimize
exposures of both humans and biota to contaminants in each environmen~ medium (e.g., air,
water, and soil) via each exposure route (e.g., inhalation, ingestion, and external gamma
irradiation), in order to minimize the possibility of adverse health and ecological effects.

The specific areas of contamination at the site and the types of affected media are shown
.in Figure 21. Potential risks associated with exposures to site contamination have been assessed
in considerable detail (in the BA [DOE 1992a] and App'endix E of this FS) to indicate those
contaminated areas and media that should be addressed to achieve the cleanup objectives for
the current stage of site remediation. From the results of these assessments, the follOWing source
areas and contaminated media of concern have been identified: .

•. Soil at the North Dump and South Dump, at scattered locations across the
site (including subsurface soil around process sewer pipes), and at several
specific off-site locations.

• Sludge and soil at the raffinate pits (surface water at the pits· has been
addressed by an interim action).

• sediment and ·soil at Ash Pond and Frog Pond (surface water at the ponds
has been addressed by an interim action).

• Surface water at Burgermeister Spring and surface water, sediment, and
shoreline soil at Lakes 34, 35, and 36.

.• sediment and soil that could be removed from the quarry area or the
Southeast Drainage as part of forthcoming response actions for the project.
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a The ~OIIai decision for \tIis material has Deen or will be addressed in olh9r
sile doCuments: llle general disposal d9cision is addres.sed ,n l/'lis document.

FIGURE 2.1 Contaminated Media and Source Areas at the,Weldon Spring Site·
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• Vegetation resulting from-clearing andgrubbirig activities, and contamina
ted railroad ties and power poles that have been removed tinder interim
actions.

. .

.• Metal building debris, equipment, and tanks; rock aildconcrete; soil,
sludge, and sediinent; and vegetation removed from the quarry under the
bulk waste interim action and stored at the TSA (surface water in the TSA ..

. retention ponds has been addressed by a separate ulterim action). .

• Structural m~terial and other debris - including steel,·concrete, roofing
material, and drummed decontamination material (e.g., worker protective
clothing) - generated by the interim action to decontaminate. and
dismantle site structures and stored at the debris staging area in the MSA.
nus category also includes material assoCiated with newly constructed
temporary facilities such· as the water treatment plant that will be
dismantled after use at the site.

.• Containerized asbestos resulting from the interim action to dismantle and
decontaminate site structures and stored at the. container storage area.

• Containerized chemicals resulting from the interim actioJ\to consolidate
chemicals and stored on-site (most chemicals are stored in Building 434
[Figure 1.3};tributyl phosphate is stored in two outdoor~ near the
debris staging area of the MSA).

• Process wastes generated by both the quarry and chemical plant area water
treatment plants as a result of interim actions, stored at the TSA (and
possibly Building 434).

• Air, as it is affected by soil conta.rrrination (e.g., fugitive dUst generation
and radon emanation).

Technologies that could be applied to the media addressed by this remedial action are
discussed in Chapter 3 of this FS, and specific alternativesare evaluated iri Chapters 4 through
7. Preliminary area and volume estimates for these media are included in Table 2.1.· (For
completeness, estimates for other contaminated media not included in'the scope of this action
are also shown in the table.) . .

- .

The cleanup criteria developed for various media at p contaminated site represe~t one
of the key factors used to determine whether alternatives that will prOVide long-term protection
of human health and the environment. These criteria are used to identify what areas of a site
should be cleaned up, what areas could be appropriately left in their current condition, and what
exposure controls (such as access restrictions) might be needed to ensure long-term protection

. of human health and the environment under possible future uses. Certain media associated with
the Weldon Spring site are outside the scope of the current remedial action, and other media
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have already been addressed· by interim actions that included the development of cleanup
., ·criteria. These media and criteria are discussed in Table 22 Because of those separate actions,

cleanup criteria are developed only for soH under the current remedial actipn.

Cleanup criteria are developed by addressing the two main factors used' to evaluate
" .

appropriate cleanup options for a site: (1) long-term protection of human health and the
environment -:- as indicated by results of site-specific risk assessments, and (2) compliance with
environmental requirements. The first factor addresses the potential effects of exposW'es to site
(residual) contaminants, and the second factor addresses environmental staI:ldards and guidelines
- referred to as "applicable or relevant and appropriate requirements" (ARARs) and "to-be
considered" requirements (TBCs). The ARARs and TBCs tyPiCally serve as a startingpoint and,
the site-specific risk asSessments prOVide the key input for determining the preliminary
remediation goals for a given site.

, .

Available ARAR and TBC values for the 'key contaminants in soil at the Weldon Spring
site are identified in Section 2.2 and tabulated with specific citations in Appendix G(Table G.2).
The general process that was applied to develop cleanup criteria for site soil is discussed in
Section 2.3, and specific criteria are indicated for the key contaminants in Section 2.4. It is
important to note that the following discussion is mtended to serve as input to the decisions that
DOE will make in determining the appropriate means for managing the risks associated with
the Weldon Spring site. This decision will depend on the specific remedy selected for the site,
which will be based on the analyses presented in the RI/FS-EIS and comments received from
the public and from the agencies involved. To be conservative, the cleanup criteria developed
in this chapter assume that the site could support a variety of uses in the future, including
residential use. This approach provides a range of information that can bound potential impacts
associated with the site contaminants. .

2.2 ENVIRONMENTAL STANDARDS AND GUIDELINES

Federal standards and guidelines are available for only a few of the soil contaminants
at the Weldon Spring site: radium-226, radium-228, thorium-230, thorium-232, PCBs, and lead.
The pertinent ARARs and TBCs for radionuclides and chemicals are summarized in
Sections 2.2.1 and 2.2.2~ respectively. Standards and guidelines are also available for radon in
air; because this contaminant is generated from radium in soil at the site, the related standards
are included in the following discussion.

Relative to state standards or guidelines, the Missouri Department ·of Health recently
proposed standards for'chemicals that could be considered safe for soil under any use, including
residential use in unrestricted areas (Appendix G, Table G.2). These draft standards were
published in the Missouri Register in September for public review and comment (Missouri
Department of Health 1992). The listed values were derived from generally conservative
exposure assumptions for residential settings, and they do. not consider background concen
trations in soil. . ' .



TABLE 2.2 Cleanup Criteria for the Weldon Spring Site Remedial Action Project

Ml!dium

Vegetation

Building debris and other
structural material

Contaiiwrized chemicals

Source of
Cleanup Criteria

Radiological release criteria for vegetation were previously
dl!veloped as part of the interim action for bulk waste at the
quarry. Therefore, no new criteria were developed in 'this FS
(characterization results indicate that the vegetation is not
chemical1y contaminated).

Radiological release criteria were previously developed for
structural building material and equipment with surficial
contamination as partof the interim action to dismantle site
structures. These criteria were adopted from guidelines

, , established by the,U.S. Nudl!ar Regulatory Commission (NRq
guidance, which have been incorporated into,OOE Order 5400.5
(listed in Appendix G, Table G.3), and they have been accepted by
EPA Region VII for application at the Weldon Spring site.
Therefore, no new radiological criteria were developed in this FS.

Radiological criteria for the release of containerized chemicals for
expedited treatment off-site Wl!re previously developed as part of
an interim action to determine What waste was nonradioactive and
'could therefore be releasl:!d for treatment and disposalilt an
approved commercial facility. (Commercial facilities are not
currently available for radioactively contaminated material, so the
purpose of the criteria was.to distinguish between material that is
radioactive and nonradioactive.) Therefore, no new criteria were
developed in this FS. "

• ""'-

Commenls '

To apply these criteria, vegetation from uncontami~

nated off-site locations is sampled to establish '
background levels of radioactivity. Site vegetation
is then compared to determine whether the
measured activitY levels are statistically elevated
above background (determinecJfrom a Hest at the
95% confidence level for a minimum of three
measuremenls for each sample'set). Vegetation In '
which the level of radioactivity is statistically
elevated is retained on-site.

The criteria developed for Soil In this FS will be
'adopted for concrete rubble; in accordance with
DOE Order 5400.5. Radiological release criteria
have not been es'tablished for other material with N

" volumetric contamination (e.g.,.by either, thl!J'~g!::_ ,__,_. ,,0..
or OOE),so separate criteria have not been . . ,
develpped for this material and it would be
managed as a waste for disposal rather than
salvaged. If any material is chemically
contaminated with PCBs but is not radioactively
contaminated, the EPA criteria for PCBs'on solid
,s~ffaces (listed in Appendix G, Table G.3) could be
applied. .

The statistical comparison described for assessing
vegetation was also used for this material.
Chemicals with levels of radioactivity statistically
elevated above background are being retained
on-site (e.g., for possible treatment at another OOE

. facility that can accept such material); others would
be releasable for treatment and disposal at a
permitted commercial facility.

._-_._--------..•
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TABLE 2.2 (Cont.)

Medium

•
Source of

Cleanup Criteria Comments

'.

- - - --------

Raffinate pit sludge and
treatment plant process
waste

On-site surface water

On-sit,e soil

Off-site sur{ace water

Cleanup criteria are not relevant for waste material such as the
rarfinate pit sludge and process waste from the water treatment
plants because this material is heaVily contaminated a'nd woLild
not be releasable. The residual material remaining at the raffinate
pits after the waste sludge has been removed will be addressed as
soil.

Chemical and radiological criteria for water from the on-site
impoundments were previously developed as part of the inierim
action to remove and treat this water in a newly constructed
treatment plant. Because these criteria are available and
appropriate, no new criteria were developed in this FS,

Chemical and radiological criteria are not available for all key
contaminants in site soil, which are those contaminants that could
potentially impact humans or biota as indicated by the site-specific
risk assessments (DOE 1992a and Appendix E of this FS).
Therefore, criteria were developed for on-site soil in this FS.

The MiSsOuri Department of Conservation will drain Lakes 34, 35,
and 36 in the Busch Wildlife Area within the next several years
'under the sedimentation management program for the wildlife
area. Results of the various risk assessments conducted for these
lakes indicate that no adverse health or environmental impacts are
associated with contaminants {rom the site, and estimated health
effects from the surface waier are within or below the target range
identified by the EPA (DOE 1992a). Therefore, criteria have not
been developed for off-site surface water within the,sCope of the
current remedial action.

Exposure mitigation measures (e.g., maintaining a ,
water cover at the pits) are currently being
implemented, and performance criteria for
cO"!troIling releases (e.g., reduced leachability
through treatment) are developed in this FS.

These criteria were also developed for and will
apply to the surface water that will result from
activities for the current action, such as washing
eqUipment at the decontamination facility.

These criteria will also be applied to sediment and
soil at Ash Pond and Frog Pond and to material
(e.g.~ berms) remaining at the raffinate pits aftt!r
the sludge is addressed.

Water at the Femme Osage Slough will be
addressed by DOE as part of a separate remedial
action for residual material at the quarry, within
the next several years.

N
I'

~



TABLE 2.2 (Coni.)

Medium

Off-site soil and sediment

Groundwater

Air

Source of
Cleanup Criteria

The Missouri Department of Conservation will rem~ve sediment
and shoreline soil from Lakes 34, 35, and 36 in the Busch Wildlife
Area as part of the sedimentation management program for the
wildli(e area; the contaminated sediment and soil wiU be
identified after the lakes are drained. Because this material might
be used as fill, the cleanup criteria developed for on-site soil in
this FS will alsobe applied to the o(f-site sediment and soil.
Radionuclides are associated with this material as a result of past
spills and 'contaminant releas'es from the site, but chemicals are not
(Section'l.6.2). lhus, the radiological cleanup criteria for soil
would be applied to this material.

See comments.

Criteria for air would be related to those for soil (all contaminants
of conce'm except asbestos), raffinale pit sludge (radon), and
buildings (asbestos). The buildings and asbestos have been
addressed by an interim action, and the sludge would be
addressed as indicated above. Therefore, criteria (or air were
indirectly included w'ith the development of soil cleanup criteria in
this FS.

Comments

Sediment and soil Will be removed from lakeS 34;,
35, and 36 under the MisSouri Department of
Conservation's sedimentationmanagement
program. Available data indicate that risks
associated with possible recreiltional exposu~ to
the sediment are within or below the larget range
identified by the EPA (DOE 1992a).

Decisions for giOlmdwater will be addressed by
DOE as a separate operable unit for the project
within the next few years. This separation from N

the current remedial action will allow for further .do
characterization of groundwater and will alSo~::- -.... ---- .. _c __.... _ ••

allow coordination with the Army with regard to-
the adjacent NPL site, which represents an .
additional source of groundwater contamination.

The primary airborne contaminant of concern is
, radon, and the cleanup criteria developed for its
parent (radium in soil) will incorporate information
on standards and guidelines for this gas as well as
potential health effects from related exposures.

•
• •••
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In contrast, site-specific information was incorporated into the risk assessments prepared
for the Weldon Spring site, iitcluding information for chemicals in local soil that could be used
as bac~. The.refore, these assessments were used as the primary source of input for
developing cleanup criteria specifically fOf ~esite, Nevertheless, the levels recently proposed
by the Missouri Department of Health for statewide conSideration have been evaluated for the
key contaminants at the Weldon Spring site. These standards will be reviewed for applicability
to the site as the public evaluation process continues. nus review will address their relevance
per future land-use conSiderations for the site, as indicated by the· remedial action to be
identifieci in the ROD. The review will also consider the appropriateness of those standards
relative to teclutical practi~ability and potential greater risks associated with replacement by local
backfill. Public comments received on the.information in this RI/FS-EIS, including the cleanup
criteria, will be factored into the remedy selected for this action.

2.2.1 Radioactive Contaminants

2.2.1.1 Radium and Thorium

;;' The'EPA has promulgated standards for radium-226 and radium~228in soil at uranium .
~. and thorium mill tailings sites; these radionuc1ides are not to exceed backgroWld concentrations
" by more than 5 pCi/g ifl the top 15 an (6 in) of soil or 15 pCi/g in each 15-an (6-:-ID.) layer
, beneath the surface, averaged over an area of 100 m2 (1,100 f~). Because the Weldon Spriilg site

is not a mill tailings site~ these standards do not ,specifically apply to 'site cleanup~ However,
they can be considered relevant and appropriate because the material at the site is si!niIar to mill
tailings. The DOE has established guidelines for radium-226, radium-22S, thorium-230, and
thorium-232 for soil in areas of unrestricted access; these apply to site cleanup for scenarios
under which future access ~ould be unrestricted. These guidelines include the EPA standards
for radium at 'mill tailings sites, and they also include similar standards for the thorium isotopes
and procedures for addressing nonsecular equilibrium conditions (between thorium-232 and
radium-22Sand between th0x:ium-230 and radium-226).The background concentration of these
radionuclides in the vicinity of the site is 1.2 pCiIg, so the surface and subsurface standards
would be 6.2 pCi/g and 16.2 pCi/g, respectively. These levels are exceeded in site soil at a
number of locations.

No federal or ~tate ARARs or TBCs are available for uranium in soil. In accordance'
with the DOE process, results of the site-specific risk assessment were used in combination with

. a preliminary ALARA analysis to develop a site-specific cleanup criterion for this radionudide.
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2.2.1.3' .Radon

The standards identified ~ the Missouri R~diation Regulations for areas without access
restrictions are 1 pCi/L for radon-222 and 10 pCi/L for radon-220, as quarterly averages above·

-background. The limit identified by DOE in itS Order for Radiation Protection of the Public
(DOE Order 5400.5) for both radon-222 and radon-220 in an uncontrolled area is 3 pCi/L, as an
annual average above backgroWld.These standards apply to site cleanup for scenarios under .
.which future access would be unrestricted. The measured concentrations of rad~>n at -the site _
perimeter currently meet these :standards.

2.2.1.4 Nonspecific Radiological ~oses

The EPA has identified standards for airborne emissions of radionuclides other~
radon-222 for a member of the public that limit exposures to levels that would not exceed an
effective dose equivalent of 10 mremlyr (EPA 1989b). In addition, the EPA has identified annual

. dose limits of 25 mrem/yr to the whole body; 75 mrem/yr to the thyroid, and 25 mrem/yr to
any other organ for exposUres associated with management of uranium and thorium by-product
material. State s~andards for nonspecific radiological exposures identify the following limits for
-the maximum permissiblewhole-body dose to an individual in~ uncontrolled area: 2 mre~/h,

100 riu'em in any 7 consecutive days, arid SOO mrem in any year. - -

As a general standard for radiological doses, the. DOE requires compliance with all
federal requirements for limiting doses from specific exposure modes. Standards for nonspecific
radiological exposures are also identified in DOE Order 5400.5. These staridards require that the
committed effective dose equivalent to a member of the public not exceed 100 m~em/yr above
backgro~d from all nonoccupational routes of exposure and, further, that these expoSures be
reduced to -levels as low as can. reasonably be achieved. (Dose terminology is defined ·iJl
Section 3.4.1 of the SA [DOE 1992a].) With. this Order, the DOE .fonnally identifies its process

. for reducing residual exposures and risks to levels as low as reasonably achievable (ALARA)
below applicable standards, considenng technical, economic, and social factors as appropriate.

These radiological dose standards are considered appli~able to site cleanup. CWTent
dose est:imiltes for the site perimeter are within the listed limits. Applying the ALARA process

<to reduce residual concentrations of specific radionuclides would result in a similar reduction
in the resulting radiological doses. The greatest dose reduction is associated with decreasing the
residual levels of radiUin-226 because this radiortuclide and its decay products account for most
of the total dose estimated for the site, from both external gamma irradiation and inhalation of
radon.

•

•!
1
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2.2.2 Chemical Contaminants

2.2.2.1 Lead

.The EPA has identified two different guidelines for establishing a residual level for lead.
in .soil at a residential setting; these guidelines are considered TBCs. The first. is a general
interim guidance that considers the natural presence of lead in soil and recommends a cleanup
level of SOO to 1,000 mg/kg, as determined by site~specific conditions (EPA 1989a).. The second
is draft guidance in the form of an uptake/biokinetic model that can be applied to site-specific
data to estimate blood lead levels in children, the most senSitive subpopulation; a blood lead

. level of 10 pg/dL or less is EPA's preferred end point. With this model, data for lead concen
tra~ons in surface soil, air, arid groundwater at the site wereused to derive a health-based level
of 450 mg/kg for lead in surface soil. The soil concentration recently proposed for statewide
consideration by the Missouri Department of Health as safe for any use, including residential
settings, is 240 mg/kg. Lead has been detected in surface soil at three locations above the
modeled level and at four locations above the state level.

2.2.2.2 . Other Metals

The levels recently proposed for statewide consideration by the Missouri Department
of Health as safe for soil in residential settings include 11 mg/kg for arsenic, 5,600 mg/kg for
total chromium (280 mg/kg where hexavalent chromium is likely or documented to

C

exceed
4 mg/kg), and 3.9 mg/kg for thallium. The levels for arsenic and thallium are exceeded in soil .
at most areas of the site and also in local background soil.

2.2.2.3 Nitroaromatic Compounds

No federal ARARs or.TBCs are available Ear nitroaromatic compounds In soil. The
levels recently proposed for statewide consideration by the Missouri Department of Health as
safe for soil in residential settings are as follows: 5.6 mg/kg for DNB; 7.4 mg/kg for 2,4-DNT
and 2,6-DNT; 28 mg/kg for NB; and 14 mg/kg for TNT. Of these compounds, none has been
detected in surface soil, and only TNT has been detected above the listed concentrations in
subsurface soil (at two locations). .

2.2.2.4 PAHs

No federal ARARs or TBCs are available for these organic compoUnds in soil. Of the
PAHs and other organic compounds (e.g., naphthalene) detected in site soil, the Missouri
Department of Health has recently proposed the follo\ying levels for statewide consideration as

.safe· for soil in· residential settings: 17,000 mg/kg for anthracene; 0.44 mg/kg for
benz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene. benzo(k)fluoranthene, chrysene, and
indeno(1,2,3-ed)pyrene; 2,300 mg/kg for fluoranthene and fluorene; 230 mg/kg for naphthalene;
and 1,700 mg/kg for pyrene. These levels are exceeded at. one location on-site.
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2.2.2.5 PCBs

A standard f~r cleanup of soil following a spill of material containing more than 50 ppm
(mg/kg) PCBs is identified in the Toxic Substances Control Act. As part of site' characterization, '

, the PCBs were measured above this level at one location on-site. The standard indicates that soil
r • •• .

in areas of unrestricted access at which such a spill occurs can be decontaminated to 10 mg/kg
byweight by excavating at least 25 em (10 in.) and backfilling with material (:ontaining less than
1 mg/kg PCBs. Because the PCB contamination in site soil resulted from spills of material that

,occurred long before the effective date of these standards, they do not specifically apply;
" however, they could be considered relevant and appropriate. Thus, the excavated areas would
'be backfilled with soil containing less than 1mg/kg PCBs. Relative to the concentration in soil
that would be considered for excavation, the level recently proposed for statewide consideration
by the Missouri Department of Health as safe for soil in residential settings is 0.65 mg/kg. The
PCBs have been lIleasured ab<?ve this level in surface soil at several locations on-site.

2.3 GENERAL PROCESS FOR DEVELOPING SOIL CLEANUP CRITERlA

,

•I
!

Cleanup criteria (also referred to as risk-based remediation goals) can be defined as
concentrations for individual contaminartts that correspond to specific risk levels and hazard
indexes, and they are generally selected when ARARs are not available (EPA. 1991a). Criteria
were developed for the Weldon Spring s,ite by consider~g (1) the target levels for health effects •
'that EPA has identified to address exposures at NPL sites and (2) several factors that affect the
site-specific process for identifying cleanup goals for soil contaminants. These factors address
site-specific issues that include the nature of site contamination, the possible future uses 'of the
site, and the goal of reducing residual risks to levels below available standards.

2.3,1 Risk-Based Targets

Potential health effects ,resulting from exposures to radioactive and chemical
contaminant~ are divided into two categories - carcinogenic and noncarcinogenic effects. For
carcinogens, the EPA has identified a target range. for incremental risks of 1 x 10-6 to 1 x 10'"' 
or 1 in 1 million to 1 in 10,000 --:-'to limit the possibility that an individual could develop cancer
from exposures to residual contaminants at an NPL site (EPA 1990a). 'The range is used as a
point of reference for the risk estimates presented in this analysis. Fornoncarcinogenic
contaminants, the EPA has identified a hazard index of 1 as the level of concern for potential
adverse health effects associated with site exposures (EPA 198ge).

To prOVide some perspective for the following discussion, the process EPA follows to
make risk management decisions for NPL sites is presented here. As part of cleanup at NPL
Superfund sites, the EPA strives, to manage possible incremental cancer risks within the target
range with 1 x 10-6 'generally serving as the point of departure. For sites where the estiffiated
incremental risk is less than 1 x 10-4 and the hazard index is less than 1, action is usually not •
warranted. Furthermore, although the upper end of the target range is generally used to make
a risk management deci1;ion to determine whether a remedial action is necessary or warrant~d,
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the EPA does not consider 1 x 10-4 a discrete limit; that is, risks above that level may be
considered acceptable' on the basis of site':"specific conditions (EPA 1991b). For example; the
presence of radionuclides at the Weldon Spring site represents a somewhat unique condition
compared with typical Superfund sites for which the target range was originally developed. in
addition, factors other than the results of the site-specific risk assessment are ~ed to make the
final risk management decision - including the conservative assumptions applied to estimate
risks from possible exposures at the site and other health-based guidance available for certain
contamiilants. ' . . .

These considerations were incorporated into the development of soil cleanup criteria for
the Weldon Spring site. 1'he follOWing general principles for carcinogenic and noncarcinogenic
contaminants were applied to identify general risk-based objectives for remedial action at the
~~ -

• Exposures to radionuclides should be reduced to levels as far below health
based .criteria as can reasonably be achieved - as limited by the natural
presence of radionuclides i.ri soil. '

• Exposures to'carcinogenic chemicals should not result in a total incremental
lifetime risk to an individual of more than 1 x 10-6 to 1 x 10-4 - as limited
by the natural presence of chemicals in soil.

• Exposures to noncarcinogenic contaminants should not result in significant
adverse health effects to an individual, indicated by a segregated hazard
index above 1 - as limited by the natural presence of che~cals in soil.

• Exposures of biota should be limited to levels that are not associated with
significant adverse ecological effects, considering available criteria and
experimental and field data - as limited by the natural presence of
radiomiclides and chemicals in soil.

The methodology and assumptions used to estimate cancer,risks and noncar~inogenic.

effects from exposures to site contaminants are described in detail in the BA (DOE 1992a) and
are also discussed in Appendix E of this FS. The discussions in the remainder of this chapter
follow from these detailed analyses.

2.3.2 Land Use, Receptors, and Key Contaminants

Cleanup criteria' were developed for site soil by hypothetically assuming that
institutional controls might be lost at some time in the future. Because recreational and
-residential use are the most likely long-tenn land uses in the area, it was assumed that a
recreational visitor, ranger, or resident (including a resident farmer) could eventually occupy the
site. These' receptors r~present different combinationS of sitewide, location-specific, and area-

, specific exposures, so their'evaluation provides information for potential health effects associated
with a variety of exposures under the two likely future land uses.
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The development of health-based cleanup 'criteria for site soil focuses on the analyses •
for the resident and fanner. Thi~ approach pennits,various cleanup options to be evaluated on
the basis of maximum exposures, thereby assu,ring: that potentially significant contaminants are
not be overlcioked. It also 'permits a, more compr~hensive a'pplication of the ALARA process

, (Section 23.i.2). The application of cleanup cri,teria' for other receptors and land uses is
discussed in Section 2.5.

Evaluating the resident addresses the spatial variability of contaminants at the sitt; ,
because potential health effects were estimated for this receptor at each borehole loc::ation. The
farmer represents an extension of the typical resident and was indudedin this assessment for
'two reasons. First, the farmer would occupy an area that encompasses many boreholes; this
permits the application of an area modeling approach that has been developed for radiological
Cleanup criteria; the results of which can then bl~ applied on a location-specific basis. By
evaluating an area larger than that represehted by a single borehole, relatively Widespread,

. combined radioactive contamination can be addressed. A 4-ha (lO-acre) area that encompasses
Ash Pond and the South Dump was selected for this analysis because it contains the highest

.levels of contigUous radioactive contaminationand ,represents a reasonable location and size for
"a smaIl farm (Appendix E, Figure E.1). '

The farmer analysis also permits consideration of an additional pathway - ingestion'
of homegrown food. Although considerable uncertainty is associated with the estUnation
method for this pathway, the results can provide a qualitative indication of incremental impacts .'
that c~ be used as ancillaryinfonnatii:m in developing the cleanup criteria, Thus, results of

, both the location-specific analysis for the resident and the area analysisfor the ~er were used
to develop the radiological cleanup criteria.

Cleanup criteria for chemical contaminants were not, specifically developed from ,the
fanner-area approach because the key contaminants are present at scattered lo~ations and no
single area contains combined contamination as described for the radionuclides. Therefore,
results of the location-specific analysis for the resident provided the primary input to the

. development of chemical cleanup criteria because that analysis emphasized areas with organic
cO,ntaminants or, elevated concentrations of narurally occurring metals that could result in

", adverse health effects. Nonetheless, chemical exposures were quantified for the farmer to
,~: prOVide a comprehensive risk evaluation and address food ingestion. Results for this pathway
,~, ~ere considered as ancillary infonnation to support the development of chemical cleanup

, ! criteria, as described for the radiological analysis.
,f

To address contaminant variability in site soil and the differences in receptor exposures, .
, a staged approach was applied to develop the site-specific cleanup criteria and indicate areas for
. potential soil remediation. Under this approach, the key contaminants were evaluated separately
by first considering carcinogenic effects and then determining what additional criteria were
needed to ensure protection from noncarcinogenic effects. The four basic components of this

,approach are as follows: '

• For radionuclides, areas corisidered for remediation were identified from
the risks estimated for the resident and farmer, and contaminant-specific,
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criteria· were developed for uraruum-238, thorium-232, thorium-230,
radium-22B, and radium-226. Criteria wer~also determined indirectly for
uranium-235, protactinium-23L actinium-227, and lead-210 on the basis of
the criteria for the five principal radionudides and information from the
radiological source term analysiS for the site.

• For· carcinogeni~ chemi~als, areas considered for remediation were
identified from the risks estimated for the resident, and contaffiinant
specific· criteria were developed for the key contributors -:- arsenic, PAHs~
arid PCBs. Criteria were also developed for the carcinogenic nitroaromatic
compounds - 2,4-DNT, 2,6-DNT and TNT - to ensure that each of the
anthropogenic chemicals of concern would be considered and to address
levels. recently proposed for statewide consideration by the Missouri
Department of Health.

• For noncarcinogenic chemicals, areas considered for remediation were
identified on. the basiS of a segregated hazard index ·greater than 1
estimated for a resident. Contaminant-specific criteria were then developed
for the key contributors - arsenic;' chromium, thallium,· and uranium.
Cleanup criteria were aJsodeveloped for the nitroaromatic compounds to
address the anthropogenic contaminants of concern and the levels recently
proposed. for statewide consideration by the Missouri Department of
Health.

• For lead - for which toxicity values are not available to quantify a risk or.
hazard index - areas considered for remediation were developed on the
basiS of the criterion determined from a site-specific application of the EPA
biokinetic/uptake model. The level recently proposed for statewide
consideration by· the Missouri Department of Health was· also addfessed.

•

The results for each of these components were then integrated to iqentify target areas
for cleanup and estimate health effects that could be associated with site exposures to residual
contamination. The intent of thiS stepwise approach was to identify cleanup criteria that would
be protective at all locations, considering different health effects and contaIninailt overlap. For
example, both carcinog~cand noncarcinogenic health effects are associated with arsenic and

. uranium. By developing cleanup criteria on the basis of carcinogenic effects first, with an
ALARA analysis for each contaminant, the resulting target levels can then be assessed to
determine whether they also provide protection fro~ noncarcinogenic effects so that separate
criteria are not developed on the basis of the. two different health effects. .

In the final stage of thiS stepwise process for developing cleanup criteria for site soil,
potential ecological effects were evaluated to determine whether the criteria that had been
developed on the basis. of protecting h~an health would also be protective of environmental
resources. On the basis of the ecological assessment in the BA (DOE 1992a), no significant
adverse ecological impacts are expected to result from exposure to either the radionuclides or
chemicals in soil at the!lev~ls indicated for protecting human health from the fir~t stages of the
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process: That is, the health-based cleanup criteria developed: for site soil an~ also ,expected to be .
protective of the environment. For this reason, the remainder of this discussion focuses on the
development of those criteria.

2.3.3 The .ALARA Process

The goal of O,OE's ALARA process is to 'reduce exposures and risks associated With
residual contamination as far bel()w protective criteria as can reasonably. be achieved. In .
applying the ALARA process to the Weldon ?pring site, the two factors that are addressed for
developing cleanup criteria -:- environmental standards and protectiveness (determined from
site-specific risk estimates) - are combined with technical, economic,~and social considerations
in order to identify various levels .0£ risk re~uction that might be achieved.

. . .' .

The ALARA process includes both a planriing component and a field component. The
discussion in·this chapter constitutes ~e first component, in which ALARAgoals are estimated
for residual soil containination across the site on the baSIS of hypothetical exposures. This initial
analysis will be Used to support the implementation of ALARA in the field during excavation
activities, at which time additional contammation might be removed below levels that have been
determined from the planning.phase,where this can reasonably be achieved depending on
specific field conditions.· ...

•: I,

The site-specific nature of this analysis cannot be overemphasized. Applying the •
ALARA process at another site, with different contaminant conditions and likely exposUre
scenarios, would be expected to produce different results. '

.j"

2.3.4 .E££ects of Background

, Information. for local background was incorporated into the development of health
'.based cleanup criteria so estimated effects from exposures to site contaminants could be
,considered in the context of effectS associated with natural levels of thes~ contaminants. For
radionuclides, soil was sampled at several off-site, locations that have not been affected by site

'l!--releases (Section 2.3.1 of U:ie BA). The off-site location that was evaluated for chemicals covers
,~30 ha (70 acres) and is located ,about 1.6 to 2.3 km (1 to 1.4 mi) east of the site along State

.~Route 94. This area was selected because it contains soil and vegetation similar to the site.and
it is not affected by surface runoff or other releases from either the site or the adjacent Army
property (MK-Ferguson Company and Jacobs Engineering Group 1988).. It also represents a
potential source of ~contaminatedborrow soil that would be'used to backfill excavated areas
of the site as part of the current remedial action (and also to construct the cover of the disposal

"cell, if on..:site disposal were a component of the selected remedy).

For radionuclides, incremental risks estimated for a resident on-site exceed the upper
limit of EPA's target range (1 x 10-4) at-most locations: However, the..:risks ·associated with
natural levels of radioactivity also greatly exceed thiS limit. Therefore, .rather than comparing _Ii
site risks to the standard target range to identify areas for remediatioD, a more appropria~e

.... .
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benchmark for the radioactive contaminants is the risk for a resident or farmer from exposures
to soil at an uncontaminated off-site location. Because .local soU would be used to backfill areas
excavated on-site, the risks for future- receptors at remediated areas would be represented by
those estimated for exposures to background soil. The background radiological risk for these
two receptors is about 3 x 10-3, which is 30 times higher than the upper end of EPA's target
range for NPL sites. Therefore, the incremental risks associated with the radionuclides present
at the Weldon Spring site cannot be reduced to EPA's target levels because these radionuclides
are naturally present in background soil at concentrations associated with much higher risks.
That is, because natural variability in background levels wo~d also result in risks much higher
than the target range, an increment that would represent a small fraction of this variability
would be indistinguishable from the background risk level.

At the time EPA was developing target risk levels for NPL sites, hazardous chemicals
from industry were the major concern, and risks couIp truly be conSidered incremental above
background for many of these chemicals because they were typiCally anthropogenic (i.e.,
generated by man rather than occurring naturally). In contrast, the key contributors to risk at
the Weldon Spring site occur naturally in soil. For this reasori,the ALARA analysis was applied
to the radionuclides at the. site to determine how far below current levels they could be reduced

< ..

. toward background, considering technical practicability.

The issue for chemical risks is similar, although the magnitude of the background risk
is lower. The risk associated with average concentrations of metals in soil at the uncontaIJ:tinated .
off-site .location exceeds 3 ~ 1O-5~ which is considerably higher than the 1 x 10~ "point of
departure" identified by the EPA for NPL sites (EPA 1990a). Natural variability is inherent in

, the environmental levels of metals; the risk associated with the 95% upper confidence limits on
the arithmetic average concentrations (the ~5 values) of metals at the backgroUnd location is

. 5 x 10-5, and the risk associated with the upper bound concentrations of these metals - i.e., the
arithmetic mean plus two standard deviations - approaches the limit of E!'A's target range..
This background risk results primarily from exposures to arsenic. (The concentration of this

. metal in local soil is well within the range reported for agricultural soil in Missouri [Tidball
1984]). Thus, the natural presence of arsenic in soil interferes with the attempt to reduce
incremental risks for the Weldon· Spring site to levels within EPA's. target range.. This
emphasizes the importance of considering background constraints in developing cleanup criteria
for site'soil; otherwise; areas targeted for excavation might be backfilled with soil for which

.' associated risks could be evim higher. For this reason, an ALARA analysis was also conducted
for certain chemicals at the site to determine how far residual risks could be reduced below
,current levels toward background, considering technical practicability and the risks associated
with the backfill material.

For noncarcinogens, the hazard index for a resident associated with average background
concentrations of metals in the area of the Weldon Spring site is less than 1, but the hazard index
associated with the upper bound concentrations exceeds 1. Therefore, it is possible that noncar
cinogenic health effects could also be associated with local soil that would be used as backfill.
To address this issue, an ALARA analysis was also conducted for the primary contributors to
potential noncarcinogenic health effects.
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2.3.5 Subsuiface Contamination

'.
Subsurface contantination was an additional factor considered in developing health-

based cleanup criteria.for the Weldon Spring site because contcuni.nation extends below the
surface in certamareas. AnalySes of surface and subsurface soil (up to 4.6 m [15 ft]) at the off
'site background location did not identify any trends, indicating that the 'concentrations of
naturally occurring metals do not generally differ with depth for the soil types common to the
site area.

;. Results of the site-speemc risk assessm~ntsfor the resident and fanner ~ere used as key
"input for developing soU cleanup criteria. These assessments generally focused on exposures
to contaminants in (or dispersed from) surface soil, except for indoor radon. It was assumed that
radon gas would be generated from subsurface radium and would enter a structure through the
basement or foundation slab. Other subsurface contamination was' addressed by separate
analyses to enSure that levels remaining at the site would be reasonably protective under future
scenarios that could involve exposure to contaminantS that are currently buried.

.. . .

The general issue of subsurface contamination was addressed by tWo different analyses.
. For the first analysis, a remstribution scenario was evaluated in which it was .assumed that
subsurface soil was excavated (e.g., for abasement) and then redistributed on the surface at that
location, such that an individual (e.g., a resident) coUld be exposed to previously buried
contaminants now present in surface soil. For the second analysis, screening-level calculatio~
wereconducteci to estimate groUndwater concentrations that could result from soil leaching and
to assess potential health effects if that groundwater were ingested~ . .

;.2.4 CLEANUP CRITERIA FOR SITE SOIL

2.4.1. Radioactive Contaminants' '.

The radionuclides present at the Weldon Spring site belong to the uranium-238,
uranium-:235, and thorium-232 decay series. A radiological source term analysis was performed
to detennine the relative concentrations in site soil of the .radionuclides in these three decay

f series (see Section 2.3.2.1 of the BA for additional discussion of this analysis). The resUlts of the
.' source term analysis indicated that soil cleanup criteria should be developed for five of t:l1ese
. radionuclides - uranium-238, thorium-232, thorium-230, radium-228, and radium-226.

i.
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The source term analysis indicated that the concentrations of all radion\lclides in the
uranium-235 decay series are essentially equal to:that of uranium-235 (the concentrations of the
two major radioactive de~ay products in this series --:- actinium-227 and protactinium-231 - are

.actually lower than that of uramum-23S [see Table 2.3 of the BA]). The vast majority of uranium
processed at the site was natural uranium, in which the activity concentration of uranium-238
to Uranium-23S is 1.0 to 0.046. Hence developing a cleanup level for uraniWIl-238 will indirectly
establish levels for uranium-23S, actinium-227, and protactiniwn-23l. The doses associated with. •.
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these'radionuclides were incorporated in the development of potential cleanup criteria for,
uranium-238.

Of the remaining five major radionuclides (i.e., lead~21O, radium-226, radium-21S,
'thorium-230, and thoriwn-232), cleanup critena 'were developed for, all but lead-lIO. ' This
approach is consistent with EPA guidance to apply the model that has been developed for lead
to determine a site-specificcleanup concentration; this application is discussed in Section 2.4.2.3.
The radiological dose assoiiated with lead-210was mcorporated into the development of cleanup
criteria for radium-226. This approach is supported by the results oithe radiological source term,
analysis, which indicate that the concentrations of lead-210 are the same a's those for radium-226

"in site soil. ,For radium and thorium, the available ARARs and 'mes (Section 2.2.1.1) were
considered the upper limits that would be met for residual levels in site soil. The prefur4nary
ALARA analysis was then conducted to determine how far below those levels the residual
concentrations could reasonably be reduced, considering technical practicability and site-specific
conditionS regarding the nature of the contamination. For radium-226,the risks associated with
-inhalation of radon-222 were also factored into the development of cleanup criteria. - ,

From the' rebaseline risk, assessment (Appendix E), the estimated incremental
radioiogical risks to a resident at the site in the absence of remedial action range from 1 x 10-6

, to 9 x 10-2 (Table E.9); the median risk is 2 x 10-4. -This risk is largely due to the inhalation of
- radon-222 decay products arid external gamma irradiation from raditIDt-226 (fable E.I0). Hence,
the development of radiological' cleanup criteria focused initially on this radionuclide. For

: comparison, the combined risk from external gaffima irradiation, incidental ingestion, and
, inhalation for a resident at the background location is ,estimated to be 3 x 10.3. Therefore, the

development ofradiological cleanup criteria for the site is less an issue of determining acceptable
concentratio,ns of radionuclides in soil than it is an issue of determining the ability to clean :up
the site to levels as low as reasonably achievable. These levels are based on considerations of
cost, waste volumes, and sampling instrument senSitivities. To address overall protectiveness,

-a "post-deanup" assessment was conducted to estimate radiological risks associated with the
indicated cleanup criteria. The results of this assessment are discussed in Section 2.4.1.3.

Technical constraints, incremental exposures, and cost effectiveness were considered in
developing the radiological cleanup criteria for site soil. TI1at is, the ALARA analysis considered
the ability of standard instruments to determine contaminant concentrations in the field and at

. what value th~ increased cost associated with further reducing th~ residual concentration would '
not be offset by a commensurate reduction in incremental risk. ..

Two key factors affect the ALARA analysis for the Weldon Spring site that wo~ld not
necessarily be relevant for other sites. First, the levels of radionuclides in soil at most locations
-are relatively low, so the 'areas at which an iterative ALARA analysis would be applied to
further reduce elevated concentrations are limited; also, most areas do notcontain appreciable
subsurface contamination, so the ai,feded volumes are generally small. Second, the amoWlt of

.. contaminated soil at the site is a small traction of the total volume of contaminated material
being addressed by this remedial action, arid -the concentrations ·of radionuclides in the larger
volume of other waste (especially the raffinate pit sludge) are much higher. 11tis means that ..
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potential differences in health effects from exposUres during the action period associated with
excavating and, handling the incremental volumes of soil to achieve alternative cleanup levels
would be insignificant. '(The Same is true for chemical contaminants.) ,'Therefore, the overall
iIripact associated with excavating ,sOil contaminated with relatively lowJevels of radionuclides
(and chemicals) to attain the range of residual concentrations'developed from an ALARA
analysis 'would be minimal, considering factors such as time, ,cost, and worker exposures.

2.4.1.1 Radium 'and Thorium

•
- I

1
j

I

•

The ARARs and TBCs a~ailiible for radium and thorium translat~ to cleanup targets of
6.2 and 16.2 pCi/g for surface and subsurface soil, respectively, includir:lg background. Those
levels are exceeded in site soil at17 locations for radium-226, 15 locations for radium-228,' and
21 locations for thorium-230. Having establish~d the "starting points" for radium and thorium,

'a two-part ALARA evaluation was conducted to deteriniiie reasonably achievable risk-and
technology-baSed levels below: those limits. The, fust part addressed the surface limit, and the
major considerations for this evaluationwere field- tind laboratory-related technical issues - i.e.,

. how limitations related to field sampling, verification, and instnunentation (counting error)
S would affect the ability to distinguish between a residual contaminant level and, the background
'concentration, which would be the lowest level attainable. Also considered were the risks
,associated with the residual soil contamination cu:\d the costs associated with re~ediatingthe site,
,to various levels.

. lbis evaluation focused on radium-226 because related risks are: the highest of the four,
isotopes (i.e.,radium-226,radium-228, thonum-230, and thorium-232), primarily because of the. '
risk associated with inhalation of radon-222 decay products.' Computer simulations were

<l. pedonned to evaluate the ability to confimi. that remediated areas were indeed clean, i.e., that
the concentration averaged over a 100-m2 (1,100-~) area was below a predetennined level. Two
errors can resUlt from sampling an area to determine complianc~",~itha concentration stand.ud:

; (1) it can be mcorrectly concluded that a clean area needs further remediation or (2) it can be
incorrectly concluded that a contatninated area-is clean. Obviously, the second error is much
more Significant and should be avoided. To mlnimize the likelihood of such an error, field
activities can target a level below the actual standard to effectively ensure that this level would
be met. The results of a statistlcalana1ysis for the Weldon Spring site iridicate that targeting the
field. activities to a concen~t1onof 1 pCi/g below the residual limit would ensure at a 95%

," confidence level that the limit would be achieved:'(MK-Ferguson Compat).y and Jacobs Engineer
ing Group 1991b).

A: practical consideration in estab&~g cleanup levels is the cost associated with •
verifying, that the standard ,has 'been met.. Field ,instruments are 'able to reliably detect

? radium-226 concentrations of 5 pCi/g and possibly 4-pCi/g. Lower concentrations require the
collection of field $CUl\ples for analysis in a chemical laboratory. Such a procedure is costly
because of the time and effort associated with the laboratory analysis and, more importantly, .
because clea;tupactivities would have 'to be delayed Wltil the results of the analysis were .•'
received. Also, a cleanup level below 4pCi/g would likely result in the removal of substantial
amounts of clean soil because· of the difficulty associated with distinguishing from the

II,

, '
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• background level in the field, which would increase the cost of remediation without reducing
risk. On the basis of these practical considerations,.the field target for radium-226 was identified
as 4 pCiIg induding backgroUnd. . .

The risk to human health associated with residual radium-226 at the site was evaluated
by estimating the potential risk to an individual who would move on-site and establish a small
farm at the Ash Pond area (MK-FergUson Company and Jacobs Engineering Group 1991b). The
ALARA goal for radium-226 detennined from this analysis is 5 pCiIg including background.
This level corresponds to the field target of 4 pCi I g including background, which would be
applied during cleanup activities. That is, contaminated soil would be removed until the
residual concentration was 4 pCi/gor less, as determined by field instruments. This would
ensure at a 95% confidence level that the limit of 5 pCiIg was attained across the site.

The second part of the ALARA evaIuation addressed subsurface contamination. The
focus of thiS assessment was the volume of radium,ontaminated soil at depth, which is very

.small because soil contamination at the site is primarily surficial. On the basis of this site
specific factor, it was det~nnined that the surficial goal of 5 pCiIg could also reasonably be
applied to subsurface corttaminati~n (MK-Ferguson· Company and Jacobs Engine.ering Group

. 1991b). The ALARA goal of 5 pCi/g, including background, is also considered appropriate for
•,l the other three radionuclides because of the very low volumes of soil contaminated with.
".. radium-228, thorium-230, and thorium-232. This site-specific ALARA consideration would .

. . probably not be relevant at other sites.· . .

2.4.1.2 Uranium

Uranium-238 is the priinary radioactive contaminarit in site soil. Characterization data
indicate that low-level contamination with this radionuclide is widespread and is distributed
predominantly in the upper 0.15 m (0.5 ft) of soil. A few localized areas of relatively high
concentrations occur at greater depths, e.g., at the dump areas and around some of the chemical
plant buildings~ No ARAR or TBe is available for uranium, so the cleanup target was derived
solely from the ALARA analysis. A.range of residual levels for uranium-238 was considered to
evaluate incremental risk reductions associated with excavation options, factoring in related
excavation volumes and costs.

The RESRADcomputer code, which implements the methodology prescribed in DOE
Order 5400.5 for determining residual radioactive material guidelines (Gilbert et al. 1989), was
used to evaluate residual concentration .limits for uranium:. Potential doses and risks from
existing contamination and various residual levels were estimated on the basis of site-specific
data. The Ash'Pond area was selected for this evaluation on the basis of its relatively high levels
of radioactive contaminatio~, and pot~ntial risks were estimated for an ,individual who would
move on-site and establish a small farm area. The pathways evaluated in this analysis were
external gamma irradiation, inhalation of contaminated airborne particulates, ingestion of
radioactively contaminated soil, ingestion of plant foods grown in radioactively contaminated
soil, ingestion of meat and milk from livestock fed with radioactively contaminated fodder and

. water, and. ingestion of drinking water from a nearby well.
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Best-estimate values for the average uranium concentration in soil, and the associated
area and thickness of the contaminated"zone were estimated with the kriging method: In
kriging, radionuclide .concentrations are estimated with a regular-spaced mesh, which is then
contoured to obtain profiles of constant concentration. The radionuclide data were krigedand.
contoured in 0.3-m (l-ft)incrementallayecs to a depth of 1.5 m (5 ft). The results of this kriging·
assessment were refined to account for physical: features at the site such as buildings, roads,
topography, and drainages that would affect the distribution of uranium in site soil. . The
average uranium concentration in this area was then calculated by areal weighting; the average
concentration estimated for uranium-238 by this method is 190 pCi/g, and the estimated average
thickness of contamination is 1 m (3 ft). The maximum annual dose to a farmer from exposures
associated with existing con~tions at the Ash Pond area is estimated to be 42 mrem/yr. By
applyin~ the EPA risk factor of 6 x 10-71mrem (EPA 1989g), this dose corresponds to an annual
risk of 3 x 1O-5/yr. External gamma irradiation contributes almost 60% of the total dose;·
inhalation ofcontaminated particulates and ingestion ofcontaminated garden produce contribute
.16 and 12%, respectively. The contribution from ingestion of contaminated milk, meat, and soil.
together is less than 15%. This radiological dose is predicted to remain relatively constant oyer
hundreds of years but, as material slowly erodes away, the dose will gradually decrease..

The RESRAD computer code was also Used to calculate the reduction in dose associated .
with four residual concentration levels of 120,60,30, and 15 pCi/g for uranium-238. Estima~ed

. sitewide excavation volumes ·required to meet these levels were deteI'IIlifled by the kri~g

method. Associated costs were calculated on the basis of an estimated $72/m3 ($55/yd3) of soil;
this value includes the cost for excavation and disposal cell. activities, including waste
emplacement. To realiStically address the meanS by which th.ese concentration levels would be
achieved in the field, it was assumed that. contaminated soil. would be excavated until the. .
prescribed level was met, and the excavated area would then be backfilled with dean soil. This .
differs from the modeling approach used to evaluate residual conc·entration limits for radium-226
because the dose reduction attributable to backfill -.yas not included in that analysis. Backfill.
would not significantly reduce the dose attributable to radium-226 to a someone liVing on-site
becaUse much of the dose would be associated with indoor radori that would enter the house
from subsurface soil. This issue is not relevant to uranium-238.

. . Removing soil to achieve a residual con.centration of 120 pCi/g for uranium-238 and
.~ backfilling the excavated areas with approximately 0.15 m (0.5 ft) of clean soil would decrease
';. the maximum annual dose to about 20 mrem/yr. This maximum annual dose would occur

about 400 years in the future after most of the clean cover soil had eroded away. To achieve this
level of residual uranium, about 8,100 m3 (11,000 yd3) of soil would require excavation at a cost
of $580,000. Without backfill, a residual concentration of 120 pCi/g would result in an annual
dose of about 25 mrem/yr inunediately followmgdeanup. Removing soil to achieve a residual

~ .concentration of 60 pCi/g and backfilling with .0.3 m (1 ft) of clean soil would resUlt in a
. maximum annual dose of 6.7 mrem/yr, which would occur about 800 years in the future.

·Kriging provides a best-estimate statistical representation of ~e data. Soil concentrations were
interpolated onto grid intersections with the kriging algorithm, which applies a weighting scheme that
minimizes error and variance, to provide an estimate of the concentration at unmeasured locations, .
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Approximately 20,000 m3 (26;000 yd3) of soil would have to be remov~d to achieve this level,
'and the cost would be about $1.4 million. Further excavation to achieve a residualconcentration

of 30 pCiIg and backfilling the excavated areas with 0.6 m (2 ft) of clean soil would reduce the
maximum annual dose to 1.5 mremlyr, which would occur 10,000 years in the future after most
of the contamination would' have leached to groundwater. For comparison, a residual
concentration'of 30 pCiIg, assuming no backfill, would result in an annual dose of 6.7 mrem/yr
immediately following cleanup. To achieve this level, approximately 28,000 m3 (37,000 yd3) of
soil would have to be removed, and the cost would be about $2.0 millioIi ' Continuing cleanup
to a level of 15 pCi/g would further reduce the maximwn annual dose to about 0.38 mrem/yr,
which would also occur 10,000 years in the future. In reducing the residual concentration from
30 to 15 pCi/g, the net reduction in dose is about 1.1 mrem/yr (which would occur in the
distant future) but the total volume of soil removed and the resultant cost would increase by,
50%.

The cost estimates provided in this analysis do not include the cost associated with
verifying that the remediation standard is met. The cost of soil remediation would increase
significantly if it \Vere necessary to conduct laboratory analyses on soil samples. Field
instrum~nts are able to detect uranium-238 concentrations at a level of 30 pCi/g, but:a level of
15 pCi/g would necessitate collection of soil samples for laboratoryv~rification. This ""ould
increase the costs significantly above those presented.,' On the basis of this analysis, th~ cleanup
target for uranium-238 is 120 pCi/g. Without backfill, this residual concentration would result'
in an annual dose of about 25 mrem/yr, which has been identified by the EPA as an acceptable '

, dose limit for managing uranium and thorium by-product material. Considering the possible
net reduction in dose, adCiitional cost, and technical limitations associat~d with further reducing
this residualle:vel, a site-specific ALARA goal of 30 pCi/g was established for uranliun-238.

,2.4.1.3 Post-Remedial Action Radiological Assessment

To evaluate the protectiveness of the cleanup criteria developed' for the site, both
sitewide and location-specific analyses were conducted to assess pptentialriskS for future
receptors from exposures to residual radionuclides. The site-specific residual concentrations that
are expected to be achieved were used for this post-cleanup assessment, i.e., it was assumed that

, the concentrations of radium-226, radium-228, thorium,;,230, and thorium-232 would not exceed
5 pCi/g (including background), and the concentration of uranium~238 would not exceed
30 pCi/g. '

The location-specific analysis addresses the variability of radioactive' contamination at
the site, and it provides a realistic assessment of actual conditions. On-site locations that exceed
the ALARA goals Were assumed to be excavated and backfilled with uncontaminated soil from
a local ba'ckground area. The scenario assumptions for this analysis wer~:the same as those used.
to estimate riskS for each 'receptor in the rebaseline assessment. The exposure point concen.,.
trations used for this assessment were the new sitewide U~5 values for the recreational visitor
and the new location-specific concentrations for the resident and ranger; these modified exposure
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point concentrations account for the changes associated with replacing contaminated soil with •
uncontaminated backfill a.t those areas for which excavation is indicated.

.·For the resid~t, the incre~ental risk follqWing site cleanup would' range from 0 (i.e.,
background) to 6 x 10-3, with a median of 8 x 10-'6 across the,site. Locations at which the risk
wotdd exceed 1 x 10-1 are generally those areas a't which the radium-226 concentration slightly

.. exceeds the background concentration of 1.2 pCiIg. The fad that an incremental concentration
. of 0.075 pCiIgcorresponds toa risk of ~ x 10-4 indicates the difficulty associated with meeting
'~EPA's general target risk range for a residential scenario at the site.
',.,. .

~' . For the recreational Visitor, the incremental risk from sitewide exposures was estimated
to be 7 x 10-6. The incremental risk for the ranger varies from 2 x 10-5 to 2 x 10-4, with a median
of 2 x 10~5; the median and low end of the range are the same because outdoor (sitewide)
exposures dominate the combined risk from indoor and outdoor exposures at most locations.

Potential leaching from soil to groundwater was also as?essed forradionuqides Under
post-cleanup conditions. to provide a preliminary indication of the potential impact to future

'. ~receptors in the event that groUndwater in the shallow aquifer was used as drinking water. For
this assessment, the new U~5 values for radionudides in' sitewide soil were used to estimat~

leaching to groundwater with the methodology described in Appendix E (Section E.4.1.3).' The
incremental risk estimated for a resident from drinking water ingestion, assuming an infiltration
rate of 5 cm/yr (2 in./yr), is 2 x 10-5; approximately 40% of this risk is from lead-210. For'
comparison, leaching was also modeled with background soil concentrations.. The estimated risk
from ingestion of drinking water at the off-site background location is 5 x 10.5. Based on these
results, the radiological cleanup criteria are expected to be protective (If groundwater. Although

. this is a preliminary analysis, it is intended to be conservative (the uncertainty associated with
". this analysis.is discussed in Appendix E). Additional analyses will be conducted to address'

groundwater as part of the future· groundwater operable unit. .

The results of the post-deanup assessment for radiortuclides were also used to assess
compliance with the envIronmental standards and guidelines identified in section 2.2.1. The
annual dose limit of 25 mrem/yrabove background identified by the EPA would be met for
recreational use of the site but this limit would not be met for residential use at approxiinately

:':: 10% of the soil areas. Theel~vated risk estimates for those areas result almost entirely from
-, exposures to the estimated levels of indoor radon~ which would be generated by the residual

radium in soil (entering th,rough the basement or foundation slab). However, the EPA has
separately identified an acceptable level for indoor radon of 4 pCi/L (EPA 1992), and the indoor
radon concentrations associated with the cleanup target and goal for radium are expected to be
at or below this level at all site locations. The incremental outdoor radon concentration is

" estimated be less' than 0.1 pCi/L, and the estimated annual dose from inhalation of airborne
particulates is less than 10 mrerri./yi- at all locations. Hence, standards for radiation exposure
from the air pathway would be met by the cleanUP criteria for all scenarios.

I,
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• 2.4.2 Chemical Contaminants

The estimated risks and hazard indexes presented in this section are for a hypothetical
resident who was assumed to be equally likely to live at anyone of the individual borehole
locations on-site. The incremental (and total) risk for a resident exceeds 1 x 104 at about 20 site
'locations contaminated with arsenic, PAHs, or PCBs; individual cleanup criteria were developed
for each of these contaminants. At most of the remaining locations, the total risk ranges from
about 1 x 10-5 to 5 x 10-5 compared with an average background risk of 3 x 10-5, so the
incremental risk is within or below the target range at most locations. In general, the cuInulative
frequency distributions for metals in site soil parallel the corresponding distributioris at the
nearby background location.· Because the total estimate is generally dominated 'by the contri
bution from naturally occurring metals, the incremental risk associated with many site locations
is small. No measurable incremental risks are indicated for any metal other than arsenic (for
which the background risk is comparable to that estimated at most site locations).

•

•

For noncarcinogens, four metals were identified as contributors to a segregated hazard
. index above 1 (this level was exceeded at 14 locations) - arsenic, chromium, thallium, and
uranium. Specific criteria were developed for these contaminants to limit the potential for
noncarcinogenic health effects. The protective levels for arsenic and uranium were detemuned
in conjunction with the development of criteria on the basis of risk. Except for lead - for Which
a separate analysis was conducted - results of the site-specific health assessments indicated that

. individual cleanup criteria \yere not warranted for any other contaminants. Foruranitim, the
hazard quotients associated with the range of cleanup criteria eValuate.d on the basis of
radiological risks - 120, 60, 30, and 15 pCi/g - are well below the le~el of concern for
noncarcinogenic effects. Therefore, no furtherconsideration was indicated for this contaminant.

The development of cleanup criteria for the key chemical contaminants in sUrface soil
. is presented in Sections 2.4.2.1 through 2.4.2.7. In determining how to apply those criteria

developed for surface soil to cleanup targets for subsurface soil, two major factors were
considered: the nature of the contaminant relative to its potential for leaching to groundwater
and the likelihood of the soil redistribution scenario.

Leaching is not a primary consideration for metals because site concentrationS are
generally similar to those at the nearby background location, except for lead. (Lead has been
detected at high concentrations in subsurface soil at two locations. Because'these levels were
measured within 3 m (10 it) of the surface, those locations were addressed as part of the soil
redistribution scenario in that modeling analysis.) No trend is evident from a comparison of
surface and subsurface concentrations either on-site or off-site, indicating that the distribution
of metals' on-site reflects natural variability. Results of the screening-level calculations for
leaching of metals from sitewide soil are generally simiiar to those for the off-site background
location, which were compared with available data for local and regional groundwater.

Of the organic compounds, PAHs and PCBs are generally immobile in soil and their
persistence is controlled more by biodegradation or surface processes than by leaching (see
Appendix E Of the BA[DOE 1992aJ). In addition, the levels reported for subsurface soil ate
relatively low, e.g., about 1 mg/kg or less. Screening-level leaching calculations for these
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compounds result in groundwater concentrations that are associated with a carcinogenic risk or ' •
hazard index lower than EPA's target levels f!om a daily intake of2 L/d for a resident scenario.'

,Therefore, n? adverse, health effects are expec:;ted from leaching of PAHs or PCBs to
, groundwater:

Nitroaromatic compounds 'are also subject to biodegradation, but leaching is considered
a factor for the scattered pOCkets of subsurface contamination that remain at the site., Subsurface
concentrations at most locations range ,from less than r to 3 mg/kg; TNT has been measured at
:!lbout 30 mg/kg in two locations within 1.8 m(6 ft) of the surfac~. On the basis of screening- ,
jevel calculations for leaChing to groundwater, if an individual were to ingest 2 L of water from
the shallow aquifer directly below those locations for ,30 years beginning at that point in the
future when the leached TNt reaches the aquifer, 'the carcinogenic risk and hazard index woUld
exceed EPA's target levels (Appendix E, Tables E.19 and E.20). However, as the nitroaromatic
compounds leach from the soil, the concentrations would decrease over' time. ,To be
conservative, no adjustment was made in these screening-level estimates to account for such
attenuation. In addition, assuming anulmtration rate of either:~5 or 13 cm/yr (2 or 5 in./yr),
these compoundswould be expected to undergo some biodegradation during the estimated time
,of vertical transport through the vadose zone.' Also, once the contaminants reach the water table,
they would be subject, to thre~ensionaldispersion and adsorption. along the flow ,path, so
the actual groundwater concentrations for a hyp'othetical future resident cou~d be lower than

,those estimated froin these preliminary calculations. Furthermore, uncertainty factors ranging
from 100 to 3,000 have been incorporated into the reference doses used to estimate •
noncarcinogenic health effects, from these compounds. Finally, for comparison, applying the
same assumptions to background levels of arsenic would also result in a risk and hazard
quotient (and mdex) above EPA's target levels. Nevertheless, the potential effect of leaching will

;be incorporated into the definition of target areas for nitroaromatic compounds for consideration
during the field application of ALARA

, Additional characterization isplanried for the physical and geochemical properties of
the sitesubsurfuce to support the groundwater operable unit, and, these new data will be used

, , to refine the preliminary leaching calculations' in this FS. Any signlficant change to the
estimation of potential future health effects as a result of leaching will be incorporated mto the

:' RI/FS for the grow\dw~ter operable unit to be p~eparedwithin the next several years.
'"

'J , The soil redistribution scenario addresses the possibility that an ,individual might,
~onstruct a house on-site some time in the extended future, excavating soil to a depth of 3 m
(10 ft) for a basement and redistributing this soil on the surface for a yard. Theconcentrations

. assumed for soil contaminants in this analysis represented weighted averages from reported data
that were often biased high; so the concentrations would probably be lower. In addition, it is
not very likely that the excavated soil alone would represent the entire surface to which someone
could be exposed. For example, it could be equally reasonable to assume that this soil would

.. make up 10% of the yard surface, in which case the estimated health effects would decrease by
a factor of 10. '

•
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An additional consideration that affects both surface and subsUrface cleanup criteria is
the conservative assumptions that have _been incorporated into the general methodology for.
estimating health effects. The assumptions used for intake parameters and toxicity values mthis
assessment tend to overestimate potential health effects (see Section 5.6 of the SA [DOE 1992a])..
Intake values generally repr~sent the 95th percentile of the distribution for each parameter, and .
combining these values to assesS agiven scenario will result in an even higher percentile for the

. -
overall exposure. Similarly, the slope factor used to estimate a chemical carcinogenic risk is
typically the upper 95% confidence limit of the probability of a response determined from labora
tory eXperiments with animals, so the "true risk" to humans estimated from this conservative
approach is likely to be lower. In parallel, the uncertainty factors that have been incorporated
into the reference doses used to quantify potential noncarcinogenic effects probably_ result in an
overestimation of the hazard quotients and indexes. These issues were considered in identifying
cleanup criteria for soil from the results of the site risk assessments.

On the basis.of the .redundantly conservative factors used to estimate health effects; the
subsurface cleanup criteria are taken to be 10 times the levels that were developed for surface
soil, except as otherwise noted in the follOWing discussion. The development of soil cleanup
criteria for arsenic, chromium, lead, thallium, PAHs, PCBs, and nitroaromatic compounds is
presented in Sections. 2.4.2.1 through 2.4.2.7..

2.4.2.1 Arsenic

Arsenic represents the limiting factor for determining appropriate residual levels for·
chemical risks at the site. That is, restoring excavated areas of the site With local borrow material
could result in a new risk at the "remediated" location that exceeds 1 x 10-4, considering the
natural variability of arsenic in off-site soil.

The Missouri Department of Health (1992) recently proposed a level of 11 mg/kg for
.- arsenic in soil at residential areas, which is slightly less~ the arithmetic mean concentration

iri uncontaminated- soil off-site. ATsenic concentrations at the background location range from
1 to 33 mg/kg~ with an upper bound of 26 mg/kg. The concentrations reported foragrie:ultural
soil in Missouri range from 2.5 to 72 mg/kg (Tidball 1984). By applying the same assumptions
made for the on-site resident to the off-site location, the risk associated with the upper end of
the range for arsenkin background soil exceeds 9 x to°S, which is nearly at the upper limit of
EPA's target range. Risks associated with natural levels of arsenic in similar soil throughout
Missouri would probably exceed the target range.

A comparison of the cumulative lognormal frequency distributions for arsenic on-site
and off-site are quite similar, with slight variances at each end (Figure 2.2). That is, arsenic
levels at the site follow the-same general distribution pattern as at the local background area
except for a small number of elevated values. The maximum concentration of arsenic measured
in surface soil at the site is 81 mg/kg, and the maximum measured at any depth (Within 1.2 m
[4 ftl of the surface) is 133 mg/kg; the concentration exceeds 45 mg/kg at several surface
locations, one of which was indicated for deanup on the basis of the radiological cleanup criteria.
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FIGURE 2.2 Cwnulative Lognonnal Frequency Distribution for Arsenic in Soil

From that point, the number of locations in subsequent concentration increments increases
considerably, and no obvious· break point is evident from the gradually decreasing values
reported below that level. '

On the basis' of the site-specific risk analysis for a resident, a level of 45 mg/kg
corresponds to a hazard quotient of less than 1 and a risk of 1 x 10-4, which is slightly higher
than the risk associated with the upper end of the distribution for arseriic in off-site soil. A level

. of 75 mg/kg corresponds to a hazard quotient: of less than 1 and a risk of 2 x 10-4; the
incremental risk associated with this level would be about Ix 10-4.

The preliminary ALARA analysis for arsenic indicates that levels might be reduced to
45 mg/kg during field activiti~ for a reasonable cost; however, fu~her decreasing the residual

.::t"
level toward the backgroWldrange would result in a substantia! increase in excavation volume.
Additional costs would result from the extensive verification needed to distinguish residual
levels from the local backgrowld level. . More importantly, the risk associated with the backfill
soU could actually result in a net increase in risk on-site if the target levels were reduced much
below .this level because of the greater amount of borrow material that would be used to backfill

-, excavated areas. From this infonnation, a soil concentration 0(75 mg/kg is identified as the
·L cleanup target for arsenic, a.t)d a concentration of 45 mg/kg is the ALARA goal that would be

targeted during field activities. .

•
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Conce'ntrations reported for arsenic in subsurface soil are less than 10 times the cleanup
target and ALARA goal at all locations, and the maximum 3-m [1O-ft) weighted average'
concentration is 81 mg/kg. Therefore, soil removal is not indicated for any subsurface area.

2.4.2.2 Chromium

Results of the Site-specific health assessment indicate that inhalation of chromium
contributes significantly to the total hazard index at two locations, one in the South Dump/Ash
Pond area and the other 4t the former coal storage area. (Cleanup has alieady been indicated
for both of these locations, the first on the basis of radioactive contamination and the second on
the basis of arsenic contamination.) The concentration of chromium at these locations is
120 mg/kg; which is the maximwn value measured in surface soil on-site; the next highest
measurement is 80 mg/kg.

, Applying, the assumptions for the on-site resident, a chromium concentration of
110 mg/kg corresponds to a hazard quotient of 1. This estimate applies for total chromium
because the noncarcinogenic effects, are the same for both chromiumm and chromium VI.

. Considetirtg the conservative approach applied to estimate the inhalation pe;tthway (i.e., that
, airborne contaminants originated from a single borehole location), the actual hazard quotient
, would probably be much, lower., On the basis of available data, the concentration of

, , chromium VI- at the site is expected to be about 10% of the total chromium concentration.
Nevertheless, to be conservative, if it were assumed that all chromium was in the hexavalent
form, a concentration of 100mg/kg would correspond to a risk 'of 1 x 10-5. From this
irtformation, a soil conc~ntration of 110 mg/kg is identified as the cleanup target for total '
chromium, and a concentration of 100mg/kg is the target for chromium VI.

The proposed state level for chromium is 280 mg/kg, for soil in which hexavalent
chromium is likely or documented to exceed 4 mg/kg. Although the cleanup target for
chromium is lower and is expected to be protective, a slightly lower concentration of 90 mg/kg
is identified as the ALARA goal for both total and hexavalent chromium. For comparison, the
upper end of the distribution for soil at the nearby off-site location ranges from 12to 62 mg/kg,
and levels in agricultural soil across MissoUri range from to 10 to 150 mg/kg (Tidball 1984).

For chromium, concentrations reported in subsurface soil are less than 10 times the
preliminary cleanup target at all, locations except one. The 3-m (10-ft) weighted average
concentration exceeds this value only at the location in the South Dump/Ash Pond area where
the surface concentration is .120 mg/kg {this area is also radioactively contaminated and has been
targeted for cleanup). Data are'available only for the subsurface interval from 0.6 to 1.2 m (2
to 3 ft), and the concentration is about 30% lower than the surface measurement; thus, removing
the surface soil at this location is expected to result in a 3-m (lO-ft) a'{erage below 100 mg/kg.
Therefore, no additional soil removal is indicated for any subsurface areas.
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•By inputting site-specific data to EPA's uptake/biokinetic model, three surface locations
w~re identified in the. vicinity of' Ash •Pond for which the estimated blood lead level would
'exceed the target of 10 Jlg/dL .in greater than 5% of the population of children aged 0 to
72 months. The soil concentrations at these locations (750, 1,100, and 1,900 mg/kg) also exceed

. the lowedimit of 500 mg/kg identified in EPA's interim guidance for residential settings and
'the state level of 240 mg/kg. For comparison, the concentrations in off-site background soil
,range from 6 to 76 mg/kg, and those in agriCultural soil in Missouri range from 10 to
-7,000 mg/kg (Tidball 11984).' .

Evaluating the state level in combination with the average concentration for lead from
all site monitoring wells in which it has been detected results in an estimated blood level lower
than 10 Jlg/dL. (The predicted future 'groundwater concentration estimated from leaching
calculations with the sitewide U~s value for lead in soil is lower than the concentration in

'groundwater used for the modeling analysis, so this level is expected to be protective.) The level
of 240 mg/kg recently proposed by the Missouri Department of Health is exceeded at one
,additional surface location, between raffinate pits 2 and 4, where the reported concentration is '
255 mg/kg.This concentration is considerably lower than the values iden~edinEPA's interim
guidance, and the associated ,blood lead level is'also lower than the level of concern.

To address subsurface lead, contamination, those locations at which the 3-m (10-it) .•
average concentration exceeded 240 mg/kg were~o evaluated with the EPA uptake/biokinetic
model. Model predictions for two additional locations north of Ash Pond. exceed the target
blood lead level; the weighted average concentrations at this location were 14,000 mg/kg (from

,~,one high measurement of 43,000 mg/kg at a depth of 0.6 to 1.2 m [2 to 4 ftD and 450 mg/kg
(frornone high measurement of 1,700mg/kg ata depth of 0.15 to 0.6 m [0.5 to 2 ftD.Because

. the subsurface concentrations at the two locations are relatively high, the factor of 10 typically
, applied for subsurface versus surface concentrationS was not inC:iuded for those locations.

-'. .

The upper limit identified in general EPA interim guidance for lead in surface soil at
residential settings is 1,000 mg/kg. Two locations in the northern portion of the site contain lead

.• exceeding this limit. Results of the site-specific uptake/biokinetic modeling for exposures to lead
" indicate that a value of ~bout 450 mg/kg represents an appropriate cleanup level for site,soil;

this concentration is slightly less than the lower l~vel of 500 mg/kg identified in EPA's interim
guidance. Three surface locations and two subsurface locations in the northern portion of the
site are indicated for potential cleariup on the basis of this modeled level.

The additional excavation associated with reducing the residual concentration.of lead
in site ~oil from EPA's upper guideline value of 1,000 mg/kg to the lower value of 500 mg/kg
would be small, and that required to extend the excavation to areas above the health-based level
of 450 mg/kg would be negligible. Further reducing the s,oil concentration,to the state level of
240 mg/kg would involve a limited additional effort, which would not be expected to result in
a measur:able overall health benefit for potential future receptors. Nevertheless, to r.educe the .'
contribution from soil relative to other sources of lead exposure for a future receptor, the state
proposed level is considered a reasonable ALARA goal for field application. From thiS
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information, th"emodeled concentration of 450 mg/kg is consider~dthedeanup target for lead,
and the state-proposed level of 240 mg/kg:is considered the ALARA goal that would be ppplied
dUring field activities. .

2.4.2.4 Thallium

Concentrations reported for thallium in surface soil at many locations exceed the level
of 3.9 mg/kg proposed by the Missouri Department of Health for statewide consideration for
soil in residential settings, whi~ is not unexpected given that the average concentration in local
soil is 6 mg/kg. The thallium concentrations at three iocations range from 10 to 12 mg/kg.
Cleanup has already been indicated for one of these locations on the basis of arsenic and
chromium contamination. The combined hazard index exceeds "1 for the location at which both
thallium and arsenic are elevated, ~ith both metals contrIbuting about equally. Excavating
surface soil from this location would reduce" the thallium and arsenic concentrations to result in

"a combined hazard index of less than 1, which would remove the indicated potential for adverse
noncarcinogenic effects. The results of the site-specific risk assessment indicate that no locations
exist at which exposures to thallium alone would result in adverse health effects (i.e., the haZard

. , quotient is less than 1 at all locations). Applying the assumptions for the on-site resident, a
; thallium concentration of 20 mg/kg corresponds to a hazard quotient of 1. The es~ted "

, potential for noncarcinogenic effects from thallium is probably overestin\ated because a' very
" high uricertainty factor of 3,000 has been incorporated into the reference doSe used to estimate

these effects.

. Relative to the concentration in local soil, the upper-bound concentration of thallium
in soil at the nearby background location is 16 mg/kg, and the maximum concentration is
20 mg/kg. (No data were found for thallium in Missouri soil.) The hazard qUotient aSsociated
with this upper end of the range for background soil is 1, as is the hazard index associated with

'". the combined presence of thallium and arsenic at their respective upper-bound concentrations
(mean plus two standara deviations) at the background location. Therefore, the feasibility of
reducing" the potential noncarcinogenic effects from thallium at the site is limited by the natural
presence of this metal in local soil. From this information, a concentration of 20 mg/kg is
considered the cleanup target and 16 mg/kg is considered the ALARA goal.

.The average concentration of thalliupl in subsurface soil is 80 zng/kg at one location at
a depth interval of 0.6 to 1.2 m (2 to 4 ft), the Ash Pond/South Dump area; the next highest
average value is less than 25 mg/kg. Cleanup has already been indicated for this location on
the basis of radioactive contamination, and no additional areas of subsurface contamination are
iridicated for removal..

2.4.2.5 j)JlIiS"

The six carcinogenic PAHs present at the site were detected together in the top 15 ern
. (6 in.) of soil adjacent to the concrete pad of a pilot plant building in the northern part of the



fonner chemicaI plant. Results of the site-spedfic risk asSessment indicate that .exposures to'
these PAHs would result in a risk o'f 6 x t04 for a hypothetical resident, which exceeds the EPA
target range.·:Because the PAHs were notdetecte~in subsurface soil at that location, excavating
the surface soil would effectivelyremediate thi~area. If the residual level for the combined
PAHs was 5.6 mg/kg, the residual r~k would be. the same as the risk associated with the upper
end of the range for arsenic in local soil that woUld be used as backfill, or about 9 x to-5. The
-level recently proposed by the Missouri. Department of Health as· safe for benzo(a)pyrene in
lesideritial settings is 0.44 mg/kg.. Applying the assumptions used for a resident in the site
,specific risk assessment to,this concentration reswts ina risk estimate of 8 x 10-6, which is much
•:lower than the risk tttat could. be'associated with local soil USed as backfill.

i .
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The ~oncentration ·ofbenzo(a)pyrene.!n soil at the concrete pad location is about
5 mg/kg, and the concentrations of the other carcinogenic PAHs range from about 3 to 8 mg/kg.
Excavating surficial soil rrpmthis location to achieve the state-proposed level of 0.44 mg/kg for . I

benzo(a)pyrene would also reduce the levels of ,the other PAHs to protective levels. Applying.
this recommended concentration to each of the carcinogenic PAHs and conservatively assuming

; that each would be present at this residual level would result in a risk of about SxlO-5. Because
.this estiIDate is similar to· the average risk associated with local soil that would be used as
.backfill, further reduction in PAH concentrations would not result in any net risk reductioa .

. Two of. the carcinogenic PAHs~ beni(a)anthracene and chrysene - were detected in
surface soil at on~ other location, the former coal storage area, at a concentration of about .
0.4 mg/kg. This concentration is below the state-recommended level of 0.44 mg/kg for·tlu?~

two compounds, and the risk associated with e~osures to these compo~ds 'is about 1 x 10-5,

which is less than the risk associated with arsenic in local soil that would be used as backfill.
Therefore, no PAH removal is indicated for this location.. No carcinogenic PAHs were detected
in' subsurface soil at any' location (including the concrete pad). From this information, the
cleanup targetfor carcinogenic PAHs in surface' soil isS.6 mg/kg;·O.44 mg/kg is considered the

. ALARA goal that could be applied during field activities.. _
'.

Eight noncarcinogenic PAHs were detected in surface soil next to the concrete pad of
the pilot plant, at concentrations ranging from about 2 to 20 mg/kg. These concentrations are

.' well below the levels proposed by the state. Four of theSe PAHs have also been detected at the
coal storage area at concentrations ranging from less than 1 .toabo.ut 5 mg/kg.. A single
noncarcinogenic compound was measured at less than 1mg/kg at two additional locations
preViously used as drum storage areas, one next to a building south of the raffinatepits thatwas
used to store macrune and motor parts and another next to a building in the southeastern area

'.. of the site that was used for spray painting:' Only two noncarcinogenic PAHs have been
. : detected in subsurface soil.' These compounds were detected at a depth of 0.6 to 1.1 m (2 to

.; .3.5 it) in the former coal storage area, at a combined concentration of about 1 mg/kg.

These concentrations are orders of magnitude lower than those· for which pote~tial

adverse noncarcinogenic health effects would be indicated,· depending on the specific
conthtaminant. Therefore, no site areas are indicated for the removal of noncarcinogenic PAHs . •
on .e basis of soil-related exposures, and no individual cleanup criteria are developed for the~ r:

I
j
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compoWlds. Ifl addition, the'PAHs are relatively immobile and the screening-level calculations
conducted to assess leaching to groUndwater do not indicate a potential for adverse risks or

· noncarcinogenic health effects .from future drinking water ingestion. Therefore, no additional
areas are indicated for removal on the basis of groWldwater considerations.'

2.4~2.6 PCBs

Concentrations of PCBs in surface soil at the site range from less than i to 12 mg/kg,
. and one recently identified .location has a' high concentration of about 6~0 mg/kg. For a

· .
residential scenario, the state-proposed concentration of 0.65 mg/kg corresponds to an estimated

.risk of 8 x 10~. This risk is less than 25% of the average risk associated with local soil that
represents backfill material for the site. Thus, removing site soil to achieve this residual level
and replacing it with local soil could result in a higher residual risk. A PCB concentration of
8 mg/kg corresponds to the upper end of the risk range associated with local backfill. The

'. I .

hazard index associated with this concentration is much less than 1 for all scenarios.

. ·The excavation effort to reduce PCB concentrations in surface soil to 8mg/kg would
be reasonable relative to the limited contamination that has been detected and potential worker

. impacts; however, further decreasing thiS concentration wouldnot be expected to reduce residual
risks because the average risk associated with soil that would be used as backfill is similar.
From this information, the cleanup target for PCBs in surface soil is 8 mg/~g. The level of'
0.65 mg/kg is considered the ALARA goal that could be applied during field activities
depending on the associ2tted need for backfill. . .'

During the site characterization effort, PCBs were detected in only three subsurface
locations at concentrations ranging from about 0.2 to 1 mg/kg. Subsequent soil excavation to
support interim actions has identified subsurface concentrations of 8 mg/kg iri a few additioMI
locations. The3-m (lQ-ft) average concentration would not be expected to result in adverse
health effects at any location. In addition, these compounds are relatively immobile because of

· their physicochemical properties, and the screening-level leaching calculations do not mdicate
a potential for adverse health effects from future groundwater ingestion. Therefore, no
subsurface areas are indicated for removal. .

2.4.2.7 Nitroaromatic Compounds

No adverse health effects are associated with the relatively low levels of scattered
nitroaromatic contamination at the site, with the possible exception of future. impacts from
leaching to groundwater. None of these compounds. are present in surface soil at levels above
those recently proposedl by the state, and concentrations of TNT reported for subsurface soil at
two locations are slightly above the proposed level. Nevertheless, soil cleanup criteria were
developed for these compounds to ensure that guidelines would be available in the event that
higher concentrati<.:>ns were detected. during field cleanup operations. This also ensures that
criteria are available for each of the organic contaminants of concern at the site (Le., PAHs, PCBs,
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and 'nitroaromatic compounds), f()r which any ris~ is an. incremental risk because' these
'compounds are not naturally present. in theenvir0rtn:lent.

Nitr~aromatic compounds have been detect~d iri surface soil at only two locations
on-site.The first is the spoils pile adjacent to the raffinate pits, which contains soil that was'

. excavated to construct the pits more than 20 ye~ ago. The conce~trations of- nitroaromatic
compounds in the upper 1.2 m (4 ft) at this location range from about 0.6 mg/kg (TNB) to
1.6mg/kg (2,6-DNT). The total hazard index estimated for a resident at this location from the
'site-specific health assessment is 0.2, which is well below the level of concern and iridicates that
ho noncarcinogenic effects .areexpected. The total risk estimated for this location is 6 x 10-6,
Which is well below the risk assOciated with local soil that would be used as backfill. The
hazard quotient estimated for a hypothetical resident from exposure to the state-recommended
level for 2,6-DNT is about 1/1,000' of the level of concern, and the risk is about 1/30 of, the .
average risk associated with backfill material. Therefore, removal of soil from this location is not

· iIldicated on the basis of the site-specific health assessment.,

The second location at which nitroaromatic compounds were detected in surface soil
is near the drainage of a former Army TNT pro~uction line at the eastern boundary of the site.
Only one nitroaromatic compound, TNB, was ~etected at this location; the concentration
reported for the upper 0.6 m (2 ft) of soil was about 2 mg/kg. The' Missouri Department of
Health has not specified ~ value for TNB. The total hazard index estimated for a hypothetical
resident at this location is less th3n 1 (the hazard quotient associated with TNB is less than O.2)~ .
Therefore, no noncarcinogenic.effects are expected, and no soil removal is mdicated onthe basis
of the site-specific assessment. ' .

Similarly, the concentrations of nitroaromatic compounds in subsurface soil are
generally less than 3 mg/kg except at the two locations near Ash Pond for which concentrations

, in the tWo subsurface interval~ate 30 mg/ kg. The incremental excavation required to remove .
this contamination is considered reasonable because this action. would reduce potential impacts

.. from any future leaChing to groundwater. The 3~m (10-it) average concentrations are less than
1 mg/kg at alll()cations except these two, and no adverse health effects would be expected from

, any other locations.. Thus, no additional subsurface areas are indicated for removal on the basis
~ .. of surface exposures.

*{ Although .no areas are indicated for removal 'on the basis' of the site-specific health
· assessment, it is possible' that concentrations in locations for which borehole.,specific data are not

available might be higher than those reported for the sampled locations. The sampling strategy
.' for nitroaromatic compounds was well conceived, and it is expectedthat the locations at which

these compounds could be present have been addressed. . Nevertheless, the information
.( presented in Section 2.5 can' be applied if these compounds are unexpectedly. found at any
· location, to ensure that residual levels across the site will be' protective of human health.

•
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2.5 SCENARIO-~PECIFIC HEALTH EFFECTS AND AREAS TARGETED FOR REMOVAL

The cleanup criteria -developed for the- Weldon Spring site consist of different values
(alternatives) associated with each key'contaminant, with cleanup levels ranging be.tween a target
and an ALARA goal. Final remediation levels will be identified in the ROD for this cleanup
action. Those final levels will be detennined from the remedy selected for the site, coupled with
a consideration of future land uses.· -

In order to facilitate selection of the final remediation levels, two separate analyses were
conducted. For the first analysis, the cleanup targets developed on the basis of the resident and
farmer were used to assess potential health riSks for the three hypothetical receptors evaluated
in the rebaseline assessment, i.e., the recreational visitor, ranger, and resident. The parameters
and assumptions used to define these scenarios are discussed in the rebaseline assessinent
(Appendix E, Section £.4), and supporting detail is presented in the BA.

The results of the radiologiCal and chemical assessments are presented in Tables 2.3 and 
2.4, respectively. For comparison, the risks associated with background concentrations of
radionuclides and metals were estimated for the -three receptors using the same exposure
parameters and assumptions. For the second analysis, the concentrationS of radioactive and
chemica(contaminants in soil that correspond to different target levels of risks and hazard.
indexes were calculated with the same exposure scenarios and parameters as in the previous
assessment; the results are shown in Tables 2.5 and 2.6. These tables identify contaminant levels

- in soil that correspond to incremental target levels of residual risk (forradionuclides and
chemicals) and hazardi!\dex (for chemicals). Together, the results of these two assessments·
(Tables 23 through 2.6) provide infonnation that will be used to select finalz:emediation levels
for soil contaminants. It is expected that the final levels will be selected from within the ranges
identified for the appropriate land use, as indicated by the cleanup remedy for the site..

The infonnation presented in these tables also provides the-means for applying appro
priate fleXibility for individual contaminants at given locations while ensuring that overall
protectiveness is maintained. One of the key objectives of the site-specmc development of
cleanup criteria was to address contaminarit heterogeneity. That is, because the contaminants
contributing significantly to health effects near or above target levels are not present together at·
allloci'ltions, the most restrictive combination of levels selected for individual contaminants need
not be applied across the entire site to ensure protectiveness. Thus, adjustments can be made.
for specific locations at which several such contaminants are present together by combining the

-. appropriate information from the tables.

To provide an indication of how these cleanup levels would be applied~ the soil areas_
that could be excavated on the basis of the cleanup targets and ALARA goals are shown in
Figure 2.3. The area o( impact around a given borehole was estimated by considering site
history and available data for the key contaminarit(s) present at that location. For radioactive
contaminants, the data were kriged and contoured, incorporating· in1ormation for surface
features. Data from forthcoming samples will be used to further define these areas (e.g., for
PCBs). Subsurface contamination has been incorporated into the definition of these areas
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(e.g., for radionucliqes, J~ad, and nitr~aromatic compounds), as it would be after the firuil
· remediation levels are determined..The depth of excavationand backfill would be 0.15 m (0.5 ft)
in most cases; for radionuclides, the depth would be lower in certain areas.'. . . .

Excavating soil to meet the cleanup targets and ALARA goals for chemicals at the site
· would result in an incremental chemical risk at or below EPA's target range for all scenarios, and
the hazard index would be well below the level of concern. However, this is not the case for
the radiological cleanup criteria because incremen~ radiological risks exceed the target range
,at certain locations under a residential scenario. 11'e results of the post-cleanup assessment for'
·radionuclides indicate that except for exposures to indoor' radon, environmental standards and
guidelines would be met - including EPA's target range for incremental risk. For radon, the·
EPA has separately identified a l~vel of 4 pCi/L as an acceptable concentration for indoor air.
The indoor radon concentrations associated w~th the cleanup target and goal for radium are

·expected to be at or below this level at all site locations. . ..
. .

It is possible that different land uses coUld be associated with different areas of the
Weldon Spring.site in the!future under any of the: final ,alternatives. For those final alternatives'

·under which .the waste would be disposed of, on-site, neither recreational nor residential.
scenarios would apply to a determination of residual soil contaminant levels in thedispoSalarea
for two reasons. 'First,su.rfaceand subsurface soil would be excavated from. this',area to'

·construct the cell, and the new surface soil to which someone could be exposed would be the
' .. uncontaminated ·soil of the cell cover. Second, contaminailts in subsurface soil beneath the

disposal cell would be isolated from possible future migration because the cell would serve as
the, equivalent of an engineered multilayer cap, with the liner and compacted subgrade
components acting to limit the potential for leaching of any subsurface material to groundwater.
However, the cleanup criteria for site soil outside the disposal area could ,be determined from

·an assumption of future recreational or residential use. .
. '

For the alternatives urider which waste would be disposed of off-site, recreational or
·residential scenarios might be reasonable for any area of the site in the extended future. The
potential for adverse impacts from the levels proposed for residual contamination at the Weldon
Spring site, including consideration of migration to groundwater, is expected to be low for all
scenanos. Thus, it is expected. that the proposed remediation ,of this site could result in the

'. :~, release of property for other u~s, as appropriate to the remedy selected.
· .

, Both environm~nWstandards and the results of the site-specific human health
assessment for the receptors with the maximWil potential risks have been used to focus the

, development of cleanup options for soil at the Weldon Spring site. Location-specific factors and
the likelihood of specific future exposures under the appropriate land-use scenarios can be

~. incorporated into upcoming decisions for the final disposition of the site by flexibly applying
, ranges indicated by the cleanup alternatives that have been presented here.

.•:
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TABLE 2.3 Estimated Radiological Risks for the Recreational Visitor, Ranger,
and Resident Associated with the Potential Cleanup Crlteria3

Soil .
Risk to Hypothetical Receptor .

Radionuclide/ . Concentration Recreational
Criterion (pCi/g)b Visitor Ranger . Resident·

Radium-226
5x 10"5 .Cleanup target 6.2 8 x 1Q-4 2 x 10"2

ALARA goal 5 4 x 10"5 6 x 10-4 '8 x 10-3
Field wget 4 3 x 10"5 5 x 10-4 . 6 x 10"3
Background 1.2 9 x icr6 2 x 10-4 2 x 10"3

Radium-228
Cleanup target 6.2 2 x 10"5 2 x 10-4 1 x 10"3
ALARAgoal 5 1 x 100S 2 x 10-4 8 x 10-4
Background 1.2 3 x lcr6 5 x 10-5 '2 x 10:4

Thorium-230
Cleanup target 6.2 3 x 10"1 4 x lcr6 8 x 1(r6
ALARA goal 5 2 x 10"1 3 x 10-6 6 x 10-6
Background 1.2 6 x 10"8 8 x 10"1 2 x 10-6

• Thorium-232
Oeanup target 6.2 2 x lcr6 2 x 10-5 4 x 10-5

ALARA goal 5 1 x lcr6 . 2 x 10"5 3 x l(rS

Background 1.2 3 x 10,1 4 x.l0-6 7x 10-6

Urarnum-238
Cleanup target 120 2 x 10"5 . 2 x 10-4 5 x 10-4
ALARA goal 30 4 x 10-6 5 x 10"5 1 x 10-4
.Background 1.2 2 x 10"1 3 x 10-6 8 )( 10-6

•

a . The radiological risks reported for radium-226 include the contributionS from
radon-222 and lead-21O; the radiological risks reported for uranium-238
include the contributions from uranium-235, protactinium-231, and
actinium-227 (see text). Data for local background is presented for
comparison; the background soil concentration of 1.2 pCi/g represents the
average concentration measured for each of the listed radionuclides at off-site
locations that have not been affected by site releases.

·b The cleanup targets for radium and thorium represent surface coricentrations;
the subsurface concentration is 16.2 pCi/g. The ALARA goal of 5 pCi/g for
radium and thorium applies to both surface and subsurface contamination.
The listed cleanup tatge.ts and ALARA. goals include the background concen
tration of 1.2 pCi/g. For radium-226, an additional field target was included
to ensure that the ALARA goal would be achieved.



TABLE 2.4 Estimated Chemical Health Effects for the Recreational Visitor, Ranger, and Resident Associated
with the Potential Cleanup Criteria

Risk Hazard QuC!tientb

Soil
ChemicalI' Concentration Recrea tiona I Recreational
Criteriona (mg/kg) Visitor Ranger· . Resident Visitor Ranger· Resident

MetalsC

Arsenic
Cleanup target 75 6 )( 10.6 7)( 1005 2 )( 10'" 0.02 0.3 0.9
ALARA goal 45 3 )( 10-6 3)( 10.5 1 )( 10'· 0.01 0.2 0.5
Background 26 2 )( 10-6 . 2)( 10.5 7)( 10.5 . O.OOS 0.1 . 0.3

Chromium (total)
NAdCleanup target 110 NA NA 0.03 0.6 1

ALARA goal 90 NA NA NA ·0.02 '0.4
..

0.8
Background /36 NA NA NA 0.01 0.1 0.3

Chromium(Vl) N

Cleanup target 100 3 )(.10.7 6 )( 10-6 1 )( 10.5 0.03 0.6 1 lou
00

ALARA goal 90 . 3 )( to,7 '5)( 10.6 ' 9)( io·6 0.02 0.4 0.8

Thallium
Cleanup target. 20 NA NA NA 0.03 0.3 1
ALARA goal 16 NA NA NA 0.02 0.3 . 0.8
Background· 16 NA NA NA 0.02 0.3 0.8

PAHse

Cleanup target 5.6 3 )( 10.6 3)( to·5 1)( to-4 : 0.00002 0.0002 0.0007
ALARA goal (1.44 2)( 10.7 2 ~ 10.6 8)( 10'6 0.000001 0.00002 0.00005 .

. PCBsf
Cleanup target 8 2)( 10.6 3)( 10-5 1 x10'· 0.008 0.09 0.3
ALARA goal '. 0.65 2)( 10'7 2 )( 10-6 8)( 10.6 0.0006 0.008 . 0.02

• • .. ~ - •._---.._--_.- •
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TABLE 2.4 (Cont.) ,.' ,

• The listed criteria are for surface soil and include background; criteria for subsurface soil are 10 times the listed value. Data for
local background are presented for comparison and to permit a determination of incremental risk for the listed criteria (for
example, the incremental risk for the resident that corresponds to the arsenic cleanup target is 1 )( 10'·). F~r metals, the listed .
concentration represents the upper bound concentration (mean plus two standard deviations) meas'ured at a nearby off-site area; .
no background concentration is listed for chromium (VI) because the soil samples were analyzed for total Chromium (hexavalent
chromium was assumed to be 10% of total chromium on the basis Of limited site-specific data and general environmental data).
No background concentration is listed for the organic compounds because they are not naturally present in soil. The cleanup
targets were determined from the site-specific risk assessment. Most ALARA goals are the levels recently proposed for statewide
consideration by the Missouri Department of Health (1992) for soil in residential settings; exceptions are chromium, arsenic,

. thallium, and trinitrobenzene (TNB) - for which the goals were determined from the site-:specific risk aSlie5s~ment. For
chromium, the concentiationsin. site soil are not expected to approach the state-propos.ed levels of 5,600 and 280 mg/kg for total
and hexavalent chromium, respectively. The,state-proposed levels for arsenic and thalliumare 11 and 3.9 mg/kg, respectively,
which are considerably below the local background concentrations; no level was proposed for TNB..

b The hazard quotient shown for each contaminant represents the sum of the contributions from the Inhalation and ingestion
pathways, where appropriate.

C Lead is not shown in this table because an EPA value is not available from which to quantify the risk or hazard·quotient. The
cleanup target is 450 mg/kg; as determined by applying site-specific input to EPA's' model; the ALARA goal is 240 mg/kg,
which is the general level proposed by the Missouri Department of Health (1992). .' ..

d NA indicates that the entry is not applicable becauSe the contaminant is not a carcinogen.

e The carcinogenic PAHs detected at the Weldon Spring site are benz(a)anthracene, benzo(b)fluorantherie, benzo(k)fluoranthene,
benzo(a)pyrene, chrysene, and indeno(1,2.3~cd)pyrene. Represented by benzo(a)pyrene for carcinogenic effects for this .
presentation, assuming the oral reference dose for pyrene for noncarcinogenic effects. The listed concentration represents the
objective for each individual compound; where present together, the individual concentrations would be adjusted accordingly.

Aroclor 1248, Aroclor 1254, and Arodor 1260.

g Notation: DNB, dinitrobenzene; 2,4-DNT, 2,4-dinitrotoluene; 2,6-DNT, 2,6-dinitrotoluene; NB, nitrobenzene; TNB,
trinitrobenzene; TNT, trinitrotoluene.
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TABLE 2.5 Soil Concentrations of Radionuclides Associated
with Target Levels for Residual Risk for the Recreational
Visitor, Ranger, and Resident

Soil Concentration (pCi/kg)
. Relative to Risk

•

Receptor/
Radionuclidea

Recreational visitor

Radium-226 .
Radium-228
Thorium-:-230
Thorium-232
Uranium-238

Range~

Radium-226
Radium-228
Thoriumc230
Thorium-232
Uranium~238

. Resident

Radium-226
Radium-228
Thoriuin-230 .
Thorium-232
Uranium-238

1x 10-4

23
46

2,100
430
810

0.81
2;6

160
31
95

0.075
0.62

81
16
23

1 x 10-5

2.3
4.6

210
43
81

0.081
0.26

16
3.1
9.5

0.0075
·0.062
8.1
1.6
2.3

1 x 10-0

0.23
0.46

21
4.3
8.1

0.0081
0.026
1.6
0.31
0.95

0.00075
·0.0062

0.81
0.16
0.23

•

.a The value for radium-226 includes the contribution from
radon-222 and lead-2IO; the value for uraruum-238 includes
the contribution from uranium-235, protactinium-231, and
actinium-227 (see text). .

b For the ranger, risks from outdoor exposureS are estimated
from sitewide ~5 values, and those from indoor exposures
are estimated from location-specific values. Although the .
relationship between the ~5 and location-specific values.
varies by location, outdoor exposures generally dominate the
total risks. On this basis, representative concentrations were
calculated for this receptor.
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TABLE 2.6 Soil Conc~ntrationsof Chemicals Associated with Target Levels of Residual
Risks and Hazard Quotients for the Recreationa~Visitorand Residenr

a Estimates for the rangm;, are not shown because both sitewide ~s values and location-specific values are used
to estimate the health effects for this receptor &om combinecfoutdoor (sitewide) and indoor exposures. .
Because the relationship' between the~ and location-specific values varies by locatio,," back-calculation to a
single soil concentration would·not be representative of eXposure conditions.

b NA indicates that the entry is not. applicable because the contaminant is not a carcinogen.

C The carcinogenic PAHs "detected at the Weldon Spring site are benZ(a)anthracene. benzo(b)fluoranthene.
benzo(k)fluoranthene, ~(a)pyrene, chrysene. and indeno(l,2,3-cd)pyrene. Represented by benzo(a)pyrene
for carcinogenic effects for this presentation, assuming the oral reference dose for pyrene for noncarcinogenic
effects. .

d . Arodor 1248, Arodor 1254. and Arodor 1260.
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FIGURE 2j Areas of Soil Targeted for Removal under the Potential Cleanup Criteria
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3. IDENTIFICATION AND SCREENING OF TECHNOLOGIES·

Alternative remedial actions for the Weldon Spring site were developed by identifying·
remedial technologies and process options that are potentially applicable to the various
contaminated media at the site. These media include soil, sludge, sediment, surface water,
groWldwater, structural mat~rial,process chemicals (including process wastes from the project's
two water treatment plants), and vegetation. The technologies considered in selecting remedial
action alternatives for these media include those identified in the NCP (EPA 1990a). Additional

. technologies were considered on the basis of experience arid information gained as a result of
remedial action planning and implementation at similar sites. These technology types and
process options were screened. for applicability to the site in accordance with EPA guidance
(EPA 1988a). .

3.1 CRITERIA FOR IDENTIFYING AND SCREENING TECHNOLOGIES

Evaluation of potentially applicable technology types and process options is a key step
in the FS process. The criteria for identifying potentially applicable technologies are prOVided
in EPA guidance (EPA 1988a) and in the NCP (EPA 1990a). A strong stahitory preference for
remedies that are reliable and prOVide long-term protection is identified in Section 121 of

. CERCLA, as amended. The primary requirements for a final remedy are that it be both
. protective ofhuman health and the enviro~entand cost effective. Hence, technology screening

focuses on these two factors. Additional selection criteria include the following:

• Preferred remedies are those in which the principal element is treatment
to permanently or significantly reduce the toxicity, mobility, or volume of
hazardous ·substances, pollutants, or contaminants; .

• Where practical treatment technologies are available, off.:.site transport and
disposal without treatment is the least preferred alternative; and

• Permanent solutions and alternative treatment technologies or recycle/·
resource recovery technologies should be assessed and used to the
maximum extent practicable.

.. These criteria have been considered in identifying and screening technologies to detemtine the
appropriate components of remedial action alternatives for the Weldon Spring site. Protection
of human health and the environment was the primary consideration for determining how the
contaminated material should be managed.

The remedial action objectives and goals for the Weldon Spring site are described in
Chapter 2. On the basis of the current Wlderstanding of contaminants and environmental
conditions at the site, general response actions that could be implemented to achieve these
objectives and goals are institutional controls, in-situ containment, removal, treatment, short-term
storage, and disposal. Technology types and process options that could be used to implement
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these actions have been identified for each general'response and are listed.in Appendix B. •
,Specific application of these technology.. types and process options to site conditions was
evaluated to determine which would be most appropriate for site remediation. . These
Jechnologies"were screened on the basis of effectiveness, implementability, and cost, as defined
,;by the following factors:

~..

• Effectiveness - in terms of protecting human health and the environment
in both the short teim and the long term; .1

. "

• Implementability - in terms of. techitical feasibility, resource'availability,
and administrative. feasibility; and -. .

1,
I

• Cost - in a comparative manner (i.e., low, moderate, or high)· for
technologies of similar performance and/or implementability.

These screening criteria were applied only to the technologies and. general response actions being
evaluated and not to the site as a whole (l.e., combined site problems). This comprehensive
evaluation is applied orily afteraltematives have been assembled from .the ' appropriate
technologies (in Chapter 4). Effectiveness was the major emphasis of this screening evaluation.
Additional discussion of these criteria is provided in Section 4.3.

,
The no,..action response (i.e., no further action beyond ongoing interim actions) was also .'

included ill this evaluation to provide a baseline for comparison, and it is evaluated as an
alternative in Chapters 4 through 7. The technology types and process options identifi,ed for the
other response actions (Appendix B) were screened for applicability to the various media at the

,site. Potentially applicable technologies are discussed and the results of the screening process
',are presented in Section 3.2 ' .

3.2 TECHNOLOGY IDENTIFICATION AND SCREENING

3.2.1 Institutional Controls

,j' Institutional controls are measures that preclude or minimize public exposure by
;·limiting access to or use of contaxiunated areas. Institutional controls include measures to restrict
~access, such as security guards, ownership and use or deed restrictions, and monitoring; these
measures could be applied to each of the contaminated media at the site. Institutional controls

,I do not reduce contaminant toxiety, mobility, or volume, but they can reduce the potential for
:; exposure to contaminated material. Institutional control measures that apply solely to
groundwater, such as groundwater restrictions, may be used to prohibit or limit the drilling of
new wells or prohibit the temporary use of existing wells. Groundwater response actions will

"be evaluated in detail as part of the future groundwater operable unit for the site. These and
,other institutional controls are'described in this FS as they may relate to an interim or
, contingency response for groundwater,e.g., in the event of failure of a containment system. •

I
I
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The screening analysis for institutional controls is sum:marized in Table 3.1. On the
basiS of effectiveness, implementability and cost, all institutional controls have been retained.
The most significant control at the site is Iand ownership. As long as DOE maintains custody
of the Weldon Spring site and the U.S. Department of the Army and the state of Missouri own.
the surrounding areas, the potential for significant public exposure will remain low because land
use can be controlled and access to contaminated areas can be restricted..

3.2.2 In-Situ Containment

1I\-situ containment consists of technologies that confine c-ontaminated media at thei!
current locations. These technologies reduce contaminant mobility and the associated potential
for exposure, but they do not reduce contaminant toxicity or volume. In-situ containment
technologies include surface controls/diversions, caps and other surface seals, lateral barriers,

, and bottom seals.

Surface controls/diversions are used to divert surface runoff arou.r\d contaminated areas
to minimize the potential for contaminant resuspension. Graded contours, swales, and berms
can effectively control surface water runon and runoff and can' limit. the mobility of

:. contamirulnts., These measures have been effectively used on-site (e.g., at the Ash Pond area).
"Sedimentation basins could also be used in conjunction with surface controls/diversions for
,surface water control. These measures would not, however, be effective for the off-site surface
7 waters (lakes) that are hydrologically cOlUlected to each other and to the local groundwater
system.

A contaminated area can be encapsulated by placing barriers on top (caps), on the sides
(lateral barriers), and beneath (bottom seals). Capping of soil, sludge, and sediment could

.effectively limit airborne emissions and reduce precipitation-enhanced percolation and leaching.
A stabilized surface fill would be required prior to cap placement. In-situ capping of the
raffinate pit sludge would be extremely difficult and, prior to capping, would necessitate
dewatering of the sludge after the ponded water was removed to, increase its weight-bearing
capacity. Subsurface contamination can be isolated through the use of lateral barrier~ and '
bottom seals such as slurry walls or grout curtains. The effectiveness of lateral'barrierS and
bottom seals would be constrained by the large size of the affected area, (more than 10 ha
[25 acres)) and the nature of the site-specific hydrogeological conditions (i.e., weathered
limestone in the upper zone of the bedrock).

In-situ containment technologies applicable to structural material and debris include
application of paint, foam, or emulsions. Such applications can effectively control releases from
contaminated surfaces.

The screening analysis for in-situ containinent is summarized in Table 3.2. All in-situ
. containment technologies have been retained for on-site activities. However, these technologies

are not applicable to off-site surface water impoundments (i.e., Lakes 34, 35, and 36).



TABLE 3.t Summary of Screening Analy.sis for Institutional Controls

Institutional
Control Measure

Access
restrictions

Ownership and
use or deed
restrictions

Affected
Mediuma

All

All

Effectiveness

The site is fenced, and entry is controlled by security guards;
these measures mitigate potential public exposure to contami

'nation onoSite by restricting entry. The adjacent Army property
is also fenced, and public access is restricted; these measures
mitigate potential public exposure to localized areas ofvicinity
property contamination. In addition, worJ(e~r access t6 contami
nated areas within the perimeter fence is restricted by an access
c,ontrol station, internal fences, ropes, and signs; these measures
mitigate potential worker exposure to contamination on~site.

The DOE has custody of the site and is expected to maintain
this custody and accountability for as long as waste remains
there. lllis measure permits the 'control of public exposures to
on-site contamination by restricting access and use. The Army
owns land adjacent to the site, which mitigates potential public .
exposure to localized areas of radioactive contamination On that'
property. ' The state owns the surrounding wildlife areas, and
recreational use limits the extent of exposures; swimming is not
allowed in the affected lakes becauSe of physical hazards such.
as submerged stumps.

. Implementa~i1ity

Fences, guards, and other such
measures are easy to implement,
and resources are readily
available. .

Ownership and use or deed
rl:!strictions are easy to imple
ment, and resources are readily
available. ' ,

Cost'

Low·

Low

Monitoring

'Croundwater
.restrictions

All An extensive environmental monitoring program is in place at
the site, and additional monitors will be employed during
upcoming response actions, e.g., during quarry bulk waste
activities and building dismantlement. This measure can
support the mitigation of potential exposures by providing data
on the nature and extent of contamination anc:J the effectiveness
of prima,ry control measures such as containment or removal.

Croundwater Fences or other barrierS such as well.caps can control exposures
to contaminated groundwater. Groundwater response actions
will be evaluated in detail. as part of the groundwater operable
unit. '

Monitoring is easy to imple-'
ment, and resources (e.g., air,
surface water, and soil sampling
equipment ilnd groundwater
monitoring wells) are readily
available.

These measures can be easy to
implement, and resources are
readily available.

Moderate

low,

a Potentially affected media include soil, sludge, sediment, surface water, groundwater, structural material; process chemicals, and vegetation.

• •
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TABLE 3.2 Summary of,Screening Analysis for Containment

In-Situ
Containment

Measure Affected Medium Effectiveness Implementability Cost

Surface controlsI . Soil, sludge, Diversions - such as graded contours, swales, or berms - can effec- Can be implemented with con- low
diversions sediment, surface lively reduce contaminant mobility at the site. A diversion systcrn is ventional equipment and pro-

water currently in place at the Ash Pond area. Frog Pond currently serves cedures, and resources are
as a siltation pond, and the TSA and MSA each include a reterition readily available.
pond to mitigate contaminant release via overland flow. Such
measures would not be effective for containing off-site surface
water due to the interconnected hydrology of that area.

Caps and covers Soil, sludge, Caps and covers can effectively limit airborne emissions (including Can be implemented with con- Low to
sediment, process radon) and external gamma radialion, and they can also reduce ventional equipment and pro- moderate
chemicals precipitation-enhanced percolation and leaching. Consolidated cedures,. and resources are

chemicals and asbestos-containing material are currently containerized readily available. Dewatering the
and covered in enclosed systems for short-term storage, and materials raffinate pit sludge would be
stored at the TSA and the MSA that are susceptible to erosion will be required prior to capping. and
covered as needed (e.g., with tacps), as an interim measure pending capping the sludge would be
final disposition. extremely difficult. v...

&t
lateral barriers .Soil, sludge, A lateral barrier - such as a slurry wall, grout curtain, or sheet piling Can be implemented with con- Moderate

sediment, surface - can reduce lateral migration, prOVided the barrier can be properly \'entional equipment but could be to high
water mstaUed. The effectiveness of this measuie would be constrained by constrained by site-specific condi·

the size of the target area and by hydrogeological conditions at the tions. It is difficult to obtain very
site, such as weathering in the upper zone of the bedrock and depth low permeabililies in barriers
to bedrock. constructed in unconsolidated

material.

Bottom seals Soil, sludge, BoUom seals have been incorporated in the construction of the new Can be implemented with con- . Moderate
sediment, surface equalization basin for the site Water treatment plant to preclude ventiunal equipment but could to high
water downward contaminant migration. For the existing impoundments, be constrained by site-specific

a subsurface bottom seal such as an injected grout layer can conditions. It is difficult to obtain
effectively reduce downward contaminant migration, provided the sufficiently low pcrrneabilities in·
seal can be properly installed. The effectiveness of this measure seals constructed in unconsoli·
would be constrained by the size of the target area and by site- dated malerial.
specific hydrogeological conditions. such as weathering and depth
to bedrock.

Surface seals Structural material Surface sprays, se.alants and emulsions can effectively control releases Can be implemented with con- Low
from rontaminated surfaces for at least the shoetterm. Surface seals ventional equipment and pro-
have previously been used in the chemical plant buildings to mitigate cedures, and resources are
potential releases and worker expo~ures. readily available.
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3.2.3 Removal

Removal of contaminated material can limit contaminant mobility and volume at the
-. affected source area and can facilitate treatment. and disposal that could reduce contaminant
:.: toxicity, mobility, and volume. Removal measures can be applied to all affected media at the
, site, and the appropriate technology and process ,option is a function of the physical properties
- of the medium.

:', Removal of surface water at the site has been addressed as part of a previous response
,t. action (MacDonell et ale 1990), and removal of groundwater is beyond the scope oithis action
~'(Section 1.5.3). However, two types of groundwater removal techilologies are briefly described

here as they pertain to the ability to capture groundwater as a contirlgency, e.g., in the event of '
the failure of an on-site waste containment or disposal technology. Groundwater removal
technologies will be evaluated iri detail as part of the environmental documentation that will be
prepared for the separate groundwater operable unit. '

. ". - .

Technologies to remove contaminated groundwater inciude passive interceptor systems.
and pumping well systems. Passive'interceptor systems consist of trenches or drains excavated

, to a depth below the water table and a collection pipe placed in the bottom of the trench.
.Interceptor drains are generally used either to lower the water table beneath a contamination
source or to collect groundwater from an upgradient source in order to prevent further
contamination of groundwater or surface water. Interceptor systems are generally very effective
and can be relatively ine;xpensive to operate, but they may be difficult to install depending on
the depths required (EPA 1987a). Such a system could be used effectively at the raffinate pits
to collect perched water from beneath the' pits... (A trench cOnstructed during site preparation

. .activities fOf the TSA, as part of the quarry bulk waste interim action, is currently intercepting
':.; this perched water.) Pumping well systems are used for hydrodynamic control of contaminated

groundwater by manipulating the hydraulic gradient of groundwater through injection and/or
withdrawal of water. ' Well systems require the installation of several wells at selected sites.
These systems can offer a high degree of design flexibility, but their applicability at the Weldon
Spring site could be constrained by the hydrogeological conditions.

" Excavation with conventional earth-moving equipment (e.g., bulldozers, backhoes, and
front-end loaders) can effectively remove bulk material such as soil, sludge, sediment, and
material stored in the TSA and MSA. .However, hydraulic dredges and pumps would be much

'.' more effective for the raffinate pit sludge because of its high water content. Hydraulic dredging
: of the raffinate pit sludge 'would allow for removal of the sludge while maintaining a water
; cover on the surface of the sludge to control airborne releases of fine-grained material and radon
igas (MK-Ferguson Company and Jacobs Engineering Group 19913). FollOWing dredging of the
~ raffinate pit sludge and removal of the remaining water, contaminated clay and other soil
,', underlying the pits could be excavated with conventional earth-moving equipment. The water
. content of the underlying material would determine the specific removal method selected (e.g.,

draglines and backhoes). "

The Missouri Department of Conservation plans to drain Lakes 34, 35, and 36 within
the next several years ifl order to remove collected sediments under its routine sedimentation

I

I

•
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management program. After the lakes are drained, DOE would remove the contaminated
.. sediment with standard earth-moving equipment; contaminated vegetation, if present, would be

removed with standard clearing and grubbing techniques. TItis would limit the mobility of
contaminants at those locations and reduce related exposures (e.g., via bioup.take).

Decontamination is an effective removal technology for structural material, which for
this discussion is the general representation for material associated with chemical plant
structures, including metal, concrete, roofing material, equipment, tanks, and decontamination
debris. Site structures are being decontaminated and dismantled as part of an interim action
(Section 1.5.1). Further decontamination of the structural material following dismantlement
could be an effective means of reducing the mobility and volume of contaminated matenal and
supporting potential recycle and resource recovery for surfic~lly contaminated structural steel. .
Decontamination could be accomplished by process options such as vacuuming, wiping, or
washing contaminated surfaces, or by more aggressive techniques such as liquid abrasive
blasting or hydrolasing (use of a high-speed water jet).. Decontamination to meet site release
criteria might be possible for concrete slabs' or structural steel. A semiautomatic hydrolasing
system 'is considered a potential in-situ technology for decontaminating concrete slabs at the
Weldon Spring site. This method would not be implemented for concrete slabs with deep cracks
(>2.5 an [>1 in.]) or volumetric contamination. In addition, in order for the concrete to be
releasable following excavation, th~ soil surroimding' the slabs would have to be free of
contamination. Hydrolasing would not be used on excavated concrete pieces because separate
chunks could be susceptible to disintegration and fugitive emissions.' \

Liquid abrasive blasting could be used to decontaminate the structural s.teel at the
Weldon Spring site. nus method is not effective for use on steel with microcrackihg or with
large areas that are inaccessible. Decontamination of accessible structural steel surfaces has been
retained as a potential means of reducing waste volume and possibly allowing for materi~reus,e.

. -
The screening analysis for removal is summarized in Table 3.3. On the basis of this

evaluation, the technologies of excavation, dredging, pumping, and decontamination have been
retained as potentially applicable to site cleanup.

3.2.4 Treatment

Treatment encompasses a wide range of chemical, physical, and biological technologies
that address various types of contamination in different media. Treatment. can result in the
permanent and significant reduction' of contaminant toxicity, mo~ility, and/or volume. The
specific reduction depends on the type of material and contamination being treated; the toxidty
of radiation from site waste would not be affected by any treatment method. A wide variety of
treatment technologies was considered for applicability to the Weldon Spring site (see
Appendix. B). The applicability of these technologies has been evaluated in detail in supporting
documents (MK-Ferguson Company and Jacobs Engineering Group 1992a, 1992b, and the
references cited therein). Potential chemical, physical, and biological treatment technologies were
screened in this evaluation in terms of effectiveness, implementability, and cost. Treatment
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TABLE3.3 Summary ~f Screening Analysis for Removal
:;...'~ ~. ~ .

Affected
Removal Measure Medium Effectiveness Impl em<;!ntability . Cost

,I

Excavation Soil, sludge, . Can effectively remove the source of contamination to limit contami- Can be implemented with Moderate

sediment nant mobility and volume at the affected area.and reduce related conventional equipment and
exposures. Soil has been excavated successfully at contaminated procedures, and resources
vicinity properties under interim actions. are readily available.

Dredging and Sludge, Can effectively remove the source of contamiruition to limit contami· Can be implemented with Moderate
pumping sediment nant mobility and vohiine at the affected area and reduce related conventional equipment and

exposures. procedures, and resources
are readily available.

Interception Surface water, Can effectively remove the source of contamination to limit contaml· Can be readily. Implemenled Low to
and pumping groundwater nant mobility and volume at the affected area and reduce related with conventional equipment moderate

exposures. On-site surface water will be pumped from various and proa.'<!ures for surface
. impoundm'ents for on-site treatrnentunder an interim action. water. Pumping or intercep-

Perched groundwater beneath the raffinate pits is currently being tion of groundwater can be
intercepted by a trench constructed as part of site preparation constrained by site·specific
activities for the TSA, under the quarry bulk waste interim action. condllions. w

00
Decontamination . Structural Can effectively.remove contaminants from structural material to Relatively straightforward to low to

material limit related exposures; such material is currently being decontam- implement with·conventional . moderate
inated under' the Interim actions for site structures, which Include equipment and procedures.
asbestos and PCB removal activities. Secondary waste generated .

dl!ring decontamination must
be managed.

Dismantlement Structural Can effectively remove, contaminated structures to limit related Can be implemented with Moderate
material (short· exposures. Chemical'plant buildings are currently being dismantled conventional equipment and
term storage under interim actions, and facilities associated with site cleanup procedurl'S, and resources
and treatment . activities will also be dismantled after their purposes have bl'en are readily available.
facilities) served.

Clearing and Vegetation Can effectively remove vegetation from site surfaces to limit Can be implemented ~ith low
grubbing contaminant mobility and volume at the affected area and reduce conventional equipment and

related exposures (e.g., via biouptake). Vegetation has been procedures, and resources
effectively removed by these measures to support interim actions, are readily available.
e.g., to construct the water treatment plant, MSA, a'nd TSA.

....__.-•._.... . _= • ~. _.~--.- ..- .
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of impounded surface water has been addressed as part of a previous response action
(MacDonell et .a1. 1990), and treatment of groundwater is beyond the scope of this action·
(Section 1.5.3); groundwater will be addressed in detail as part of a separate operable unit. As
part of a contingency response for groundwater in the upper aquifer, or to address perched
grourtdwater beneath the raffinate pits, the water could be pumped to the treatment plant
adjacent to the pits for treatment. Effluent from the treatment plant would be discharged to the
Missowi River, in compliance with an existing pennit from the state of Missowi. The site water
treatment system has been designed with the capability to treat a variety of contaminants over
a range of concentrations, including those present in the groundwater. Therefore, the facility
would be available to treat such water, if it .were deemed appropriate during the overall

.remedial action period.

3.2.4.1 Chemical Treatment Technologies

Several chemical treatment technologies are'. available for treating contaminated soil,
sludge, sediment, water, and structural material (Appendix B). These technologies could be
implemented in situ or following removal of the contaminated media. Process chemicals such
as the process wastes from the project's two water treatment plants could also be chemically

~:. treated. :rhe evaluation of potential technologies for site application in terms of effectiveness,
';'implementability, and cost is summarized in Table 3.4.

Stabilization/Solidification. Stabilization/solidification technologies are those in which
a fixing or stabilizing agent is mixed into the waste medium to create a product that is stable
and resistant to leaching. Chemical stabilization/solidification could be applied in situ to fix

. contammated material and limit the mobility of waste constituents, e.g., at the raffinate pits and
at scattered. soil locations across the site. In this process, additives are mixed directly into
contaminated material by conventional backhoes or dragline cranes or equipment specifically .
designed for in-situ chemical injection and mixing. The chemical stabilization/solidification
process can also be implemented following waste removal. This process involves mixing
reagents with contaminated material' in a mixing vessel, such as a pug mill, to immobilize the
contaminants and solidify the waste.

The predominant fixing agents currently in use are Portland cement, lime/fly ash,
Portland cement/fly ash, Portland cement/lime, and Portland cement/sodium silicate. Gypsum,
bentonite, and zeolites could also be used, as could a number of proprietary agents. Chemical

. .

. stabiJization with cement and fly ash is an established practice for treating low-level radioactive
and chemically hazardops waste. Gilli.am and Francis (1989) have studied the use of Portland
cement/fly ash to stabilize the raffinate pit sludge. Their study indicated that a blend of Type II
Portland cement and ASTM· Class F fly ash combined with the sludge at a ratio of 0.6 g of
reagent blend per gram of sludge produced a product passing the study design restrictions for

°ASThf =American Society for TeSting and Materials.



.TABLE 3.4 Summary of Screening Analysis for Chemical Treabnent Technologies

Treatment Measure

In-situ soil flushing.
chemical addition/ ..
detoXification

leaching/contact.
extra~tion (including
reprocessing) .

•

Affectccl Mt.odium

Soil, sludge,
se<Jjment

Soil, sludge,
sediment

EffectivenesS

. Soil flushing might reduce contaminant toxidty, mobility,
and volume In certain applications by desorptive reactions
In which a contaminant-specific reagent is. sprayed or
pOnded over the contaminated area for treatment In situ..
Chemical addition/detoxification might reduce the toxicity
and mobility of certain contaminants via chemical
reactions such as oxidation/reduction reactions that can
alter a specific toxicity or solidify the material to limit
Dlobility, However, these reactl~ns can Increase volume.
(e.g., through a precipitatl~n r~action), and undesirable
chemicals may remain following treatment. Soil fluShing
is typically ineffective for metals and radionuclldes, which
predominate at the site, and It would not aller the toxicitr
of metals or radiation from site waste.

Might reduce contaminant toddty, mobility, and volUme.
In certain applications by desorptive reactions in which a
leaching reagent is applied to the contaminated media for
treatnient in situ or following removal. Typicalfy us(?(jto
remove organic contaminants; but can be used to remove

. some inorganic contaminants. In-situ applications could
result in groundwater contamination from the leached
reagents. Reprocessing of theraffinate pit sludge could
potentially reduce the volume of material requiring
disposal if the radionuclides were recovered from the
sludge and a nonradioactive residue were generated.
However, the effectiveness of this process is constrained
by the generation of large quantities of secondary waste
(radium-bearing gypsum) and the inability of the method
to achieve the .recovery efficiencies required to generate a
releasable residual. The toxicity of metals or radialion
from site waste would not be altered.

•

Implementabllity

Difficult to implement in situ because of
variable soil conditions and low-permeability
material that could Impede percolation arid
contact with reagents. Certain processes
would require special equipment and
expensive reagents..

Difficult to implement for· soil because of
scattered contamination, variable physical
conditions, and low permeability that could

. impede percolation and contactwith reagents.
. Certain processes would requirespeciai

equipment and expensive reagents. ·leaching
within the vadose zone would result in un- .
controlled movement of leached reagents.
Reprocessing the raffinate pit sludge follow
ing removal would be extremely difficult
because filters, pipes. and screens would be
plugged by gypsum, the suspended particle
load would be high (whIch would impede' the·
solvent extraction process), and additional
waste would be generated; nitrate, ammoiUa,
and chloride contamina.llon and unrecovered
metals and metalloids within the reprocessed

: residual would render the 'recovered material
unrelcasable.

• - - .,- - - ..._.__ • __ • 00 -

Cost

High

High

-•
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TABLE 3.4 (Cont.)

Treatment Measure

In-siiu stabilization/
solidification

Stabilization/solidifi
cation fonowing
removal

Chemical addition
following removal
(e.g., lime additiol\
neutralization)

Affected Medium

Soil, sludge,
sediment

Soil, sludge,
sediment, process
chemicals

Surface water,
groundwater

.'
Effectiveness

Might limit the mobility of metals and radionuclides. The
in-situ process is constrained by the size of the target area,
the nature of the waste material, and the physical condi
tions of the contaminated areas. ,Contaminant mobility
would be reduced but contaminant to'xicity would not, '
and final waste volume would'in'crease.

Can effectively limitth'e mob!lity of metals, radionuclides,
and chemical contaminants. The constraints of the in-situ
proCess are eliminated by treating the materials in an engi
neered system. Contaminant mobility would be reduced
but contaminant toxicity would not. Final waste volume
would increase.

Can effectively reduce the toxicity, mobility, and volume
of contaminated water by removing the contaminants from
solution. A water treatment plant will be available to treat
contaminated surface water at the site under an interim
action. This system could also be used to treat grOlUld
water, as appropriate, e.g., the perched groundwater
intercepted from beneath the raffinate pits.

Implementability

Somewhat difficult to implement because of
the considerable areal extent and depth of the
raffinate pit sludge and the scattered nature
of soil contamination.

Can be easily implemented with readily avail
able equipment and materials, such as a pug
mill mbeer and cement and fly ash.

Can be easily implemented with readily
available resources. A water treatment plant
that indudes chemical treatment components
is being constructed at the site under an
interim aclion.

•
Cost

High

High

Moderate
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strength and free ,liquids. Type I Portland cement and ASTM Class ( fly ash resulted in a .•
.;product that decreased in compressive str.ength overtime due to deterioration in the waste form
.-structure; this deterioration was the result of the formation of ettringite (a hydrous basic sulfate.
': of calcium and aluminum), which can reduce the strength of the treated product. A blend of
:;ASTM (lass ( fly ash, lime, and Type I Portland cement can also result in the formation of
..~ettrlngite and was therefore rejected for use as chemical stabilization/solidification agents for the
.~Weldon Spring sludge and soil. Fixing agents containing only soluble silicates tend to-result in
a solidified product containing excess free water; which could leach the solid product. Other

~blends, e.g., cement/silicate, are widely used and can stabilize wastes containing metals,
~solvents, and oils. These fixing agents could also be used for the raffinate pit sludge. Additional
·bench-Scale and pilot-scale tests would be required to determine the' best reagent and
reagent/waste blend.

Other fixing agents that have been used to stabilize/solidify wastes include thermo
plastic agents such as bitumen and polymerization agents such as urea formaldehyde. Both of
these reagent types are used mainly for stabilii:ation of radioactive waste from nuclear power
plants; in this process, the dewatered waste is coated with a resin, such as an organic polymer,

-"and the entire mass is thermoset to form a waste-binder block. Because certain organic
. compounds diffuse quite rapidly through this type of material, thermoplastic encapsulation of

.. the nitroaromatic-eontaminated soil. at the Weldon Spring site would not be as effective as other
methods (MK-Ferguson Company and Jacobs Engineering Group 1992a). Swelling and cracking
of the encapsulated surface could be caused by rehydration of the dehydrated salts that might ".
fonn in the sulfate-rich, dewatered raffinate pit sludge. The main disadvantage of thermoplastic
and polymerization systems is the potential for long-term degradation of some waste forms.
High equipment and energy costs are also associated with these processes, Because of these

~factors>thermoplastic and polymerization systems were rejectedfrom,further consideration for
- the Weldon Spring waste. Chemical stabilization/solidification with a Type II Portland cement

.. and Class F fly ,ash blend was retained. .

Chemical AdditionlDetoxification... Chemical addition/detoxification technologies
encompass a wide range of processes in which chemical reagents are added toa waste matrix,

';' and the resulting chemical reactions reduce the toxicity or mobility of certain contaminants or
,~remove contaminants from the waste matrix for further treatment or disposal These
~~. technologies, e.g., precipitation and oxidation/reduction, are highly contaminant specific and

, I. would not be effective for treating the various contaminants of concern at. the Weldon Spring
, site because of the variab\e types and concentrations of site contaminants, the differing waste

, C' matrix properties, and the potential for interferences due to the presence of several contaminants
;, within one medium. Another complicating factor relative to the Weldon Spring waste is the
0., wide variability of waste composition over the media of concern at the site. Therefore~ this

technology type is rejected from further consideration for site waste. .

Extraction. Extraction technologies include leaching, solvent flushing, and reprocessing. •
. Leaching and nonaqueous soil flushing are typically used for treating single co~taminant classe~ J
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(e.g., volatile organic compounds), and each contaminant requires a specific treatment method.
. .Contaminant-specific processes would, in general, be ineffective for treating the complex mixture

of contaminants in the soil, sludge, and sediment at the· chemical plant area. The variable·
chemical and· physical soil conditions and the presence of low-penneability material woUld
interfere with these processes and reduce percolation or contact with the surfactant (Holden et.al.
1989). In addition, some of these processes would require special equipment and high-eost
reagents, and could result in undesirable chemicals being left in the treated material. .

In-situ leaching can be applied to unexcavated soil or other material to mobilize
contaminants for subsequent recovery via groundwater extractio~. This process is typically
applied to remove· organic contaminants; however, depending on .site conditions, inorganic
constituents might also be removable. To be effective, in-situ leaching generally requires that
the contaminated zonesoccur within the water table, preferably within an aquifer that is situated
between aquitards or aquicludes.The nature of the contaminants and. the hydrogeological
conditions at the Weldon Spring site are not conducive to this technology. The locations of
contaminated soil and sediment at the site are scattered, and the contaminants are not generally
within the water table. Attempted in-situ leaching of vadose zone contamination would
probably result in the uncontrolled movement of the leaching reagents. Those reagents that were
recovered, such as ammonium carbonate, would have to be removed from the extracted
groundwater along with the leached contaminants to achieve acceptable concentrations for
release or reinjection. ~eachIDgreagents are difficult to remove from in-situ leached aquifers
(MK-Ferguson Company· and Jacobs Engineering Group 19913), and in-sitU leaching of on-site
soil could result in groundwater contamination. Treatment of excavated soil by· this technology
might be effective for sandy or silty soil, depending on the contaminants, .but.the technology has
not been demonstrated on finely divided soils such as clay because pf difficuJ,ty in separating .the
extractant from the soil (MK-Ferguson Company and Jacobs Engineering" Group 1992a)~

. In-situ leaching/extraction of the raffinate pit sludge would.be similarly difficult
because the sludge contains a complex mixture of contaminants· that vary both laterally and
vertically within each pit. In addition, the sludge is very firie grained and would impede
circulation o·f the leaching solution. .

An extraction process could also be applied to the sludge follOWing its removal from
the raffinate pits. Reprocessing the sludge would involve acid- or alkaline-based dissolution of

. uranium, thorium, and radium and their sequential recovery by solvent. extraction and
precipitation techniques. The objective of this treatment method would be to generate
potentially usable products in which the. radioactive material would be concentrated and a
nonradioactive residual that could be disposed of without restrictions. Application of this
technology to the raffinate pit sludge is constrained by the chemical processes involved and the
recovery efficiencies required to generate a releasable residual and thus reduce the volume of
material requiring disposal. Such a process has never been successfully employed in the
hazardous waste, mining, or uranium/thorium concentrate-processing industries (MK-Ferguson

• Company and Jacobs Engineering Group 19913)~
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Four teclmiques commonly used to process uranium and thorium ores or concentrates
could potentially be used to reprocess tf:le raffinate pit sludge: (1) nitric acid leach/tributyl
phosphate solvent extraction, (2) sulfuric acid leach/organic amine solvent extraction,
(3) hydrochloric acid leach/solvent extraction, and (4) sodium carbonate-ammonium hydroxide
leach/solvent extraction. However, these techniques are used to recover only uranium or
thorium, not both metals sequentially, and they are inappropriate' for reprocessing the fine
grained, calcium-rich raffinate sludge. A nitric acid leach/tributyl phosphate solvent extraction
method was formerly used at the Weldon Spring site to process uranium and thorium
'~oncentrates,and it was neutralization of the resultant waste streams with lime that Originally

,'$enerated the rafflrulte sludge. The calcium-rich raffinate sludg,~ cannot now. be effectively
releached with sulfuric acid because reaction between the sulfuric acid and calcium would cause
the fonnation of large ainounts ofradium-bearing gypsum, and this gypsum would plug sCreens,
filters, and pipes (MK-Ferguson Company and Jacobs Engineering Group 1992a).

It is also unlikely that the other techniques commonly employed to process uranium and
thorium ores or concentrates could achieve the required treatIrient efficiency. . Although an
alkaline-leach process would be more appropriate for the raffinate sludge (which is h,igh in .'
calcium carbonate), such a process is usually relatively inefficient, with recoveries ranging from
75 to 85%. Moreover, nitrate, ammonia, or chloride contamination caused by. the leaching
reagents, as well as unrecovered metals and metalloids within the reprocessed residual, would
render the residuals unreleasable(MK-Ferguson Company and Jacobs Engineering Group 1992a).
Thus, the waste volume would increase by this treatment, without an offsetting be~efit.

Reprocessing methods used in acid-leach uranium mills, which are carefully design.ed
to maximize uranium recovery from ore, typically extract 85 to 95% of the uranium in the leach .
cycle. Solvent extraction ~fficiencies of more than 99% would be needed for uraniUm, thorium, .
and radium recovery to produce a releasable residual from the raffinate pit sludge, and none of
,the available reprocessing methods are likely t~ achieve .suc,h efficiencies. A relatively
~suspension-freeaqueous liquor is required to react with the extracting organic reagent in solvent
"extraction systems. The raffinate sludge, which is fine grained, would be difficult to remove

from suspension. Consequently, the effective solvent extraction of uranium, thorium, .and
radium would be wilikely (MK-Ferguson Company and Jacobs Engineering Group 1992a).

.~t Reprocessing of the raffinate pit sludge was evaluated for both resource recovery and waste
~ reduction. Although the cost of constructirtgsuch a reprocessing plant at the WeldonSpring site
~:(estimated at $55 million [MK-Ferguson Company and Jacobs Engineering Group1992a])would

~. far outweigh any potential economic benefits associated with recovering uranium and thorium
.~ from this material, the reprocessing technology was eliminated not because of cost but because
'existing technology cannot be applied to the Weldon Spring waste to meet the objective of either
. resource recovery or volume reduction. Reprocessing and other chemical extracti,?n methods

. j were therefore eliminated from further consideration.

"3.2.4.2 Physical Treatment Technologies

Several physical treatment technologies are available for treating contaminated soil,
sludge, sediment, water, and structural material (Appendix B). These technologies could be
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implemented ill situ or following removal of the contaminated media. Process chemicals such
as· the process wastes from the project's two water treatment plants could also be treated by
certain physical technologies (e.g., thennal treatment). The evaluation of potential technologies
for site application in tenns of effectiveness, implementability, and cost is summarized in
Table 3.5.

Dewatering. Dewatering could be effective for treating the raffinate pit sludge to
reduce waste volume or as a pretreatment step to facilitate the implementation of additional
treatment processes (such as vitrification). The water removed by dewatering could be treated
in the water treatment plant at the site. The sludge could be dewatered in situ by pumping or
by installing gravity drainage trenches." However, the implementation of these processes would
be constrained by the low permeability of the fine-grained sludge, and operational difficulties
would result. Dewatering of the sludge following removal (e.g., by dredging) could be
accomplished with centrifuges, cyclones, filters, or presses or"a combination of these techniques.
Solids contents of about 85 and 75%, respectively, are commonly achieved in industry through
the use of (1) cyclones, plate thickeners, and filter tables or (2) a belt press, screen, and .
flocculation (MK-Ferguson Company and Jacobs Engineering Group 1992a). Dewatering"
treatability tests are being conducted to detennine expected solids contents for the raffinate pit
sludge. If these systems would not adequately remove excess water, thennal drying might be
required as a pretreatment process step.

Dewatering is considered applicable to site cleanup activities and was retained as a
treatment/pretreatment technology. It could be used as a support process to improve the
subsequent treatment of certain site waste (e.g., for raffinate pit sludge and sediment if thermal
treatment were selected). .

Solids Separation. Technologies for solids separation include screening, hydraulic or
spiral classification, and cyclone centrifugation. Such techniques have been used in the mining

" industry to segregate minerals that have significantly different densities and settling velocities
than the host sed.iinent - e.g., to separate gold, platinum, chromium, and tin from quartz sand.
These techniques are only developmental for waste treatment applications. Significant volume
reduction by physical separation methods requires the contaminant to be concentrated within,
or adhered to, a volumetrically small fraction with a specific grain size, which must then be
removed from the host material. It is very unlikely that any separation technology could meet
the high separation efficiencies required to significantly reduce the volume of contaminated
material at the Weldon Spring site. Contaminants in the soil, sludge, and sediment are not
concentrated on a specific grain size that could be easily removed by separation techniques.
Solids separation would, therefore, be generally ineffective for the site waste. Furthermore,
technologies such as wet screening or classification would probably mobilize considerable
amounts of certain contaminants, thereby further distributing the contamination instead of
separating out an uncontaminated fraction (MK-FergusonCompany and Jacobs Engineering
Greup 1992a). Therefore solids separation has been rejected from further consideration for the
site.



TABLE 3.5 Summary of Screening Analysis for Physical Treatment Technologies

Treabnent~easure

In-situ dewatering

Dewatering following
re.moval

Nonthermal extraction
(e.g., soil washing)
and thermal extraction
(e.g., steam extraction)
in situ and following
.removal

In-situ'vitrification

•

Affected ~edium

Sludge, sediment

Sludge, sediment

Soil, sludge,
sediment

Soil, sludge,
sediment

Effectiveness

Could effectively reduce contaminant volume and
solution mobilify, but toxicity would remain
Unchanged. Solar evaporation would be less
effective than energy-intensive processes, The
effectiveness of in-situ dewatering Is constrained
by the drainage characteristics of the fine-grained
sludge and sediment. .

Could effectively reduce contamlnant volume and
'solution mobility. but contaminant toxicity would
;emain·unChanged. Process waste from the water
treatment plants will be dewatered under an
interim action.

The toxicity. mobility, or volume of contaminants
might be reduced in certain applications by a
physical sweeping process that mobilizes and
separates contaminants &om the matrix. This
separation would result &om ei~r injecting or

. spraying/ponding water on the contaminated area
in situ or mixing the matrix with water in a vessel
following excavation. However. this process is .
typically ineffective for separatin'g contaminants
from fine-grained materials such as those present
at the site.

Could reduce contaminant toxicity, mobility, and
volume in certain applications. Off gas produced
by the process woUld require collection and
treatment. This In·situ process is constrained by
the nature of the waste and the physical conditions
at the contaminated areas. The poor quality of the
raffinate pit slUdge (e.g:, low silicate levels) would
adversely impact process effectiveness, Additives
would be required, and treatment optimization
would be difficult. The toxicity of certain limited
contaminants (e.g., nitroaromatic compo~ds)
would be reduced. but the toxicity of retained
metals and radiation &om the site waste would
not.

• .. _-

Implementability

Standard processes such as gravity drainage trenches
and in·situ pumping would be somewhat difficult to
Implement because of ·the physical characteristics of
the sludge and sediment, i.e., the low permeability
and small particle size. .

Can be implemented with standard equipment and
procedures. A dewatering system is being con·
structed as part ofthe site water treatment plant to
treat the process waste. .

Difficult to implement because the low-permeability
.clay layers and the fine-grained nature of the sludge
would limit effective contact and mobilization.

Difficult to implement because of the insufficient
glass-forming material in the raffinate pit sludge and
the considerable areal extent,and depth of contami
nation. In addition, monitoring and verification
would be very difficult.

.... --_ .._ .._.__._._-~~_::-~=-=--='~""',,-==.-.--

Cost

Moderate
to high

Moderate

Moderate

High

••••
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TABLE l.S (Cont.)

Treatment Measure

Vitrification following
removal

louie-heated ceramic
mclter

Fossil fuelchcatcd
ceramic melter

Plasma arc fumace

Inclnerati~n following
removal

Rotary kiln
incineration

Affected Medium

Soil, sludge,
sediment,
process chemicals

Soil, sludge,
sediment, som·e
metal debris,
process chemicals

Soil, sludge,
sediment, some
metal debris,
process chemicals

Soil, sludge,
sediment, vege
tation. process
chemicals

•
Effectiveness

Generally similar to in-situ vitrification but with
. fewer constraints. A bench-scale study of this

vitrification method has been conducted for
raffinate pit sludge; additives were required 10
produce a glassy product, and the need for
considerable optimization was apparent.

Generally similar to the joule-heated ceramic
melter, with additional applicability for treating
sized metal material such as steel pipes and beams.

.Generally similar to the·fossil fuel-heated ceramic
melter. .

Typically used for treating organic waste, this
process reduces waste volwne and the toxicity of
some contaminants. It oxidizes combustible wastt.'S
to gases and generatL'S an ash residue that is
susceptible to leaching and typically requires
treatment or restrictive disPosal. The presence of
volalile melals such as mercury in the raffinate pit
sludge would result In an off gas requiring
treatment.

·Implementability

Somewhat difficult to implement because of the inno
vative nature of this technology for most waste
treatment applications. Joule-heated ceramic melting
requires melt-modifying additives and material sizing
prior to treatment, and the system is difficult to
adjust for variations in feed parameters. This process
is currently being used to treat high-level radioactive
waste, but the availability of equipmenlls somewhat
limited. Energy requirements are substantial, and
off-gas emissions and operational safety are
considerations.

Generally similar to the joule-heated ceramic melter
but more amenable to variations in feed character
istics. This process has been adapted from the
commercial. glass-making iJldustry for application to
contaminated material, but it is developmental for
waste applications. Equipment for glass making is
Widely available.

Generally similar to the fossil fuel-heated ceramic
melter. The plasma arc torch process has been
adapted from the commercial l!'etal-melting industry
for application to contaminated material, but it is
developmenlal for waste applicaijons.

hnplementation would be difficult because of the
effects of various site-specific Waste characteristics on
the trealment system. Sodium would cause slagging
and impede solids removal. lhe high moisture con
tent of sediment and sludge would make Incineration

. inefficient, and the fine-grained particle size of lhis
material would tax an ofr-gas lrealment system.

Cost

High

High

l:Iigh

High

•



TABLE 3.5 (Cont.)

Treatment Measure

Incineration foDowing
removal (cant.)

Fluidized bed
incineration

Siagging
incineration

Uquid injection
incineration

Metal-melt refining

Affected Medium,

SOil, sludge,
sediment,
vegetation,

. process chemicals

SOil, sludge,
sediment,
vegetation,
process chemicals

Uquid process
chemicals

Structural material

Effectiveness

Generally similar to rotary kiln incineration.

Could destroy organic contaminants, reduce waste
volume, and Umit the mobility of inorganic
contaminants by incorporation into a sOlid slag.
Combustible wastes are oxidized or pyrolyzed, and
nonvolatile, noncombustible contaminants are
contained within the granUlar vitrified product or
slag. The spent refractory woUld be contaminated
with radionudides and metals if this process were
applied at the site. The toxicity of retained metals
and radiation from the site waste woUld not
change.

Can effectively destroy organic contaminants; this
process would require an emission control system.

Could reduce contaminated waste volume by
partitioning structiual material into a slag phase
containing higher concentrations of radionudides
and a metal phase with reduced concentrations of
radionudides. However, this process would.
generate. an off gas requiring treatment. Radiation
toxicity would not be altered. .

Implementability

Generally similar to rotary kiln incineration, with
additional constraints associated with the low
operating throughput rate and the need to remove
residuals and ash from the bed.

Generally similar to rotary kiln incineration, with the
. additional constraint of susceptibility to acid and

metal' halide attack and abrasion. lhis woUld
necessitate frequent replacement of the refractory,
which would result in processing delays.

The consolidated liquid process chemicals could be
incinerated at an approved incinerator.

Administrative feasibility could be low because this
process produces a volumetrically contaminated
material, for which no standards have been estab-.
lished for unrestricted release. \'Vaste treabnent
applicationS are limited, and d~ontaminating

structural debris contaminated wit,h radionudides
by this energy.intensive process has only been
demonstrated. on' a limited basis. Resource availa
bility is limited, and off-site transport would be
required if the commercial facility near Oak Ridge,
Tennessee, were used.

Cost

High

High

Moderate

High

• '-'-_.-, •.-----.,-.
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TABLE 3.5' (Cont.)

Treatment Measure

Other thermal treat
ment following
removal (e.g., molten
sail process, flaring,
wet-air oxidation,
supercritical water
oxidation, and
infrared incineration)

Solids separation
following removal

Volume reduction by
crushing, compacting,
shredding

Physical treatment
following removal
(e.g., filtration,
centrifugatio~)

Affected Medium

Soil, sludge, sedi
ment, structural
material, process
chemicals

Soil, sludge,
sediment

Structur;lI
material,
vegetation

.Surface water,
,groundwater

•
'" ;'..;.

Effectiveness

'. Could destroy organic contaminants but. is
generally ineffectiv.e for treating radionudides
and inorganics, which predominate at the site.
The toxicity of radiation from site waste would
not be altered.

Might achieve separation in certain' applications,
e.g., for separating radionudides from the original
ores, but would be generally ineffective for sepa
rating relatively low concentrations of contami
nants from solid particles distributed throughout
various grain sizes in the soil, sludge, and sedi
ment at the site. Also, applying separation tech
nologies to the site waste might mobilize and
further distnbute rather than segregate contami
nants.

Can effectively reduce the volume of structural
material and .vegetation following removal, but
would not reduce contaminant toxicity or mobility.
Often used effectively as a p'retreatrnent step prior
to additional treatment or disposal.

Can effectively reduce the toxidty, mobility, and
volume of contaminated water by removing con
taminants from solution. A water treatment plant
will be available to treat contaminated water at
the site under an interim action. This system
would also be available to treat groundwater as
appropriate, e.g., the perched groundwater inter
cepted from beneath the rufinate pits.

Implementability

Would be very difficult to implement; these tech
nologies would be ilUlovative for application to the

. site waste, and resollrc\.'S are noi readily available.

Could be implemented with available equipment.'
This technology has b\.'Cn applied in the mining
industry (for ore separation processes), but it is
only developmental for waste application.

Can be implemented with readily available resources.

Can be implemented with readily available resources.
A water treatment plant that in~lud\.'S physical treat
ment components is l>t!ing constructed at the site
under an interim action. .

•
Cost

High

Low

Moderate

Moderate
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Extraction. Water and steam extraction technologies can reduce contaminant toxicity,
mobility, or volume in certain cases by physically "sweeping" contaminated material to acselerate
·the migration of contamiriantsthrough 'either injection or surface application of water on a
;contaminated area, in situ or within a vessel following removal. These processes are typically
.used to treat organic contaminarits' or highly mobile inorganic contaminants that can be
'physically removed from the waste matrix. Such contaminants are not, presentin significant
,quantities at the Weldon Spring site. Thermal or nonthermal physical~xtractiontechnologies
wouldnpt remove the contaminants that are predom.mant at the site, Le., radionuclidesand
.metals..Therefore, they are rejected from further consideration.
:~

.~.

Vitrification. Vitrification involves' electrically heating contaminated material to
temperatures high enough to cause it to melt. Organic contaminants are destroyed in· this
process, and other contaminants can be volatilize~ from the melt. The solids are fonned into
a chemically inert, leach-resistant, glass-like product that traps the inorganic' contaminants.
Vitrification can be applied in situ or following removal to reduce the toxicity, mobility, and'
volume of waste. The in.:.situ application of this technology is considered innovative for waste

.,:treatmerit, and it has not yet been demonstrated on the type of waste present at the Weldon
Spring site or on as large a scale as would be required. It involves placing electrodes in the soil
or waste over. relatively small, incremental areas, and its effectiveness woUld be difficult to
ver.uy. .

Pollowing the removal ofcontamina,ted material, vitrification coUld be implemented
with a joule-heated ceramic melter, fossil fuel-heated ceramic melter, or plasma arc torch furnace.
In these processes, material is heated. to temperatures high enoughto melt the inorganic portions

:.of the waste and, upon cooling, the nonvolatile 'components are incorporated into a vitrified. . .
"solid. Ceramic melters ar~ceramic refractory-lined furnaces used for producing glass or vitreous.

material. Operating temperatures reach 1,200°C (2,1900 P) for the joule-heated ceramic meIter and
,. up to 1,900°C (3,45.00 P) for the fossil fuel-heated ceramic melter: .In joule-heated melters, heat
. is produced by passing an alternating current between electrodes submerged in the material to

be melted; these melters are currently being used to Vitrify liquid high-level radioactive waste.
In fossil fuel-heated melters, fossil fuel such as natural gas is burned to heat the material; these
melters are an adaptation of conuI;erdal glass-making technology and ar~ cUrrently in the pilot

~~ stage for application to treatment of radioactive and chemically hazardoUs waste.
~
~. Plasma. arc torch furnaces generate a plasma iri a gas as a heat,source. Heat from the
i plasma is transferred to the II'iaterial to be melted either by injecting the waste into the plasma
,plume or by using the plasma to generate a melt to which the waste is added. . Melt
~ temperatures in these systemS can reach 2,OOO°C (3,6300 P) (MK-Perguson' Company and Jacobs .
,; Engineering Group 1992a). Plasma arc torch furnaces. are used in the steel industry, and
~ adaptation to radioactive and chemically hazardous 'waste treatment is in the bench-scale and
.demonstration stage. The high melt temperatures achieved in the plasma arc torch process
increase corrosion of the melter, which requires more expensive and complex alloys for
construction compared with the other technologies. High-pressure water is also required for
cooling theelectrodes.'
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Joule-heated ceramic melters, fossil fuel-heated ceramic melters, and plasma arc torch .
furnaces are all potentially viable vitrificatio~ technologies. Joule:-heated ceramic melters are'
more susceptible to refractory corrosion and require a more uniform feed composition than fossil
fuel-heated ceramic melters. Fossil fuel-heated ceramic melters are more tolerant of changes in
melt viscosity, conductivity, and metal phase immiscibility than joule-hea~edceramicmelters.
The plasma arc torch furnace is a more complex developmental technology for treating
radioactive and hazardous waste, and it would require significant development for use at the
Weldon Spring site. Therefore, the fossil fuel-heated ceramic melter was identified as the
representative technology for evaluating vitrification for the Weldon Spring waste in this FS.
These vitrification process options are being further evaluated ~d tested to determine the
optimal technology. '

Incineration.' Waste material can be incinerated by rotary kiln, fluidized bed, sliigging,
and liquid injection incinerators. Rotary kiln and fluidized bed incineration are typically used.

, to destroy organic cofitaininants. Rotary kilns are refractory-lined rotating cylinders positioned
at a slight incline. Waste is introduced at the high end, and ash is collected from the bottom'
end. Flue gasses pass through a Secondary chamber and control eqUipment before exiting to the

.. atmosph~re. Fluidized bed incinerators contain a bed of sized granular refractory material in
~,a refractory-lined vessel. Waste is injected onto the bed and incinerated as ,air is forced up
~. through the bed at a velocity sufficient to fluidize the burning material. These technologies do
.. not reduce the toxicity or mobility of radionuclides or inorganic constituents; they do reduce the

. • total waste volume, but both processes produce an ash residue.

For rotary kiln incineration, the presence 'of elevated levels of alkali metal sulfates can
cause refractory attack and slagging at high temperatures, which can impede solids removal.
Fine particle size in the feed material results in a high particulate loading oithe flue gases. Both

. of these conditions are characteristic of the Weldon Spring soil, sludge, and sediment. Fluidized
bed incinerators require a fairly uniform size feed, and the presence of fine-grained material

.would result in high particulate loading of the flue gases.' The ash produced from these
technologies might be determined to be hazardous if it failed leach-testing criteria. If this were
the case, the ash would require further treatment before disposal.

Rotary, kiln and fluidized bed incineration technologies were not retained for further
, consideration because incineration would not reduce the toxicity or volume ofmost contaminants

" at the site and because potential problems exist relative to flue gas loading with fine particulates,
possible refractory attack and ash fusion, and the need to further manage the ash residue
produced. Incineration of organic debris and wood at the site was also screened from further
consideration because the extensive engineering and time required for implementation and the
expense of incineration are not justifiable for the small quantity ofvegetation and wooden debris

. that might be contaminated and could be treated as effectively by other processes. For example,
composting can achieve similar reductions in volume without the added air emissions and ash
reSIdual resulting from incineration (Section 3.2.4.3).

In a slagging mode, rotary kiln incinerators are operated at higher temperatures than
otherwise used. Some ash and a glass frit similar to a vitrified product are produced. Refractory
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attack is a significant problem for incinerators 'operating in the slagging mode. Replacement of
the refractory can be required ,as frequel1~ly as once or twice per year (MK-Ferguson Cq,mpany
and Jacobs Engineering Group 1992a). Slagging incinerators are also subject to the same
constraints as rotary kiln' and fluidized bed mcinerators and were therefore also screened from
·further considerati,on. ' ,

Other Thermal Technologies. Other high-temperature technologies include the molten
, salt process, flaring, wet air oxidation~ supercritical water oxidation, and infriired incineration.
The molten salt process is used for the destruction of organic'hazardous waste, particulady
chlorinated hydrocarbons and chlorinated solvents. 'Organic waste undergoes catalytic

, destruction upon contacting molten salt maintained at a temperature between 760 a,nd 1,040°C '
(1,400 and 1,900°F). TIlis treabnent technology cannot process material containing a high ash

"content, such as the soil, sediment, and sludge at the Weldon Spring site. In addition, the
~j treatment process wolil.d not decrease the toxicity, mobility, or volume of the contaminants that

predominate at the site. , The same restrictions are also true for infrared incineration, which
involves placement of the waste on a movirig belt that passes under silicon carbide irradiators
,<MK-Ferguson Company and Jacobs Engineering Group 1992a; EPA 1988b, 198&, 1989f).

Flaring is a special category of combustion under which waste is exposed to an open
.; flame. This process does not apply for the site becauSe it is only appropriate for gaseous waste
'~streams consisting of relatively simple hydrocarbons such as fuel tank emissions and landfill

methane gas (MK-Ferguson Company and Jacobs Engineering Group 1992a). Wet air oxidation
: involves aqueous phase oxidation of dissolved or suspended organic substances at relatively low
temperatures (ISO to 320°C [350 to 600°FJ). Supercritical water oxidation relies on the physico
chemical properties of water when it is heated to its critical temperature (Rich and Cherry 1987). "

, .

•I,
i

I
I
1
I

!
I

•

i

~



•

•

•

3-23

When maintained above 374°C (705°F) and 22,000 kPa (3,200 psi), water isan excellent solvent ..
lof'- organic compoW1ds. Both wet air oxidation and supercritical water oxidatiQn are
inappropriate, for the largely inorganic and radioactive contaminants at the Weldon Spring site .

. (MK-Ferguson Company and Jacobs Engineering Group 19913). Because these processes have
not been demonstrated for large-scale waste treatment applications and are not as, effective as
other processes for the contaminated media present at the site, they are rejected from further
consideration. "

Metal-Melt Refining. In metal-melt refinirlg, induction furnaces are used to melt
contami.ruited metal debris and capture radioactive contaminatiol1 in,'~e' slag' phase while
producing a less contammated metal. This process has been demonstrated on a limited basis.
The Scientific Ecology Group, Inc., has constructed an 18-t (20-ton) induction melt furnace at its
facility near Oak Ridge, Tennessee, and this facility has recently become operational (Large 1992).
Metal-melt refining could potentially be used to remove some of the radioactive contaminants
from steel; howeve'r~ the feasibility of generating a radiologically releasable product is
questionable and considerable energy is required.

Metal-melt refining has been used for industrial applications, butits use for decontami-:
~nating structural debris contaminated with radionuclides has been limited (MK-Ferguson
:Company and Jacobs Engineering Group 1992a). Bench-scale studies with material from DOE
uranium-processing facilities have, demonstrated a significant reduction in radioactivity in,

tcontaminated copper, iron, nickel, and steel through the partitioning of radionuclides into the
';slag phase, but the process was less effective with contaminated aluminum (Bechtel National
: 1988). No standards are currently available for 'unrestricted release, of the volumetrically
,contaminated material that would result from this process. Therefore, partitioning could not be
, used to decontaminate structural material at the site for subsequent release without radiological
,restrictions.

Metal-melt refining could be used as a volume reduction technology, as discussed
below. An additional variation of the metal-melting process is to melt the metal and mold it into
products for limited use in the nuclear industry, e.g., for shielding components. In this process,
the radioactive contaminants are not removed but become iilcorporated into the metal, thereby
reducing hazards. This restricted-use recycle option could be considered as part of remedial

\.design.' "

Volume Reduction. Reduction of waste volume or size by shredding, pulverizing,
andI or compacting is considered potentially applicable to the managementaf rock and structUral
material, and it coUld be achieved with conventional equipment. Shredders can process both

"concrete and metal, concrete ~an be crushed or ,pulverized to reduce particle size and facilitate
. compaction, and metal debris can be smashed or flattened to facilitate compact placement in a
diSposal facility. These technologies are all retained for site application. The volume of
structural metal can also be reduced by melting. The Scientific Ecology Group facility at Oak
Ridge could be used for:this purpose; however, this technology would 'have significant energy
requirements. . )

I
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3.2.4.3· Biological Treatment Technologies

Several biologic~l1 treatment technologies are available for treating contaminated soil,
sludge, sediment, water, and structural material (Appendix B)~ Biological treatment technologies·
use liVing organisms such as bacteria or fungi to detoxify or immobilize contaminants in waste.
These technologies are applied primarily forconverting organic contaminants into nontoxic
products. Bioremediation has also been Used to degrade inorganic contaminants such as nitrates,
and it can be used to detoxify or immobilize certain metals by changing their oxidation state.
The organically contaminated waste and organic material that are candidates for bioremediation
at the Weldon Spring site include the nitroaromatic-<ontaminated_~oil fraction from the quarry
(in storage at the TSA), the nitrate contamination in .the raffinate pit sludge, and the vegetation
and wooden debris. .

..
Effective ·bioremediation technologies often require the use of amending agents and

nutrients such as sewage sludge, hay, or man~e for the remediation of solid material and a
soluble organic compound such as glucose for· the remediation of aqueo~ or slurry waste
(Wagner et al. 1986). The addition or control of oxygen, temperature, and pH are also commonly
required. Use of microbes already present at the waste site is preferable to the introduction of
other microbes that must be acclimated to site conditions. In bioremediation processes,
limitations to· microbial activity, e.g., nutrient deficiencies or improper oxygenation or
temperature control, are !dentified and corrected in order to stimulate or accel~rate naturally
occurring processes. Bioremediation technologies for soil, sludge, and other material
contaminated with organic compounds (such as vegetation) include composting, suspended and
attached growth (slurry and solid phase) biodegradation, and land application (land farming).
The evaluation of these technologies in tenns of effectiveness, implementability, and cost is
summarized in Table 3.6. ..

Composting. Composting is accomplished by mixing the waste with a tarbon source
such as hay or manure, as required, to enhance the degradation of the organic material. Other
nutrients and active cultures can also be added to.promote biodegradation. Process opti<?ns for
composting include operi and static windrows. The open windrow system consists· of placing
the mixture in long open piles and aerating them with periodic mixing. The static windrow
system consists of Placinglong piles over a grid of perforated pipes through which air is forced.
The static windrow system is generally faster than the open window system and allows for
better control of the composting process. Compost can also be aged in a reactor vessel that is
aerated by tumbling, stirring, and forced aeration. However, the energy requirements for this
system are much larger.

Compostirig is applicable to the vegetation and wooden debris present at the Weldon
.. Spring site and is retained for cleanup applications. The DOE is currently considering ·on-site

biodegradation of wooden debris as a treatability study (separate documentation. is being
prepared for these activities). Cbmposting can result in a volume reduction of 80 to -90% in 1
to 2 years, depending upon the compost content (MK-Ferguson Company and Jacobs
Engineering Group 1992a). Composting would not reduce the toxicity of radioactive or met~
contaminants.
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The U:S. Department of the Army has studied composting of soil contaminated with
nitroaromatic compoWlds. Field-scale studies and research have indicated that extractable
tutroaromatic concentrations might be reduced by composting, depending on experimental
conditions such as temperature, aeration, and quantity of amendments (Williams et al. 1988;

·,U.s. Army Toxic and Hazardous Materials Agency 1989). This reduction appears to result from
'~e metabolic utilization of the nitroaromatic compounds by microbes. The composting of site
.~oil contaminated with these compounds is being considered as a pretreatment step to reduce
,~oncentrations prior to further treatment or disposal. Additional studies are being conducted
'~o identify the appropriate inoculation, fertilization, and moisture requirements. -
p

Suspended and Attached Growth Biodegradation. Suspend~d growth treatment c~uld
involve adding water to contaminated soil or sludge to c·reate a slurry containing at least 50%
water and mechanically aerating and mixing the slurry with nutrients and a microbial culture

-_ina large reactor vessel or surface impoundment: Conducting this process in a reactor vessel
allows better optimization of operating conditions and· the collection and tteatrr\ent of any
emissions. Pretreatment of soil or sludge is often required to remove elevated concentrations
of toxic metals or other inhibitors that could slow or halt biological activity. !?trict control of
temperature, pH, and oxygen are often critical to the success of these processes. This type of
treatment would not be as effective as composting for the nitroaromatic-<ontaminated soil
because of the presence of other contaminants.

Attached growthitreatment can be used to treat soil and sludge in a reactor vessel or
on a filter bed. For the latter, soil can be placed on abed of clean sand Wlder1ajn bya leachate

· collectio~ system and -a synthetic liner. Plastic· coverings and a sprinkler system can then be
: .used to create an environment conducive to biodegradation. This type of systeII1. is s~bject to
;I, •.

the same constraints as a suspended growth system and would not be as effective as composting
for treating nitroaromatic-<ontaminated soil at the Weldon Sp~g site because of the presence
of other contaminants. _.

•

•
Biotransformation and biodenitrification can be conducted in both suspended and

attached growth systems. Biotransformation involves the microbial alteration of a chemical
· substance into a less toxic or less mobile form. For example, certain strains of chemo
':' organotrophic bacteria (e.g., the obligate anaerobe, Thiobacillus ferrooxidans and the strict anaerobe
;Desulfovibrio desulfuricans) can reduce water concentrations of uranium by reducing the soluble
., hexavalent form to the insoluble trivalent form and causing it to precipitate into a sludge in the
;.absence of oxygen (Agency for Toxic Substances and Disease Registry 1990; Lovley. et al. 1991).
'k Biodenitrification involves. the transformation of nitrate and nitrite to nitrogen under anoxic
,vconditions. These processes can be inhibited by the presence -of metals or other contaminants
~. that can slow or stop metabolic activities. Low-permeability soil or sludge can also interfere with
microbial processes. Temperature, pH, and water and oxygen content are important variables

. that must be controlled. .

Laboratory studies of biodenitrificationof the raffinate pit sludge have indicated that •.
this technology could potentially be used to enhance the removal of nitrate and nitrite from
sludge solution and to reduce the concentrations of radium, uranium, and thorium in solution
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• by adsorption onto the microbial mass, thereby generating another waste sludge (Taylor et al.
."1979~ Taylor 1980a, 1980b). Biodenitrification has been performed in a continuous-flow, stirred

tank reactor at the Oak Ridge Y-12 plant to treat waste streams averaging 25% nitrate Dohnson
and Arnold 1986). Biotransformation and biodenitrification were screened froni. further
consideration for waste at the Weldon Spring site because only limited contamination (primarily
nitrates) would be addressed, the nitrate concentrations are variable, raffinate sludge represents
a large volume of material, an additional waste sludge would be generated· from the microbial
growth, inhibitory contaminants are present, and maintaining appropriate temperature, pH, and
low oxygen conditions in the system would be difficult. For these reasons, suspended and·
attached growth processes were rejected from ·further consideratiqt:l.

•

•

Land Farming. In land farming, waste is typically· spread out on and mixed with
uncontaminated soil so indigenous bacterial and fungal agents can degrade the organic
contaminants. Regular plowing and addition of water and nutrients are used to increase the rate

. of biodegradation. "This process requires a large land area and. is difficult to optimize and
control; measUres to protect groundwater, surface water, and air from pote~tial contaminant
releases are often required. On the basis of these constraints, land farming was rejected from
further consideration.

·3.2.5 Short-Term Storage

Short-term storage involves isolating contaminated material to protect human health and
the environment until the material can be treated and/or permanently di~posed of. This
technology typically involves the construction of an engineered facility to minimize the potential

. for contaminant migration. Short-term storage would not reduce contaminant toxicity or"
volume, but it could reduce contaminant mobility and. potential exposures. "This technology
could be applied for all contaminated media within the scope of this action. Depending on the
material to be stored, the facility could be an enclosed structure (such as Building 434), a tank
system (such as the tributyl phosphate tank system with be'rmed containment), or an outdoor
.area with a gravel pad or other base (such as the MSA and TSA) and covers such as tarpaulins.
These options could be applied either on-site or at an off-site pennitted facility.

The screening evaluation of short-term storage options is summarized in Table 3.7. Use
of an off-site facility would reqUire that the material be transported off-site and that an

. appropriate facility be available.· Waste transport would· result in an increased risk of
transportation accidents and related impacts, the magnitude of which would depend on the
waste volume and type, mode of transportation, and facility location. No suitable off-site facility
exists for short-term storage of site waste, and none is likely to become available in the near
future. Therefore, the off-site application was rejected from further consideration

Short-term storage on-site is. a viable option that is currently being used to support
various interim actions, pending the forthcoming disposal decision. The TSA, MSA, and asbestos
container staging area were recently constructed and Building 434 was renovated to serve as
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TABLE 3.7 Summary of Screening Analysis for Short-Term Storage

" .., ~;.;: ..... .'.

Short-Term Storage
Facili~

Open and enclosed
structures

Tanks and
retention ponds

Affected
Medium

Soil, rock, sludge, sediment,
drummed process chemicals,
containerized asbestos
containing material and other
structural material, vegetation

Surface,water, groundwater
(intercepted/collected), liquid
waste'

Effectiveness

Can effectively protect human health and
Ule environment in the short term by
reducing contaminant mobility and limiting
exposures. The TSA, MSA, asbestos con
tainer staging area, and Building 434 are
currently being used to support various'
interim actions. These facilities could be
expanded/modified to store additional
material. For the off-site application,- trans
portation of the waste would increase risks
to workers and the general public due to
Ule increased likelihood of accidents and
potential exposures.

Effectiveness is the same as described
above. Tributyl phosphate is .currently
being stored in a tank system, and surface

,water and intercepted groundwater are
currenily being stored in retention ponds.

[mplementability

The on-site application can be
easily implemented with readily
available resources. Such facilities
have been and will continue to be
developed on-site to support
cleanup activities. An appropriate
storage facility is not currently ,
available off-site, and it is unlikely

. that such a facility would beCome
available in the near future.

ImplemEmtability is the same as
, described above.

Cost

Low to,
moderate

. .

Low to
moderate

W
I

N
00

• The listed facility 'options would be land-based and could be located either on-site or off-site.
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on-site storage facilities. These facilities could be expanded or modified, as needed, to support
the current remedial action. In addition, retention ponds currently store surface water on-site,
pending treatment under an interim action. Therefore, short-term storage continues to be
considere~ applicable for site cleanup activities. .

3.2.6 Disposal

Disposal options evaluated herein are limited to contaminated solids. Although. I

contaminated surface water could be directly disposed of (i.e., without treatment) by discharging
to land. or surface water bodies or discharging to a publicly· owned treatment works, such
disposal is not necessary because a water treatment plant is being constructed at the site as part
of an interim action. Any surface water requiring treatment would be transferred to this plant,

. and the resultant treated water would be managed in accordance with the existing discharge
pennit from the state of l\1jssouri. The only related material that would require disposal is the
process waste resulting from plant operations, and this material is being addressed under the
current action. Hence, disposal options for surface water are not addressed further in this FS,
and the discussion of disposal generally focuses on soil, sludge,and structural material.
Management of contaminated groundwater will be evaluated in documentation. for the
groundwater operable unit to be prepared within the next several years.

Disposal of contaminated solid material involves confinement for permanent disposition.
. Disposal options considered for the waste resulting from site. remediation include aland-based

facility on-site, a land-based facility off-site, and ocean disposal. Ocean disposaL was rejected
: from further consideration because this method for c;lisposing of radioactive and chemically

hazardous substances has not been approved by the EPA, and it is highly wilikely that such
approval will be obtained in the near future. Hence, the disposal options considered in~ FS
are land-based facilities, both on-site or off-site. Nonradioactively contaminated process
chemicals could be disposed of off-site at a commercial facility. Material determined to be
hazardous under RCRA could be shipped to a pennitted facility, and nonhazardous material
could be shipped to a sanitary or demolition landfill. Related requirements are presented in·
Appendix G (Table G.3).

Several process options are available for a land:-based facility, induding a concrete vault
and several design variations for an engineered cell. These facilities would be designed to
miniinizeexposure of the waste to surface water, groundwater, wind, and other environmental
forces - thereby minimizing exposure to and the migration of contaminants. Disposal facilities
can be constructed out of naturally occurring material such as clay, soil, and gravel, or out of
manufactured material such as concrete and geomembrane liners.

Concrete vaults are typically used to dispose of containerized waste. Althoughvaults
are very structurally stable, they can be more permeable than day and, as a result, disposal of
leachable material within a vault would require an additional low-permeability lining of clay or
other material to contain the waste. Compared with an engineered cell, the capability of
incorporating design changes ina vault during planning and construction (e.g., to increase or
decrease the size) is more difficult and could result· in schedule delays. In addition,
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maneuverability within the vault during waste plcicement activities would be constrained by the
.structure. Because it would not add significant protection for the disposal of weight-bearing
..waste ,(such as soil or sediment) and there is less design and operational flexibility compared'
,with an engineered cell, a concrete vault was not considered further.

:,' AIl engineered cell is, ofteI\ used to dispose of contaminated solids. This type of cell
.typically consists of a liner (or liners) below the waste and a cover over the waste. Side covers
.~or embankments are also utilized to completely encapsulate the waste. Engineered cells' are
~!=onstructed .to satisfy the., design requirements appropriate to the type of waste they would
~contain. The radioactive waste associated with cleanup of the Weldon Spring site is classified
'as by-product material, as deflnedin Section lle(2) of the Atomic Ellergy Act; such'material is
typically disposed, of in accordance with the requirements in 40 CFR192 (Appendix G,

. Table G.3). In a cell engineered for this type of waste, e.g., waste contaminated with low
concentrations of naturally occurring radionuclides (uranium, thorium, radium, and their.
radioactive decay products), the waste is placed on a bottom clay layer to impede the percolation
of free water from the cell into the ground. The waste is then covered with a radon barrier to
limit radon emissions from the cell, a drain layer, a frost protec~onlayer, and an erosion

.protection barrier to limit erosion, water infiltration, frost penetration,apd biotic intrusion.

Under RCRA regulations (40 CFR 261),:a solid waste is considered to be a regulated
hazardous waste if it is not otherwise excluded fTom regtilation as a hazardous waste and either
·exhibits any of ,the characteristics identified in Subpart C of this regulation~ in which case it
is tenned a "characteristic1hazardollS waste" - or is listed in Subpart D of the regulation -:- in .
which case it is termed a "listed hazardous. waste." Waste determined to be hazardous as
defined by RCRA is disposed of according to th~ requirements of 40 CPR 264 and 4OC~268;

:' more stringent state requitements may also be pertinent, as indicated by the regulated conditions
(Appendix G, Table G.3).' In a cell with design components similar to those specified in
40 CPR 264, the waste is placed on a bottom liner system consisting of an uppermembrane liner,
a composite bo'ttom liner (flexible membrane and day layer), and a. leachate collection and
removal system. The leachate collection and removal system is designed. to collec(and reIIlove
any leachate or infiltrate·from the cell. The cover on this tYPe of cell includes an infiltration
barrier, a drain layer, a frost protection layer, and an erosion protection barrier to limit erosion,

,; infiltration of water, frost penetration, and biotic intrusion into the cell. A cell designed to
,'" accommodate both lle(~) 'by:"product material and chemically hazardous waste would
~ incorporate elements of both cell designs, including a radon barrier in the cover, a composite
, liner, and a leachate coll~~tion and removal system in the bottom lirier.

A third type of engineered disposal cell, the sanitary or demolition landfill, is designed
to contain inert waste or waste that was initially characteristic hazardous waste but that has been
treated so that it no longer exhibits' the defined conditions. Requirements for this' type of

.: disposal cell are given in 40 CPR 258 (Appendix G, Table G.3). The cover system consists of a
· compacted soil cap and vegetative cover. The bottom liner system includes a composite liner
and a leachate collectioriand removal system. This type of cell could be modified to' contain
both l1e(2) by-product and nonhazardous waste by including the relevant cover design

· requirements for a ,by-product waste disposal cell.

•
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. In addition to these design considerations, the land disposal restrictions promulgated
by the EPA in 40 CFR 268 preclude the disposal of certain contaminants without prior treatment
(Appendix G, Table G,3). The land disposal restrictions would be applicable to any Weldon
Spring waste regulated Wlder 40 CFR 268, and land disposal of such waste would require that. .
appropriate treatment standards be met. The treatIrient standards are based on contaminant
concentrations in the waste, the treatment technology utilized, or waste characteristics .after
treatment. No waste determined to be listed hazardous waste as defined by RCRA has been
identified at the Weldon Spring site. Characteristic hazardous waste would be treated prior to
disposal so that it no longer exhibits the characteristic condition. If any listed waste were
identified as site cleanup'progressed, it would be managed in accordance with the land disposal
restrictions.

The implementability of.land disposal at an off-site facility is affected by the availability
of suitable sites for disposal of the Weldon Spring wa.ste. In addition, the increased risk of
accidents and exposures associated with off-site transport of the waste (Appendix F, Section F.7)
and the increasel;i cost for off-site transport and disposal would have to be balanced· by an
increased effectiveness compared with on-site disposal. No commercial facilities are currently
authorized to accept 11e(2) by-product material for disposal. One facility, located near Clive in
Tooele CoUnty, Utah, is ;;authorized to accept naturally occurring radioactive material. The
operator of this f'l-cility (Envirocare of Utah, Iric.) has applied to the U.S. Nuclear Regulatory
Commission (NRC)'for a license to dispose of lle(2) by-product material, but such permission

. has not yet. been received. However, because it is possible that thiS fadlity could receive
permission to dispose of 11e(2) by-product material in the future, it was. included in the
evaluation of potential off-site disposal facilities. In accordance with the requirements of
CERCLA, as amended, hazardous substances can be transferred off-site only to facilities that are
operating in compliance with applicable federal laws and state requirements. In addition, the
disposal unit must not be releasing any hazardous waste into the groundwater, surface water,
or soil, and all such releases from other units at the facility must be controlled by a corrective
action program.

Other off-site disposal options are currently limited to facilities that are owned and
operated by DOE. As identified in DOE Order 5820.2A, large quantities of 11e(2) by-product
material should normally be disposed of in the state in which it is generated (Appendix G,
Table G,3). Disposal facilities for low-level radioactive waste are currentiy located at major ooE
installations such as the Hanford site near Richland, Washington; the Idaho National Engirieering
Laboratory near Idaho Falls, Idaho; and the Savannah River site near Aiken, South Carolina.
However, no DOE disposal facilities exist in the state of Missouri or in the surrounding states.
The Hanford site was evaluated for potential off-site disposal in the draft E15 (DOE 1987) as a
reasonable, representative DOE facility.

Sites in the semiarid regions of the United States (e.g., the Envirocare and Hanford sites)
tend to have more favorable hydrogeological conditions and lower population densities than
sites in the more humid regions (e.g., in Missouri). In the draft E1S, a hypothetical facility was
assumed to be located in Missouri within 160 kIn (100 mi) of the Weldon Spring site to evaluate
the potential impacts associated with a. nearby off-site disposal option (DOE 1987). Use of such.
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a facility for disposal would require that it be properly sited, which would involve investigation,
. evaluation, environmental documentation, and p!-1blic review and comment. In addition, a

nearby facility would need to address licensing requirements of the NRC for radioactive material
and siting requirements of the state of Missouri for chemically contaminated material.
.Development of such a facility would likely be a very protracted activity.

On-site disposal would req~e the construction of an engineered facility at the Weldon
Spring site to dispose of contaminated material generated by site remediation. Engineering
evaluations conducted to date have demonstrated that the geological conditions at the site would
be suitable for such a facility (MK-Ferguson Company and Jacobs Engineering Group 1991a). The
results of constant head triaxial permeability tests and a geologic mopel using three overburden
units indicate that the naturally ,occurring materials at the Weldon Spring site are sufficiently
impermeable to meet certain state requirements for locating a disposal facility. The Missouri
Department of Natural Reso~ces has reviewed the results of the site suitability work and
concluded that no significant potential for catastrophic collapse exists in the disposal facility
study area (Garstang 1991). Additional testing contmues to be performed to study the e.ffect that
macropore features within the overburden ,might have on overall permeability"as well as the
effect that hypothetical leachate (rather than water) might have on the results of constant head
triaxial permeability tests.

The screening evaluation of potential disposal options is summarized in Table 3:8. on
the basis of this evaluation, the general option retained for further evaluation was disposal in
a land-based engineered cell. Such a cell would be designed for the specific waste type(s) it.
would. contain; it could be located on-site, at the commercial Envirocare site in Utah, at the
representative off-site OOE facility (i.e., the Hanford site), or at a hypotheticainearby site in
~Missouriwithin 160 krn (lOa rni) of the Weldon Spring site.

3.3 POTENTIALLY APPLICABLE TECHNOLOGIES

Potentially applicable technologies for site remediation are swnrnarized in Table 3.9.
This swnrnary is based on the screening analysis presented in Section 3.2. The technology types
that have been retained through this analysis were used to develop preliminary remedial action

';altematives for the site. These alternatives are identified in Chapter 4.

•
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TABLE j.8 Summary of Screening Analysis for Disposal

•
.Disposal Option

Land-based facilitr

Concrete vault

Engineered cell

Ocean disposal

Effectiveness

Typically used for the disposal of containerized
waste because it is structurally stable .and it
allows for waste retrieval. Provides protection
of the environment and reduces exposures.
Provides some control of exposures and con
taminant mobility relative to migration, but

. would require an·additional clay layer for site
application because of the permeability of
concrete. Not appropriate for weight-bearing
waste, and design flexibility is limited. Off-site
disposal would increase risks to workers and the
general public due to the increased likelihood of
transportation accidents arid potential exposures..

Can be very effective for containment. of weight
bearing waste~ Provides protection of the envi
ronment and reduces exposures. Cover and
liner systems limit exposures and contaminant
mobility relative to migration. Allows design
flexibility to accommodate specific waste types.
Off-site disposal would increase risks to workers
and the general public due to the increased
likelihood of transportation accidents and
potential exposures.

Not an approved method of disposal for
radioactive or chemically hazardous waste.

ImpJementabiJity

Construction requirements could result in
longer completion schedules compared with
an engineerl!d cell. The capability to incor
porate design changes such as an increase. or
decrease in size would be limited. Material
placement within Ule vault would be
hampered by equipment maneuverability
constraints imposed by the structure. An
off-site facility is not currently available for
the Weldon Spring waste.

Straightforward to construct with established
methods and readily available resources.
Administrative constraints impact the
availability of off-site applications for the
Weldon Spring waste.

Not currently available because Of regulatory
restrictions ·and environmental concerris.

Cost

High

Moderate

High

~ Land-based disposal options could be implemented either on-site or off-site at a commercial facility (Envjrocare), an existing DOE facility
(Hanford), or a new facility constructed in Missouri (hypothetical nearby site).



TABLE 3.9 Screening ofPotentialJy Applicable Technologies

General Response Evaluation
Action Technology Type Affected Media Result Comments

No action Not applicable All Retained· ProVides a baseline for comparison wilh action alternatives.

Institutional Access restrictions All Retained Can effectively limit entry to conta'm~ated areas and can be used to
control support other response actions.

Ownership and use All Retained Can minimize exposures to site contaminants by limiting use of
or deed restrictions contaminated areas and can be used to support other response

actions.

Monitoring All Retained Can provide data useful for minimizing exposures and can be used
to support other response actions.

Groundwater Groundwater Retained Can provide. the means for a contingency response, as needed,
restrictions pending the implementation of source control measures at the site.

Vol
In-situ Surface controlsl Soil, sludge, Retained Can limit contaminant mobility by dimting surface runoff around

,
Vol
~containment diversions sediment, surface contaminated areas on-site. .

water

Caps and covers Soil, sludge, Retained Can limit airborne emissions! attenuate gamma radiation, and
sediment, process reduce precipitation-enhanced percolation and leaching.
chemicals

Lateral barriers Soil, sludge, Retained Can limit lateral migration of conta":li.nants.
sediment, surface
water

Bottom seals Soil, sludge, Retained Can limit vertical migration of contaminants.
sediment, surface
water

Surface seals Structural material Retained Can effectively control releases from contaminated structural
surfaces. .. . .

w "_. •__~ •
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TABLE 3.9 (Cont.)

General Response Evaluation
Action Technology TyPe Affected Media Result Comments

Removal Excavation Soil, sludge, Retained Can effectively remove the suutce of contamination and can be
sediment readily implemented.

Dredging and Sludge, sediment. Retained Can effectively remove sludge from the raffinate pits and can be
.pumping readily implemented.

Interception and Surface water, Retained Can effectively remove water (e.g., from beneath raffinate pits) and
pumping groundwater provides the means for a contingency response.

Decontamination Structural material Retained Can effectively remove contaminants from structural material to
limit related exposures.

Dismantlement Structural material Retained Can effectively remove contaminated structures (such as the
temporary facilities constructed to support site cleanup actiVities)
to limit related exposures. w.

W
01

Clearing and Vegetation Retained Can effectively remove vegetation from the site to support overall
grubbing cleanup· activities.

Treatment Soil flushing Soil, sludge, Rejected Difficult to implement because of limitations in selecting suitable
(chemical) sediment flushing fluids for co·mplex waste; generally ineffective for site

conditions.

Leaching/contact Soil, sludge, Rejected Ineffective for treating radionuclide!t metals, and other inorganic
extraction (including. sediment contaminants in site waste. Sludge reprocessing woulp be
reprocessing) ineffective primarily because·of the presence of calcium and the

fine-grained nature of the sludge.

Chemical addition/ Soil, sludge, .Rejected Difficult to implement and to control chemical-specific reactions for
detoxification sediment a complex waste; generally ineffective for site conditions.



TABLE 3.9 (Cont.)

CeneraI Response
Action

Treatment
(chemical)
(cont.)

Technology Type

In-situ stabilization!
solidification

Stabilization!
solidi fica tion
following removal

Chemical addition .
following removal

Affected Media

Soil, sludge;
sediment

Soil, sludge,
sediment, process
chemicals .

Surface. water,
.. groundwater

Evaluation
Result

Retained

Retained

Retained

Comments

Can reduce contaminant m~bJlity but incr~ases volume; process
effectiveness is constrained by the nature of the waste and the
physical conditions of the site.

Can reduce contaminant mobility but increases volume; requires an
engineered treatment facility..

Can effectively treat contaminated water at the site to reduce its
toxiCity, mobility, and volume by removing contaminants from
solutiori. The water treatment plant being constructed on-site under
an interim action could also be used to treat groundwater, e.g:, the
perched water intercepted from beneath the raffinate pits.

Treatment
(physieal)

. In-situ dewatering Sludge, sediment Retained Could be difficult to fully implement because of drainage charac
teristics of the fine-grained sludge and assoCiated operational
difficulties (e.g., maintaining pump rates), but could be used to
partially dewater the sludge to support its removal.

Dewatering follow- Sludge, sediment Retained
ing removal

Nonthermal and Soil, sludge, Rejected
thermal extraction sediment

In-situ vitrification Soil, sludge, Retained
sediment

Can reduce the mobility and!or volume of contaminated material
with high moisture content such as the raffinate pit sludge.

Cenerally ineffective because of the nature of-the material present.
Low-permeability materials would li~it contact and mobilization.

Can reduce contaminant mobility and volume and the toxicity of
limited contaminants (e.g., nitroaromatic compounds); would
produce off gas requiring collection and treatment. Process

. effectiveness is constrained by the nature of the waste and the
physical conditions of the site.

•

Vitrification follow
ing removal

Soil, sludge,
sediment, process
chemicals

Retained Can reduce contaminant mobility and volume and the toxicity of·
limited contaminants (e.g., nilroaromatic compounds);. would
produce off gas requiring collection and treatment. Process would

.require an engineered treatment facility. c'

•
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TABLE 3.9 (Cont.)

General Response
Action Technology Type Affected Media

•
Evaluation

Result Comments

•
Treatment
(physical)
(conl.)

Rotary kiln
incineration

Soil, sludge, sedi
ment, vegetation,
process chemicals

Rejected Difficult to implement because of the presence of cerUin contami-
.nants such as volatile metals and sodium and the fine-grained
particle size of the contaminated media; generates air emissions and
an ash residue that could be susceptible to leaching.

Fluidized bed
incineration

Siagging incineration

Liquid injection
incineration.

Metal-melt refining

Other thennal treat
ment (e.g., molten
salt process, micro
waving, flaring,
wet-air'oxida tion,
supercritical water
oxidation, and
infrared incineration)

Solids separation
following removal

Soil, sludge, sedi~

ment, vegetation,
process chemicals

Soil, sludge, sedi
ment, vegetation,
process chemicals

Liquid process
chemicals

Structural material

Soil, sludge, sedi
men.t, structural
material, process
chemicals

Soil, sludge, .
sediment

RejeCted

Rejected

Retained

Retained

Rejected

Rejected

/

Same difficulties as rotary kiln incineration.

Same 'difficulties as rotary kiln incineration, except the residue is a
glass-like slag and the process is subject to refractory failure.

The consolidated liquid process chemicals could be incinerated at
an approved facility.

Ineffective for generating a product that could be released for reuse
without radiological restrictions. However, a restricted-use recycle
option could be considered as part of remedial design.

Generally ineffective for site waste, would be very difficult to
implement, and required resources are not readily available.

Ineffective for separating relatively low concentrations of
contaminants from soil, sludge, and sedimen.t.



TABLE 3.9 (Cont.)

General Response
Action

Treatment
(physical)
(cont.)

Technology Type

Volume reduction by
crushing, compact
ing, shredding

Physical treatment
following removal

Affected Media

Structural material,
vegetation

Surface water,
groundwater

Evaluation
, Result

Retained

Retained

Comments

Can effectively reduce the volume of structural material and
vegetation.

Can effectively treat contaminated water to reduce its toxicity,
mobility, and volume by removing contaminants from solution.
The treatment plant being constructed for contaminated surface
water under an interim action could also be used 'to treat ground
water, e,g., the perched water intercepted from beneath the raffinate
pits.

Treatment
(biological)

Composting Soil, sludge, and Retained
sediment contami"
nated with organic
compounds; vegeta- '
tion and wooden
debris

Can effectively reduce volume of contaminated organic material at
the site and cOllld easily be expanded.

Suspended and
attached growth
biodegradation

Land farming

Soil, sludge, and
sediment contami
nated with organic
compounds and
nitrate

Soil, sludge, and
sediment contami
nated with organic
comp'ounds and
nitrate

Rejected

Rejected

Ineffective for complex waste and very difficult to implement
because of the need to control tempera'ture, pH, oxygen, water'
content, and other factors; would only address limited contaminants
and would generate a secondary waste sludge.

I

Ineffective for complex waste; wQulrl require a large land area and
intensive management and monitoring.

• •
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TABLE 3.9 (Cant.)

General Response
Action

Short-term stora'ge

TeChnology Type

Open and enclosed
structures

•
Evaluation

Affected Media Result

Soil, rock, sludge, Retained
sediment, drummed
process chemicals,
containerized
asbestos-containing
material and other
structural material,
vegetation

•
Comments

Can effectively reduce contaminant mobility in the short term;
currently being used at the site, e.g., with the TSA, MSA,
Building 434, and asbestos container staging area.

Tanks and retention
ponds

,Surface water,
groundwater
(intercepted I
collected), liquid
chemicals

Retained Can effectively reduce contaminant mobility in the short-term;
currently being used at the site. ' '

Disposal Land-based facility
Con'crete vault

Engineered cell

Ocean disposal

Soil, sludge, sedi- Rejected
ment, structural
material, vegetation,
process chemicals

Soil, sludge, sedi- Retained
ment, structural
material, vegetation,
process chemicals

Soil, sludge, sedi- Rejected
ment, structural
material, vegetation,
process chemicals

Ineffective for weight-bearing waste and difficult to accommodate
design changes.

Can effectively contain weight-bearing waste to reduce containment
mobility; can be designed to accommodate specific waste types and

,quantities.

. Not currently available due to regulatory restriCtions and other
acceptance issues. '
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4 DEVELOPMENT AND SCREENING OF PRELIMINARY ALTERNATIVES

Preliminary alternatives for remediating the Weldon Spring site were developed and
screened in accordance with CERCLA, as amended, EPA guidance (EPA 1988a), and the NCP
(EPA 1990a). Seven broad alternatives were developed on the basis of the criteria presented in
Section 4.1. The preliminary alternatives, which are identified and described in Section 4.2, were
then screened on the basis of the criteria presented in Section 4.3. Five final alternatives were
selected from the results of the screening analysis, which is presented in Section 4.4. These final
alternatives are identified in Section 4.5, described in Chapter 5, and evaluated in detail in
Chapter 6. A comparative analysis of the final alternatives. is pie~ented in Chapter 7. The
preferred alternative is identified in the proposed plan for this remedial action (DOE. 1992b).

4.1 CRITERIA FOR DEVELOPING ALTERNATIVES

The EPA has established an approach for. developing remedial action alternatives that
are appropriate to the specific conditions at a site (EPA 1988a, 1990a). In this approach, the
scope, characteristics, and complexity of the site are considered in developing a range of

.::alternatives that would be protective of human health and the. environment.. This protectionc~
be achieved by eliminating, reducing, and/or controlling risks posed by eac;h pathw:ity at a s~te.

Two major categories of response are considered in developing remedial action alt~rnatives:

• Containment - involving little or no treatment but protective of human
health and the environment by preventing or controlling exposures to
contaminants through engineering measures and by using institutional
controls as necessary to ensure the continued effectiveness of a response;
and

• Treatment - ranging from alternatives that use treatment as the primary
element of the response to address the principal threat(s) posed by a site
(this may not involve the highest degree of treatment or the treatment of
all waste) to alternatives that use treatment to reduce the toxicity, mobility,
or volume of contaminated material to the maximum extent feasible, mini-

. ritizing the need for long-term management.

As stated in Section 121(b) of CERCLA, as amended, the most preferred alternatives are
those that represent perIl\anent and cost-effective solutions for protecting human health and the
environment; permanently and significantly reduce the toxicity, mobility, or volume of
contaminated material; and apply alternative treatment or resource recovery technologies,to the
extent possible. Least preferred are those alternatives involving the transport and disposal of
waste off-site without treatment.

A no-action alternative - or n~Jurtheraction where a remedial action is preceded by
interim response actions at a site -. is also included to provide a baseline for comparison with
other alternatives. For the analysis in this FS, the baseline condition of the Weldon Spring sit~
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reflects the removal actions and interim remedial actions that have already been finalized for the
project (Section 1.5.1). .

4.2 IDENTIFICATION OF PRELIMINARY ALTERNATIVES

Technologies potentially applicable to the management of contaminated media at ~e
Weldon Spring site are identified and screened in Chapter 3 (Tabl~3.9). On the basis of this '/
,Screening, various control technologies were identified as potential components of remedial ':
action alternatives for the site. These technologies have been incorporated into seven.
preliminary alternatives:

• . Alternative 1: No Action;

• Alternative 2: In-Situ Containment and Limited Disposal;

• Alternative 3: In-Situ Chemical Stabilization/Solidification and Limited
Disposal;

• Alternative 4: . In-Situ Vitrification and Limited Disposal;

•. Alternative 5: Removal, Minimal Treatment, and Disposal;

• Alternative 6: _ Removal, Chemical Stabilization/Solidificationi and
Disposal; and

• Alternative 7: Removal, Vitrification, and Disposal.

All of the action alternatives (Alternatives 2 through 7) are further divided into alternative
disposal options: disposal in an engineered cell on-site (Alternatives 2a, 3a, 4a, Sa, 6a, and 7a); .

··disposal at the Envirocare site near Clive, Utah (Alternatives 2b, 3b, 4b, Sb, 6b, and 7b); disposal
· at the DOE Hanford site near Richland, Washington (Alternatives 2c, 3c, 4c, 5c, 6c, and 7c); and

disposal at a hypothetical nearby site in Missouri (Alternatives 2d, 3d, 4d, 5d, 6d, and 7d).
In-situ containment is the primary emphasis of Alternatives 2, 3, and 4; and source control via

.... removal, with varying degrees of treatment, is the primary emphasis of Alternatives 5, 6, and 7.
1r-

•

'i\:. Two separate engineering support studies were prepared to provide information for the
:.1;. screenmg analysis and detailed evaluation of site cleanup alternatives in this FS. The first report
;; (MK-Ferguson and Jacobs Engineering Group 1992a) was prepared in 1990 and 1991 on the basis
-·of screening-level information for the preliminary alternatives, and it is the source of much of
· the engineering and cost data used to analyze the alternatives in this chapter. In·accordance.
"with the NCP, the alternatives retained through the screening stage were subsequently evaluated
· in greater detail. To provide the more extensive engineering and cost analyses needed for that
· evaluation, a second engineering report was prepared (MK-Ferguson and Jacobs Engineering

Group 1992b). This report was the source of much of the engineering and cost data- used to t

evaluate the final alternatives in Chapters 6 and 7. Because the objective of the first study was •
to provide screening-level information for the preliminary analysis and because it was prepareg
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at an early stage of the assessment process, some of the data in that report differ from the data
provided in the second' report. Therefore, in some cases, the values shown for certain
parameters such as cost anei waste volume in Chapters.6 and 7 differ from those· shown in this
chapter. However, these differences Simply reflect the refinement of preliminary estimates, they
are generally minor, and they do not affect the results of the analyses presented in this FS.

The site would remain fenced and existing institutional controls such as DOE custody,
seCurity guards, and monitoring are implicitly included in each of the action alternatives for the
cleanup period. These controls are also included for the no-action alternative.. ControLS such as
monitoring would be increased as needed. Each action alternative would require various

. support activities prior to implementation. These activities include-~e design and construction
of staging areas, procurement of appropriate equipment, and development of contingency plans
and operational controls to. minimize contaminant releases. Site preparation activities would
include clearing and grubbing contaminated areas on-site and at vicinity properties, constructing
haul roads, and emplacing site perimeter dikes and siltation basins for surface water

.runoff/ ronon control. Other factors common to all prelim.i:hary action alternatives are disrussed
in Section 4.2.1; factors specific to each alternative are discussed in Section 4.2.2.

!

4.2.1 Factors Common to All Preliminary Action Alternatives

The preliminary ,action alternatives address contaminated mewa both on-site and in the
vicinity. The approach for certain media is the same under each alternative; the common
strategies for these media are identified in Sections 4.2.1.1 through 4:2.1.7.

4.2.1.1 Structural Material

As part of interim actions at the site, all chemical plant buildings and structures except
the project officebuild.irig will be dismantled and the resultant structural and equipment debris
will 'be placed in storage at the debris staging area of the MSA (Section 1.5.1). For the
discussions in this FS, the material resulting from the dismantlement of these structures 
including building rubble, tanks, equipment, and asbestos --. is referred to as structural material.
The dismantlement of two buildings would be delayed until the material currently being stored
inside is transferred to another appropriate storage area or to a disposal facility. Building 434
would continue to be used to store chemicaIiy hazardous material until the final disposal of this
material. About 1,100 m3 (1,500 yd3) of friable asbestos-eontaining material has been double

. bagged and is currently stored in Building 103. Before this building is dismantled, the bags will
be removed and relocated to the asbestos container staging area located in the northeastern
portion of the site (Figure i.3). An additiona12,400 m3 (3,200 yd3) of friable asbestos<ontaining
material and 3,900 m3 (5,100 yd3) of nonfriable asbestos-eontaining material will be removed
from the site buildings prior to building dismantlement; the friable asbestos will. be double
bagged and stored in the asbestos container staging area along with the friable asbestos relocated
from Building 103. Nonfriable asbestoS' will be stored in the debris staging area of the MSA.
As a contingency, containerized asbestos might be temporarily stored in Building 108. If
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, .

Building 108 were used for such short-tenn storage, the building would be dismantled after that
material was transferred to' the dedicated. ~taging a~ea. '

Under the current remedial action, structural material and used personal protective
equipment in short-term storage on-site (ill the MSAdebris staging area, TSA, asbestos container
staging area, and the specified bUildings) would be removed and transported to the volume
reduction facility or the disposal cell, as appropriate. The volume reduction facility would be
located near the largest quantity of structural material and rubble, i.e.,' next to the MSA, to
facilitate transport. At this facility, the material would be reduced in size andI or volume by

,impact crushing, rotary shearing, or in-drum compaction. The~~ processes are expected to
achieve a typical volume reduction' of between 10 and 50%. Approximately' 130,000 m3

(170,000 yd3) of contaminated structural material would require treatIDent andlor disposal.
Depending on the alternative selected, the treated debris would be placed in loading bins for
subsequent transport to an on-site disposal cell or placed in containers and covered for transport
to the off-site disposal locations. Metal debris at the MSA\rnd similar debris at the TSA would
be evaluated for resource recovery. Potentially reusable material, such as regular shaped
structural beams emd sheet metal' siding, would be released for off-site salvage' if it could be
aecontan'liilated to meet ~elease criteria (Section 21 and Appendix G). The, potential for
recycliilg metal for restricted use, e.g., as shielding components, would also be considete,d as part
of remedial design.

4,2.1.2 Process ~emicals

Chemicals from various locations on-site are being collected, characterized, consolidated,
and containerized as part of an ongoing interim action; process waste that will be generated by

('\'the two watertreatmentplants under additional interim actions is also includ~d in this category
(Section 1.5.1). The nonradioactively contaminated chemicals would be transported off-site to
'a permitted treatment and/;or disposal facility. The radioactively contaminated liquid chemicals,
that are suitable for incineration would be transported to an' approved incinerator.

, Approximately 85 m3 (111 yd3) of containerizedliquids from Building 434 and 28 m3 (37 yd3)

of tributyl phosphate in two exterior tanks near the MSA would be packaged in accordance with
,applicable U.S. Department ofTransportation (DOT) regulations and transported off-site by truck
~ to the incinerator. Applicable -requirements for ,shipping to and ,incineration at that facility
::would be met (Appendix G, Table G.3). A representative incinerator was selected for analysis
~~of related transportation impacts in this FS; this incinerator was assumed to be the K-1435
,'incinerator located at the Qak Ridge Gaseous Diffusion Plant near Oak Ridge, Tennessee. That
, facility holds permits to incinerate waste under both TSCA and RCRA (Section 3.2.4.2).
.' Transport of the chemicals from Building 434 to this representative incinerator would require
,... about five haul trips (88 drums per trip), assuming that all waste was packaged in drums; the

"1- tributyl phosphate, would require three tanker trucks. U the K-1435 incinerator were not
,," available to treat contaminated liquids from the Weldon Spring site, they would be transported

to and incinerated at all: alternate pennitted facility or treated on-site e.g., by chemical
neutralization or stabilization.

•
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The 2,800 m3 (3,600 yd3) ofcontainerized process waste from the water treatment plants
at the site and the quarry would be managed in the same manner as described for the raffinate
pit sludge under each alternative in Section 4.2.2 An additional 22 m3 (28 yd3) of radioactively
contaminated chemicals for which incineration is inappropriate would be treated on-site, e.g.,
by chemical neutralization or stabilization, prior to disposal. These chemicals, which are stored ,
in about one hundred"55-gcillon drums in Building 434, include nitric ,acid, sulfuric add, sodium
hydroxide, flammable and reactive solids, and oxidizers. "

4.2.1.3 Organic Materi~l

Various wooden dehris and organic .material fromclearirig and grubbing activities
conducted to support site cleanup activities would be chipped and composted on-site to reduce
waste volume. Potentially contaminated material would be composted separately from
uncontaminated material. A total of about 23,400 m3 (30,700 yd3) of chipped vegetation would

- ,- be" composted in a mulch pile located in the northern portion of the' site in an area that is not
occupied by other facilities and is close to the largest amount of vegetation to be composted.
'Following volume reduction through decomposition, the contaminated material would be placed
in an on-site disposal cell or transported to an off-site disposal facility, depending on the
alternativ'e. • As indicated by the results of ongoing treatability tests, the nitroaromatic:
contaminated soil from the quarry in storage at the TSA might also, be composted as a
pretreatment step prior to further treatIrient or disposal. "

4.2.1.4 Off-Site Surface Water arid Soil/Sediment

The Missouri Department of Conservation is planning to drain the surface water from
Lakes 34,35, and 36 in the Busch Wildlife Area and remove collected sediment as part of the
routine sedimentation management program for the wildlife area. The total risks associated with
exposures to the surface water in these lakes under conservative scenarios are at the low end of
the target range identified'by EPA (see Sections 5 and 6 of the BA [DOE 19913] and Section 1.6
of this FS); hence, there is no need to remediate the water prior to the state's action. However,
certain locations of shoreline soil and sediment contain elevated levels of radionuclides.

After the Missouri Department of Conservation has drained the lakes, POE would
remove the portion of sediment and shoreline soil that iscontarninated in excess of soil cleanup
criteria for the site (which are developed in Chapter 2). This material would be transported to
the site for placement either in an on-site" disposal cell or in short-term storage prior to transfer
to containers for transport to an off-site disposal facility, depending on the alternative. 'The
estimated volumes of sediment/soil that would be removed are 6,100 m3 (8,000 yd3) from
Lake 34, 3,800 m3 (5,000 yd3) from Lake 35, and 5,400 m3 (7,000 yd3) from Lake 36 - for a total
of about 15,300 m3 (20,000 yd3) (MK-Ferguson Company and Jacobs Engineering Group 19913).

Before transporting the contaminated sediment from the lakes to the site, the haul trucks
would be decontaminated at the lakes as necessary using portable facilities. The truckbeds
would also be decontaminated on-site, if needed, before making the return trip to the lakes. The

, '
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trucks would be lined and covered to prevent trClcking or spillage of contaminated materiaL •
Haul routes from the lakes.to,thesite are shown in :Figure 4.1. One-way haul distances from

.;'Lakes 34, 35, and 36 are 4.0 km.. (2.5 mil, 4.3 k10 (2.7 mil, 'and 3.1 kin (1.9 mil, respectiv~ly.
Approximately 2,000 Qne-way trips, for a total haul distance of about 7,500 kIn (4,700 mil, would
'be required to transport the lake sediment to the site. Monitoring and mitigative measures that
would be taken are described in Section 6.6.' This activity would be coordinated with the
:Missow:i Department of Conservation to ensure that sch~dules for sediment removal were
:~onsistent with the planned remedial action period for the site,

•
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4.2.1.5 Vicinity Property Soil, .

The vicinity properties are designated areas outside the site fence that are radioactively .
contaminated as a result of previous transport and storage. activities (Figure 1.4). Although the
contamination is variable, uranium is generally the predominant radionuclide; several of the
properties also contain thorium and radium at levels above background..A detailed description
of the radioactive contamination at these properties is provided in Section 5.2.3 of the RI(DOE
1992c). Decisions for the Southeast Drainage and vicinity properties at the quarry (e.g., Femme
Osage Slough) are outside the scope of the current remedial action; those areas will be addressed
under future actions for the project (Section 1.5.3). Contaminated soil at the remaining ten
vicinity properties would be removed and transported to the site- -fC?r management with other
contaminated material as part of the current action.

Approximately 2,800 m3 (3,600 yd3) of contaminated soil is present at these ten vicinity
properties. The soil would be excavated with hand-held shovels or earth-moving equipment,

'. . as appropriate to the size of the affected area (areas are shown in Table 3.6 of the BA). This soil
would then be transported to the site for further management, as described for the material
excavated froin the lakes (Section 4.2.1.1). Haul routes for transport of the viciIiity property soil
to the site are identified in Figure 4.1~ Not identified on Figure 4.1 is vicinity property B6 and

" the related haul route; this property is adjacent to the quarry, and excavated soil would be
transported to the site along the haul. road constructed as part of the interim action for the
quarry bulk waste (DOE 1990b). Also not shown on the figure are vicinity pr~perties already
remediated as part of interim actions for the site (A7, 81,82, and 88) and those outside the scope .
of the current action (A4, 87, and 89)~ Vicinity properties A4 and 87 (the Southeast Drainage)
will be addressed asa separate action for the site after source control measures have been
implemented and subsequent data collection is completed. Vicinity property 89 is the Femme
Osage Slough, which will be addressed with the quarry residuals action.

..Existing roads would be used where possible to move s.oil from the vicinity properties
to the site; additional temporary haul roads would be constructed, as necessary. Before leaving
a vicinity property, the haul truck would be decontaminated as necessary using portable
faciliti~s, and the truckbed would be lined and covered. to prevent tracking or spillage of
contaminated material. Assuming a maximum one-way distance of 4 kIn (2.5 mi), about
360 one-way haul trips, would be required to transport the vicinity property soil to the site, for
a maximum total haul distance of 1,400 kIn (900 mi). Haul trucks would also be decontaminated
at the site as necessary. Upon completion .of removal activities, the excavated areas would be
backfilled, covered with topsoil, and seeded. Reclamation of Anny properties AS and A6
(Figure 4.1) would include the placement of stone riprap in the drainage channel to prevent
scour and downstream deposition of fine sediment. Monitoring and mitigative measures that
would beaPl'lied at those vicinity properties are discussed in Section 6.6 and Appendix H.

4.2.1.6 Groundwater

Except for the perched water in the unsaturated zone beneath the raffinate pits,
groundwater is being addressed as a separate operable unit of site cleanup. That is, it is not part
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of the scope of this RI/FS-EIS (Section 1.5.3). In the meantime, groundwater in the saturated
zone is being' addressed by implementing (1) so~ce control meaSures, i.e., removing the

· contaminant sources;· and (2) institutional controls such as monitoring, to determine the
effectiveness of sow:ce controi measures and to ensUJ'e the timely initiation of a response action,
ifneeded. Thus, potential adverse impacts will be indirectly mitigated by actions taken prior
to the decision for the groundwater operable unit. For example, the contaminated wetlands at
the site (primarily the raffinate pits) represent sources of groundwater contamination. sUrface
water is being removed from these wetlands and treated in a newly constructed water treatment

· ,plant under an interim action (Section 1.5.1.4), and, the contaminated sludge and sediment is
.being addressed under the current remedial action. A wetlands assessment prepared for these
areas in accordance with 10 CFR1022 is included in Appendix H. The control of this material
will reduce the potential for future groundwater impacts at these locations. .

The perched 'groundwater beneath the pits ,is being intercepted by a trench that was
recently installed as part of adjacent site preparation for constructing the TSA, to sUpport the
interim action for quarry bulk waste. The intercepted water is beihg recirculated to the raffinate
pits, and it will be treated in the water treatment plant that was recently constructed on-site for
the interim action.

•
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4.2.1.7 Quanr Residuals

Residual solid material that could result from futUJ'e actions,at the quarry includes rock, •
soil, sludge, and sediment (Section 1.5.3). This material would be managed in the .same manner
described in the alternatives for the current remedial action for similar material in storage at the

:TSA and MSA (Section 4.2.2).

4.2.2 Factors Specific to Each Preliminary Alternative

The remedial action alternatives for the' Weldon Spring site primarily fo'?!s on soil,
sludge, and sediment; structural material in short-term storage areas is alSo addressed. Decisions

,have already been made for other media, such as surface water, under interim actions and the
· common approaches identified ~ Section 4.2:1 address the remainder.. Air is included indirectly

with .soil" sludge, and sediment because airborne contaminants are generated from the
contaminants in these media. The specific comportents of the seven preliminary alternatives are
described in Sections 4.2.2.1 through 4.2.2.7. The various treatment facilities and storage areas

.common to th~ action alternatives are sh~wn in Figme 4.2., .

4.2.2.1 Alternative 1: No Action
. .

Under Alternative 1, no further action would be taken at the site.. The follOWing interim
response actions for which decisions have already been finalized are"assumed to be in effect as
the baseline condition for this FS: (1) bulk waste from the quarry is assumed to be in short-term •
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FIGURE 4.2 Location and Layout of Existing, Planned, and Proposed On-Site Storage
and Treatment Facilities
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storage at the TSA; (2) the water treatment plants at the quarry and the chemical plant area are •
assumed to be operational; (3) buildings and other structures are assumed to be dismantled, with
the debris in short-term storage at the MSA; and (4) containerized chemicals re~ain inshort-
term storage, at Building 434. For the no-action, alternative, the current conditions of the '
contaminated soil, sludge, and sediment would continue.

t"

, t. '4.2.2.2 Altemative2: In-Situ Containment and Limited Disposal
1<,
":
~ Alternative 2 involves in-situ containment of some source areas at the site and limited
Clisposal of material from others. The in-situ co~tainment component would apply to the
raffinate pits, Frog Pond, Ash Pond, North Dump, and South Dump. The remaining areas
i.e., the TSA, MSA, sitewide soil, and vicinity property soil and sediment~ would not be
amenable to containment in place because these are either short-term storage facilities that were
not designed for long-term waSte management or are scattered locations of soil contamination.
Therefore, the limited disposal component of this alternative applies to these areas.

Under the in-situ cont:3inment component of Alternative 2, the contaminated material
would be contained in place atthe various source areas defined above. Soil would be capped
with an earthen cover or synthetic geotextile fabric, and runoff from these areas'would be
diverted by surface grading controls. The raffinate pit sludge and pond sediment would be
contained with a surface cap, lateral cutoff walls, and an underlying confining layer. The cap .'
would be the same, as that used to cap soil areas, and the subsurface component woUid'i?v~lve ,
the injection of a natural or polymeric grout material around the periphery of and beneath the
pits and ponds. The total area requiring a surface cap and subsurtace grout layer is
approximately 17 ha (42 acres). Subsurface grout wallS would also extend around the periphery
of the various source areas over a combined distance of about 3,000 m (10,000 ft) and to a depth

, of up to 20 m (65 tt) at the raffinate pits. 'This in-situ containment system would encompass
<abo~t 316,000 m3 (413,000 yd3) of contaminated soil, sludge, and 'sediment.

Under the limited disposal component of Alternative 2, the contaminated material not
contained in situ would be removed with standard construction equipment and transported to

': an engineered disposal cell on-site (Alternative 2a), at the Envirocare site (Alternative 2b), at the
;. Hanford site (Alternative 2c), or'at the hypothetical nearby site (Alternative 2d). Approximately
,;' 154,000 m3 (202,000 yd3) ,of contaminated soil, organic material,' and other waste would be
',;, removed from the TSA; the mulch pile; vicinity properties; Lakes 34, 35, and 36; and scattered

sitewide soil areas. 'This material includes the contaminated soil excavated to construct the TSA
~ and water' tre'atment plant, which is be~g stored at the MSA (Figure 4.2). The 130,000 m3

• (170,000 yd3) of existing structural material would bring the total volume of contaminated
~, material requiring disposal under Alternative 2 to about 284,000 m3 (372,000 yd3). Because of

the large quantity of waste requiring disposal and the relatively long haul distance (more than
, 2,400 km {l,5oo miD, waste would be shipped byrail for most of the distance to the western sites
(Alternatives 2b and 2c); a small segment of the trip would be by truck, i.e., from the site to the
rail siding in Wentzville, Missouri. Waste would be shipped by truck directly to the hypothetical •
nearby site (Alternative 2d). ' ,
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The conceptual design of the engineered cell for on-site dispoSClI includes a leachate
tollection and removal system and a cover system with an infiltration and radon attenuation
barrier. This design incorporates features of a disposal cell for radium~ontaminated waste,
taken from the cell des~gn for DOE's Uranium Mill Tailings Remedial Action (UMTRA) Program,
with the addition of aleachate collection and removal system to retrieve any liquid such as
rainwater that might accumulate during the construction and operation period and to support
future monitoring of the effectiveness of the disposal cell. The cell· design would provide
sufficient capacity to accommodate the total waste volume from all source areas not contained
in situ and all material (e.g., equipment) contaminated during implementation of site cleanup

·activities. The preliminary conceptual design of the on-site cell is-described in more detail in
Section 5.23; final design of the disposal cell would be developed- during detailed remedial
design, as determined by the remedy selected. For the representative ana!.yses in this 9-ocument,
the disposal cell at the off-site locations was assumed to be similar to tha.t evaluated for on-site
disposal because the nature of the waste (e.g., radium~ontaining and therefore radon--generating)

.. rather than the geographic location wouldbe the key factor for cell design.

Off-site disposal under Alternative 2b or 2c would'require the leasing ~r construction
of a rail siding near the site for transfer of waste containers to railcars; some additional on-site

·stockpiling of material to coordinate with the off-site transportation sch~dule; and equipment
"and operationS to load, traIl$port, and transfer the waste cOntainers at the site, at the siding, and
·at the disposal site. Rail access to both the Union Pacific and Burlington Northern lines is
:. available in the area of Wentzville, Missouri.. This area was therefore selected as the
representative location for a rail siding on the basis of suitability and reasonable haul distance
(24 kIn [15 mi]) from the site. Under Alternative 2d, waste would be trucked directly to the'
nearby site. .

. Limited disposal at an off-site facility under Alternative 2 would iiwolve shipping about
284,000 m3 (372,000 yd3) o{currently contaminated material plus about 76,000 m3 (100,000 yd3)

of material that would become contaminated during remedial activities.. Potential rail routes to
the western sites (Alternatives 2b and 2c) are identified.in Figure 4.3. The haul route to the
hypothetical nearby site (Alternative 2d) would consist of eXisting roads and would depend on
the location determined for this site. Off-site disposal of the 361,000 m3 (472,000 yd3) of site
waste - which w:ould weigh about 660,000 t (727,000 tons) - would :require approximately'

, 350· one-way rail trips assuming 25 railcars per train carrying three 25-t (28-ton) containers per
car; this corresponds to 845,000 rail-kIn (525,000 rail-mil for transport .to the Envirocare site
(Alternative 2b) and 1,180,000 rail-kIn (735,000 rail-mil for transport to the Hanford site
(Alternative 2c).For both alternatives, the iititial transportation of waste by truck to the rail
siding in Wentzville, Missouri, would require approximately 26,000 one-way trips, assuming one
25-t (28-ton) container per truck, for a total of 628,000 truck-kIn (390,000 truck-mi). Assuming .
a maximum distance of 160km (100 mil to the nearby site, off-site dispoSal under Alternative 2d .
would require approximately 26,000 one-way truck trips for a total of 4,180,000 truck-kIn
(2,600,000 truck-mil.



FIGURE 4.3 Potential Rail R~utes to Clive, Utah, and Richland, Washington
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4.2.2.3 Alternative 3: In-Situ Chemical Stabilization/Solidification
, and Limited Disposal

Alternative 3 involves in-situ chemical stabilization/solidification of the raffinate pits,
Frog Pond, Ash Pond, North Dump, and South Dump and limited disposal of material from the
remaining source areas - i.e., the TSA, MSA, sitewide soil, and vicinity property soil and
sediment. The latter source areas could not be practicably stabilized/solidified in place for the
same reasons identified for Alternative 2. Contaminated soil would be excavated from the North
Dump and relocated to the Ash Pond/South Dump area for consolidated treatment in order to
reduce the area required for capping. Process waste from the tWo water treatment plants and
other process chemicals (expected to total about 2,800 m3 [3,600 yd""3n would be treated with the
raffinate pit slu(;lge. '

Chemical stabilization/solidification is a process that immobilizes and solidifies
contaminated material by' reaction with chemical additives such as cement and fly ash to form

, insoluble compounds and/or by the entrapment of contaminants in the relatively impermeable,
stable matrix that is formed during setting. For in-situ treatment, the reagents could, be added
directly to the soil or sludge and mixed in with standard construction equipment. Alternatively,

, mixing equipment specifitally designed with drills, augers, and paddles for ,in-situ applications
"could be used to inject additives conCWTent with mixing. In the ,latter proc~ss,·reagents woUld
be added to the waste pneumatically or by pumping, and a crane-mounted IIl.ixipg system could

, be used in soft soil and sludge up to 9 m (30 tt) deep. However, the raffinate pit sludge at the
,> Weldon Spring site could not be stabilized/solidified in this manner becaUse its compressive
'. strength is insufficient to support the crane-mounted equipment. Therefore"reagents woul;«;ibe
,mixed directly into the sludge with backhoes and draglines working along the perimeter. Once
the mixture had set, the backhoe or dragline could move onto the stabilized zone and reach, the

" untreatedsltidge to repeat the process until the entire area was treated. Some additiorlal areas
would require clearing and grading to accommodate the equipment and supplies needed for
in-situ chemical stabilization/solidification compared with Alternative 2.

Bench-scale laboratory tests with the raffinate pit sludge indicate that the addition,of
a cement/fly ash mixture results in a solidified mass with properties similar to concrete. The
study found that a blend of 40% (by weight) Type II Portland cement and 60% ASTM Class F
fly ash mixed at ratio of 0,6:1 (by weight) cement/fly ash to raffinate sludge would stabilize and
solidify the sludge (Gilli~ and Francis 1989). This blend achieved initial set within l'day and

'. final set within 7 days. The solidified mass met the performance criteria of (1) no drainable
water within 28 days, (2) unconfined compressive strength of at least 410 kPa (60 psi), and
(3) resistance to thermal cycling. With this blend ratio, an in-situ application of chemical
stabilization/solidification for the 259,000 t (286,000 tons) of material in the source areas
identified above would necessitate the addition of about 156,000 t (172,000 tons) of chemical

. reagents, i.e., 62,600 t (68;800 tons) ofcement and 93,400 t (103,000 tons) of fly ash. Those areas
stabilized/solidified in situ would then be capped in the same manner described for
Alternative 2.

The limite'd disposal component of Alternative 3 would be the same as that descr~bed

for Alternative 2, except the water treatment plant process waste and certain other containerized
- .
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chemicals would have been treated with the raffinate pit sludge. The 356,000 m3 (466,000 yd3)

of material not chemically stabilized/solidified in situ would be removed and disposed of in an
engineered disposal cell on-site. (Alternative 3a), at the Ertvirocare site (Alternative 3b), at the
Hanford site (Alternative 3<:), or at the hypothetical nearby site (Alternative 3d). The conceptual
design of the cell would be as described for Alternative 2:
~

~. 4.2.2.4 Alternative 4: In-Situ Vitrification and Limited Disposal

'1'
f. Alternative 4 involves in-situ vitrification of theraffinatepits, Frog Pond, Ash Pond,
North Dump, and South Dump, and limited disposal of material" fjom the remaining source
areas -i.e., the TSA, MSA, sitewide soil, and vicinity property soil and sediment. The latter
source areas could not be practicably treated in place for the same reasons identified for
Alternative 2. Other material would be managed as described for Alternative 3.

Thein-situ vitrification process uses electrically applied heat to melt the waste material,
simultaneously destroying organic contaminants while incorporating inorganic contaminants into
the glass-like product that fOmls upon cQoling. In-situ vitrification involves plating an array of
electrodes in the material to be treated and applying an electric potential between the electrodes.
The resulting current heats the material between the electrodes to temperatures above l,600~C.

. With continued application of the electric potential; the molten volume grows downward and
outward to encompass the desired treatment volume. With existing large-'scale in-situ
vitrification equipment, individual settings can reach a maximum width of about 9 m (30 ft) and
depths of up to 9 m (30 ft) (MK-Ferguson Company and Jacobs Engineering Group 1992a). Site
preparation would be similar to that identified for Alternative 3.

"'" Bench~ale laboratory tests with the raffinate pit sludge and on-site soil indicate that
. a blend of 50% soil and 50% sludge (dry weight) is needed for effective in-situ vitrification of
.the sludge. When this sludge was processed separately - i.e.,··without added soil - a soft,
granular, highly devitrified product formed upon cC?0ling (Koegler et aI. 1989). At the indicated
blend ratio, about 54,000 t (60,000 tons) dry weight of soil wou..!d need to be added to the
raffinate pits prior to the application of in-situ vitrification. Contaminated soil and sediment

:',from the source areas not treated in place could be used for this material, and the consolidated
:itreatment would reduce the volume requiring disposal in a cell. Those areas vitrified in situ
~ would then be capped in the same manner described for Alternative 2.

. The limited disposal component of Alternative 4 would be the same as described for
.,. Alternative, 3. Effective in-situvitrification of the raffinate pit sludge would require the addition
: of a large amount of soil. Some of this material could be excavated from the contamirlated soil.
"'areas, which would reduce the total amount of material requiring disposal by about 38,000 m3

, (50,000 yd3). The 318,000 m3 (416,000 yd3) of material not vitrified in situ would be removed
ana disposed of in an engineered disposal cell on-site (Alternative 4a), at the Envirocare site
(Alternative 4b), at the Hanford site (Alternative 4c), or at the hypothetical nearby site •.
(Alternative 4d). Transportation and handling requirements would be somewhat reduced under
this alternative compared with Alternative 2 or 3 because of the decreased disposal volume.
Approximately 40 fewer -train trips (Alternative 4b or 4c) and 3,000 fewer truck trips
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(Alternative 4b, ,4c, or 4d) would be required. Conceptual cell design would be similar to that
identified for Alternative 2.

4.2.2.5 Alternative 5: Removal, Minimal Treatment, and Disposal

Alternative 5 involves the 'removal, limited'treatment, and disposal of containinated
material from each of the on-site source areas. Under Alternative 5, contaminated soil, sludge,
and sediment that exceeded soil cleanup criteria would be removed, and th~ sludge and
sediment would be dewatered to reduce its volume, facilitate waste han41mg, and minimize free
liquid Soil, sludge, sediment, and other materialwould be removea from the short-term storage
areas (e.g., the TSA) and dewatered as appropriate., After thiS removal and treatment,
contaminated material would be transported to an engineered .disposal cell on-site'
(Alternative Sa), at the Envirocare site (Alternative Sb), at the Hanford site (Alternative 5c), or
at the hypothetical nearby site (Alternative,5d).

Under the removal component of Alternative 5, soil and sediment would be excavated
or dredged from the various source areas with standard construction eqUipment such as front

, end loaders; scrapers, and backhoes. A total of approximately 302,000 m3 (395,000 yd3) of soil
and sediment,would be removed in this manner. The raffinate pit sludge would be removed

:: by a dredge suspended in the ponded water and then pumped as a slurry to holding tanks at
" a newly constructed sludge processing facility for dewatering. TIris speCial removal method'
" would be required because the sludge is a fine-grained material with a high moiSture content

(73% water by weight) and some water would have to' be maintained iri the pits to minimize
radon and dust emissions. The sludge processing facility would be constructed adjacent to the

. raffinate pits (Figure 4.2) to minimize the distance over which the 168,000 m3 (220,000 yd3) of
. highly contaminated material would have to be transferred for dewatering. After the. sludge was
dredged, an estimated 117,400 m3 (153,500 yd3) of underlying soil would be excavated with
standard construction equipment. More site preparation activities would be required to
implement Alternative 5 compared with Alternative 4 because of the more extensive excavation
activities under this alternative.

The treatment component of Alternative 5 consists of dewatering all of .the high
moiSture,ontent material. Water removed from the raffinate pit sludge' would be pumped to
the on-site water treatment plant or returned to the raffinate pits to prov·ide sufficient water for
dredge flotation. After dewatering, the sludge is expected to consiSt of 80% solids and have a

. bulk density of 1.98 t/m3 (1.67 tons/yd3); the total volume would be about 34,000 m3

(45,000 yd3), which represents a volume reduction of about 80% (MK-Ferguson Company and
Jacobs Engineering Group 1992b). The dewatered sludge would be fed either to enclosed
hoppers for transfer to an engineered disposal cell on-site (Alterriative Sa) or to sealed containers
for transport to an off-site disposal facility (Alternative Sb, Sc, or 5d).

An additional 94,000 m3 (123,000 yd~)' of material, such as facility components and
protective gear, is expected to becoine contaminated during remediation activities; this waste and
excavated soil and sediment, structural material, and dewatered sludge would be.loaded into
end dump trucks for transport to the on-site disposal cell or placed in temporary storage prior



4-16

to being loaded into containers for transport to an off-site disposal facility. Disposal would
involve a total waste volume of abo"!t 557,000 m3 (728,000 yd3).' ,

On-site dispo'sal (Alternative Sa) ~ould consist of placing the sludge, sediment, soil,
,rubble, and other waste in a disposal cell designed as described for Alternative, 2a
:.(Section 4.2.2.2). Off-site disposal Under Alternative 5 would be similar to that identified for
, Alternative 2. However, because of the increased volume of material requiring disposal, off-site
;transport would require more railcars and truckloads and would increase the amount of waste
.;handling. (About 1.5 times as many trips would be required for this alternative compared with
,:;.Alternative 2, 3, or 4). Off-site disposal of the total waste volume - which would weigh about
to1,020,OOO t (1,130,Ooo tons) - woUld reqUire about 540 one-way. rail trips for a total of
1,3oo,000 rail-kIn (810,000 rail-mil to the Envirocare site (Alternative Sb) and 1,820,OOO rail-kID
(1,130,000 rail~mi) to the Hanford site (Alternative5c). For both alternatives, the ,initial
transportation of waste by truck to the rail siding in Wentzville, Missouri, would require about
40,400 one-way trips for a total of 975,000 truck-km (606,000.truck-mi). Assuming a maximum
distance of 160 kIn (100 mil to the nearby site, off-site disposalcunderAlternative 5d would
require about 40,400 one-way truck trips for a total of 6,500,000 truck-kIn (4!04O,000 truck-mil.

4.2.2.6 Alternative 6: Removal, ChemiCal Stabilization/Solidification,
, and' Disposal

Alternative 6 involves the removal, chemical treatment as appropriate, and disposal of
contaminated material from each of the on-site source areas. Under Alternative 6, contaminated

, 'soil, sludge, and sediment would be removed from the same areas stabilized in place under
Alternatives 2,3, and 4, and the raffinate pit sludge and the highly contaminated soil would be

·~treated by chemical stabiliz3tion/solidification to reduce contaminant mobility, facilitate waste
handling, and eliminate free liquid for the final waste form. The soil, sludge, sediment, and,

. other contaminated material (e.g., process waste' from the water, treatment plants) would be
removed from the short-term storage areas and treated, as appropriate. After removal and

, treatment, the material would be transported with all other site waste to an engineered disposal
cell on-site' (Alternative 6a), 'at the Enviroca,re site (Alternative 6b), at the Hanford site
(Alternative 6c), or at the hypothetical nearby site (Alternative 6d)..~ "

" The removal component of Alternative 6 would be similar to that of Alternative 5.
'~However, the raffinate pit sludge and other more highly contaminated material would be
.: transported to the sludge processing facility, for, chemical treatment; this facility would be
, constructed adjacent to the raffinate pits, as for Alternative 5. For the purpose of preliminary
, conceptual design, it was estimated' that 76,000 m3 (100,000 yd3) of soil would be treated,
, including soil underlying the raffinate pit sludge and soil from the quarry in storage at the TSA.
,The sludge would be dredged from the raffinate pits and pumped to a holding tank for feed into
the sludge proc;essing facility. Soilfrom beneath the pits and at the TSA would be removed with
standard construction equipment (e.g., front~nd loaders) for transport to the processing facility.
The total volume of material that would be treated - including rafflnate pit sludge, soil, water
treatment plant process waste, and other containerized waste - is estimated to be about
248,000 m3 (324,000 yd3). Site preparation would be similar to that identified for Alternative 5.

•
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The treatment component of Alternative 6 consists of chemical stabilization/
solidification iri an engineered treatment system. The application of this chemical treatment
process following removal is similar to thein-situ process described for Alternative 3
(Section 4.2.2;3), except the contaminated material would be mixed with reagents in an
engineered system such as a pug mill blender or high she~ mixer. The reagents expected to be
used for stabilizing/solidifying the raffinate pit sludge consist of a blend of 40% (by weight)
Type II Portland cement artd 60% ASTM Class F fly ash mixed at ratio of 0.6:1 (by weight)
cement/fly ash to faffinate sludge as identified in laboratory testing (Gilliam and Francis 1989).
Implementation of Alternative 6 would therefore require about 83,300 t (91,800 tons) of cement
and 124,000 t (137,000 tons) of fly ash to stabilize the 248,000 m3 (324,000 yd3) of sludge, soil, and
other material (MK-Ferguson Company and ]acobsEngineering Group 1992b). Because this
process also requires water for the complete hydration of cement, water would have to be added
to the soil material; the raffinate pit, sludge could be treated without, prior dewatering. The
treatment facility is estimated to require an area of approximately 0.40 ha (1.0 acre) to

. accommodate the necessary equipment fQr chemical stabilization/solidification, including the
blender, feed preparation circuits, and reagent addition eqUipment. Chemical treatment of the
contaminated sludge, soil, and other material would result in about 327,000 m3 (428,000 yd3) of
treated product, which would be a grout-like mixture that would be expected to achieve initial

. set within 1 day and, final set within 7 days (Gilliam and Francis 1989). This treated volume
represents an increase of about 32% over the initial untreated volume.

Volume-reduced and size-reduced structural material, excavated soil and sediment, and ,
the chemically stabilized/solidified sludge, soil, and other material would be loaded into trucks
for transport to art engineered disposal cell on-site (Alternative 6a) or placed in short-term
storage prior to being loaded into containers for transport to the Envirocare site ,(Alternative 6b),
the Hanford site (Alternative 6c), or the hypothetical nearby site (Alternative 6d). After trucking
the waste to Wentzville, Missouri, railcars would be used to transport containers to the distant

" disposal sites (Alternatives 6b and 6c); containers would be transported by truck directly to the
hypothetical nearby site (Alternative 6d).

On-site disposal (Alternative 6a) would consist of placing the treated product, soil, and
rubble iri. a disposal cell having design components similar to that described for Alternative 2a.
The cell would be designed to accommodate a larger volume of waste because of the increased
volume of sludge and soil after treatment; the design capacity would be 960,000 m3

(1,250,000 yd3), including a 10% contingency, and the cell would cover a surface area of about
17 rui (42 acres). The preliminary conceptual design of this cell is described in more detail in
Section 5.2.3; final design of the disposal cell would be developed during detailed remedial
design after the site remedy is selected. '

Off-site disposal under Alternative 6 would be similar to that identified for Alterna
tive 5, but additional waste handling and trips would be requi.fed to address the increased waste
volume resulting from chemical treatment. The contaminated material would be' placed in

. transport containers and shipped by rail and truck to an off-site disposal facility, as described
for Alternative Sb, Sc, or 5d. Off-site disposal of the 772,000 m3 (1,010,000 yd3) of site waste 
which would weigh about 1,380,000 t (1,520,000 tons) - would requite about 725 one-way train·'
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_trips for a total of 1,750,000 rail-km (1,090,000 rail-mi) to the Envirocare site (Alternative 6b) and
.2,450,000.rail·lcin (1,520,000 rail-mi) to the Hanford site (Alternative 6c). For both alternatives,
-the initial transportation of waste by truck to the rail siding in Wentzville,Missouri~would

'. require about 54,300. one-way. trips for a total of 1,300,000 truck-km (810,000 truck-:-mi).
Assuming a maximum distance of 160 km (100 mi) to the necu:by site, off-site transport under

· ",Alternative 6d would require about 54,300 one-way truck tripsJor a total of 8,740,000 truck-km
: (5,430,000 truck-mi). About 185 more trips would be required compared with Alternative 5
.;,becauseof the increased volume and weight of the chemically stabilized/solidified product.

Alternative 7 involves the removal, thermal treatment as appropriate, and disposal of
contaminated material from each of the various on-site source areas. The removal component

~ of Alternative 7 would be similar to that of Alternative 6, but the treatment component would
.' differ. The vitrification system in the sludge processing facility \Y.ould operate on a year-round

schedule whereas excavation and dredging operations would require a winter shutdown; thuS,
removal operations would be conducted to accommodate the production rates required for

- vitrification. This would necessitate additional stockpiling of soil material at the TSA or MSA
compared with Alternative 5, or, in the case of the dewatered raffinate pit sludge, in a contained
storage area within the sludge· processing facility. The raffinate pit sludge, soil, and other
material would be transported to the. sludge processing facility constructed adjacent to the
raffinate pits as deScribed for Alternative 6 (Figure 4.2). Site preparation would be similar to that
identified for Alternative 5. .

· ~:
4.2.2.7 Alternative 7: Removal, Vitrification, and Dispos~l

•
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The treat:qlent component of Alternative 7 consists of vitrifying the contaminated sludge, 

. '.- soil, and certain other waste in an engineered treatment system in a manner similar to that
identified for in-situ vitrification (Section 4.2.2.4). For the analyses in this FS"a fossil fuel~heated
system was evaluated as the representative vitrification technology. In this system, waste would

; -be fed into an enclosed vessel and melted by heating with a fossil fuel-generated flame
. (Section 3.2.4). The vitrification system would. consist of a feed preparation circuit and a melting
circuit. As for in-situ vitrification, a blend of 50% soil and 50% sludge (dry weight) would be
expected to result in effective vitrification of theraffinate pit sludge (Koegleret al. 1989); the

~'k vitrification system would be designed to blend soil and sludge. at the required ratio during
- processing. The facility is estimated to require approximately 0.40 ha (1.0 acre) to accommodate

the necessary treatnient· equipment, including the feed preparation and melter circuits.
Vitrification of the sludge; soil, and other material is estimated to result in about 78,800 m3

(103,000 yd3) of treated product, which would be a fritted, noncohesive, glass-like material with
. a particle size of 0.32 to 0.64 an (1/8 to 1/4 in.) (MK-Ferguson Company and Jacobs Engineering

.;. Group 1992a). This treated volume represents a decrease of about 68% over the initial, untreated
· :;..volwne.' .

Volume-reduced and size-reduced structural material, excavated soil and sediment, and
the vitrified product would be loaded 'into trucks for transport to an on-site disposal cell •
(Alternative 7a) or placed in short-tenn storage prior to being loaded into containers for
tranSport to the Envirocare site (Alternative 7b), the Hanford site (Alternative7c), or the
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hypothetical nearby site (Alternative 7d). After trucking the waste to,Wentzville, Missouri,
railcars would be used to transport containers to the distant disposal sites (Alternatives 7b and
7c); containers would 'be transported by truck directly to the hypothetical nearby site
(Alternative 7d).

On-site disposal was conceptually designed to include two separate disposal cells - one '
for vitrified material and another for the remaining soil, sediment, and structural material --:.. so
that each cell design would be appropriate for the waste type being contained. The vitrified
material would be chemically inert but would retain its radiological characteristics, Le., radiation
toxicity would not be affected by the treatment; therefore, this material would be placed in a
disposal cell designed with components similar to UMTRA disposal cells. This type of cell
would include a cover with an infiltration and radon barrier and would also include a bottom
foundation layer, but the lower portion of the cell would not include a liner and leachate
collection system. The other (nonvitrified) site waste would consist of the less-<ontaminated

~ fraction of soil and sediment (the more highly contamiriated material would be vitrified with the
raffinate pit sludge) and the structUral material. This waste would be placed in a disposal cell
designed with an iniiltrationand radon barrier as a' component of the cell cover and a leacluite
collection, and removal system, as described for Alternative 6 (Section 4.2.2.6). A preliminary

,econceptualdesign of these cells is'described in more detail in Section 5.3.3; fi,nal design of the
~disposal facility would be developed during detailed remedial design, as determined: by the
'remedy selected. ' ' '

Off-site disposal under Alternative 7 would be similar to that identified for Alter
,native 5, but the total number o~ trips would be slightly lower because oithe volume reduction

"associatedwith vitrification. The contaminated material would be placed'in transport contaizlers
~ and shipped by rail and/or truck to the off-site disposal site. Off-site disposa(ofthe 522,000 ,ffi3
, (683,000 yd3) of site waste - which would weigh about 980,000 t (1,080,000 tons) - would
::require about 515 one-way ,train trips for a total of 1,240,000 rail-kID (773,000 rail-mil to the

Envirocare site (Alternative 7b) and 1,740,000 rail-kID (1,080,000 rail-mil to the Hanford site
(Alternative 7c). 'For both alternatives, the initial transportation of waste by truck to the rail
siding in Wentzville, Missouri, would require about 38,600 one-way trips for a total of
930/000 truck-kID (580,000 truck-mil. Assuming a maximum distance of 160 ken (100 mil to the
nearby site, off-site disposal under Alternative 7d would require about 38,600 one-way truck
trips for a total of 6/210,000' truck-kID (3,860,000 truck-mij. '

,4.3 CRITERIA FOR SCREENING ALTERNATIVES

The seven preliminary alternatives were evaluated for applicability to remediating the
Weldon Spring site on the basis of three general criteria: effectiveness, implementability, and

,', cost. The effectiveness of an alternative is defined by its overall ability to protect human health
",and the environment in b,oth the short term and long term. Measures of effectiveness include

(1) reduction of potential long-term impacts to human health and the environment; (2) reduction
of contaminant toxicity, mobility, or volume through treatment; (3) control of potential impacts
to human health and the environment during the action period; (4) timeliness; and (5) attainmen,t '
of regulatory requirements.,
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The' irriplementabruty of an alternative is defined by its technical feasibility, resource
availability, and administrative "feasibility. Technical feasibility addresses the demonstrated
performance; construction, operation,; maintenance, replacement, and monitoring of an
'alternative's technical components. Potential constraints associated with the site envirorunent
'are also considered. Availability addresses ~e resources required to implement specific
components of an alternative and the ability to obtain them. AdIninistrative feasibility addresses
both the acceptability 'of an alterriative by other agencies and groups anc~ pertinent eriviron
mental requirements, including the need for permits, as appropriate..

The cost of an alternative is considered in a comparative manner at the screening stage
by comparing general estimates for each alternative to evaluate relative costs.. For example, for
alt~rnatives that are of similar effectiveness and implementability or that use' similar treatment
or engineering controls to achieve remedial action objectives, relative cost becomes an important
screening criterion; if one of these similar alternatives is much more expensive than another, it
can be screened from further' consideration. . In additiori, if, ,the cost of an alternative is'
inordinately excessive compared to the effectiveness it provides, that alternative can also be
screened from further consideration.

'4.4 SCREENING OF PRELIMINARY ALTERNATIVES

4.4.1 Alternative 1: No Action'

Under Alternative 1, the si~e would remain u.nc~gedexcept for conditions resulting
: from the completion of various interim actions that ~ve already been approved. The qUAirry
'''bulk wastes would be in storage at the TSA; structuIaImaterial from building dismantlement

would be in storage at the MSA and the asbestos container staging area; and the water treatment
. plant would be operational. .

4.4.1.1 Effectiveness

Alternative 1 would not iiwolve any further treatIrient beyond' that achieved by the
interim actions to reduce the toXicity, mobility, or volume of contamihated material at the site,

.~'and it, would riot provide for a timely or permanent responSe to site problems. In addition,
" certain regulatory requirements would' not be met. The potential fOf exposures of wildlife,

. :" trespassers, and on-site workers would continue in the short term and could mcrease over time
~ if contaminants were released' to groundwater, surface water, soil, or ai!'. In addition, if site
,: controls were lost in the extended.future, protection of human health and the environment at

, ··the site could not be ensured. Potential impacts to human health and the environment
i associated with no further action at the site are discussed in the BA (DOE 1992a) and in

Appendix E and Section 6.11 of this FS.
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4.4.1.2 Implementability

Minimum site operations, including monitoring and maintenance activities, would
continue with readily available resources. Administrative feasibility related to time linUtatioflS
for interim storage of hazardous waste could be an issue.

4.4.1.3 Cost

Costs associated with the no-action alternative (baseline ~~nditions) include those for
operating and maintaining existing facilities and continuing the. general monitoring and
maintenance of the site. Annual costs are estimated to be about $1.2 million (MK-Ferguson
Company and Jacobs Engineering Group 1992b).

4.4.2 Alternative 2: In-Situ Containment and Limited Disposal

4.4.2.1 Effectiveness

Under the in-situ containment component of Alternative 2, exposUres to humans and·
'wildlife would initially be reduced. However, long-term protection over time would be
-uncertain because of difficulties associated with implementing an· effective in-situ containment

.'system at the most highly contaminated areas, i.e., the iaffinate pits. The difficulties in ensuring
waste isolation, determining the extent of maintenance requirements for the subsurface
component of the containment system, and implementing such maintenance could also limit the
effectiveness of this alternative. Alternative 2 does not satisfy the statutory preference for
treatment as a principal element of remediation, and it would not reduce the toxicity, mobility,
or volume of contaminants through treatment. Contaminants could be cOlltrolled through
contaiIUnent in the short term, but they might be mobilized over the long term if the
contaiIUnent system were to deteriorate. This alternative could probably be implemented in a
timely manner except for the off-site disposal options, to varying degrees; for example, the
implementation of Alternative 2d would probably be protracted because of siting issues.
(Section 4.4.2.2). .

The effectiveness of the .limited disposal component of Alternative 2 would also be
affected by the disposal option. On-site disposal in an engineered cell (Alternative 2a) could
.provide long-term protection of human health and the environment. This option would involve
the dedication of an area of land at the site for permanent disposal and continued monitoring
and maintenance. Containment of the contaminated soil and structural material in an
engineered cell would reduce the potential for contaminant migration. If the in-situ containment
system and/or the disposal cell were to fail over the long term without a maintenance response
(e.g" if institutional controls were lost at the site), contamination of groundwater could result.

. in the short term, exposures of workers-and potential adverse health effects could result from
proximity to the highly contaminated material during the containment efforts, e.g., from external
gamma irradiation at the raffinate pits.
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Potential short-term environmental impacts associated with Alternative 2a include the
distUrbance of' soil and increases in airborne emissi9ns, and the displacement or loss of
vegetation and wildlife due to noise and other impacts related to the grouting, construction,
waste handling, and regrading activities. These activities might also increase concentrations of
suspended solids ~ off-site surface water during the short term. ,Mitigative measures such as
sediment barriers and surface wetting would be iInplemented to control potential releases via
surface runoff and fugitive dust. , No impacts to threatened or endangered species would be
expected. Federal listed threatened and endangered terrestrial species such as the bald eagle and
the peregrine falcon have been identified as transient visitors to areas near the site; however, the
site does not provide critical habitat for these species and they are not expected to utilize the site.
On-site impoundments might provide suitable habitat for some state listed species such as the
wood frog and Blanding's turtle, but oniy the state rare pied-billed grebe has been reported from
the site (at two of the raffinate pits).

Potential environmental impacts associated with Alternative 2b,2c, or 2d include those
'identified for Alternative 2a plus impacts associated with pH-site transport and disposal. These
impacts could include short term disturbance of'soil, increased airborne emissions, and short
term displacement or loss of vegetation and wildlife from construction of. a ral1 siding for
Alternatives 2b and 2c and construction and operation of a disposal site at the off-site'locations.
For Alternative 2b, 2c, or 2d, exposures would be.higher in the short term than for Alternative
2a because more waste would be handled (Le., some double. handling wouid result from the
necessary stagirig activities). The additional transportation requirements couid. also resUlt inan
increased potential for spills or accidents. The potential for truck accidents would b,e greater for
Alternative 2d than Alternative 2b or 2c because of the higher accident rate associated with th~ .

. ,highway haul distance required to truck the waste to a nearby disposal site~ Potential health
"'impacts during transportation of the contaminated material to the two other off-site disposal
locations could result from train or truck accidents that injured workers or the public.' An

. accident might also result in the contamination of soil or water':as a result of a spill: A spill
"contingency plan would be prepared to minimize the pOSSibility of such impacts prior to off-site
disposal for Alternative 2b, 2c, or 2d. . '

4.4.2.2 Implementability

e

e·

, ,;~, Alternative 2 could be implemented with readily available resources. However, the
~'technical feasibility of the in-situ componerit would be quite low because it 'would be difficult
l,to construct complete containment systems by capping and injecting a confining layer around
'$; and beneath each source area, creating multiple in-situ isolation units, given the areas and"
/' depths of contamination and the geological setting at the site. TItis installation would be very

.. ;'difficult because (1) perimeter ,grouting at the raffinatepits and two ponds and other scattered
locations would require covering a linear distance of about 3,000 m (10,000 ft), and subsurface

. grouting would be required over a combined area of about 17 ha (42 acres); (2) the raffinate pits
contain sludge with low compressive strength to depths ·of about 20 m (65 ft); (3) operations •

.'would be constrained by the proximity of the site boundary, which is within 15 m (50 ft) of the
western edge of raffinate pit 4; and (4) the weathered nature of the upper zone of limeston~
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bedrock could 'compromise the effectiveness of a comprehensive s:ubsurface containment system
·constructed by in-situ injection. Grout injected into the ~ubsurface might move into loosely
bedded material and fail to create a contiguous seal. Although a number of potential pathways
for contaminant migration could be sealed, failure of the confining layer to fully block all of
these pathways would be sufficient to compromise the containment over tilrie, and contaminant·
migration to gr.oundwater could result. Because a seal failure woU;ld go unnoticed, waste
isolation could not be ensured under Alternative 2. Identifying maintenance requirements for
a subsurface containment .system and maintaining and monitoring its integrity would be
extremely difficult because of the area, depth, and type of .material involved. lit summary, a
series.of comprehensive in-situ containment systems would be very difficult to install, and. the
likelihood of achieVing, verifying, and maintaining system integrity-would be very low.

The acceptability of the in-situ containment component of Alternative 2 would be
affected by the technical difficulties of implementation and the problems in enSuring

.' effectiveness. In-situ containment does not represent a fully. effective short-term or long-term
solution to potential impacts associated with the contaminated material at the Weldon Spring

'. site. Therefore, the administrative feasibility of this method could be somewhat low.

'Por the soil, sediment, and structural material that would not be contained in situ,
disposal ~ould be accomplished in a relatively straightforward manner us~g readilyavail~ble.
resources under Alternative 2a. The material would be transported. directly to ,an on-"site
disposal cell following removal for this alternative. The transportation co~ponent of off~site

· disposal (Alternative 2b, 2c, or 2d) could also be implemented in a straightforw,ij-ct manner using.
· readily available resources. Trucks, containers for transport, and the equipment needed to .
transfer these containers are readily available. The Wentzville area is served by both the Union

· Pacific and Burlington Northern railroads; it currently has several rail sidings, and a new siding
could be constructed therefor the Weldon Spring waste.

The disposal component o£Alternative 2b (disposal at the Envirocare site) or
Alternative 2c (disposal at the Hanford site) would be relatively straightforward because those
sites are currently used for waste management activities so necessary resources would be
generally available. However, off-site disposal at the hypothetical nearby site would be
constrained. by the difficulties associated with siting a new disposal facility. Extensive
characterization of several potential locations would be required to support siting requirements.
Additionally, receipt of input from the public in potentially impacted communities would be part
of the site selection process. Licensing by the NRC for the radiological componerit and
permitting by the state of Missouri for the chemical component of such a site would require an
additioriallevel of assessment and development. Because these siting, licensing, perffiitting,and
development activities would likely take a long time, waste could remain at the Weldon Spring
site under essentially current conditions for a number of years.

. The acceptability" of Alternative 2b, 2c, or 2d would also be affected by the
administrative requirements for transport and disposal. The DOT regulates the transport of most
radioactive and chemically hazardous material, and some states also have their own special.
requirements. Transport of the contaminated material off-site would involve a great deal o,f
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agency coord.iniition so, with regard to administrative feasibility, the implementation of Alterna
tive 2b, 2c, or 2d could be somewhat difficult. ., . •

Relative to administrataive issues for off-site disposal, the Hanford site currently
. ·i'eceives only small quantities of waste from outside sources, and the administrative procedures

that would allow disposal of the large quantities of Weldon Spring waste at the Hanford site are
not currently in place. The Envirocare site could accept the 361,000 m3 (472,000 ydJ) of soil,
'Sediment, and structurcil materi~l from the site if a license were in place from the NRC .to
~spose of lle(2) by-product material; the owner/operator of this facility has submitted an
'application for such a license, and the application is under a(ceptance review. An EIS
addressing potential environmental impacts associated with disposal of 1l(e)2 by-product,
material at the Envirocare site' is being prepared by the NRC, and the environmental review
process is currently projected to be, completed in July 1993.

As an additional consideration, disposal at. a, commer.cial facility off-site might not
eliminate future DOE responsibilities for this material, even th(;~gh the waste would be 'under

. the physical control· of that facility. That is, although the material would be appropriately
transferred to that facility such that it would be the responsibility of its owner/operator and the
facility is .assumed to remain a viable operation with applicable permits, the. pOSSibility that, the
company might become insolvent at some time in the futUre must be considered. Although' the
likelihood of this scenario is expected to be low, long-term future conditions cannot be projected .'
with certainty at this time; many current NPL sites are the result of just such commercial
failures, ,and the original generators of waste contained in those abandoned facilities have been.
required to reassume responsibility for that material.

4.4.2.3 Cost
, "."'

The estimated cost of in-situ containment is relatively high: The installation of a flexible
';membrane liner and 1.2 m (4 ft) of a stabilizing surface cover subsequent to removing the
ponded water from the affected areas is estimated to cost $54/m2 ($S/tt2). Construction of a
stabilized working surface, on the raffinate pits alone could cost about $5.7 million. Placement

~:,of a cap over the entire 17 ha (42 acres) ofcontaminated source 'areas could cost approximately
$7.1 million The cost to completely grout the perimeter and subsurface at the contaminated
areas was estimated to be approximately $200 million, considering economy of scale. Site
~preparation requirements and complicating factors resulting from the areal extent and depth of
.contamination could significantly increase the total cost above this estimate. Excavation, volume
reduction, and support operations common to each of the options under Alternative 2 would .
cost about $35 million, and restoration of the site following completion of remedial action
activities would cost about $2.1 Iriillion.·

The cost associated with the limited disposal component of Alternative 2 depends on
the disposal location On-site disposal (Alternative 2a) would require the construction of an .•
engineered cell to contain the contaminated soil, sediment; and structural material.· A disposal
cell designed to accommodate the 361,000 m3 (472,000 yd3) of contaminated material is estimate~

to cost about $16 million to. construct (MK-Ferguson Company and Jacobs Engineering Group
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1992a). Off-site disposal costs include transportation costs and disposal fees charged at the
disposal site.

The estimated costs for waste loading, truck hauling, and container handling for
Alternative 2b (disposal at the Envirocare site) and Alternative 2C: (disposal at the Hanford site)
are $175/t ($159/ton) and.$l40/t ($127/tori), respectively (MK-Ferguson Company and Jacobs
Engineering Group 1992a). On the basis of preliminary estimates, rail transport to the Envirocare
site would cost $63/t ($57fton), and rail transpo~t to the Hanford site would cost ,$88/t
($BO/ton). Total truck transport costs (including waste loading and container handling) to the
hypothetical nearby site (Alternative 2d) are estimated to be $167-jt ($152/ton) (MK-Ferguson
Company and Jacobs Engineering Group 1992a). Hence, the total costs for handling and
transporting the 660,000 t (727,000 tons) of waste from the Weldon Spring site to the Envirocare
site, the Hanford site, or the hypothetical n~arby site would be $157 million, $150 million, or
$111 million, respectively. Alternative 2b or 2c could require an additional $4.2 million for the

... "construction of a rail siding. '

A preliminary estiinate of the disposal fee for the Envirocare site is $106/t ($96/ton),
which corresponds to a cllsposal cost of about $70 million for Alternative 2b (MK-Ferguson

,Company and Jacobs Engineering Group 1992a). A preliminary estimate of the disposal fee for
,., the Hanford site is $130/m3 ($100/yd3) (Guercia 1992), which corresponds to a disposal cost of
", about $47 million for Alternative 2c. The cost estimate for the Hanford site does not include the
. cost for long-term monitoring and maintenance. A detailed cost analysis would be performed,
to develop a firm price for the disposal fee if disposal at an off-site facility were a component
of the selected alternative.

Combining the component costs, the estimated total cost of Alternative 2a (disposal
on-site) is $266 million, the cost of Alternative 2b (disposal at the Envirocare site) is $481 million,
and the cost of Alternative 2c (disposal at the Hanford site) is $451 million. The total cost of
Alternative 2d would start at about $377 million. However,- the siting, permitting, and
construction ofa nearby site would be very expensive; the time required to implement this
alternative would also impact· the costs, and delays in siting and permitting would greatly
increase total disposal costs: Considering these factors, Alternative 2d is expected to be more
expensive than either Alternative 2b or .~c.

4.4.3 Alternative 3: In-Situ Chemical Stabilization/Solidification
and Limited Disposal

4.4.3.1 Effectiveness

Alternative 3 would be more protective of human health and the environment than
, Alternative 2 because the contaminated soil, sludge, and sediment at the source areas that would
be managed in situ would be chemically stabilized/solidified to reduce contaminant mobility.
No contaminants would be destroyed in the process, and the waste volume of the treated
material would increase by about 32% at those areas because of the addition of cement and fly
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ash to form the solid product. In-situ chemical stabilization/solidification could be implemented
in a timely manner and could constitute a long-term solution if ,a consistently high-quality .

-product' could be achieved.

"_ Exposures to humans and wildlife to the contlminated material that was stabilized/
:'solidified in place would be reduced. . However, long-term protection would be Uncertain
:because of difficulties in ensuring the successful implementation of this in-situ treatment process
~at the site. Incomplete stabilization/solidification would resul.t in ot:Uy a partial reduction in
'~ontaminant mobility, and areas that were not fully stabilized/solidified would still be'
'susceptible to contaminant releases. Therefore, this option might. not reliably protect human
health and the environment over time.

Potential short-term environmental impacts are expected to be somewhat greater for
.Alternative 3 than Alternative 2 because of the additional impacts associated with treatment
activities. Such activities would also result in additional short-term impacts to workers, e.g.,
from air emissions during mixing activities. The timeliness 'of tile off-site disposal component
of Altemative3 would be the same as described for Alternative 2; The overall effectiveness of

::.the limited dispoSal component of Alternative 3 would also be as described for Alternative 2.

4.4.3.2 Implementability

Implementing in~situ chemical stabilization/solidification at the Weldon Spring site
would be technically difficult because of the area and type of material involved, especially at the
raffinatepits. Although this in-situ treatment- process is' a proven technology and standard

..equipment and resources could be used, its implementation at the pits would have several
'drawbacks, including the follOWing: wtiforrn solidification could not be ensured, complete
mixing of the ·reagents and contaminated material could not be verified during treatment, and
the integrity of the final product could not be verified. In addition, the de-facto secondary
containment provided by the natural day layer underlyingtheraffinate pits would probably be
disturbed and possibly destroyed by mixing activities, thereby increasing the potential for
contaminant migration to the subsurface. Also, the compressive strength of the sludge is

~; insufficient to support the mixing equipment, and the stabilizing reagents would have to be
.•, added in stages starting from the perimeter so work could progress from previously treated

;;'. areas. However, the compressive strength of the sludge could be increased by mixing in
'A contaminated soil and sediment excavated from other on-site areas; this excavated material
~' would be transported. to, the raffinate pits by .truck for mixing with standard construction
~:~ equipment such as bulldozers, backhoes, andfront-end loaders. .
.; ..•.

•

11
. '.

Additional concerns result from the waste heterogeneity in the pits. Studies of this
~, chemical treatment proc~ss have documented a wide range of setting rates and compressive

strengths of stabilized/solidified product resulting from different ratios of contaminated material
(e.g., sludge with soil) to-stabilizing agent (e.g., cement and fly ash) (Gilliam and FranCis 1989). .',
Mixing of the process reagents and the contaminated material with backhoes, draglines, and
bulldozers would likely result in a wide range of blends, which might not allow adequat~

quality controlto ensure that the waste was fully stabilized and solidified. In addition, this
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• mixing would ,increase concerns regarding sufficient product quality control and the possibility'
for disruption of the clay layer underlying the raffinate pits.

In-situ chemical stabilization/solidification is generally inefficient for treating contami
nation at relatively shallow depths of 0.3 to 0:6 m (1 to 2 ft) (MK-Ferguson Company and Jacobs
Engineering Group 1992a). Much of the soil in the North Dump and South Dump areas and the
sediment in Ash Pond and Frog Pond represents this type of contamination, and although it
might be possible to utilize in-situ cJ::temical stabilization/solidification in these areas,
maintaining quality control for the addition of reagents and water could be difficult because of
matrix and contaminant d#ferences. '

•

•

Although not strictly an in-situ application, an additional treatment option considered
under this alternative involves excavating the sludge, sediment, and soil and then treating the
material within an excavat~dprocess area that would be specifically prepared for that purpose.
The process area would be capped in place when treatment was completed. This I!lethod would,

, potentially address the concern regarding engineered, subsurface containment of the treated
waste because the treatment area would be designed to serve as a secox;tdary containment
system. However, other concerns would remain, such as the inability to verify the effectiveness
of the treatment process and the potential for damaging the containment system during mixing.

'. The raffinate pit sludge would require soine dewateririg for proper 'control at the process area, ,
;. but water would then have to be added during the chemical treatment process. Also, the area
" available on-site for this pUrpose is limited, and it would probably be filleq. before all the
. material was treated.

, In-situ treatme~t is affected by a number of technical difficulties inCluding the inability
to ensure complete treatment. Thus, administrative barriers to implementation would be
expected to result from the uncertain effectiveness of this process. The implementability of the
limited disposal component of Alternative 3 would be the same as identified for Alternative 2
(Section 4.4.2.2).

4.4.3.3 Cost

Because of the volume, nature, and areal extent of the contaminated source areas, in-situ
chemicalstabilization/soli~cationis expected tobe somewhat expensive. The cost of treating
the nUfinate Pit sludge and soil and the sediment and soil at Ash Pond, Frog Pond, the North
Dump, and the South Dump (319,000 m3 [417,000 yd3]) is estimated to be about $50 million, at
a '-lJlit cost of about $158/m3 ($121/yd3) (MK-Ferguson Company and Jacobs Engineering Group
1992a). 1his value includes costs associated with chemical addition and capping. Additional
costs for monitoring and maintaining the treated areas could be substantial because of 'the
uncertain effectiveness of this alternative. The cost of the limited disposal component of
Alternative 3 would be slightly less than that identified for Alternative 2 because the water
treatment plant process waste and other containerized waste would have been treated with the
raffinate pit sludge. The total costs of Alternative 3a (disposal on-site), Alternative 3b (disposal
at the Envirocare site), and Alternative 3c (disposal at the Hanford site) are estimated to be
$101 million, $309 million, and $276 million, respectively (Guercia 1992; MJ<-Ferguson Company
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and Jacobs Engineering Group 19913). For the analyses in this PS, the fees for off-site disposal
at the Envirocare and Hanford sites were determined from preliminary estimates. Hoff-site
disposal were a component of the selected alternative" a detailed cost analysis would ,be
performed to develop the fum price for this activity. The total cost of Alternative 3d would be
higher than Alternative 3b or 3c because of sitin'~ licensing, and permitting requirements. '

~4.4.4 Alternative 4: In-Situ Vitrification and Limited Disposal

4.4.4.1 Effectiveness

Under the in-situ vitrification component of Alternative 4, exposures to humans and
wildlife could continue in the short-term for a longer period than for Alternative 3 because it
would take several years longer to implement this treatment process as a result of limitations
in the size of individual treatment areas and the time required;for cooling. In-situ vitrification
could be more protective of human health and the environment in the long term than either
,in-situ containment or in-situ chemical stabilization/solidificationbecause contaminated material
would be treated to reduce toxicity, mobility, and volume as part of the vitrification process.
The toxidty of some of the contaminarits in a portion of the site waste would be reduced becauSe
organic contaminailts (e.g., nitroaromatic compoWlds in' soil from the quarry) and some
inorganic contaminants (e.g., nitrate) are destroyed by the high temperatures used in the process. "
However, the toxicity of radiation - which represents the principal threat from the site waste
- would not be reduced by this (or any other) treatment process. Waste volume w()uld be
reduced because the void spaces would be eliminated during in-situ vitrification, and some

"..,components (e.g., humus, organic contaminants, and carbonate of lime) would be released as gas
. and vapor; the volume of-the vitrified material would be reduced by 68%. In-situ vitrification
could constitute a long-term solution because the projected life of a high-qualityvitrifiedproduct

_is thousands of years, so leachability is expected to be very lo~ under optimal conditions
. (MK-Ferguson Company and Jacobs Engineering Group 19913, 1992b).

As part of the initial engineering anlyses for this remedial action, bench-scale tests were
';;' conducted with vitrified samples of raffinate pit sludge combined with site soil to assess
.:.1eachability; the results indicateq that the levels of contaminants leached from the vitrifiedwaste
:'were much lower than the levels that would be considered hazardous on the basis of EPA's
~ ,

',modified extraction procedure toxicity (EP-toxicity) test, as shown in Table 4.1. (Tests with
EPA's current toxicity characteristic leachate procedure [TCLP1, which is similar to the EP

;f' toxicity test, were not performed for that study.) However, the effectiveness of this process over
".time is unknown because of the variable chemical and physical properties and the large volume
, of contaminated material requiring treatment. The long-term effectiveness of Alternative 4

", would therefore be questionable because, of uncertaln~es associated with the successful
implementation of in-situ vitrification (Section 4.4.4.2). As for the in-situ chemical treatment
process, any contaminants not incorporated in the ~olid waste matrix a result of incomplete,

. vitrification could potentially be mobilized over time.

•

I
i

•
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TABLE 4.1 Estimated Leachate Concentrations for Vitrified Sludge
and Site Soil

Contaminant

Estimated
Leachate Concentrationa

(mg/L)

ISV Glass IHCM Glass

\

Maximum Leachate
Concentration

Allowedb

(mg/L)

Arsenic
Barium
Cadmium

, Chromium
lead
Mercury
Selenium
Silver

<1
0.04
0.01

<1
<1
<0.03
<O.ot
<0.1

<:1
.0.04

<0.01
<1
<1
<0.03

. <0.01
<0.1

5.0
100.0

1.0
5.0
5.0
0.2
1.0
5.0

•

•

a Concentration detennined from a previous study of raffinate pit sludge and
site soil with a modified extraction procedure (EP) toxicity test; further

• . testing (TCLP) of similar waste to be conducted at other DOE facilities within
the next several years will provide additional leachability data for vitri
fication. ISV ="in-situ vitrification; IHCM = joule-heated ceramic melting.

b TCLP limits; see Appendix G, Table G3.

Source: Koegler et aI. (1989).

Another consideration with in-situ vitrification is the off gas produced during the
melting process. In-situ vitrification would result in the release of considerable amoUnts of
radon, combustion gases, and steam. In addition, the retention of volatileqtetals decreases
toward ~e surface of the melt and heavy metal oxides can be entrained in combustion-product

, gases that provide a path .for escape from the surface (Holden et al. 1989), so volatile inorganic
compounds would also be' released. These emissions would need to be controlled, e.g., by
placing a collection hood over the processing area. Effective collection of the off gas over the
large affected area at the site would be difficult to achieve. Treatment of the off-gas. ,stream
would generate additional waste, e.g., a residual aqueous' scrub solution, that could be recycled '
to the feed unit for subsequent vitrification. The effectiveness and timeliness of the limited
disposal component of Alternative 4 would be the same as for Alternative 2 (Section 4.4.2.1).

Potential health and environmental impacts associated with Alternative 4 would be
somewhat greater than those associated with Alternative 3 because of additional short-term
impacts associated with treatment activities. Workers and air quality would be impacted by the
increased emissions of the off gas (including radon) produced by the high-temperature process~
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4.4.4.2 ,Implementability

Several difficulties are associated with implementing vitrification in situ at the Weldon
Spring site. ",One ~culty is that the raffinate pit sludge results in a poor-quality, highly,
devitrified product upon cooling (Koegler et al. 1989)." ~other difficulty is related to the
thickness typically required for effeCtive in-situ vitrification, which is about 1.5 to 2.1 m (5 to 7 ft).
tMK-Ferguson Company and Jacobs Engineering Group 1992a). The site soil'that is contami
nated generally consists of, relatively thin, widely distribtlted sur~ce zones that could not be
~fficiently treated by in-situvitrification,' and certain pits contain sludge to greater depths:
~thoughmixing excavated soil in with the'raJfinate pit sludge might somewhat address these
problems, incomplete mixing is likely and would reduce the process'e.ffectiveness. Also, the clay
layer underlying theraffinate pits could be disturbed or destroyed by the required mixing of soil
or sediment with the sludge, thereby increasing the potential forcontaInin3nts to migrate to the
subsurface. The implementability of in-situ vitrification is also impacted by the numerous
electrode applications the process would require. On the basis of a maximum spacing between
electro,des of about 5.5 m (18 ft), which allows formation of 'amaximum melt width of about
8.5 m (28 ft) (MK-Ferguson Company and Jacobs Engineering Group 19913), the raffinate pits
area alone would require about 1,400 applications. ' ,

Additional concernS with in-situ vitrification are the inability to directly monitor the
process during application and the inability to verify the integrity of the final product Testing
by Koegler et aI. (1989) has demonstrated that soil must be thoroughly mixed with the raffinate
pit sludge to produce a high-quality vitrified product. fu addition, during the vitrification
process, contaminants can partition into immiscible phases that, are not entirely encapsulated
within the silica melt - e.g., a sulfut phase would rise to the top or a metal phase. would sink
:to the bottom of the melt. Contaminants could be more readily mobilized from these immiscible
,phases than from the silica glass. The ability to determine whether incomplete mixing had
resulted in any excessively devitrified zones wo~d be limited; if present, such zones could result
in future contaminant mobilization. Thermocouples are used to monitor the temperature regime
and melt geometry during in-situ vitrification;,however, these thermocouples failed during the
bench-scale m-situ vitrification ,tests with site waste (Koegler et al. ,1989). Subsurface sonic
measurements could be used after processing, to help identify nonvitrified: zones, but the

,.~r)required subsequent remediation of those zones would be very difficult (MK-Ferguson Company
·,iand Jacobs Engineering Group' 1992a). .
~

Th~ in-situ vitrification process would have difficulty treating the raffinate pit sludge
.;, because of its high water content, as evidenced by a recent test failure at another site in which
7', a steam explosion halted processing (MK-Ferguson Company and Jacobs Engineering Group
:~ 19913). in-sitU vitrification of this sludge would also tax the off-gas treatment system and would
, result in slow melting rates and excessive electricity consumption (vaporizing 1 kg [2.2 lb] of
-water requires as much electricity as melting 1 kg [2.2 lb] of soil) (~-Ferguson Company and
}acobsEngirieering Group 19913). Thus, the sludge and sediment would require extensive
dewatering prior to in-situ vitrification. The DOE recently suspended an application of the
in~situ vitrification process at another site after a fire started during large-scale testing (Howson
1991; MK-Ferguson Company and]acobs Engineering Group 19913).

e.

I;
I'
i'

!
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Implementation of in-situ vitrification would also be constrained by limitations in
equipment availability, the heterogeneity and large extent of contamination at the site, and th~

time-and energy requirements.. With regard to equipment availability, in-situ vitrification is a
developing technology, and only one vendor currently holds exclusive rights to the use of this
technology for application to hazardous waste remediation. This vendor recently announced that
it was ceasing to offer the teChnology at this time (Howson 19'91). The extensive time and power
conunitments that would be required are related to the considerable extent of the affected area
(a combined area of about 17 ha [42 acres]) and the large volwne of material to be treated.

The additional treatment option· described for "in-situ" chemical stabilization/
solidification, whereby sludge, sediment, and soil would be excavated for treatment within a
process area specifically'prepared for that purpose, was also considered for vitrification. Upon
completion of treatment, the process area would be capped in place. This method would

.potentially address the concern regardirig engineered, subsurface containment of the treated
waste because the process area would be designed to serve as a secondary containment system.

,."" However; other concerns would remain, i.e., the inability to monitor the effectiveness of the .
treatment process and the potential to damage the containment system during mixing and
vitrification actiVities. In addition, the area available for this purpose is limited, and it would
probably-fill before all the material was treated; the time required for this single-area application

,would also be much longer.

Although in-situ vitrification might seem relatively more acceptable than in-situ
'chemical st:ibilization/solidification because of a perceived potential for increased long-term
,,protection, considerable institutional concerns could result from the same questionable effec

tiveness described for Alternative 3 (including the inability to ensure complete treatment) and
greater difficulties regarding the technical feasibility of its application at the Weldon Spring site. '

, In addition, increased air emissions might pose a concern relative to air quality ,and possible·
health impacts. The implementability of the limited disposal component of Alternative 4 would
be the same as identified for Alternative 2 (Section 4.4.2.2).

4.4.4.3 Cost

A considerable volume and areal extent of contaminated material would require staged
treatment with an innovative process for which resources are not readily ava~ble, so
Alternative 4is expected to be more expensive than Alternative 3. The implementation of in-situ
vitrification in straightforward applications, e_g., for a relatively small area, is estimated to cost
about $304/m3 ($232/yd3) (MK-Ferguson Company and Jacobs Engineering Group 1992a).
Because of the excessive devitrification that resulted mtests with the raffinate pit sludge alone
(Koegler et al. 1989), in-situ vitrification without additives is not considered viable. The cost of
vitrifying the raffinate pit sludge after mixing with excavated soil and sediment, combined with
the cost of capping and site restoration, is estimated to be about $69 million (MK-Ferguson
Company and Jacobs Engineering Group 1992a). In-situ vitrification of the remaining source
areas, including capping arid restoration, would bring the cost of the in-situ vitrification
component of Alternative 4 to about $118 million. Adciitional costs for monitoring and
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maintaining the treated areas would be substantial because of the uncertain effectiveness of the' •
in-situ application of this process at the s~te. ..:
~.

.: . . The 'costs associated with the limited disppsal component of Alternative 4 would be

.~imilar to those identified for Alternative 3 (Section; 4.4.3.3). The total costs ofAlternatives 4a,

.~b, and4c (disposal on-site, disposal at the Enviroc,*"e site, and disposal at the Hanford site) are
estimated. to be $168 million, $3~ million, and ;$329 million, respectively (Guercia 1992;
MK-Ferguson Company and Jacobs Engineering Grpup 1992a). The total cost of Alternative 4d
would be higher than Alternative 4b or 4c because of siting, permitting, and licensing
requirements.

I

I

4.4.5 Alternative 5: Removal, Minimal Treatment; and Disposal

4.4.5.1 Effectiveness

Excavating contaminated soil and sediment and dredging the raffinate pit sludge would
reduce potential impacts to human health and the: environment associated with contaminated
source areas in a timely manner and would reduce the potential for contaminant migration from
those areas. Subsequent isolation of the waste in an engineered disposal cell either on-site or.
off-site would control the' potential for contaminartts to migrate in the .long term. The main'
.treatment component of PJternative 5 (dewatering of the raffinate .pit sludge) would reduce '.
contaminant volume and might result in a limited reduction in solution mobility.by reducing
the amount of water available to mobilize conta.mi.nknts, but this would be offset by the potential
.tor increased dispersion, and contaminant toxicity; would not be reduced.. Thus, Alternative 5
·does not adequately satisfy the statutory preference for treatment as a principal element of the
remediation. I

I

The short-term and long-term effectiveI}ess of Alternative 5 would depend on the
controlled transport to and containment in an engiPeered disposal cell, especially for the highly
contaminated, fine-grained, dewatered raffinate pit sludge. Because this material would not
have been treated to effectively reduce con~t toxicity or mobility, accidents or failures

')!assodated with transport or disposal activities coul~ result in contaminant dispersal and possible
: health effects. The effectiveness of Alternative ~ could also be constrained by the techni~l

~JCiifficulties associated with implementing the disposal component (Section 4.4.5.2).. .

. Potential environmental impacts would be greater for Alternative 5 than Alternative 2,
".'3, or 4 because of additional impacts associated with the more extensive excavation activities.
'.Increased short-term exposures to airborne contamlnantsand possibly to contaminants migrating
'off-site via runoff from the larger'area disturb~d could occur during implementation. In
".addition, more extensive monitoring and maintenance would be required to minimize potential
'long-term impacts because the disposal cell would contain untreated raffinate pit ..sludge.
Impacts associated with Alternative Sb, 5c, or 5d would also include those for off-site transport •
and disposal, as described for the parallel options of Alternative 2. Compared with the previous .

.alternatives with an off-site disposal component, the 'magnitude of potential impacts associated
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with an accident during off-site transport under Alternative Sb, Sc, or Sd could be much higher
because the material being transported would include the highly contaminated, dewatered
raffinate pit sludge, which ,could be susceptible to dispersal if an accident occurred. The
magnitude ofpossible impacts at the off-site disposal location would also be higher because of
possible releases from the untreated sludge and because of the larger volume of contaminated
material. The timeliness of the off-site disposal component for AlternativeS would be the same
'as Alternative 2.

4.4.5.2 Implementability

Implementing the removal component of Alternative 5 witn regard to the availability
of resources would be relatively straightforward. The contaminated soil,could be excavated and
the raffinate pit sludge and pond sediment could be dredged with standard equipment and
materuus that are readily available. Implementing the treatment component of Alternative 5

,would also be straightforward (Section 3.2.4.2). The raffinate pit sludge could be dewatered with
standard cyclones and filter press systems (MK-Ferguson Company and Jacobs Engineering
Group 1992a). For both of these activities, stringent emission<ontrol measures ,would be
required when handling the raffinate pit sludge.

, Implementing the disposal component of Alternative S would be difficull, The
estimated 34,000 m3 (45,000 yd3) of dewatered raffinate pit sludge would consist of very fine
grained, cohesionless partiges. From available data, most of this sludge has a particle size of
less than 0.07Smm (0.003 in.}; i.e., 89 to 99.9% of the particles would pass a small-mesh (#2oo) ,
sieve (MK-Ferguson Company and Jacobs Engineering Group 1989}.Therefore, this material
would be very difficult to control, and it also has essentially no weight-bearing capacity. Hence,
waste loading, transport to, and placement in a disposal cell would be very difficult; construction
of an adequate engineered cover over the cell would be even m'ore difficult because the
dewatered, unstabilized ~ludge might not be able to support the weight of the cover. In fact,
subsidence of a disposal cell cover would be more likely under this alternative than any other
because of the poor weight-bearing properties of this material (MK-Ferguson Company and
Jacobs Engineering Group 1992a). Although the sludge could be mixed with soil to increase its
weight-bearing capacity, this activity could result in increased air emissions and possibly adverse
health impacts. Without corrective maintenance activities, subsidence damage to cell integrity
could also result in the release of contaminants into the environment.

Off-site transport of the site waste would increase potential exposures from waste
handling and airborne contaminant releases. The sludge would be dewatered prior to either
transport to or placement in the disposal cell because transport of a high-water<ontent sludge
would be difficult and dewatering before disposal would be necessary to meet restrictions on
the free liquid content and requirements for compressive strimgth compaction in the cell. In
addition, neither the Envirocare site nor the Hanford site currently has the required equipment
or administrative capabilities to dedicate to the dewatering of the fine-grained sludge; these
capabilities would also be required for the hypothetical nearby site. Under current disposal
practices at the Envirocare site, the moisture content of waste is reduced by spreading and
mixing the material in a storage area to promo~eevaporation (Envirocare of Utah 1991).
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However, this might not be appropriate for the fine-irained J:'affinate pit sludge because of the
potential for adverse health impacts from air emissions. .

. I
I

· , The administrativ~ feasibility of Alternative 5 would probably be affected by the
.~certainties associated with the short-term and long-term effectiveness of this alternative' and
the potential for much gt'eater adverse impacts th3.n Alternative 2, 3, or 4. Therefore, it is

· , '. t .
~xpected to be the most difficult to implement of the ~ctionalternatives relative to administrative
concerns. r
~ .
'1

4.4.5.3 Cost.

•:

j

Implementing Alternative 5 would' cost m9re than Alternative 3 or 4, except for the
:on-site. disposal option (Alternative Sa). Long-ter~:n costs would probably be higher than
Alternative 6 or 7 (chemical and thermal treatment alternatives) because the waste would retain

. . I· . ••. .
all of its toxicity and its potential mobility'; contaIrii.nants coUld be more readily mobilized if the
containment component of transport or disposal failed and no corrective measures were taken.
The total cost of Alternative Sa (on-site disposai) is;estimated to be approximately $76 million
(MK-Ferguson Company and Jacobs EngineeringGroup 1992a). .

. I

From p~liminary' estimates, the cost: t~ dispose of 557,000 m3 (72S,OOO yd3) of
contaminated soil, sediment, dewatered sludge, ana structural material at the Envirocare site •
would be $108 million, and the cost for disposal at the Hanford site would be $73 million. The
estimated costs for :waste transport to the Envirocare site and the Hanford .site are $64 million
and $90 million, respectively. From these estimates~ the total cost of Alternative Sb.(disposal at

:.the Envirocare site) would be $404 million, 'and the total cost of Alternative 5c (disposal at the
Hanford site) would be $361 million (Guercia 1992; MK-Ferguson Company and Jacobs

. Engineering Group 1992a)~ The siting, permitting,iand construc.qon of a nearby site would be
;.very expensive, and related delays would greatly increase the cost of this disposal option. Thus,

. I

the total cost of Alternative 5d would be higher t~IlAlternative Sb or 5c.
I

'4(4.4.6 Alternative 6: Removal, Chemical Stabiliz~tionlSolidification,and Disposal .

4.4.6.1 Effectiveness

· ., Alternative 6 would be more protective of human health and the environment than
......~ Alternative 5 (removal and disposal with minimal treatment) because Alternative 6 combines

:. chemical treatment of contaminated sludge, soil, ·.and other material to reduce mobility with
· containment in an engineered disposal celL Alternati,ve 6 would ii1so be more protective of
· human health and the" environment than Alternative 3 (in-situ chemical stabilization/
. solidification) for two reasons. First, the process can be monitored during operations to verify
correct and complete miXing, and the quality arid integrity of the final waste farm can be •
ascertained prior to disposal. Second, the chemically stabilized/solidified waste would beplaced 1tl'
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in a disposal cell that would provide the engineered containment system absent from the in-situ
application.' . .

The effectiveness of the removal component would be the same as AlternativeS, and
the treatment component would be much more effective because of the substantial reduction in
contaminant mobility that would be achieved by chemical stabilization/solidification.
Leachability tests have been conducted on chemically stabilized/solidified sludge from the
raffinate pits and nitroaromatic-contaminated soil from the quarry (Waste Technologies Group
1992). Test results indicate that leachate from the treated sludge and soil would be much lower
than the TCLP requirements for hazardous waste (fable 4.2). Leachability depends on the
contaminant type, the mechanical and chemical properties of the cement-fly ash matrix, and the
various reactions of the contaminants within that matrix - such as diffusion, dissolution,
adsorption, and precipitation. Past studies of leaching from cement-based grouts indicate that
the metals would be fairly immobile, the organic compounds and nitrates would be relatively
more mobile, and the nitroaromatic compounds would be the most mobile of the contaminants
of concern at the Weldon Spring site (Gilliam et al. 1985; Gilliam and Loflen 1986; Gil.liaffi 1990);
the mobility of radionuclides would be low, as for other metals. The combination of chemical
stabilization/solidification and containment in an engineered cell would prOVide a timely
response- to the contariunation problems at the site, with soml;!' possible exceptions, associated
with implementability for· the off-site disposal options. The toxicity of the chemically tr~ated

. material would not be reduced because the process binds but does not destroy any contaminants.
, The volume of the treated material would increase by about 32% because of the ~ddition of

cement and fly ash; this would correspond to an increase of about 12% in the overcill disposal
volume for treated and untreated material combined. .

, Combmed with the treatment, the disposal component of this alternative would provide
.. long-term protection of hwnans and the environment from exposures to site contaminants.

Thus, with regard fo 'long-term effectiveness, the treated and untreated waste wo~d be
contained in an engineered cell so only a breach in the cell integrity without corrective measures
could result in the release of contaminants to the environment over time. Damage to ~e cell in
the absence of maintenance could expose the waste inside, including the portion that had been
chemically stabilized and solidified. If this were to happen, contaminants could be leached from
all the material, but leaching from the treated material would be slow b~cause the cement-like

. matrix would not deteriorate for a long time. Even without the engineered protection of the cell,
. the chemically treated product would be expected to last hundreds to thousands of years.

One indicator of longevity is the time required to increase the hydraulic conductivity
through a cement waste form. Preliminary modeling resultS for changes in the hydraulic
conductivity in cement grout over time suggest that acceptable performance is likely to extend
for at least hundreds of years (Alcorn et al. 1990). The high buffering capacity of the chemically
stabilized/solidified waste (estimated at 4 x 10-3 meq/g at a pH greater than or equal to 7)
would neutralize infiltrating solutions and would maintain a neutral to alkaline (and therefore
less corrosive) leachate with an expected pH of 7 or above over a lOa-year exposure period to
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TABLE 4.2 Estimated Leach~te Co~c~ntrationsfor Chemically
Stabilized/Solidified Sludge and Quarry Soila

. '.!

Estimated Leachate
1

, Concentration (mg/L)
Maximum Leachate

, .Raffinate Pit Qu$y Concentration
Contaminant Sludgeb SO,il. Allowedc (mg/L)

1

i
'Arsenic 0.218 <0.013' 5.0

I
I

Barium 10.9 0.669 100.0

Cadmium 0.003 <0.002 1.0
I ,

Chromium 0.126 0.082 5.0
..

Lead <0.018 <0.018 5.0

Mercury <0.0002 <0.0004 0.2

Selenium 0.061 <0.019 1.0
:

Silver 0.012 '<O.Q04 5.0 e·!, ' ,,
NB <0.020 0-8.13 2.0

2,4-DNT <0.020 0.017 ' 0.13

a Concentrations in leachate are base<:I on Tap testin'g of
raffinate pit sludge spiked with the historical high concen
tration;; of contaminants and quarrY soil spiked with the
historical high concentration of nitrobenzene (NB). Samples
were stabilized/solidified using the blend formula determined
by Gilliam and Francis (1989) and ~ured for 28 days. .
2,4-DNT = 2,4-<linitrotoluene.' ,

,I

b Sludge samples were taken frome~ch pit. The highest leachate'
concentration~is reported here.. '

C T~P limits; see Appendix G, Table G.3.

, Source: Waste Technologies Group (1992).

.'
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acid rain conditions (MK-Ferguson Company and Jacobs Engineering Group 1992a). Thus,
because the chemically stabilized/solidified waste would resist deterioration, uncorrected
damage to the disposal cell containing the waste would result in only slow releases of
contaminants from the treated material to the environment. In addition, the treated waste would
have high weight-bearing capacity. Strength testing of stabilized/solidified raffinate pit sludge
indicated a penetration ~esistance of up to 28 MPa(4,OOO psi) and an unconfined compressive
strength exceeding 1.4 MPa (200 psi), although a range of values was measured under various
experimental conditions (Gilliam and Francis 1989). Therefore, the concern for long-term
effectiveness associated with subsidence of the disposalcell cover under Alternative 5 would not
be an issue for Alternative 6.

Potential health 'and environmental impacts are expected to be generally similar to tho~

for Alternative 5. Short-term exposures from removal activities would be, similar but treatment
exposures would be lower because the material would be maintained in a wet condition until '
it was containerized for disposal off-site or directly placed iil the cell on-site. Potential impacts .
associated with the transport and off-site disposal components would probably be similar to
Alternative 5. Although the more highly contaminated material would have been treated so
releases would be lower, this benefit would be offset by the increased number of trips required"
to transport the larger volume of material and the associated increase in worker exposures and
accidents. '

4.4.6.2 Implementability

The implementability of the removal component of Alternative 6 would be the same as .
Alternative 5; that is, the contaminated matenal could be removed in a straightforward manner
with readily available resources. Implementation of the chemical stabilization/solidification
process would also be straightforward. Cement- and silicate-based stabilization/solidification
is a commonly used method for' which resources are r~adily available. Its effectiveness and

. feasibility have been demonstrated in many full-scale waste ,treatment applications, and as of
1991, this technology had been selected as the treatment component for remediaJ action at
62 sites on the NPL (Chemical Engineering Progress 1991).

The implementability of the disposal component of Alternative 6 would depend on the
location of the disposal site. '. On-site disposal (Alternative 6a) could be accomplished in a
relatively straightforward manner. The chemically stabilized/solidified product would be
trucked directly from the treatment fucility to the disposal cell. The treated raffinate pit sludge
would be in an unset grout-like form that could be used to fill in voids around large pieces of
structural material .within the. disposal cell, thus eliminating the need for hand digging and
compacting for those pIeces.. Handling the sludge in a wet form would also limit the releases
of radon and other contalniruUtts, thereby limiting worker exposures. A somewhat drier material
would result from the treatment of the less contaminated soil, and this material could be placed
and compacted ina conventional manner. The chemically stabilized/solidified waste would b~

placed in the disposal cell in a manner that would minimize the surface area of the treated
product and facilitate compact placement. A small surface area-to-volume ratio woul~

correspond to lower leach rates in the extended future, e.g., if the cell were to fail and no
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corrective measures were taken, because less surf'1ce area would be exposed for potential •
deterioration.

In contrast, off-site disposal of the c:hemica~y stabilized/solidified material would be
. difficult to im:plement. The site waste would be; transferred to shipping containers at the

treatment facility for off-site transport to the Envirqcare site (Alternative 6b), the Hanford site
(Alternative 6c), or the hypothetical nearby site (Al~ernative 6d). For Alternative 6b or 6c, this
would necessitate trocking the containers to a !rail siding in Wentzville, Missouri, and

, transferring the containers at the si?ing to railcars !for transport to the final disposal location.
For Alternative 6d, the waste containers would be itrocked direct!y to the hypothetical nearby
site. Because the stabilized/solid#ied material wo~d be expected to achieve initial set within
1 day and final set within 7 days, the material woul:d set within the containers during transport,

'and the resulting Jl)aterial would be a monolithic c~ncrete-likeproduct with an expected density
of about 1.72 t/m3 (1.45 tons/yd3). It would be difficUlt to reuse the container because this set:
material would be hard to remove from the shipp)ng containers for placement in the disposal
cell. The monolithic waste form would probably have to be fractured to remove it from these
containers, and this would increase the surface ar~a of the waste and therefore the potential for'

"future leaching. Alternatively, the solidified ma~erial could be disposed of while still in the
': containers, in which case the ovetall costs wo~d be higher and thoSe resources .would be
',irretrievably committed. In addition" the higher;' volume and weight of the combined waste
,would, increase the time and cost of transport. .An alternative mix formula, of sludge, soil, and
reagent might be developed that would result in a; more manageable soil-like product for off-site ,. •
disposal; howev,er, this material might be mor~>ubject to dispersal if released, with related '
potential health effects, and the total volume anQ weight would still be ,higher.

i '

The acceptability of Alternative 6 would probably be higher than Alternatives 2 thro~gh
5 because of the limitations associated with in-si~ containment, in~situ treatment, and removal

, and disposal with minimal treatment under those alternatives. However, the" accepta.bility of
"off-site transport and dispos~of the chemically ~tabilized/solidified material would be affected
by the .larger amount of material requiring tran,sport and the greater amount of handling that
would be required. '

4.4.6.3 Cost

The cost of Alternative 6 .is expecteiji to be among the highest of all preliminary
, alternatives because it combines the cost of exc~vationwith the cost of treatment, including the
~' cost for chemical additives. The totalcostof Alternative 6a (on-site disposal) is estimated to be

about $157 million (MK.,Ferguson Company ,and Jacobs Engineering Group 1992b). From
preliminary estimates, the cost to dispose of the 772,000 m3 (1,010,000 yd3) of combined waste

- at the Envirocare site woUld be $146 million, and the cost fOr" disposal at the Hanford site would
, be $101 million. - The disposal costs could' be somewhat higher than these estimates because

increased handling would be required to dispose of the set chemical stabilization/solidification .~" ,
product The estimated costs for waste transport to the Envirocare site and the Hanford site are -
$87 million and $122 million, respectively. 'fl1us,the total cost of Alternative. 6b (disposal at the
Envirocare site) is estimated to be $541 milli~n, and the total cost of Alternative 6c (disposal at

I,
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the Hanford site}· is estimated to be $482 million (Guercia 1992; MK..,Ferguson Company and
Jacobs Engineering Group 1992a). The total cost of Alternative 6d (disposal at the hypothetical
nearby site) wo~d be higher than Alternative 6b or 6c because of the siting, licensing, and
permitting requirements. .

4.4.7 Alternative 7: Removal, Vitrification, and Disposal

4.4.7.1 Effectiveness

Alternative 7 would .be more protective of human health and the environment than
Alternative 5 (removal, minimal treatment, and disposal) becaUse contaminated material would
be treated to reduce toxicity, mobility, and volume. Alternative 7 would also be more protective
of human health and the environment than Alternative 4. (in..,situ vitrification and limited
disposal) for the same two reasons given for Alternative 6. That is, visual inspection and on-line
management of the treatment process is possible so the quality and integrity of the final waste
form could be ascertained prior to disposal, and the vitrified waste would be placed in a disposal
cell that Would provide the engineered containment system absent from the in-situ application.

The effectiveness of the removal component would be the same as Alternatives 5 and
6. Although the treatment. component of Alternative 7 would be less timely than thosealtema:
tives because of technicallimit:ations (Section 4.4.7.2), vitrification would reduce the .toxicity,
mobility, and volume of certain waste more effectively. The toxicity of certain contamirlants
would be reduced because the organic compounds and some inorganic contaminants in certain
portions of the waste to be treated would be destroyed in the high-temperature process~ The
toxicity. of radiation from the waste would not be reduced by this treatment method (or any
other). The volume of the treated material would be reduced to an estimated 32% of the original
volume, which corresponds to a reduction of about 52% by weight (MK-Ferguson Company and
Jacobs Engineering Group 1992a). The mobility ofcontaminants would also be significantly
reduced because. the waste product would. be a glass-like material that would resist leaching.
Previous bench-scale leach tests with samples ofvitrified ra/finate pit sludge and site soil
indicated that contaminant concentrations in the leachate were much lower than levels that.
wciuld be. considered hazardous on the basis of the modified EP-toxicity test, as shown in

.Table 4.1. Leach tests that are used to characterize vitrified high-level radioactive waste (i.e.,
.. Materials Characterization Center tests) were also performed on the vitrified sludge samples;

results showed that the vitrified waste had leachate concentrations approximately 4 to 8 times
lower than those resulting from similar testing of high-level radioactive waste glass (Koegler
et a1. 1989). .

Combined with the treatment, the disposal component of this alternative would provide
long-term protection of humans and the environment from exposures to site contaminants.
Thus, with regard to long-term effectiveness, the treated and untreated waste would be
contained in an engineered cell so only a breach in theceU integrity without corrective measures
could result in the release. of contaminants to the environment over time. In the absence of
maintellance, damage to the cell could expose the waste inside, including the vitrified portion.
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If thiS were to happen, contaminants could be leache~ from all the material, but leaching from •
the vitrified material would be very slow because the glassy matrix would not deteriorate for.
a long time. An effectively vitrified product would~ be expected to withstand. 'environmental
degradation for thousands of years (Hansen and Fitzpatrick 1989). Vitrified waste can also have
high weight-bearing capacity: Strength testing of vitrified s~ples'of the Weldon Spring waste
indicated an average compressive strength of abo~t 300 MPa (43;000 psi) and an average'
splitting tensile strength of about 28 MPa (4,000 psi) (Koegler et al. 1989). Therefore, the concern
for long-term effectiveness associated with subsidence under Alternative 5 would not be an issue
for Alternative 7. i

;. .
Potential environmental impacts are expect¢d to be generally similar to Alternative 6.

To minimize potential health impacts from stack releases, the off gas produced during
vitrification would have to be controlled by an efficiknt off-gas collection and treatment system'
for the volatile inorganic compounds, combustion ga~s, and steam generated during the process;
controls for radon would also be induded, as necessary. Treatment'of the 'off-gas stream would
generate additional waste, e.g., a residual aqueous scrub solution; portions of this waste could
be recycled for subsequent vitrification, but some sdub solution might reqUire further treatment
·(e.g., by chemical stabilization) prior to dispoSal. Short-term health effects would be slightly.
higher for Alternative 7 than Alternative 6, primarily because more workers would be needed
to implement this complex process, and the high temperatures pose additional safety hazards.
A considerable amount of energy would be reqUired to implement this .treatment process. . .•...

. Potential environmental impacts associated with th~ transport and off-site disposal components
.of Alternative 7 coUId be somewhat lower thantho1>e identified for Alternative 6 because fewer .
trips would be required. '

4.4.7.2 Implementability

The implementability of the removal component of Alternative 7 would be similar to
Alternative 5; that is, the contaminated material.coUld be removed in a straightforward marmer
with readily available resources. Implementation qf the vitrification component of Alternative 7
would be feasible' but not· as straightforward' as the chemical treatment component of

. Alternative 6. The off-gas collection system of the facility would require. considerable optimi
. ~tion to minimize the release of airborne contaminants from the stack. Also, ensuring a high

quality final product with the vitrification process would require mqre workers, including
'. specially trained operators, and intensive monitoring of the feed' stream arid other process

variables would be required during treatment. A process engineer would be required to oversee
scheduling, optimization, maintenance, and monitoring activities. In addition, the vitrification
technology has not been applied on the large scale that would be requited for the Weldon Spring
waste. Although industrial applications of fossil fuel-heated ceramic melters are available for
many operating rates, units designed specifically for treating hazardous waste 'are currently
available orily for pilot-scale applications' (Holden et al. i989; Lee 1989). For this reason, the
effectiveness of vitrification has only been d~monstrated for hazardous waste treatment •.

. applications in small-scale, prototype units (Holden et al. 1989). Vitrification methods are being
used to treat high-level radioactive waste at a few locations in total quantities of up to severa,l
hundred tons; the amount of waste to be vitPfied at the Weldon Spriilg site under this
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alternative is about 160,000 t (180,000 tons) (MK-Ferguson Company and'Jacobs Engineering
Group 1992b). '

The disposal component of Alternative 7 could be impiementedin a relatively straight
forward manner. For on-site disposal (Alternative 7a), the vitrified product would be trucked
directly from the treatme~t facility to, the disposal cell. .Because the £ritted glass-like product
would be a cohesionless material, it could be placed in alternating layers or mixed with a
'binding material such as soil or clay to facilitate compaction within the cell. 11tis placement

, could be accomplished with standard procedures and readily available resources. The transport
of the vitrified material for off-site disposal under Alternative 7b; 7c, or 7d would also be
straightforward. The fritted glass-like product could be easily -c~ntainerized for shipment.
Overall transportation requirements would be lower because of the decreased volume (by about
24%) and weight of the material to be transported.

The acceptability of Aitemative 7 would probably be higher than for Alternatives 2
through 5, as described for Alternative 6.· However, the administrative feasibility of Alterna
tive 7 is expected to be less straightforward than Alternative 6 because the vitrification
~echnology is more innovative than the chemical stabilization/solidification techflology, i.e:, its
effectiveness, has not been, demonstrated on the appropriate scale with similar waste. In
addition, 'the release of airborne contaminants from the stack of the vitrification facility could
generate administrative concerns, e.g., with regard to permits.

4.4.7.3 Cost

Alternative 7 is expected to be among the most expensive of the preliminary alternatives
because of the high cost ofvitrification, which results from the considerable energy requirements
and. process sophistication. . The total cost of Alternative 7a (on-site disposai)is estimated to be
about $182 million, which is slightly higher than the cost 'for Alternative 6a (MK-Ferguson
Company and]acobs Engineering Group 1992b). From preliminary estimates, the cost to dispose
of the 522,000 m3 (683,000 yCi3) of combined waste from the Weldon Spring site at the Envirocare
site would be $104 million, and the cost for the Hanford site would be $68 million. These costs
are somewhat lower thar\ the parallel options under Alternative 6 because the overall waste
volume and weight would be smaller. The estimated cost for waste transport to the Envirocare

,site is $59 million, and the cost for transport to the Hanford site is $75 million. Thus, the total
cost of Alterna~ve 7b (disposal at the Envirocare site) is estimated to be $351 million, and the
cost of Alternative 7c (disposal at the Hanford site) is estimated to be $304 million (MK~Ferguson

, Company and Jacobs Engineering Group 1992b). The total cost of Alternative 7d (disposal at
the hypothetical nearby site) would be higher than Alternative 7b or 7c because of the sitiIlg,
licensing, and permitting requirements.

4.5 SCREENING SUMMARY AND IDENTIFICATION OF FINAL ALTERNATIVES

The results of the screening analysis for the preliminary alternatives are summarized
in Table 4.3. Information for each alternative was evaluated relative to EPA's screerung criteria



TABLE 4.3 Screemng of Preliminary Alternatives.

1:
N

Altemative

Altemative 1:
No Action

Allemative2:
In-Situ Containment
and limited Disposal

.Effectiveness

Exposures of humans and wilcJiife at the contami
nated areas would continue, and migTalion could
result in increased exposures over lime. Adverse
heallh effects could occur If access were
uncontrolled in the future. No treatment would
be applied to reduce the toxicity, mobiliiy, or
volume of contaminated material; no permanent
solullon would be achieved; and certain
environmental requirements would not be mel.

More protective In the long teim than Alterna
tive 1 but least protective of the action alterna
tives. Short-term impacts to workers would be
higher than Alternative 1 because of exposures
during the containment and disposal acllvities.
Containment.of waste both in situ and in the
engineered disposal cell would control site
.contaminants and reduce the potential for migra
tion. However, overall protectiveness in the long
te-rin is 'uncertain-because·of the difficully. in· __.' .
ensuring and maintaining an effective subsurface.
containment system. This alternative would not
reduce the toxicity, mobility, or volume of
contaminated material by treatmenl Accidents·
and exposlUes during waste transport would
occur under Altemative 2b, 2c, or 2d; worker
exposures would be higher than Alternative 2a
because of increased waste handling.

Implementability

Standard practices and equipment
would be uSed to conduct general
maintenance activities and maintain
current institutional controls such as .
monitoring.

. - Material not contained in situ could be
removed with standard procedlU~ and
readily available resDlUCe5, and a
disposal ceU could be readily con
structed for this waste. SubslUface
containment of the other waste would
be difficult to Implement and verify
because of the large size of the contami
nlited areas and the geological setting of
the site. In addition, it could be
difficult to-mamtairi·an effective-cover
over the raffinate pits because of the
low weight-bearing capacity of the
sludge. Por .the off-site disposal options
(Alternatives 2b, 2c, and 2d), waste
transport could be impl~ented with
readily available resources, but the
extensive agency coordination required
would affect administrative feasibilJty.
Other administrative isSues asSociated
with disposal could delay the imple
mentation of those alternatives. No
facility is available in Missouri, so
Alternative 2d would require protracted
siling, Uceming, permitting, and
development activities. Por Alterna
tives 2b and 2c, altholigh waste
management activities are ongoing at

•

Cost

Annual costs are estimated to be
$1.2milUon. These baseline. costs would
probably increase with inflation.

More expemlve than all the otherallerna
tives except the off·site disposal options of
Alternative 6.. In-situ containment of the
varioUs SOlUce areas Is estimated to cost
about $200 million. The total estimated
costs are $266 milllonfor Alternative 2a
(on-site disposal), $481 million fur Alterna
tive 2b (disposal at the EJwlrocare site),
and.$451 million for Alternative 2c
(disposal at the Hanfurd site). Alterna-·
tive2d.(diSpo~.~t_~.l\,:a.roysite) would
cost more than Alternative·2b or--2c-'--'-- ---.------ .
beCi!use of siting, licensing. permitting. ..
and development requirements.

•...----------..,.-.
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Allernative

, Alternative 2:
In-Situ Conlainment
and Limited Disposal
(Cant.)

Alternative 3:
In-Situ Chemical Stabili
zation/Solidification and
Limited Disposal

Effectiveness

Similar to Alternative 2, except short-term impacts'
to workers would be higher because of increased
emissions during treatment, and overaU effec
tiveness would be somewhal beller because the
treatment would reduce the mobility of conlami
nants in the most highly contaminatoo material.
Long-term effectiveness would be still be
uncertain because of the difficulty in ensuring
treatmenl and containment effectiveness.

•
Implemenlabillty

the EilVlrocare and Hanford sites,
neither has developed a disposal facility .
and administrative procedures to
receive waste from the Weldon Spring
site. The owner of the Envirocare·site
has applied for an application to
dispose of lle(2) by-product material,
soan administrative review process is
underway for that site.

The implementation and verification of
in-situ mixing would be difficult .
because of the complex nature of most
of the waste; for example, the raffinate
pit sludge would not readily support
the standard mixing equipment. In
addition. maintaining the effectiveness
of treatment and monitoring the qualily
of the final product would be difficull
The implementability of the removal
and limited disposal components would
be the same as for Allernative 2. ..

•
Cost

Less expensive in the short term than the
olher alternatives except Alternative Sa.
In-situ chemical stabilization/solidification

'combined with capping and restoration is
estimated to cost about 550 million. Addi
tional costs related to monitoring and
maintenance could be subslantial. The
cost of the disposal component would be
similar to that of Alternative 2. The 10lal
estimated costs are $101. million for Alter
native 3a (on-site disposal), $309 million
for Alternative 3b (disposal at the
Envirocare site), and $276 million for
Allernative 3c (disposal at the Hanford
sl!e). Alternative 3d (disposal at the
nearby site) would cost more than
Alternative 3b or 3c because of siting,
licensing, permitting, and development
requir~ents.
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Alternative

Alternative 4:
In-Situ Vitrification and .
Limited Disposal

•

Effectiveness

Cenerally similar to Alternative 3. except the
waste volume would decrease because of the
roouction in void space that would result from .
in-situ vitrification. and some co·ntaminant toxicity
would be reduced becaUse of the destruction of
organic and some inorganic compoWlds in por
tions of the waste. However. in-situ vitrification
would generate an off-gas stream that could result
in incremental short-tenn impacts to workers and
would require an optimized treatment system.

Implementability

Similar to Alternative 3. with additional
constraints associated with the inability
to Vitrify the raffinate pit sludge with
out additiveS (such as soli or. sediment)
and the need for enough special equip
ment to support the large number of
appUcations required to treat aU
the material.

•

Cost

More expensive than Alternative 3 because
of process complexity. special equipment
and personnel needs. and high energy
costs. In-situ vitrification combined with
capping· and res.toration is estimated to
cost about $118 million. The cost pf the
disposal component would be similar to
that of Alternative 2. The total estimated
costs are $168 milUon for Alternative 4a
(on-site disposal). 5354 million for Alter
native 4b (disposal at the Envirocare site).
and 5329 DulUon for Alternative 4c (dis
posal at the Hanford site). Alternative 4d
(disposal at the nearby site) would cost
more than Alternative 4b or4c because of
siting. Ucensing. permJtting, and develop
ment requirements.

t ~..

•
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Alternative

Alternative 5:
Removal, Minimal Treat·
m"nt. and Disposal .

Effectiveness

Could be more protective than Alternative 1, 2,
3, or 4 in the long tenn because contaminated
material would be removed from source areas and
placed in an engineered disposal cell to control
exposures of humans and biota. The'statutory
preference for treatment a's a principal element
of remediation would not be addressed. Waste
volume would be somewhat reduce<! (by dewater·
ing). but toxicity and mobility woUld not. '
Potential contaminant inigration woUld be
reduced through containment in the disposal cell.
Short-term Impacts to workers would result from
exposures to additional airborne releases com·
pared with the other alternatives. Because of
the potential lOss of cover integrity due to subsi·
dence, long-term effectiveness might be a problem.
Contaminants could be more readily mobilized
during transport and disposal activities (or
following a future failure of the disposal cell
in lhe absence of corrective measures) because lhe
more highly contaminated and fine-grained raffi
nate pit sludge would be subject to dispersal.
The effectiveness of off·site disposal for Alter
natives 5b, Sc, and 5d would be similar to that
Identified for on-site disposal, but transportatiQn
risks could be sigtlificant. Potential worker
exposures woUld be higher lhan for Alternative Sa
(on-site disposal), because of increaSed waste
handling and exposures dUring transportation. In
addition, potential impacts to humans and biota
coUld result from accidents along the transpor
tation route.

•
. Implementability

Removal and treatment would be rela
tively straightforward and could be
Implemented wilh readily available
resources and standard procedures. For
disposal, it could be dUficult to place
and maintain lhe Integrity of a cover
because of weight.bearing problems
associated wilh lheWlStabillzed sludge.
Transport of waste off-site would '
involve a great deal of agency coordi
nation and would be constrained by
administrative feasibility. The
implementability of off-site disposal
relative to other factors would be
similar to Alternative 2, but addi tional
controls woUld be needed to address
lhe increased potential for air emissions
during waste transport and placement.

Cost

More expe,nslve lhan Alternative 3 or 4
except for the on·site' option (Alter·
native Sa). Long·term monitoring and
maintenance costs woUld probably be
higher than Alternatives 6 and 7
because more intensive measures woUld
be required. The total cost of Alterna
tive Sa (on-site disposal) is estimated
to be $76 million; the estimated costs 'of
Alternative 5b (disposal at the Envirocare
site) and Alternative 5, (disposal at the
Hanford site) are S404 million and
$361 million, respectively. Alternative 5d
(disposal at lhe nearby site) would cost
more than Alternative 5b or 5, because'of
siting. licensing, permitting, and develop
ment requirements.

•
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Alternative

• ~ f·· . ". :

Effectiveness

.~.,

lmplementability Cost

Allemalive 6:
Removal. Chemical Stabili·
zation/Solidification, and
Disposal

More protective than Alternatives 2 through 5 in
the long term. Contaminant mobility of the
treated material would be greatly reduced by
treatment, but ~o'ntaminantvolume would
increase from chemical addition; toxicity would
not be reduced. Removal of waste from the
various contaminated areas would minimize
exposures to hum~ and biota at those areas.
The effectiveness of the disposal component
would be high. During transport, impacts from
expOsures due to accidents would be lower than
Alternative 5 because the highly contaminated
material would have been treated and would
resist dispersal. Other potential transportation
impacts frOm accidents and worker exposures
would be somewhat higher than for the off-site
disposal options of tJie other alternatives because
the higher overall waste volume would increase
the number of trips required.

Removal and treatment would be
relatively straightforward and could be
implemented with readily available
resources and standard procedures.
On-site disposal (Alternative 6a) could
be accomplished in a relatively straight·
forward manner, but off-site disposal
could be difficult. The stabiUzed/ ,
solidified proouct would set within the
containers during transport, making it
difficult to remove from the containers
for placem~t In the disposal cell. The
increased volume and weight of the
material would Increase the time and
number of !rips required for transport
compared'with Alternative 5 and
Alternative 7. The Implementability of
off-site dispOsal relative to other factors
would be the same as identified for
Alternative 2. '

More expensive than Alternatives 5 and' 7
excepl Alternative 701. The total cost of
Alternative 6a (on·site disposal) Is esti
mated to be 5157 million; the estimated
costs of Allernative 6b (disposal at the
Envirocare site) and Allernative 6c (dis
posal at the Hanford site) are 5541 million
and 5482 million, respectively. Allerna
live 6d (disposal at the nearby site) would
cost more than Alternative 6b or 6c
because of siting. 'licensing. permllting.
and development requirements.

More-~xpenSive~nAilei-i)auve 3,-4;5;:-' - ..- - 
or 6 for on-site disposal because of the
complexity of Ihe vitrification process,
including equipment and personnel
requirements and high energy costs. The
costs for the off-site disposal options
would be lower than those of Allernative 6
becjl~ fewer trips would be required to
transport the smaller waste volume. The
lotal cost of Alternative 7a (on-site dis-
posal) is estimated to be 5182 million.
Estimated coSts of Alternative 7b (disposal
at the Envirocare site) and Allernative 7c
(disposaiat the Hanford site) are
$351 miUion and $304 million, respec
tively. Allernative 7d (disposal at the
nearby sUe) would cost more than Aller
native 7b or 7c because of siting,
licensing. perQlitting.' and development
requirements.

Alternative 7:
Removal, Vitrification"
and Disposal

•

Comparable to Alternative 6. Vitrification,would
be most effective in reducing the toxicity, mobility,
and volume of contaminated material that was
treated; radiation toxicity would not be reduced,
The timeliness of this alternative would be less
than Alternative 6 because of technical issues
associated with implementing the vitrification
process. Short-term impacts to workers would be
higher than Alternative 6 because of the increased
work force and hazards of the high,temperature
process; airborne contaminants would be released
from the facility stack. ,The effectiveness of
removal and disposal woUld be high, as for
AUemative 6a. For off-site disposal, trans
portation impacts from accidents and worker
exposures would be somewhat lower than
Alternative 6 becaus'e the lower overall waste
volume would decrease the number of trips
required.

Removal would be straightforward to
implement, as for Alternative 6.
However, treatment would be less
straightforWard to Implement because
of the complexity of the prcxess, the
heterogeneity of the waste to be treated,
scale-up and optimization requirements,
and the need for stringent safety
measures and emission controls. Eqltip
ment is not readily available, and
special operator training would be
reqUIred. For disposal, the potential
Issue of stability would be.addressed
by alternating waste placement with
clay or other binder material if a
decticated cell were used. Off-site
disposal would be implemented with
readily available resources,

• ~-..... ...._-~-.
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of effectivenes~, implementability, and cost. On the basis of .these· results, the following
alternatives were screened from further consideration:

• Alternative 2:

• Alternative 3:

• Alternative 4:

In-Situ Contairunent and Limited Disposal;.-
. .

In-Situ Chemical Stabilization/Solidification 'and Limited
Disposal;

In-Situ Vitrification and Limited Disposal; ':

•

•

• Alternative 5: Removal, Minimal Treatment, and D_~posal;

• AlterIUitive 6b: Removal, Chemical Stabilization/So'lidification" and
Disposal at the Envirocare Site near Clive, Utah;

• Alternative 6c: Removal, Chemical Stabilization/Solidification, and
Disposal at the Hanford Site near Richland, Washington;

• Alternative 6d: Removal, Chemical Stabilization/Solidification, and
Disposal at the Hypothetical Nearby Site; and

• Alternative 7d: Removal, Vitrification, and Disposal at the -.Hypothetical
Nearby Site. '

.'

Although it would not be protective of human health and the environment in the long
',term, the no-action alternative (Alternative 1) was retained through this' screening to provide a

'basis for comparison with the remaining action alternatives during their s\,lbsequent detailed
, evaluation. The' elimination of Alternatives 2, 3, 4, 5, 6b, and 6c from further consideration was

based on lower, effectiveness compared with other alternatives' Le., - the inability' of the
alternatives to ensure long-term protection of human health and the envrronment at the Weldon

, Spring site - and/or difficulties in implementation - i.e., limitations in the technical and
administrative feasibility of specific components of the alternatives. Alternatives 2, 3, and 4 were
rejected from further consideration because of the lower effectiveness and implementation
difficulties,forthe in-situ contairunent or treatment component of. these alternatives compared
with the alternatives that were retained. Alternative 5 was rejected fro~ further consideration
because of the implementation constraints associated with disposal of the dewatered sludge and
related concerns about the short-term and long-term effectiveness' of this alternative.
Alternatives 6b and 6c were rejected from further considerati,on because of the lower
effectiveness associated with off-site transport and disposal of the chemically stabilized/solidified
waste, including the increased potential for acddents and exposures, and· the substantial increase
in costs without a relative benefit. Alternatives 6d and 7d were,:'rejected from .further
consideration beca'use of the implementation difficulties associated'~'With siting, licensing,
pennitting, and developing a nearby disposal facility in Missouri and the increased
transportation risk and cost compared with other alternatives that were p10re protective.
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I
. On the basis of the Screenirtganalysis· for :preliminary alternatives, the alternatives •

. . I .
retained for detailed evaluation were: ..J. .

• Alternative 1: No Action;

• Alternative6a: Removal,. Chemical Stabilization/Solidification, and
Disposal On-Site;

• Alternative 7a: . Removal, VitrificatiOll, and Disposal On-Site;
. .

• Alternative 7b: Removal, Vitrification, and Disposal at the Envirocare Site
near Clive, Utah; and

• Alternative 7c: Removal, Vitrification, and Disposal at the Hanford Site
near Richland, Washington.

These alternatives are discussed further in Chapters 5, 6, and 7.

•

•
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5 DESCRIPTION OF FINAL ALTERNATIVES

Five remedial action alternatives for the Weldon Spring site were retained through the
screening process:

Alternative 1: No Action;

Alternative 6a: Removal, Chemical Stabilization/ Solidification, and Disposal
On-Site;

Alternative 7a: E,emoval, Vitrification, and Dispo~alOn-Site;

Alternative 7b: Removal, Vitrification, and Disposal at the Envirocare Site
near Clive, Utah; and '

Alternative 7c: Removal, Vitrification, and Disposal at the Hanford Site near
Richland, Washington.

The components of these alternatives are described in Sections 5.1 through 5.5. Under
all final alternatives except no further action, contaminated inaterial would be removed from
various source areas, treated as appropriate, and then disposed of in an engineered disposal cell

, either on-site or off-site. The representative engineering procedUres and equipment that are
described for these alternatives are prOVided for purPoses of comparing the feasibility of ,the
alternatives and assessing potential impacts on human health and the environment. 'Final design
components" procedures, and equipment selection would be developed during the remedial
design phase and would incorporate optimization considerations and information developed
during the course of detailed design.

5.1 ALTERNATIVE 1: NO ACTION

No action is included as a final alternative' to provide a baseline for comparison with
the action alternatives. Under this alternative, no further action would be taken and conditions ,
at the various contaminated source areas would remain as they woUld exist after the ong()ing

, interim actions are completed. These areas are described in detail in the RIreport (DOE 1992c),
and the information is summarized in Chapters 1 ~d 2 of this FS. The locations of the source
areas are shown in Figure 1.3, and the areas and/or volumes of the material at on-site source
areas, vicinity properties, and storage facilities are presented inTable 2;1. The follOWing interim
actions are assumed to be in effect as the baseline condition for this FS: (1) the bulk waste from
the quarry is in short-term storage at the TSA; (2) the water treatment plants at the quarry and
chemical plant area' are operational; (3) the buildings and other structures have been dismantled,
and the resulting material is in short-term storage at the MSA debris staging area and asbestos

'container staging area; and (4) the containerized chemicals remain in short-term storage at
Building 434. The following activities would continue at the site under the no-action alternative:
environmental monitoring of groundwater, surface water, and air; maintenance of.allon-site



storage faci1ities~ including Building 434, the' raffinate pit dikes, the Ash Pond dike,' and •
perimeter fences; operation of the water treatment plants; and" provision ofsite security.

5.2 ALTERNATIVE 6a: REMOVAL, CHEMICAL STABILIZATIONI
SOLIDIFICATiON,AND DISPOSAL ON-SITE

Alternative 6a involves the removal of contaminated material hom each of the o~-site
source areas, treatment by chemica! stabilization/solidification as appropriate, and disposal in
an engineered disposal cell on-site. The volumes of wastes to be removed, treated, and disposed" I'
of are summarized in Table 5.1. Also summarized are the volumes-of borrow material required,
the total effort (in person-years) for. implementation, and the pote"ntial land areas impacted '
(which would depend on the borrow area selected as part of detailed design). . ,

5.2.1 Removal

.. Under Alternative :6a, contaminated material wot:lid be removed from the source areas
and on-site storage facilities to' achieve permanent source control and provide long-term
protection of human health and the environment. ,Removal activities would .be carried out with
standard construction equipment and procedures. Conceptual procedures for removUlg
contaminated material from the soUrce areas are described in Sections 5.2.1.1 through 5.2.1.9.

5.2.1.1 Site 'Preparation

Removal activities at the site would begin with clearing and grubbing of vegetated areas'
and construction of haul roads and storage areas where necessary. Site preparation would
require clearing and grubbing of an estimated 19 ha (48 acres) of vegetation. Construction of
haul roads connecting Jhe TSA, MSA debris staging area, and the raffinate pit area wo~ld

require clearing of abput 1.5 ha (3.6 acres). The vegetation would be removed from these areas,
chipped, and transported to the mulch pile (Figure 4.3). The mulch pile is expected to be used
to enhance biodegradation of approxiinately 23,500 m3 (30,700 yd3) of chipped vegetation Wlder
this alternative' (Ml<~Ferguson CompClI,\y and Jacobs Engineering Group 1992b). Following
volume reduction through decomposition (estimated at up to 80 to 90%), the material would be
transported from the mulch pile to the disposal cell. Construction of haul roads and laydown
areas on-site and at the vicinity properties would include placing approximately 35,000 m3

(45,800 yd3) of fill and gravel base from off-site, borrow ateas. Several borrow areas are available
. locally; for the purposes of preliminary conceptual planning, it waS assumed that the off-site
borrow soil used to construct the cell and to backfill excavated areas would be taken from within

. an 8-Ian (S-mi) radius of the site (Section 5.2.1.10). Preparation for remediating Army vicinity
properties AS and A6 (Figure 1.4) would require clearing and grubbing of 1.2 ha (3.0 acres) of
vegetation and construction of access roads. Site preparation might also include the constniction
of on-site perimeter water control dikes and siltation ponds (MK-Ferguson Company and Jacobs

•

•
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TABLE 5.1 Summary of Waste Volumes, Borrow Material, Effort,
and Impaded Land Areas for Alternative 6a: Removal, Chemical .
Treatment, and.Disposal On-S.ite

•

•

Parameter

Volume removed (yd3)

Raffinate pit sludge
Sediment/soil (includes roads and embankments)
Quarry soil (stored in TSA)
Structural· materiala

Water tr.eatment plant residuals
Total

Volume treated (yd3)

Raffinate pit sludge
Sediment/soil (includes roads and embankments)
Quarry soil (stored in lSA).
Structural material
Water treatment plant process waste
Total .

Volume after treatment (yd3)

Raffinate pit sludge
Sediment/soil (includes roads and embankments)
Quarry soil (stored in lSA)
Structural materialb

Water treatment plant process waste

Total disposal volumec (yd3)

Raffinate pit sl,udge
Sediment/soil (includes roads and embankments)
Quarry soil (stored in lSA)
Structural material
Water treatment plant process waste
Total

"Volume of borrowmateriald (yd3)

Waste removal and reclamation (on-site and
vicinity properties)

Disposal cell
Total

Value

220,000
425,400
52,000

.203,000
3,600

904,000

220,000
. 50,000

50,000
123,000

3,600
447,000

·290,400
66,000
66,000 .

Variable
4,800

290,400
441,400

68,000
203,000

4,800
1,010,000

535,000

982,000
1,520,000
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TABLE 5.1 (Cont.) •
Parameter

Effort (person-years)
Excavation and on-site handling'

. Treatment
Disposal
Transportation of supplies and fill
Total

.Total on-site area impacted (acres)

Total off-site area-impacted (acres) .

Value

210
90

170
.85

560

137

85 (borrow material)

a The volume estimate for :structural materialinclude~··i:he rriaterial contami
nated by site cleanup activities, suCh as pipiOg and equipment from the
two water treatment plants.

b The volume reduction of structural material would be variable (see text)
and could be offset by volume increases from size reduction (e.g., of
concrete blocks).

C Does not include any contingency factors. Compaction within the
disposal cell could reduce the overall. volume of structural material.

d For the representative analysis in this FS, off-site borrow of 895,000 m3

(1,171,000 yd3) of clay-rich soil was assumed to be available from a 61-ha
(ISO-acre) parcel of nearby land owned by the Missouri Department of
Conservation (Section 5.2.LI0). Additional borrow material such as
gravel, sand, fill, and topsoil would be supplied by local vendors.

e Includes worker requirements associated with removing soil from vicinity
properties and sed4nent from the Busch Wildlife Area lakes, as well as
restoring all excavated areas. Also includes the requirements associated
with tiansporting chemicals off-site for incineration at a permitted facility.

Engineering Group 1992b).. ~e construction of these structures would require clearing and
.grubbing of about 5.7 ha (14 acres) of land and placement of about 29,000 m3 (37,900 yd3) of soil
embankments.

. I

•

5.2.1.2 Building Foundations and Underground Piping and Sewers

Approximately 31,000 m3 (40,600 yd3) .of concrete slabs, pads, and foundations
: remaining after building dismantlement would be removed, and this material would be hauled

to the MSA debris staging area prior to transfer to· the volume reduction facility or the disposal.
cell. Approximately 990 m3 (1,300 yd3) o·f underground piping and sewers would also be .'

. excavated and hauled to the MSA for staging. Contaminated soil around the pipes would be
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removed as .described for on-site soil and sediment, and the resulting trenches would be
backfilled.

5.2.1.3 Raffinate Pits

The water level at the raffinate pits would be lowered by pumping the ponded water
to the adjacent water treatment plant under an interim action; some water cover would be
maintained to Illinixni;ze emissions of radon gas and contaminated particulates. Sludge would
be removed from the pits ?I\der the current action with a dredge suspended in the remaining
ponded water. After removal, the sludge would be pumped as -a slurry into a holdiflg tank
located at the adjacent sludge processing'facility (Figure 4.2). FollOWing removal of the sludge
and any residual surface water, the remaining contaminated soil ~ an estimated 117,400 m3

(153,500 yd3) of raffinate pit clay bottom and embankment material - would be excavated with
conventional earth-moving equipment. It is estimated that about 38,000 m3 (SO,OOO yd3) ,of soil
would contain fairly high levels of contaminants and would therefore be treated; this soil wptild
be hauled to the chemical stabilization/solidification facility or staged at the TSA for later
transfer to that facility. The remaining soil would be transported directly to the disposal cell.
Excavation of soil from the raffinate pit area might require the· placement of an aggregate base

. to stabiliZe the working sUrface.' Such material would likely become containinated duriilg
. ,operations and subsequently require disposal along with the other on-site waste. 'Removal
, activities at the raffinate pits are expected to begin with pit I, and the same sequence of activities
, would be repeated for pits, 2, 3, and 4. Raffinate pit 4 also contains about 400m3 (500rd3) of

debris that would be removed and transported to the disposal cell or to the volume reduction '
facility. The raffinate pits area would be restored following ref!loval of the sludge and
contaminated soil by filling and grading the pits and surrounding areas to achieve drainage
consistent with the local to~ography. An estimated 85,000 m3 (111,000 yd3) of off-site, borrow

, 'and 138,000 m3 (180,000 yd ) of uncontaminated material from the exteriors of the raffinate. pit
dikes would be used to restore the raffinate pits area. Topsoil would be placed following
completion of basic site grading; the 38,000 m3 (50,000 yd3) oftopsoil required to cover the pits
is assumed to be available from on-site stockpiles, an off-site borrow area, or local vendors. The
area would thenbe seeded with hardy native vegetation.

5.2.1.4 On-Site Soil and Sediment

Excavation and transport of the on-site soil and sediment could be accomplished with
standard earth-moving equipment. After excavation, the soil and sediment would be placed into
trucks for tranSportation to the disposal cell or to staging areas. The material removed by these
procedures would include the contaminated sediment and soil in Ash Pond,'Frog Pond, North
Dump, South Dump, and other areas of the site, such as around the chemical plant buildings;
the soil surrounding underground sewer lines, beneath building foundations, and in storage at

. the TSA and MSA; and the chipped organic material in the mulch pile.

Before the sediment was removed from Ash Pond and Frog Pond under this alternative,
the water would have been pumped from the ponds to the water treatment plant under the



.,
~. Approximately 63,700 m3 (83,300 yd3) of building debris and foundation concrete in
storage at the MSA would be .removed and transported to the volume reduction ~cility

(Figure 4.2). The remainil'ig 27,300 m3 (35,700 yd3) of material in the MSA (which includes<som~

nonfriable asbestos) would be removed and transPorted directly to the dispoSal cell. Restoration • '
of the MSA would involve removal of the settling basin and foundations, approxiinately
11,100 m3 (14,500 yd3) of material, and placement of the contaminated material in the disposal
cell. The area would then be backfilled, regraded, covered with topsoil, and seeded.
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interim action. After the water was removed, a gravel base would be placed in both ponds to
stabilize· the working sUrface for excavation of the sediment. The gravel base would likely
become contaminated during removal activities and would then require disposal in the on-site
cell. Contaminated soiJ sWTounding underground sewer lines would be segregated during pipe
removal activities and then transported to a staging area or directly to the disposal cell.
Approximately 76,500 m3 (100,000 yd3) of contaminated soil from on-site areas or the TSA (e.g.,
the raffinate pit clay bottom and.quarry soil) would be transported to the sludge processing
facility adjacent to the raffiIlate pits for. treatment. This material would be delivered to the
treatment facility at the tate needed to meet the feed requirements for the chemical
stabilization/solidification process (Mi<-Ferguson Company an4_ Jacobs Engineeririg Group
1992b). After removal of contaminated soil from the chemical plant area and completion of the
disposal cell, the excavated areas would be backfilled, regraded, and covered with topsoil
recovered from clean stockpiles, an off-site borrow area, or local vendors, as required. The areas
would then be seeded with.hardy native vegetation.

5.2.1.5 Material Staging Area

•

5.2.1.6 Temporary Storage Area

Approximately 115,000 m3 (150,000 yd3) of material would be stored at the TSA, and
about 31,100 m3 (40,700 yd3) of this material would consist of debris ·and rock that, depending
on its size, would be trucked t~ the volume reduction facility or directly to the disposal cell.
Approximately 2,800 m3 (3,600 yd3) of containerized process waste from the water treatment

;:.p~ts in storage at the TS~ would be transported to the sludge processing facility for chemical
:. stabilization/solidification. Most of the remaining TSA material would be soil from the quarry,
.. of which about38,000 m3 (SO,OOO yd3) would also be transported to the sludge processing facility

for treatment. Final closure of the TSA would involve excavation of the foundation, aggregate
base, and related sediment (approximately 17,000 m3 [22,000 yd3]). The area would then be
backfilled, regraded, covered with topsoil, and seeded.

5.2.1.7 Storage Building 434 and Asbestos Container Staging.Area

. ' About 3,600 m3 (4,700 yd3) of containerized friable asbestos in storage at the asbestos •.
container staging area would be transported to the disposal cell, and an estimated 3,800 m3 , .

(5,000 yd3) of contaminated personal proteCtive equipment in storage at Building 434 would b~
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transported to the volume reduction facility for in-drum compaction. Containerized liquid
chemicals in storage at Building 434 would be placed in overpacks and loaded onto trucks for
transport to a permitted facility for incineration; the contaminated tributyl phosphate would be

. transferred to tanker trucks for similar treatment (Section 4.2.1.2). Process chemicals for which
incineration is inappropriate would be treated and disposed of in accordance with applicable
requirements, such as Land Disposal Restrictions (40 CFR 268) (see Appendix G, Table G.3).
Following the removal of all chemicals and personal protective equipment, Building 434 would
be dismantled and the resulting material would be temporarilystored at the MSA debris staging
area prior to volume reduction and/or disposal; the areas would then be restored as described
for the MSA. Following removal of the asbestos, the asbestos conJ~iner staging area would be
similarly restored.

5.2.1.8 Contaminated Off-Site Sediment and Soil

Removal of sediment and shoreline soil from Lakes 34,35, and 36 in the Busch Wildlife
Area would be coordinated with the routine drainage and secfunent removal program of the

. state of Missouri. After the Missouri Department of Conservation has drained the lakes, DOE
would sample the sediment for contamination. It is estimated that DOE could remove about
15,300 m3 (20,000 yd3) of' contaminated sediment from the combined lakes with a scraper,
transporting the material to a transfer area located adjacent to each lake. The sediment would
then be transported in covered trucks to the site for disposal. Locations o{the potential haul
routes are shown in Figure 4.1.

About 2,800 m3 (3,600 yd3) of contaminated soil on Anny vicinity properties AI, Al,
A3, AS, and A6 and v,icinity properties B3, B4, BS, B6, and BID in the Busch and Weldon Spring
wildlife areas would be excavated and transported in covered trucks to the site for disposal
(MK-Ferguson Company and Jacobs Engineering Group 1992b). Locations of the haul routes are
shown in Figure 4.1. Rex;nediation of Army properties AS and A6 would involve the removal
of contaminants that had migrated beyond the site fence as a result' of runoff; therefore, to
prevent possible recontamination of cleaned areas, the removal of soil from these two properties .
would be sCheduled to follow remediation of the contaminated areas on-site that contribute
drainage to those locations. The 10 vicinity properties would be reclaimed following excavation
of the contaminated soil by placing clean backfill and topsoil. A gravel base or riprap would
be used in drainage areas subject to water erosion, e.g., at Army vicinity properties AS and A6.

5.2.1.9 Quarry Re~iduals

If residual material were removed from the quarry in the future on the basis of
decisions to be made for the quarry residuals operable unit (Section 1.5.3), the material would
be transported in containers or by covered truck along the haul road from the quarry to the site'
for disposal (DOE 1990b).. This material could include soil from the cracks and fissures of the
quarry walls and floor, sediment from Femme Osage Slough, and soil from the quarry water
treatment plant staging area. Although the specific decision for what residual material might
be removed and to what level is outside the scope of this FS, the decision on how to manage
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. (dispose of) the contaminated material that could result from potential future cleanup activities
will be part of the comprehensive disposal decision that will result from the current analyses.

5.2.1.10 Off-Site BolTOw Soil

Approximately 895,000 m3 (1,171,000 'yd3) of clay-rich soil wOcld be excavated from an
off-site borrow area in the vicinity of the Weldon Spring site to backfill and restore the on-site
areas from which cont:amin3.ted material is removed and to support cons~ctionof the disposal
cell. A possible borrow area site. urider consideration is' located southeast ofState Route 94 on
land owned by the Missouri Department of Conservation (Figure -5.1). The site occupies about
61 ha (150 acres), within which about 21 ha (52 acres) (not necesscirily contiguous) might be
excavated to an average depth of 4.3 m (14 ft) for borrow material. The total impacted area at.
this location would be about 34 ha (85 acres), which would include soil stockpile areas, access
roads, and areas for equipment parking.. Under current conceptual plans, a haul road about 1.6
to 2.4 kIn (1 to 1.5 uti) in length would be constructed for vehicle transPort of the borrow
material to the site. ' ,

The site of this potential borrow area is centered on a low irregular plateau, about ,
200 m (665 ft).above mean, sea level (MSL), that is drained by shallow ravines along its margins.
Several unpaved roads (earthen tracks without gravel bed) traver~ the area, and a small pond
is loCated in its east-eentral portion. Most of the borrow area site is covered with grasses and
low shrubs, but stands of trees are situated along the western margin of the plateau cmd in the
southern portion of that site. Other potential borrow area sites under conSideration include sites
on th,e adjacent U.S. Army property, the Busch Wildlife Area, and near the receI\tly completed
quarry haul road south of the Weldon Spring site in the Weldon Spring Wildlifl:! Area.

Following removal of the borrow material, the area would be reclaimed in accordance
with land use plarts of the Missouri Department of Conservation. At a· minimum, the area
would be graded and revegetated. All reclamation activities would be undertaken in accordance
with requests of the Missouri Department of Conservation.

5.2.1.11 Mitigation aI1:d Monitoring
"

•

•

During remediation activities, good engineering practices and mitigative measures
. would be implemented to control both contaminant releases and potential exposures to workers

and the general public. All workers engaged in waste removal or handling would be required
.' to wear an appropriate level of personal protective eqUipment. Workers and work areas would
• be monitored to ensure worker safety. Air and surface water are the primary environmental
. media that ,could be impacted by these activities. Monitoring and mitigative measures for

Alternative 6a are summarized in Section 6.6. Dust control measures that would be imple
mented to minimize air impacts during the cleanup period are identified in Appendix C,
Section C.3.5. These measures include spraying water, applying chemical dust suppressants,.
applying surface-stabilizing foam, covering. stockpiles, and covering loads during transport.
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FIGURE S.l Location of Potential Borrow Area

Erosion control measures would be used to mitigate impacts to both air and surface water. For
air, these measures include wetting loose material and ~izing construction stockpiles; for
water, these measures include placing straw bales downstream of. the work area, isolating work
areas with benns, covering stockpiles, using temporary vegetative covers, and constructing
siltation ponds to provide for settling of suspended solids from surface runoff prior to off-site
transport (Figure 5.2).

Groundwater, surface water, and air would be monitored at the site and at specific off-
., site locations during remediation activities. The existing environmental monitoring program for

the project would be expanded to include additional groundwater monitoring of both on-site and
off-site wells. Under this expanded. program, the number of wells sampled, the sampling.
frequency, and the number of analytes would all be increased. The locations of additional wells
and information on the expanded groundwater monitoring plans are discussed in Section 6.2.3.3.

The current air monitoring program for airborne particulates, external gamma radiation,
. and radon would also be expanded. Under the existing environmental monitoring program;
these parameters have been monitored continuously at the site perimeter and at several nearby
locations for several years. Additional monitors (including state-of-the-art radon monitors) have
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recently been installed on-site and at nearby locations, including Francis Howell High School.
The current monitoring program, including the locations of detectors, is described in the site
environmental monitoring plan (MK-Ferguson Company and Jacobs Engineering Group 1992c).

To address the" concern regarding a potential increase in airborne radionuclide
concentrations above natural background levels," air would be monitored at both the site
perimeter and at nearby locations for the dwation of site cleanup activities. In addition, mobile
air samplers would be used, in the work areas to ensure that airborne releases were maintained
at low levels. If airborne concentrations were detected at above background levels at nearby
receptor" locations, contingency measures would be implemented to reduce contaminant
emissions. For example, work could be stopped, exposed areas covered or otherwise controlled,
and engineering measures could be increased prior to restarting work to ensure that nearby
members of the general public would not be adversely impacted. Extensive monitoring would
be applied in combination with stringent engineering controls to ensure the safety of workers
and the general public.

The raffinate pit sludge and quarry material at the TSA are the primary sources of
potential-contaminant releases (especially radon) from the site. To minimize the possibility of,
"releases from the raffinate pits, some water would be maintained in the pits during siudge
"dredging so that the surfacewater would continue to serve as a radon attenuation barrier durifig
"removal activities. Quarry. material susceptible to airborne emissions at the TSA would be

'sprayed with dust suppressants or covered, as required, tomin.imize releases until it was
transported to the sludge proce~ing facility or the disposal cell; this material would be wett~d

during removal and transport to minimize radon and particulate emissions.

5.2.2 Treatment

Under Alternative 6a, two new facilities would be constructed on-site: (1) a chemical
stabilization/solidification facility (i.e., the sludge processing facility), which would be used to
treat sludge, sediment, soil, and water treatment plant process waste; and (2) a volume reduction
facility,· which would be used to treat rock, struc~al material, and containerized "decontami
nation debris. Other on-sitefacilities include the water treatment plant and the decontamination
pad that are being co~tructed as part of interim actions (Section 1.5.1). The locations of these

",facilities are sho~ in Figure 4.2. In addition, a mobile shredder would be used intermittently
to reduce the volume and enhance the biodegradation of woody material, and the resultant chips
would be placed in an on-site mulch pile.

, "

The sludge processing facility located adjacent to the raffinate pits and the TSA would
be used to chemically stabilize/solidify the highly contaminated sludge from the raffinate pits
(approximately 168,000 m3 [220,000 yd3]) and soil from on-site areas, including clay Underlying
the raffinate pits and quarry soil at the TSA (totaling approximately 76,500' m3 [100,000 yd3]).

Containerized (nonliquid) process chemicals in stonige in Building 434 and approxiinately
2,800 m3 (3,600 yd3).of containerized process waste from the water treatment plants would also
be treated in the sludge processing facility. The preliminary conceptual design of the sludge
processing facility is based on use of the cement/fly ash mixture and waste blend ratio identified.
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by Gilliam and Francis (1989), which would result in increasing the volume and weight of the
material treated by about 32 and 60%, respectively.

The sludge' processing facility would probably occupy an area of about 0.40 ha
(l.0 acre). This area would require clearing and grading prior to ipstallation of the foundation
and necessary utilities; i.e., electricity and water. A single building would house the mixing
equipment (e.g., a pug mill blender) and offices. ' The area surro\Ulding the treatment facility
would be surfaced with gravel to facilitate the delivery of process reagents .and the transport of
treated product to the disposal cell

5-12

. . .

The various waste types that would be treated in the 'sludge processing facility have
different characteristics and would generally be treated separately. However, because· water
would have to be added to the soil material (about 10% by weight) to achieve full hydration of.
the cement, nondewatered raffinate pit sludge could be blended with the relatively dry soil.
Figure 5.3 illustrates the process flowchart for the chemical stabilization/solidification facility.
The fine-grained raffinate sludge has a water content of about 73% by weight. This material
would be dredged and pumped as a slurry' directly to a holding tank·within the sludge
processing facility (Section 5.2.1.3). Some decanted water would be returned to the raffinate pits
to minimize the introduction of additional water to the treatment facility and to help m.aiIttain
sufficient water depth in the rafflnate pits for th~ dredging operation and radon control.. The .'
raffinate pit sludge would·be fed to the pug inillblender, and cement and,fly ash wOu,ld be
simultaneously introduced through a screw conveyor in which they would be thoroughly mixed.
Proper calibration, metering, an~ monitoring of the mixing of reagents and waste would be
needed to ensure the specified .waste-to-reagent blend. The metering devices would be .
calibrated and adjusted regUlarly. The reagents andraffinate pit sludge would be fed into a pug
mill blender with a preJ.i.miniryconceptual design capacity of about 127 t/h (140 tons/h) and
a production rate of about 110 t/h (120 tons/h). The grout-like chemically treated product is

. expected to achieve initial set in 1 day and final s~t within 7 days (MK-Ferguson Company and
Jacobs Engineering Group 1992b).

To minimize stockpiling, soil materi.al would be traI1Sferred to the sludge processing
facility from the excavation or storage areas at the rate needed to accommodate the feed
requirements of the treatment plartt. Any large rocks or coboles would be removed by screening
at the apron feeder and would be transporteddir~ctlyto the disposal cell. Some minor metal
debris (e.g;, nails and bolts) and some organic material (e.g., branches, twigs. and roots) would
probably be present in the soil material feed: Most of the stray metal and woody debris would

.be removed by the screening process, and the ~mall amount of debris that passed through the
screen would not adv~rselyaffect the chemical stabilization/solidification process. Water would
have to be added to the soil and clay to ensure full hydration of the cement. The water would
be introduced at the' screening stage to minimize dlist generation. Water pumped from the
adjacent \Vater treatment plant (e.g., from the equalization basin) could provide the hydration
requirements. The soil would then be screw fed to the pug mill blender for mixing with the'
cement and fly ash. A relatively drier, soil-like product would result from chemical stabilization •
of. the soil material compared with the treated sludge product (MK-Perguson Company and
Jacobs Engineering Group 1992b).
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The treated soil product would be pumped to a hopper before transport to the disposal
cell. The hopper would provide storage and would be continuoUsly agitated to prevent setting.
The treated product in the storage hopper would be visually monitored to identify the need for
upstream system adjustment or water addition at the pug mill. Improperly formulated product
could be recycled to the treatment system. If recycling of misformulated grout to the treatment
system were delayed, a set inhibitor could be added to prevent setting prior to reprocessing.

Daily washdowns of tlu~, facility would be part of routine maintenance operations.
Wash water would be routed to 'sumps and recycled as process water through the chemical
stabilization/solidification system. Sediment generated during washdowns woUld be periodi
cally removed and routed to the chemical s~bilization/solidificatio~ soil feed system.

•

" . .

The leachability of the chemically stabilized/solidified product would be tested with the
TCLP and other leach tests (MK-Ferguson Company and Jacobs Engineering Group 1992b). The
stabilized waste is expected to pass the TCLP test ,on the basis of diffusion calculations, the
concentrations of TCLP characteristic contaminants in the waste' (MK-Ferguson Company and
Jacobs Engineering Group 1992b), and bench-scale test results that indicated contaminant'
concentrations in,the leachate of the chemically stabilized/solidified raffinate pit sludge were

, well below TCLP requirements (Waste Technologies Group 1992). The product would also be
required to have an unconfined ,compressive strength adequate to support'the overlying waste
and help prevent subsidence of the disposal cell cover. The treated product would be tested to
ensure that it met leach-resistance criteria. Ifa sample failed leachability tests, an analYSis would • '
be performed to determine potential causes and mitigative measures for correction in subsequent
batches. Mitigative measty"es might include modifying the reagent blend or additive ratio,
eliminating excess water, or adding contaminant-specific attenuating compounds., Use of such
measures would be contingent upon further bench-scale and pilot-scale testing of the chemical
stabilization/solidification ,process. The operating parameters for the treatment process would
be optimized during pilot testing, and the treated product from start-up testing operations would
be required to consistently pass the disposal criteria before full-scale operations woUld begin.
The frequency of testing required to ensure product quality would be established during start-up
,testing.

On the basis of thewaste/reagent blend identified in Gilliam and Francis (1989) and the
,"estimated production rates used in the preliminary conceptual design, the chemical stabilization/
,solidification process would require about 83,000 t (91,000 tons) of cement and 123,000 t
. (136,000 tons) of fly ash over the project duration, at a rate of about 102 t (112 tons) of cement'
and 150 t (170 'tons) of fly ash per day. ' This level of consumption would necessitate daily
delivery of about five tankers of cement and seven tankers of fly ash. Cement and fly ash are
available from local suppliers within 40 to 160 km (25' to 100 mi) of the Weldon Spring site
(MK-Ferguson Company and Jacobs Engineering Group 1992b). Delivery trucks would travel
on clean access roads to eliminate the need for vehicle decontamination. Vehicles would be
scanned and decontaminated, as required, prior 'to leaVing the site.

Operation of the chemical stabilization/solidification facility woUld require supervisors, '.
laborers, and laboratory and maintenance' personnel. The feed control system would be
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automated and computer controlled, minimizing the necessary labor force. No specialized,
fonnal training would be required for workers. The sludge processing facility would operate
for 4.5 years - assuming 9 months per year with a 3-month winter shutdown. The scheduled
mechanical aVailability of the facility was assumed to be 90%, and the preliminary conceptual
design was sized to include a production rate of 15% above the required throughput. Bench
scale testing of the chemical stabilization/solidification technology for applicability to the
Weldon Spring waste is currently being conducted. FollOWing the successful completion of this
testing, pilot testing of the process with Weldon Spring waste would be carried out with
equipment of the same type and function that would be used in full-scale operation; this testing
would require about 12 months. Design, construction, and start-:.q.p of the full-scale chemical
stabilization/solidification facility would probably require about 3.5~to 4.5 years.

Airborne emissions would be minimized as follows: the raffinate pit sludge would be
delivered and maintained in a slurry or wet forin until treatment began; reagents.would be
shipped in sealed tankers and transferred pneumatically to silos equipped with baghouses; the
building would be equipped with an air filtration system; and, durjng processing, reagents
would be tranSported to the mixing equipment by ~ealed screw conveyors. In add.itio~, any ,
stockpiled raffinate pit clay and other soil would be covered, and the haul routes from the TSA
to the sludge processing facility would be sprayed with water or dust suppressants. Water for
hydration would be added at the screening stage to ritinimize dust generation, and, after
screening, the soil would be transported in sealed screw conveyors.

About 94,000 m3 "(123,000 yd3) of structural material (e.g., metal, concrete, glass,
piping/ductwork, tanks, equipment, and furniture), rock, and contafuerized decontamination
material would be transported to. the volume reduction facility for physical treatment (material
sizing) to aid in waste placement and reduce waste volume, as necessary. The preliminary
conceptual design of the volume reduction facility includes a shear, a pulverizer, an impact
crusher, a rotary shear shredder, an in-drum compactor, and a decontamination unit. The actual
equipment would be determiried during detailed remedial design.

The volume reduction facility would be located.in an 840-m2 (9,OOO-~) area appro
priately situated to facilitate transfer from the staging area to the facility (Figure 4.2). Figure 5.4
illustrates the process flowchart for the preliminary conceptual design of the volume reduction
facility. The impact crusher could process concrete rubble, cinder block, rock, glass, and
ceramics into pieces smaller than 5 em (2 in.). Although crushing would result in an initial
volume increase, the crushed material would be compacted during placement in the disposal cell
to eliminate voids. The rotary shear could cut and shred rebar, solid wooden material, metal
siding, office and laboratory equipment, conduit, piping, and tank and equipment pieces into
fragments of variable size, typically less than 15 em (6 in.) maximum dimension. The volume
reduction for debris, wood, and siding processed by rotary shear would be. minimal, but the
volume of conduit, piping, ductwork, tanks, and equipment pieces would probably be reduced
from 10 to 50% (MK-Ferguson Company and Jacobs Engineering Group 1992b). The in-drom .
compactor could reduce the size of processed material by 10 to 50%. Large pieces of bulk metal,
process equipment, railroad rails, and structural steel that could not be effectively
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decontcuninated would be cut into manageable sizes for disposal. The material processed
through the volUme reduction facility would be staged in loading bins from which, it could be
retrieved for transport to the disposal cell.

A decontamination unit within the volume reduction facility could be used to treat
structural material for which release and reuse would be practicable; the quantity of such
material is estimated to be ~bout 5,900 t (6,500 tons). This material could be treated with a wet
abrasive blast process (hydrolasing), e.g., using high-pressure water with alumina or sand. ,The
5,900 t (6,500 tons) of structural steel would require about 3 years to decontaminate by liquid
abrasive blasting at a cost of $1,180,000 ($182/ton), excluding costs associated with, testing for
release; the estimated effectiveness of decontamination after one application of liquid abrasive
blastirig is 95% (MK-Ferguson Company and Jacobs Engineering Group 1992a).

All processing equipment would be contained within the volume reduction facility area.
Particulate emissions from the facility would be minimized, e.g., dust collection hoods would
be positioned over each major piece of equipment and material transfer point.. The facility could,
be enclosed within a building equipped with general ventilation hoods and a baghouse to
control dust that escaped from the process equipment hoods. Dust suppressants would also be

" employed, and water sprays would be used during retrieval and transport of the vol~e

reduced material. Material collected from emission control devices would be ~ported to the
disposal cell or to the sludge processing facility for treatment, as appropriate. Because of these
engineering controls, airborne emissions from the volume reduction facility are expected to be ,

,very low.

Operation of the volume reduction facility would require a supervisor, equipment
operators, and maintenaI1ce personneI.The facility would be designed to operate periodically
over the remedial action period on an as-needed basis.

The volume of vegetation would be reduced and its biodegradation facilitated by
Chipping it in a mobile unit and placing the chipped material in a composting facility, termed
the mulch pile, at the northern portion of the site (Figure 4.2). This pile would be maintained
within an area of between 0.4 and 1.6 ha (1 an~ 4 acres) until material could begin to be placed
in the disposal cell. The pile would be actively managed to enhance the biodegradation process
(Section 4.2.1.4), and this composting could result in a volume reduction of 80 to 90%

',' (MK-Ferguson Company and Jacobs Engineering Group 1992a). The end product of the process
would be placed in the on~ite disposal cell. Materials such as railroad ties and utility poles
would probably not be composted becal,lSe they would have been treated with chemicals to
inhibit biodegradation. These materials would be chipped and placed in the disposal cell. In
addition, some of the quarry soil in'storage at the TSA contains elevated concentrations of
nitroaromatic compounds. ,This soil could be composted in an area located within the TSA as
a pretreatme,nt step to reduce the concentrations of those compounds prior to further treatment
by chemical stabilization/solidification, as required.

Support facilities 'would also be ma~tained on-site to provid~ electrical power, potable
water, showers, portable sanitary ,facilities, offices for the construction management staff, an~
staging for excavation and construction activities. Most of these facilities are already in place,



5-18

· and they could·be e.xpanded to address incremerital requirements associated with the increased .
activityon-site: Additional staging facilities would be constructed to support the heavy equip':'
ment used dwing the remedial action period and to prOVide for stockpiling of construction
material for the dispOial cell, such as borrow soil, gravel, piping, and liner material.

The various treatment and support facilities would be dismantled at the end of the
remedial action period and either decontaminated for reuse (e.g., at another DOE facility) or
treated by volume reduction and placed: in the· disposal cell. Following closure of the water

'·treatment plant, a mobile water treatment unit could be brought on-site, if needed, to support
·.final site closure activities.

5.2.3 Disposal

The preliminary conceptual cell design for disposal under Alternative 6a incorporates
· design featUres used in disposal cells for uranium mill tailings and solid/demolition waste (see
. Section 6.2.2). This disposal cell was conceptually designed to include a leachate collection and

removal system and a cover system with an, infiltration/radon attenuation barrier. It is referred
to as the "combination" disposal cell because it combines the design features of cells used .under
two separate programs (uranium mill tailings and solid waste disposal) to minimize radon
emissions, allow for the retrieval of liquids that might .accumulate during cell construction and
operation, and support monitoring of the disposal cell containment system. Final cell
components would be determined during detailed remedial design A contingency factor of 10%
was applied to size the disposal cell for preliminary conceptUal design The resulting waste
containment capacity that would be required under Alternative 6a is estiI;nated to be 956,000 m3

· (1,250,000 yd3). The chemically stabilized/solidified waste would be required to have sufficient
strength to .suPport the pressure of overlying waste and help prevent subsidence of the disposal
cell cover. The data of Gilliam and Francis (1989) demonstrate that the strength of the
chemically stabilized/solidified raffinate pit sludge would be adequate to support an effective
cover.

A conceptual layout of the combination disposal cell with a waste cap~city .of
. . 1,100,000 m3 (1,500,000 yd3) is shown in Figure 5.5, and a schematic section of the cell is shown

in Figure 5.6. (For planning purposes, the disposal cell capacity was increased by 20% over that
expected to be required.) The total area covered by the disposal cell would be about 17 ha
(42 acres). Cell capacity could be increased by additional below-grade excavation and perimeter
berms. Final design components would be determined dUring detailed design. The location of
the disposal cell is constrained primarily by regulatory requirements that address overburden
thickness and buffer zones.

I

.. i.. On the basis of preliminary planning, the southern boundary of the study area for the
conceptual cell coincides with the shallow groundwater divide. If the cell extended to the lower
comer of this study area, the related groundwater monitoring system would surround the cell
because groundwater could flow in both directions from beneath it - Le., to the north toward
Dardenne Creek and the Mississippi River and to the south toward the Missouri River. As part •
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FIGURE 5.6 Typical Cross Section for the Combination Cell under Alternative 6a (Source: Modified
from MK-Ferguson Company and Jacobs Engineering Group 1992b)

of further design planning, the specific location of the cell within ,the study area could be Shifted.
slightly to the north such that groundwater would flow from beneath the ceU in o~y that
direction. This wouJ,d reduce the total number of monitoring wells required on the south sid~

, of the divide.

Geological, geotechnical, and hydrogeological data have been collected, and studies of
this type are continuing to assess the suitability of the Weldon Spring site for disposal. Previous
and current studies have focused on two nlajor aspects of site suitability:(l) suitability of th~

overburden as a foundation material for the proposed disposal cell and (2) suitability of the
bedrock Wlderlying the disposalceU' relative to catastrophic collapse potential.

I Characterization studies completed as part of the evaluation of overburden suitability
: include laboratory penneability tests and soil batch tests. The results of the laboratory,

,~ permeability tests iildicate that the condition of the overburden would provide adequate bearing
: and a sOWld foundation for a disposal cell, and the results of the soil batch tests indicate that
. the Ferrelview Formation and clay till (two of the overburden Wlits) retard the migration of
,: contaminants such as chromium, lead, uranium, and vanadium. Ongoing studies include further

testing of the overburden Wlits within the disposal area by field permeability tests and
,< laboratory tests. The laboratory permeability studies are being conducted with both water and
. a synthetic leachate. '

Most of the bedrock characterization studies have focllsed specifically on determining
the presence of solution features or large voids that could increase the potential for catastrophic
collapse and affect the integrity of the disposal cell. For example, bedrock studies conducted to
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date' have induded detenitinations of hydraulic conductivity from slug and pump tests,
collection of core data from angle and vertical borings, examination of outcrops of the
Burlington-Keokuk Limestone at nearby bluffs, and numerous water-level measurements. TheSe
studies have not identified any active groundwater conduits or Closed depressions in the bedrock
beneath the disposal cell. 'm addition, water-level measurements on and around the site reveal
a well-developed ground~ater divide, suggesting that the groundwater flow system is
characterized by diffuse flow (porous media flow) with only minor components of discrete

· (fracture) flow (MK-Ferguson Company and Jacobs Engineering Group 1991a).

The state/~f Missouri continues to be consulted regarding-the ongoing site studies~ The
applicability of state siting criteria for hazardous waste facilities are-being evalllilted in certain
of these studies (see Appendix G, Table G.3, and Section 6.2.2). From the results obtained to
date, the Weldon Spring. site appears to be a suitable location for an on-site disposal cell.
Following an approved demonstration of site suitability, initial cell constructionactivities would
include grading and compac:ting of the groundsurface to the finished subgrade elevation for the
bottom liner and leachate cc>llection and removal system. The preliminary conc~ptualdesign for
the' bottom liners and leachate collection and removal system consists of ~e, follOWing, in

· descending order from the waste contact: a filter zone; a leachate collection anci I'E!moval system
, (a gravel drain-type matenaI with perforated piping to collect and direct leachat~ to ~ps or
manholes located outside the cell perimeter); and a bottom composite lliler ~onsisting pf'a
synthetic flexible membran~ liner and a clay layer. The cover on the top ofthe cellemb~ent

· consists of the follOWing, in ascending order from the waste contact: ~. infUtration/radon
attenuation barrier, a flexible memb~e liner, a.filter-protected drain layer, afrost-prote~tion/
vegetation bedding layer, and an erosion-protection layer consisting of chokero,O< andtpps()}l

· to support grass growth.' The side slopes would consist of a radon/infiltrati0n,', layer,i'l fro~t

'. protection layer, a flexible membrane liner, a filter bedding layer, a riprap zone, and an erosion
protection layer consistirig of either rock alone or choke rock and topsoil to support grass
growth.

Design considerations for an on-site disposal cell include potential effects from earth
quakes,high winds and tornadoes, freeze-thaw cycles, heavy precipitation, plant and animal
intrusion, and liner compatibility with the waste in the disposal cell. The severity of an
earthquake and the resulting maximum potential horizontal acceleration would be incorporated

,into stability calculations used in designing the disposal cell embankment slopes. Disposal cell
cover design would include consideration of wind damage, frost protection, and potential
erosion from extreme precipitation events. The cell cover components would also be designed
to deter intrusion by plant roots or buirowing animals. Liner materials would be chosen on the
basis of their ability to contain the contaminants that would 'be in the disposal cell.

'Construction operations would be perfonned in three ,phases (FigUre 5.5), with two
phases periodically oveilapping. The construction area for each phase would be approximately

, one-third of the total cell area. Phased construction would allow for the staged removal of
facilities that might be in the disposal cell footprint, i.e., the volume reduction facility and MSA
debris stagihg area would'no longer be needed after the structural material was treated and
placed in the first and second phases of the disposal cell (MK-Ferguson Company and Jacobs
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Engineering Group 1992b), Initial planning indicates that disposal cell construction would begin
-in the Phase I area (Figute 5.5) with foundation grading and construction of the leachate'
collection and removal system. After these activities were completed, waste would be placed
in the Phase I area, and foundation grading and construction of the leachate collection and
removal system would begin iil the Phase II area. Construction for Phase mwould begin when
the waste in Phase I 'was enclosed 'within the·rad,on attenuation barrier., This sequence of
construction and waste placement would liniit the disturbed area to only two-thirds of the entire
cell area at anyone fune. Final adjustment of, the cell size -to accommodate the actual waste
volume would be made in the Phase ,m area by adjusting the northern celi slope, adjusting the
cell height (to a prob~ble maximum 'height of 23 m [74 ftD, or a-combination of both. The
complete cover for all three phases of thedisp0scU cell would beconstrilcted following placement
of all waste and the radon attenuatioll barriers' for each phase of cell construction. Each

- construction phase would take apprOXimately three consecutive construction seasons, and the
entire cell would be completed in about 6.5 years.

The logistics of waste placement within the disposal cell under Alternative 6a would
be governed by' the physical properties ~f the waste. In general, the s'oil-like contaminated

'material (e.g., soil, sediment, crushed rock, and concrete) would be placedagainstth~interior
side of the cell cover on the outer perimeter of the cell and on the foundation, foiming a , '
perimeter zone adjacent to the cover (Figure 5.7). Rubble from the volume reduction fclcility, the
MSA debris staging area, an<;l the TSA would be placed inside the outer perimeter of soil-like

- waste: The grout-like material from chemical stabilization/solidification would then be placed
on the rubble surface,'~d it would enter and fill the void spaces within and betweef,l t:1le rubble.

, The drier material produced from chemical stabilization/solidification of the soil coUId:be placed'
'. m the same manner 'as the other soil-like waste or intermixed withthebuildi.pg rubble. Wast,e

placement in the disposal cell would be completed by placing contaminated soil and soil-like
material across the final surface of the grout arid rubble fill (Figure 5.7).

Organic material in the disposal cell would be limited to 5% by volume (MK-Ferguson
Company and Jacobs EUgineering Group 1992b). The requirements for waste disposal in the'
UMTRA Program specify that organic material should be distributed uniformly within a

:, compacted layer and throughout the disposal cell to eliminate pockets or thick layers that inight
>•• result in _differential settling over the long term. About 26,000 m3 (34,000 yd3) of organic
>k material would require disposal under Alternative 6a, which is less than 3% of the estimated
:. total 956,000 m3 (1,250,000 yd3) of contaminated material. - " __

About 751,090 m3 (982,000 yd3) of imported clay, fill, sand, gravel, riprap, and topsoil
would be required for construction of the disposal cell under Alternative 6a. -This material
would be delivered directly to the disposal cell area or staged in an approximately 3-ha (8-acre)
construction material staging area located in the northwestern portion of the site.

Good engineering practices would be used during construction and operation of the
disposal cell to prevent aI}d/or mitigate potential radon and dust emissions and contaminated
surface water runoff. Any precipitation rUnoff within the disposal cell area would be directed

I
I
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FIGURE 5.'7 Schematic Cross Section of Conceptual Waste Placement in the Disposal Cell
under Alternative 6a

to sumps or captured by the leachate collection and removal system and pumped to a lined
retention basin. Surface water runon would be controlled by diversion ditches and berms.
Windblown particulates from fine-grained materials used in cell construction and during waste
placement would be controlled by periodic spraying with water and/or dust suppressants.
Upon completion of a section of the radon attenuation and infiltration barrier, the surface would
be sealed with a steel-wheeled roller to minimize erosion. In addition, clean cover material for
the radon attenuation barrier would be staged alongside the disposal cell as the waste was being
placed, and the cell phases would be encapsulated as they were completed. Radon emissions
would be monitored during construction and operation of the disposal cell. Engineering controls
to minimize radon emissions, such as wetting or covering surfaces, would be implemented as
necessary. Workers within the controlled area would be required to wear the appropriate level
of personal p.rotective equipment when working with the contaminated material. .

(

Following completion of remedial activities and closure of the treatment and storage
facilities and the disposal cell, the site would be graded and vegetated. The toe of the disposal
cell would be used as a grade-control feature. The land surface iminediatt~ly adjacent to the toe
would slope away from the cell; from this point, the surface would be graded to match
undisturbed areas, prevent ponding, minimize erosion, and provide a transition into natural

.drainages in the area. All impoundment structures would be removed following grading and
revegetation to prOVide for natural drainage throughout the site and to minimize any changes
in watershed areas from current conditions. Except for the disposal cell, which would be planted'
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with grasses, the land surface would'be seeded with hardy, native vegetation. If the potential •
. . for erosion existed, selected channels would be lined with riprap. Approximately 409,000 m3

(535,000 yd3) of imported fill material would be required for grading and closure of the site and
vicinity properties. . .

5.3 ALTERNATIVE 7a: REMOvAL, VITRIFICATION, AND DISPOSAL ON-SITE

Alternative 7a involves the removal of contaminated material from each of the on-site
'source areas, treatment by vitrification as appropriate, and disposal in an' engineered disposal
cell on-site. The volumes of wastes to be removed, treated, and disposed of are summarized in

.Table 5.2 Also summarized are the volumes of borrow material required, the total effort (in
person-years) for implementation, and the potential land areas impacted (which would depend
on the borrow area selected as part of detailed design).

. 5.3.1 Removal
..

Under Alternative 7a, contaminated material would be removed from the source areas
in the same manner as identified for Alternative 6a (Section 5.2~1).

5.3.2 Treatment

Of the two' new facilities that would be constructed on-site, the volume reduction facility
would be the same as described for Alternative 6a (Section 5.2.2). However, the sludge

.,processingfacility would differ. Although it would be constructed at the same location, this
. facility would' contain unit operations for dewatering and vitrification instead of proceSs .

equipment for chemical treatment. Support faciliti~s and chipping and mulching -of vegetation
would be the same as described for Alternative 6a.

Under Alternative 7a, sl~dge from the raffinate pits and the more highly contaminated
soil from various source areas (e.g., from the raffinate pits and TsA) would be treated by ceramic
melting in the sludge processing facility. Process waste from operation of the water treatment
plants would also be treated in this facility.' The sludge 'processing facility. would probably

: occupy an area of about 0.10 ha (1.0 acre). This land would require dearing and grading prior
. to installation of the founa.ations and necessary utilities, i.e., natural gas, electricity, and water.

A single building would house the vitrification treatment units, each consisting of a raffinate pit
sludge'dewatering circuit, a feed preparation circuit, and a vitrification treatment circuit.

• •••

For purposes of preliminary conceptual design, the vitrification'treatment circuit was
assumed to be heated with fossil fuel and to operate 24 hours per day, 7 days per week,
12 months per year. Because this operating schedule is different from that assumed for removal
and cell operations (8 hours per day, 5 days per week, 9 months per year), the material to be -
treated during the 3 months of winter operation would have to be stockpiled before and after •
processing. It was also assUmed that,' to the extent possible, the material removed during the
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TABLE 5.2 Summary of Waste Volumes, Borrow ~aterial, Effort,
and Impacted Land Areas fe>r Alternative 7a: Removal, Vitrification,

. and Disposal On-Site

•

•

Parameter

Volume removed (yd3)

Raffinate pit sludge
Sediment/soil (includes roads .and embankments)
Quarry soil (stored in lSA)
Structural material8

Water treatment plant residuals
Total

Volume treated (yd3)

Raffinate pit sludge
Sediment/soil (includes roads and embankments)
Quarry soil (stored in lSA)
Structural material
Water treatment plant process waste
Total

Volume after treabnent (yd3)

Raffinate pit sludge
Sediment/soil (~cludes roads and embankments)
Quarry soil (stored in TSA)
Structural materialb

Water treatment plant process waste

Total disposal volumec (yd3)
Raffinate pit sludge
Sediment/soil (includes roads and embankments)
Quarry soil (stored in TSA)
Structural material
Water treatment plant process waste
Total

Volume of borrow materiald (yd3)

Waste removal and reclamation (on-site and
vicinity properties)

Disposal cell
Total

Value

220,000
425,400
52,000

203,000
3,600

904,000

220,000
50,000
50,000

123,000
3,600

447,000

33,700
34,200
34,200

Variable
500

33,700
409,600

36,200
203,000

500
683,000

535,000

794,000
1,330,000
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TABLE 5.2 (ConL) •
...

,
tp".-

Parameter

Effort (person-years)
Excavation and on-site handlinge

Treatment
'Disposal
Transportation of supplies and fill
Total

Total on-site area impacted (acres)

Total off-site area impacted (acres)

Value

210
297
210
.61

780

137

. 85 (borrow material)

a The volume estimate for structural material includes the material contanu
nated by site cleanup activities, such as piping and equipment from the
two water treatment plants.

b The volume reduction of structural material would be variable (see text)
and could be offset by volume increases from size reduction (e.g., of '
concrete blocks).·.. '

C Does not include any contingency factors. Compaction within the disposal
cell could reduce the overall volume of structural material. .

d For the representative analysis in this FS, off-site borrow of 895,000 m3

(1,171,000 yd3) of clay-rich soil was assumed to be available from a 61·ha
(ISO-acre) parcel of nearby land owned by the Missouri Department of
Conservation (Section 5.2.1.10). Additional borrow material s\Jch as gravel,
sand, fill, and topsoil would be supplied by local vendors.

e Includes worker requirements associated with removing soil from vicinity
properties and sediment from the Busch Wildlife Area lakes, as well as
restoring all excavated areas. Also includes the requirementS associated
with transporting chemicals off-site for incineration at a permitted facility.

::. 9-month excavation period would be treated as soon as it was excavated in order to minimize
~: stockpiling and that the soil material stockpiled at the TSA would be available for feed during
~: the 3-month winter shutdo~n Additional, enclosed storage for dewatered sludge generated
,.' during the 9-month dredging period would be provided. The preliminary conceptual design of
,: the vitrification facility is based on a 1:1 blending ratio (by weight) of dry raffinate pit sludge
':' to dry soil, or the vitrificationof soil alone, as identified in Koegler et al. (1989). . .
"

•

~, Feed preparation would be required for operation of the vitrification process. Because
~., the various waste media to be treated have different characteristics, they would be treated
, separately within the feed preparation circuits of the sludge processing facility. The fine-grained,

high-water-content raffinate pit sludge would be dredged and pumped as a slurry directly to •
. a dewatering circuit within the facility. This sludge would require dewatering to minimize the

impacts of excess steam on the effectiveness and sizing of the off-gas treatment system for the
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vitrification process (MK-Ferguson Company and Jacobs Engineering, Group 1992b). The
raffinate pit sludge could be dewatered with a cyclone dewatering system that uses centrifugal
force, plate thickeners, and filtering methods, or a belt press system that uses a belt press,
screens, and flocculation. If these systems did not adequately remove excess water, thermal
drying might be required as a pretreatment step.

Figure 5.8 illustrates the process flowchart for the preliminary conceptual design of the
feed preparation and vitrification treatment circuits. Within the feed preparation circuit, metallic
components would be removed from the dewatered raffinate pit sludge and the sludge would
be sized with crushing and milling equipment. This material wo~d then be transferred to an
enclosed storage bin. From the storage bin, a screw conveyor would. transport the sludge from
the hopper to a pug mill blender where it would be blended with soil or clay at the correct ratio.
The mixture would then be split into separate feed streains and transferred by screw conveyor
to parallel vitrification systems.

Soil and clay woul~ be treated separately from sludge within the' feed preparation ,
circuit. The soil would be fed through a vibrating screen to remove material larger than about
25 an (1 in). Oversized material would be collected and placed in one of the staging areas for

,~short-term storage prior to treatment or transported directly to the disposal facility. The soil '
,would then be discharged :to a physical treatment circuit similar to that describecl for the,
· raffinate pit sludge, where 'it would be sized, stored in hoppers, and transferred by screw '
: conveyor to the pug mill blender for mixing with the sludge prior to vitrific·ation.

The preliminary conceptual design for the vitrification system assumes the use of a fossil
,fuel-heated ceramic melting system designed to accommodate 180 t/d (200 tons/d), 365 ,days per
year. Two 9O-t/d (lOO-ton/d) units were assumed in the preliminary conceptual design instead"
of one 18D-t/d (200-ton/d) unit. ' The use of two units would require less engineering scale-up "

· of existing systems and wotild increase process flexibility and reliability.
. '

The vitrification process under Alternative 7a consists of three steps. In the first step,
the waste material would be preheated and dried in a precombustor unit. In the second step,
the dried material and the combustor gases would flow to a counter-rotating vortex heater. Fuel
(natural gas) would be added at this stage, and the waste material in suspension would be
heated to glass-forming temperatures, which would be about 1,250°C (2,280°F) for a sludge/soil
mixture and 1,440°C (2,620°F) for soil alone. The intense mixing of the counter-rotating vortex
heater would allow stable combustion in ,the presence oflarge quantities of inert particulates
(MK-Ferguson Company and Jacobs Engineering Group 1992b). The organic compounds in the
waste would be oxidized in this second step. In the third step, the combustion gases and heated'
material would be discharged to a cyclone separation/melting chamber. The melted product
formed in this chamber and the combustion products would exit into a separator reservoir where
a pool of melted material would be collected. The reservoir would provide sufficient residence

· time for completion of the glass-forming reactions. The hot exhaust gas.es would exit the melt
· reserv'oir and flow to the off-gas treatment system (described below). The molten product would

be quenched in water to produce a fritted product with particle sizes ranging from 0.32 to
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0.64 em (1/8 to 1/4 in.). The treated product would then be collected in hoppers, dewatered,
and transferred to bins for transport to the disposal cell. The fritted product would be produced
at a rate of about 113 t/ d (125 tons/4), 7 days per week. The treated material produced during
the 3 months of winter, about 4,900 m3 (6,400 yd3), would require storage in the TSA or an
adjacent area prior to disposal.

The vitrified product would be tested by TCLP and other leach tests to ensure that it
met leach-resistance requirements. If the material did not meet the established performance
criteria, process modifications would be made on subsequent treatment batches. The operating
parameters for the treatment process would be optimized during pilot testing. The treated
product resulting from start-up testing would be required to consistently pass disposal criteria
before full-scale operations would begin. The frequency of testing required. to ensure product
quality would be established during start-up testing. .

. On the basis of scheduling and operation rates for the preliminary conceftual design,
the fossil fuel-heated ceramic melter would require a maxiinum of about 20,400 m (720,000 f~)

of natural gas per .day. Laclede Gas Company in St. Charles, Missouri, has indicated that it
could deliver up to 28,300 m3 (1,000,000 jt3) of natural gas per day and extend a gas pipeline to

., the Weld9n Spring site (FigUre 5.1) with enough capacity to ensure continuouS delivery at the

.. required rates (MK-Ferguson Company and Jacobs Engineering Group 1992b)._

Operation of the vitrification facility would require a process engineer to oversee
material and maintenance scheduling, optimize processing, and monitor both, the off gas and
vitrified product to ensure compliance with performance specifications. pther personnel
required include supervisors, operators, maintenance persons, and laborers. ,Special trairiing
would be required. The scheduled mechanical availability of the facility was assUmed to be 90%,

. and the preliminary conceptual design includes a production tate of 15% above the required
throughput. Engineering and bench-scale and pilot-sc~le studies would be required prior to
full-scale plant design and construction.. These studieswould determine process variables such
as energy consumption, range of acceptable ratios of raffinate pit sludge to soil, minimum
required operating temperatures, partitioning of contaminants between the melt and off gas, and
the amount and. type of required physical pretreatment.

Previous bench-scale treatability studies have been conducted and others are currently
under way (Koegler et al.-1988, 1989; MK-Ferguson Company and Jacobs Engineering Group
1992b). Although the initial testing of vitrified Weldon Spring waste did not include the TCLP
method, a modified EP-toxicity test was performed on vitrified raffinate pit sludge and soil, and
the concentrations of contaminants in the leachate of the vitrified product were considerably
below applicable limits (Section 4.4.4). Results from Materials Characterization Center 7-day and
28-day tests also indicated a highly leach-resistant product (Koegler et al. 1989).

At the operating temperatures reached during vitrification (1,250 to 1,440°C [2,280 to
. 2,620°F]), organic contaminants such.as nitroaromatic compounds and some inorganic

compounds such as nitrates would be completely destroyed (MK-Ferguson Company and Jacobs
Engineering Group 1992b). Nitrates (N03) would be converted to gaseous moleCliles(nitrogen
[N2J, nitrogen dioxide [N02], and nitrogen oxides [NOxD. (Most of the nitrates are associated

_.. J



with the interstitial water in the raffinate pit sludge and would have been removed during , .:'
,dewatering, and the wastewater containing these and other soluble compounds would have been
pumped from the dewatering circuit to the water treatment plant.) Similar to nitrate, some
sulfate would be conv~rted to gaseous molecules (sulfur dioxide [S02]' oxygen [°2], and sulfur
oxides [SOx]) during vitrification. The estimated amounts of contaminants in the waste feed to'
the vitrification facility and their' projected fate after vitrification are presented in Table 5.3.
Although the results of bench-scale testing have shown that the Weldon Spring waste can be
sl.lccessfully vitrified, they also indicate the need for further testing to evaluate treatment of
waste materials representing the extremes in chemical variability and to test treatment equipment
that would be similar in type and function to that required in full-scale operations. The total
time required for further bench-scaie and pUot-scale 'testing oi- the vitrification process is
estimated to be about 2.5 to 3 years. Design, conStruction, and start-up of the full-scale
vitrification facility is estimated to require about 5 to 7 years; however, the time required for
these activities could be longer because of the innovative nature of this technology.

Airborne emissions would be minimized as follows: the 'raffinate pit siudge would be '
delivered and maintained in a slurry form until treatment began, and the dewatered sludge,
would be stored within an enclosure designed to prevent fugitive dust and radon emissions and
would be conveyed to the feed preparation circuit through an enclosed conduit. Emissions from
stockpiles and haul routes would be controlled as described for Alternative 6a. The building
housing the vitrification equipment would have 'an air filtration system. EmissionS from the
vitrification process would be treated before being released to the atmosphere. The off-gas •
treatment system would be designed to remove entrained dust, ~bmicron aerosols, and non~

combustible gases created during vitrification of the waste and,combustion of the fuel. As a ,
final filtration step, the off gas would be passed through a high-efficiency-paiticulate an- (HEPA)
filter. ' "

The flowchart for the preliminary conceptual design of the off-gas treatment system is
shown in Figure 5.9. The system would consist of (1) a heat removal system; (2) a primary
quench scrubber to quench the hot off gas, remove large entrained particles, and begin acid gas
scrubbing; (3) a high-effidency submicron aerosol scrubber to remove the volatilization/conden
sation aerosols and to scrub remaining acid gases; (4) a system to remove nitrogen oxides, if
needed; and (5) a final filtration system consisting of gas preheaters and primary and secondary
HEPA filters. The expected efficiencies of these treatment components are identified in Table 5.4.

Separate, dedicated off-gas treatment systems would be used for each vitrification
treatmentunit, but a common stack would be used for releasing the off gases (MK-Ferguson
Company and Jacobs Engineering Group 1992b). The estimated off-gas emissions are presented
in Table 5:5. On the basis of preliminary estimates, specific radon control measures would not
be required (MK-Ferguson Company and Jacobs Engineering Group 1992b).: If further system
testing indicated that radon control measures were required, this could be accomplished by
vacuum pretreatment of the feed to the vitrification system and carbon adsorption of the off gas.
The off-gas treatment system would generate residuals consisting of quench/scrubber liquids '
(blowdown) and fu:tal filtration equipment such as used HEPA filters. Solids separated from the .1

. !
. !
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, TABLE 5.3 (ConL)

a Based on an annualiZed daily average feed of125 tons per day.

b Estimated from the 'expected operating conditions for the vitrification and off-gas treatment
systems.

C Chloride is released as hydrogen chloride (HCI).

, d Fluorides are not expected to volatilize and were therefore assumed to be rele~sed in the min~ral
form, e.g., apatite. ' ,

'e Released as nitrogen dioxide (N0z).

f Sulfate is released as sulfur dioxide (SOz).

g Fate of nitroaromatic compounds is based on the minimum destruction and removal efficiency
of 99.9999%. Partitioning between glass and scrubber sludge is based on an assumed treatment

, system efficiency of 99.9% and a destruction efficiency of 99.9%. '

h Thermal nitrogen oxides (NO,,) are not present in the feed'but,are created from nitrogen and
oxygen in the air; except for annual feed rates, quantities are reported as percentages of the
NOx·forming components of the feed (nitrates, nitrites, and organic nitro groups).

The activities of actinium-227, protactinium-231, and uranium-235 were derived from the radio
logical source term analysis for theraffinate pit sludge (Table 2.3 of the BA [DOE 1992a]),
Radon-222 is not included in this table because it was assumed that 100% of the radon is
released to the atmo'sphere. It is estimated that about 100 Ci of radon-222 would be released
from the off-gas treatment sy~tem over a 4--year period.

Source: MK-Ferguson Company and Jacobs Engineering Group (1992b).

primary quench scrubber blowdown slurry would be returned to the' melter for vitrification; the
remaining liquid would be recycled to the scrubber after treatment. Slurry from the secondary
aerosol/acid gas scrubber blowdown could not be fed to the melter because of the elevated
concentrations of voI.citile metals (MK-Ferguson Company and Jacobs Engineering Group 1992b).
It is possible that these residuals would require further treatment (e.g., by chemical stabiliza
tion/solidification) prior to disposal. Quantities of scnibber residuals and concentrations of

, contaminants in those residuals, as estimated from the preliminary conceptual design, are
, presented in Table 5.6. In both'scrubbers, lime (CaC03) would be added to the liquid dUring

off-gas treatment, thus increasing the quantity of scrubber blowdown solids requiring disposal.
,- The final filtration system would be designed to control emissions of particulates; the used filters

could be recycled to the melter for vitrification.

5.3.3 Disposal

•

I,

I

.'

The vitrified portion of the site waste would retain' its radiological characteristics but
would be chemically inert because organic contaminants and some inorganic contaminants
would have been destroyed and the glass-like fritted product would be very resistant to leachin

l
g • :

(Section 5,3.2); therefore, it could be reasonable to dispose of this material in a cell with a sing e
. . . .
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TABLE 5.4 Expected Efficiencies of Off-Gas Treatment

Component ' Expected Control Efficiency,

Primary quench scrubber 90"10 nonvolatile metals and gross entraiiunent aerosol
20"10 mercury and other volatile metals (arsenic,

cadmium, lead, selenium)
500/0 acid gases

'7% nitrogen oxides

Submicron aerosol scrubber· 98"/0 gross particulates and nonvolatile metals
40% volatile and semivolatile metals
90"10 acid gases
25"10 nitrogen oxides

Nitrogen oxides control system 99"10 nitrogen oxides
(catalytic reduction of NOx)

Final filtration systern(HEPA filters) 99.95"10 submicron aerosol particles (per HEPA.stage) ,

Source:, MK-Ferguson Company and Jacobs Engineering Group (1992b).

•

foundation layer. A second cell would be used to contain the untreated waste, i.e., the less •
contaminated soil, sediment, and'structural material; this cell,was conceptually designed to be
similar to truit identified fO,r Altem.ative 6a. The two cells are referred to as the vitrification cell .
and the combination cell, respectively. Final disposal cell design components would be
determined during detailed remedial design.

A contingency f.;lctor of 10% was applied to the sizing of the disposal cells for
preliminary conceptual design. The resulting waste containment capacity under Alternative 7a

, is 86,400 m3 (113,000 yd3) for the vitrification cell and 591,000 m3 (773,000 yd3) for the separate
combination cell for untreated material. A conceptual layout of the two disposal cells is shown
in Figure 5.10, and atypical section for the vitrification cell is shown in Figure 5.11. The design
of the combination cell would be similar to that sho~ in Figure 5.6. The total area covered by
both cells would be about 17 ha (42 acres): 4.9 ha (12 acres) for the vitrification cell and 12 ha
(30 acres) for the combination cell. As for Alternative 6a, construction of the combination cell

. would not begin until the area within the cell footprint was verified as suitable for on-site
disposal in accordance with state of Missouri requirements (Section 5.2.3). Because of the
different type of material in the vitrification. cell, disposal requirements could differ (see
Section 6.3.2).

The disposal cell design considerations identified for Alternative 6a would be included
in the design of both the vitrification and combination disposal cells under Alternative 7a. The
preliminary conceptual design for the vitrification waste cell indicates truit the foundation soil .'
would be excavated to design grade. No bott~m liners or leachate collection system would be. !
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TABLE 5.5 Estimated Maximum Short-Term and Average Long-Term Emission Rates
&om Vitrification under Alternative 7a3

Off-Cas Emission Rate
frqm Melter Controlled ,Emission Rate

Maximum Average Maximum . Average
Contaminant Unit Short-Term Long-Term Short-Term Long-Term

Solids (PM-10) , lb/h SOO 312 5.0)(" 10-' 3.1 )( 10-'

Volatile metals Ib/h
Arsenic 10.1 1.96 0.0024 4.7 )( 10-4
Cadmium 3.58 0.10 9.0 )( 10-4 3.0)( 10.5

Lead 2.33 0.40 6.0 )( 10-4 1.0 )( 10-4
Mercury 0.52 0.06 0.248 0.030
Selenium 2.67 052 6.0 )( 10-4 , 1.3 )( 10-4

Anions/Acid gasesb Ib/h
Chloridesc 0.69 0.07 0.03 ' ,0.0035
Fluorides 5.37 0.55 0.27 0.0277
Nitratesd 273 23.9 191 16.7
Nitritesd 3.75 0.33 2.62 0.233
Sulfates 161 39.9 8.06 1.99• Nitroaromatic compoundse lb/h
2,4-DNT 6.0 )( 10-5 4.0 )( 10-0 6.0 )( 10-5 4.0 )( 1ut'
2,6-DNT 1.1 )( 1(f4 5.0 )( 10-0 1.1 )( 10-4 5.0 )( 10-6 .

2,4,6-TNT 0.00267 1.35 )( 10-4 0.00267 135)( 10-4

Radionuclidesf pC::i / d
Actinium-227 4.42 )( 107 4.43 )( 106 44.2 ' 4.43
Lead-210 9.80 )( 1010 1.64 )( 1010 2.4 )( 107 3.82)( 106

Polonium-21O 9.80)( 108 1.53 )( 108 980 153
Protactinium-227 5.56)( 107 5.57)( 106 55.6 ·557
Radium-226 5.81 )( 108 6.43 )( 107 581 64.3
Radium-228 3.99)( 108 153 )( 107 399 15.3
Radon-222 5.84 )( 1011 6.58)( 1010 5~84 )( 1011 6.58 )( 1010

Thorium-230 2.51 )( 109 1.31)( lOS 2,510 131
Thorium-232 2.84 )( 107 1.42 )( 106 28.4 1.42
Uranium-235 351 )( 106 3.51 )( 105 3.51 0.351
Uranium-238 7.62 )( 107 7.63 )( 106 76.2 7.63

a Maximum short-term rate denotes the maximum hourly rate at 200 tons per day for processing the
highest short-term concentrations of contaminants in the waste. Average long-term rate denotes the
annual average rate at 125 tons per day for processing the long-term average concentrations of
contaminants in the waste.

b Off-gas emission rates from the melter and controlled emission rates (Ib/h) for the listed contaminants
are as follows: hydrochloric acid gas (HeI) for chlorides, hydrofluoric acid gas (HF) for fluorides,

• nitrogen dioxide (N02) for I1itrates and nitrites, and sulfur dioxide (~) for sulfa,tes.

c Organic chlorine would add 0.11 Ib/h maximum and O.Q1S Ib/h average in the off gas before controls to
result in total controlled emission rates of 0.036 Ib/h maximum and 0.0044 Ib/h average.
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TABLE 5.5 (ConL)

d Amounts are from nitiate and nitrite in the source material. Nitroaromatic compounds would contribute
'an additionaI2.8Ib/h maximum and 0.24Ib/h average NOx'to the off gas. Combustion gas would add
180 lb/h maximum and 110 lb/h average NOx to the off gas. IncludIng both sources increases the
controlled emission rates to 320 )b/h maximum and 96 lb/h average.

,e Estimates for off gas and controUed emission rates for nitroaromatic compounds were obtained by
assuming a destruction removal efficieney of 99.99%.

f The activities of actinium-227, protactinium-2311 and uranium-235 were est;iInated from the radiological
source term analysis for the raffinate pit sludge (Table 2.3 of the BA). No co~trol of radon release was
assumed. It is estimatedthat about lOOCi of radon-222 would be released from the off-gas treatment
system over a 4-year period. '

Source: MK-Ferguson Company and Jacobs Engineering Group (1992b). '

, I
:

necessary for this, cell because it would contain 'a glass-like waste fonn that would be very
resistant to leaching. The cover would consist of the following, in ascending order from the
waste contact: , a filter layer, an infiltration and radon attenuation barrier, a frost
protection/bedding layer,~d an erosion protection layer consisting of either rock alone or choke
,rock and topsoil to support grass growth. (Although an infiltration/radon attenuation barrier
might not be needed for the vitrified product, it was included to further protect against any •
,potential releases to the environment.) The bottom liner and leachate collection and removal
system for the combination cell under Alternative 7a would be identical to that described for the
combination cell 'under Alternative 6a; the cover on the top and side slopes of the cell
embanlanent would also be the same (Section 5.2.3). '

On the basis of preliminary ,engineering information, the vitrification cell could involve
both above-grade and below-grade construction (Figure 5.11). ,For planning purposes, it was
assumed that the cell would be excavated to a maximum depth of about 7.6 m (25 it) below the
original grade, and the cell design height would be about 11 m (35 it) above original grade at
the point of maximum embankment height. , The separate combination disposal cell would be

. constructed in two phases (Figure 5.10) and would follow a sequence similar to that described
:: for construction of the disposal cell under Alternative 6a. The maximum design height for the
" cell would be about 23 m (74 ft) above original grade. Final adjustment to accommodate the
i"actual volume of waste placed in the combination cell would be made in the second phase.
" Construction and operation of both the vitrification cell and the combination cell would take
j abollt 6.5 years, and both cells would be filled simultaneously.

The logistics of waste placement within the disposal cells under Alternative 7a would '
be governed by the properties of the waste, The 78,800 m3 (103,000 yd3) of vitrified material
would consist of a uniformly graded, glass-like frit, 0.32 to 0.64 em (1/8 to 1/4 in.) in diameter.
This material would be cohesionlessand would be mixed with or placed in alternate layers with
a binder such as clay to promote'waste compaction and increase the stab~ity of the vitrification .,

I

i
i



• 5-37

TABLE 5.6 Saubber Residuals from the Off-Gas Treatment Syste.m

Contaminant Concentrationa

Residual Unit Worst Case Best Case Expected Case

Quantity t/yr 3,300 130 540

Metals mg/kg
Arsenic 2,000 19,000 11,000
Cadmium 110 1AO

o
O 570

Chromium 2 26 9
Copper 16 210

0

• 71
Lead 380 3,300 ·2,000
Mercury 37 1,900 180
Nickel 18 240 82
Selenium 620 16,000 3,800
Vanadium 160 UOO 750
Zinc 110 1,500 510

Calcium/sodium salts mg/kg
Carbonate as Caco3 730,000 25,000 28,000 .
Chloride as Cac~ 130 3,400 760
Fluoride as CaF2 20 190 80

• Nitrate as Ca(N03h 143,000 0 456,000
Sulfites/sulfates as CaSO."2H2O 36,500 417,000 157,000

Radionuclidesb pO/g
Actinium-227 15 200 70
Lead-210 1,400 12;000 7,400
Polonium-210 " 51 660 230
Protactinium-231 19 250 88
Radium-226 22 290 99
Radium-228 5.3 69 24
Thorium-230 420 5,500 1,900
Thorium-232 4.9 64 22
Uranium·235 1.2 16 5.5
Uranium·238 26 340 120

a Contaminant concentrations are presented for scrubber residuals as worst-case (high residual
quantities), best-ease (low residual quantities), and expected-ease conditions for scrubber
efficiencies and absorbing compounds. .

b The activities of actinium-227, protactinium-231, and uranium-235 were estimated from the
radiological source term analysis for the raffinate pit sludge (Table 2.3 ofllie BA). Radon-222
is not included in this table because no control of radon was assumed.

Source: MIC-Ferguson Company and Jacobs Engineering Croup (1992b).

•
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Original Grade --'----'

'Cover deleil would be similer 10 thel identified in Figure 5.6..
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FIGURE S.U Typical Section of the Vitrification Cell (Source: Modified from MK-Ferguson
and Jacobs Engineering Group 1992b)

cell. Two types of waste would be placed in the combination cell, about 288,ODO m3 (377,000 yd3) .

of soil and soil-like waste and about 155,000 m3 (203,000 yd3) of rubble. The soil-like material
would be placed around ,md on top of the individUClI rubble components in compacted layers.
n'e use of grout might be necessary to prevent settling Clnd eliminate t~e need for ,hand
compacting and placement of soil around the structurClI material. The grout could be prepared
specifically for this purpose with IlIlcolltiUllillated or slightly contaminated soil; alternatively, the
off-gas slurry blowdown froln the secondary scrubber could be treated by chemical stabilization/
solidification and the. resulting grout could be used for this purpose. .

A total of 607,000 mJ (794,000 yd3) of imported clay, fill, sand, gravel, riprap, and
topsoil would be required for construction of two disposal cells under Altet:ruJtive 7a.. This
material would be placed directly at the disposal facility or staged, as needed, in a construction
material staging area that could cover about 3 hCl (8 Clcres) in the northwestern portion of the site.

Good engineering practices and mitigative measures would be used during construction
and operation of the disposal cells to prevent and / or mitigate potential radon and dust
emissionS and surface water runoff, as described in Section 5.2.3 for Alternative 6a. FollOWing
completion of remedial action activities and closure of the treC1tment and storage facilities and
disposal cells, the site would be grilded and vegetated as described for Alternative 6a.

5.4 ALTERNATIVE 7b: REMOVAL, VITRIFICATION, AND DISPOSAL
AT THE ENVIROCARE SITE

Alternative 7b involves the removal of contaminated material from each of the on-site
source areas, treatment by v.itrification as appropriate, and disposal in an engineered cell at the
Envirocare site near Clive, UtC1h. n,e volumes of wC1stes to be removed, treated, and disposed
of are summarized in Table 5.7. Also summarized are the volumes of borrow material required,
the total effort (in perso~-years) for implementation, and the potential land areas impacted
(which would depend on the borrow area selected as part of detailed design).
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.TABLE 5.7 Summary of Waste Volumes, Borrow Material, Effort,
and Impacted Land Areas for Alternative 7b: Removal, Vitrification
and Dispos~l at the Envirocare Site
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TABLE 5.7 (Cent.)

Parameter

Effort (person-years)
Excavation and on-site handlin(

.Treatment
Disposalf

Transportation of supplies and fill
·Off-site transport of contaminated material
Th~ ..

Total on-site area impacted (acres)

To~ off-site area impacted (acres)

Value·

210
297
210
27

320
1,100

105

138 (42 acres for disposal
facility at Envirocare,
11 acres for rail siding at
Wentzville, and 8S acres
for borrow material)g

•

•

< a The volume estimate for structural material includes the material contami
nated by site cleanup activities, such as piping and equipment from the two
water treatment plants.

b The volume reduction of structural material would be variable (see text)
and could be offset by volume increases from size reduction (e.g., of
concrete blocks).

C Does not include any contingency factors. Compaction within the disposal
cell could reduce the overall volume of structural material.

d For the r~~resentative analysis in this FS, off-site borrow of 376,000 m3

(492,000 yd3) of soil was assumed to be available from a Gl-ha (ISO-acre)
parcel of nearby land owned by the Missouri Department of Conservation
(Section 5.2.1,10). Additional borrow material for the Weldon Spring site 
such as gravel, sand, fill, and topsoil - would be supplied by local
vendors. Borrow material for constructing the disposal cell would be
obtained by the Envirocare site opera~or.

e Includes worker requirements associated with removing soil from vicinity
properties and sediment from the Busch Wildlife Area lakes, as well as
restorlng all excavated areas. Also includes the requirements associated
with transportiilg chemicals off-site for incineration at a permitted facility.

f Effort for the off-site disposal component of Alternative 7b or 7c is expected
to be similar to that required for on-site disposal.

g Does not include the area impacted to obtain borrow material for
.construction of a disposal cell at the Envirocare site.
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5.4.1 Removal.

Under Alternative 7b, contaminated material w()uld be removed from the source are~
in the same manner described for Alternative 6a (Section 5.2.1). Material not transported to the

. on-site treatment or disposal facilities would be delivered to a staging area for subsequent
loading into containers for off-site transport. The containers used for prelim.iilary conceptual
design calculations are those designed to be handled' by standard intermodal container
equipment and to fit on railroad flatcars designed for the containers. These c~>ntainers would
be similar to those used for DOE's UMTRA Program..A staging and loading area of about 4 ha .
(10 acres) would be constru~ted in the northeastern portion of _t:?esite, within the location

, identified for an on-site disposal cell under Alternative 6a and 7a. ]bisarea would consist of
roads, a prepared subbase, a gravel surface, and a concrete slab that would be constructed for

.container storage, decontamination, and transfer to haul trucks. The MSA could also be used
as surge storage for contaminated soil to allow excavation to proceed at opnrnUffi rates and to
allow a more uniform rate of removal from the site. Material stockpiles would be covered and
water would be sprayed from trucks to minimize dust emissions duririg on-site hauling and
loading operations. The 288,000 m3 (377,000 yd3) of untreated soil would be staged in stockpiles

.and would be loaded 'into containers that would be transported to the main staging and loading
area for decontamination and transfer to haul trucks.

•

Following removal of contamina:ted source areas under Alternative 7b, final grading of
the Weldon Spring site would incorporate broad, gently sloping drainage swales into the natural. •
drainage paths. A crown would be established along the natural .drainage divide, and all
impoundment structures and depressions coUld be removed to prOVide positive drainage'
throughout the site. The absence of an on-site disposal cell would be expected',to result. in the

. continuity of existing watershed areas, with rio appreciable change in area Of gradient. A total
of 409,000 m3' (535,000 yd3) of imported fill material would be required for this grading and
closure of the site under Alternative 7b.

5.4.2 Treatment

The treatment component of Alternative 7b would be similar to that described for
:c Alternative 7a. Following treatment, the vitrified material would be transported to the'

..~ Envirocare site near Clive, Utah. Therefore, both the vitrification facility and the volume
~ reduction facility would be equipped with car-loader systems for movement of containers during
. loading. The vitrification facility would also have a concrete slab for container storage and

loading. Some vitrified product might have to be stockpiled because the storage. hoppers could
accommodate only about 1 week of production.

The volume re'duction facility would be equipped with a modified railcar and car puller
, to receive the volume-reduced material after treatment. Off-site transport containers would be

mounted onthe modified railcar, and the car puller would move the railcar underthe feed point.
After the containers were filled to capacity, they would be covered, sealed, and the exterior •....
surfaces decontaminated. The volume reduction facility' would also have a concrete slab for
container storage and loading.
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On-site support facilities would be similar to those described for Alternative 7a, except
no staging facility would be required for stockpiling material for disposal cell construction.
Material in the mulch pile would be transferred to containers and transported to the main
staging and loading area for off-site transport. Additional on-site facilities would be needed for
loading containers and ·tranSferring the containers to haul trucks. Off-site support facilities
would include a rail siding and facilities for container storage and transfer at the siding. These
facilities are discussed in more detail in the description of the disposal component of this
alternative (Section 5.4.3).

5.4.3 Disposal

The 4-ha (lO-acre) rilain staging .and loading area on-site would contain translifts for
moving the filled containers~d placing them on low-bed trucks equipped with brackets to hold
the containers in place. Each truck would haul one container, and the weight of the container
contents would be limited.,to 25 t (28 tons) because highway load restrictions limit gross vehicle
weight to 36 t (40 tons). On the basis of a single shift, seven low-bed trucks making a maximum
of five trips per day. could transport 35 containers per day from the site to the rail siding in
Wentzville, Missouri (at peak production). A total of about 38,600 trips would be required, for'
a combined one-way haul distance of .932,000 truck-kIn (579,000 truck-mi) to the Wentzville
siding. The transport rou~e from the site to Wentzville is shown in 'Figure:5~12. This
transportation activity is expected to extend over 7 years. '

The newly constructed. rail siding would occupy about 4.5 ha ql acres), including a ,
concrete transfer and storage area with a gravel approach. The siding would have a translift for
transferring the containers from the low-bed trucks. to rail flatcars, that could "carrY intermodal'
containers. The containers would be either staged at the siding or transferred directly to the ..
flatcars. . .

A possible rail route for transport of the Weldon Spring waste to the Envirocare site is
shown in Figure 4.3. This route would use the Union Pacific Railroad and travel through
Jefferson City, Missouri; Kansas' City, Missouri; Topeka, Kansas; North Platte, Nebraska;
Cheyenne; Wyoming; Granger, Wyoming; Ogden, Utah; and Salt Lake City, Utah; to Clive, Utah.

. An existing rail spur would then be used to transport the waste from Clive, Utah, to the
Envirocare site. Other routes and rail carriers could be utilized. The one-way haul distance to
the Envirocare site from Wentzville, Missouri, by this route is about 2,400 rail-krn (1,500 rail-mi).
About 515 trips would be required, for a total one-way haul distance of 1,240,000 rail-km
(773,000 rail-mi) over an estimated 7-year period.

. Specific federal requirements for the off-site transport of chemically hazardous and
radioactive material have been identified to address factors such as packaging and labeling (see
Appendix G, Table G.3). Many states also have transportation requirements, including Missouri,
and many require advance notification of shipments for radioactive material. Applicable
requirements would be met for this activity.
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FIGURE 5.12 Haul Route from the Weldon Spring Site to the Wentzville Rail Siding
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The Envirocare site is currently accessible bya rail siding. A~ that siding, the containers
would be transferred to trucks with a translift and then transported to the disposal cell. At the
disposal cell, the waste would be removed from the containers and placed in the c~ll. The
containers would then be externally decontaminated,transferredto trucks for return to the rail
siding, placed on rail flatcars, and transported back to the Wentzville siding for reuse.

The owner of the Envirocare site has a radioactive material license from the Utah
Bureau of Radiation Control. Utah is an agreement state with the NRC for management of
certain types of radioactive material. The current license pennits .the Envirocare facility to accept
for disposal naturally occurring radioactive material (NORM) such as bulk waste contaminated

. ;~with uranium, thorium, and· radium. A pennit for mixed NORM and chemically hazardous
waste was granted in December 1990 by the Utah Bureau of Solid and Hazardous Waste and the
U.S. Environmental Protection Agency, Region VlII. Although the facility is not currently
licensed to receive material from the Weldon Spring site, Envirocare of Utah, Inc., has submitted
an application for disposal of 11 (e)2 by-product material to the NRC, and the NRC is currently
preparing an EIS to support the liCense application. This environmental review process is

'currently projected to be completed in July 1993. The 260-ha (640-acre) site at Clive was
:originally selected, licensed, and used by DOE as a pennanent disposal site for 2,100,000 m3

(2,800,000 yd3) of radioactive uranium mill tailings located in Salt Lake City, Utah, as part of the ,.'.
UMTRA Program; the UMTRA disposal cell occupies 40 ha (100 acres). Envirocare of Utah, Inc.,
purchased the remaining 220 ha (540 acres), and the Envirocare NORM waste disposal cell

J.
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currently has a capacity of about 2,300,000 m3 (3,000,000 yd3) and 'occupies approximately 40 ha
(100 acres). Support facilities occupy about 8 ha (20 acres), and the remaining 170 ha (420 acres) .
are identified for future disposal cell construction. The E~1Virocare facility has decontamination,
storage, and staging areas as well as analytical laboratories.

Waste from the Weldon Spring site would be disposed oiat the Envirocare site under
.Alternative 7b. The design of the specific disposal cell for this material would consider factors
described for Alternative 7a (especially the nature of the waste), so the disposal facility could be

. similar to that describe.d for on-site disposal. Any material that did not conform to the facility
specifications would require special handling. Also, waste could not be placed in the cell during
the winter months and woUld therefore require temporary storage either at the Envirocare site
or the Weldon Spring site. The Envirocare site currently stores material on a synthetic liner, with
a cover over the bulk waste. Wastes could be compacted within the disposal cell to a maximum
of 11 m (37 ft) above grade (Envirocare of Utah 1991).

5.S ALTERNATIVE 7c: REMOVAL, VITRIFICATION, AND DISPOSAL
AT THE HANFORD SITE

Alternative 7c involves the removal of contaminated material from each of the on-site
source areas, treatment by vitrification as appropriate, and disposal in an engineered cell at the

.,. Hanford site near Richland, Washington. The volumes of wastes to be removed, treated, and .'.
: disposed of are summarized in Table 5.8. Also summarized are the volUmes of borrow material ..

required, the total effort (in person-years) for implementation, and the potential land areas .
impacted (which would depend on the borrow area selected as part of detailed'design).

.5.5.1 Removal

The removal component of Alternative 7c would be the same as described for
Alternative 7b (Section 5.4.1).

5.5.2 Treatment

The treatment component of Alternative 7c would be the same as described for
Alternative 7b (Section 5.4.2).

5.5.3 Disposal

Under Alternative 7c, the Weldon Spring waste would be disposed of at the Hanford
site near Richland, Washfugton. Support activities at the Weldon Spring site would be the same
as described for Alternative 7b (Section 5.4.3). A possible rail route for transport of the waste
to the Hanford site is shown in. Figure 4.3. This route would use the Union Pacific Railroad and
travel through Jefferson City, Missouri; Kansas City, Missouri; Topeka, Kansas; North Platte,

. .
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TABLE S.8 Sununary of Waste Volumes, Borrow Material, Effort, and
Impacted Land Areas for Alternative 7c:Removal, Vitrification,
and Disposal at the Hanford, Site

.e

,
.~.

Parameter

Volume removed (yd3)

Raffinate pit sludge
Sediment/soil (includes roads and
embankments)
Quarry soil (stored in "!SA)
Structural material3

Water treatment plant residuals
Total

Volume treated (yd3)

Raffinate pit sludge
Sediment/soil (includes roads and
embankrrients)
Quarry soil (stored in "!SA)
Structural material

· Water treatment plant process waste
Total .

Volume after treatment (yd3) ..
Raffinate pit sludge
Sediment/soil (includes roads and

· embankments)
Quarry soil (stored in lSA)
Structural materialb

Water treatment plant process waste

Total disposal volumec (yd3)
· Raffinate pit sludge
Sediment/soil (includes roads and

embankments) .
Quarry soil (stored in lSA)
Structural material .
Water treatment plant process waste
Total

Volume of borrow materiald (yd3)
Waste removal and reclamation (on-site and

vicinity properties)
Disposal cell
Total

Value

220,000
425,400

,52,000
203,000

3,600
904,000

220,000
50,000

50,000
123,000

3,600
447,000

33,700
34,200

34,200
Variable

500

33,700
409,600

36,200
203,000

500 ..
683,000

535,000

794,000
1,330,000

•

•
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TABLE 5.8 (Co~L)

a The volume estimate for structural material includes the material contami
nated by site cleanup activities, such as piping and equipment from the
two water tr~atment plants.

,
b The volume reduction of structural material would be variable (see text)

and could be offset by volume increases from size reduction (e.g., of
concrete blocks).

C Does not include any contingency factors. Compaction within the
disposal cell could reduce the overall volume of structural material.

d For the representative analysis in this FS, off-site borrow of 376,000 m3

(492,000 yd3) of soil was assumed to be available from a 61-ha (ISO-acre)
parcel of nearby land owned by the Missouri Department of Conservation

.(Section 5.2.1.10). Additional borrow material for ~e Weldon Spring site
- such as gravel, sand, fill, and topsoil - would be supplied by local
vendors. Borrow material for constructing the disposal cell would be
obtained by the Hanford site operator. .

e Includes worker requirements associated with removing soil from vicinity
properties an9 sediment from the Busch Wildlife Area lakes, as well as
restoring all excavated areas. Also includes the requirements associated
with transporting chemicals off-site for incineration at a permitted facility.

Effort for the off-site disposal component ofAitemative 7b or 7c is
expected to be similar to that required for on-site disposal.

8 Does not include the area impacted to obtain borrow material for
construction of a disposal cell at the Hanford site.

••

•

Parameter

Effort (person-years)
Excavation and on-site handlinge·
Treatment
Disposal!
Transportation of supplies and fill .
Off-site transport of contaminated material.
Total

Total on-site area impacted (acres)

Total off-site area impacted (acres)

Value

210
297
210

27
320

1,100

105

138 (42 acres for disposal
facility at Hanford,
11 acres for rail siding at
Wentzville, and 85 acres
for borrow material)8
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Nebraska; Cheyenne, Wyoming; Granger, Wyoming; McCammon, Idaho; and Nampa, Idaho; to
Richland, Washington. Other routes and ran carriers could be utilized. At Richlaild, the railcars
would transfer to a d~dicated line operated by the Hanford site for the final 40 km (25 mi) to
the disposal area. The.one-way haul distance from Wentzville, Missouri, to theHanford site by
this route is about 3,400 rail-kIn (2,100 rail-mi). Approximately 515 trips would be required, for
a total one-way haul distance of 1,740,000 rail-kIn (1,080,000 rail-mi) over an estimated 7-year
period. Applicable requirements would be met for all transport activities. .

The Hanford site is currently accessible by a rail siding. At that siding, the containers·
~would be transferred to trucks with a translift and ~en transporte_4 to the disposal cell. At the
disposal cell, the waste would be removed from the containers an4 placed in the cell. The
containers would then be extemally decontaminated, transferred to ~cks for return to the rail
siding, placed on rai1 flatcars, and transported back to the Wentzville siding for reuse.

The acceptance criteria for waste at· the Hanford site prohibit several· materials 
including liquids, chemically incompatible materials in any waste container, explosives, and
uncharacterized or poorly characterized waste (Willis 1990). The Hanford site is not currently
prepared to receive the quantity and type of waste that would be generated by remedial action

. at the Weldon Spring site~ Specific administrative procedures would have to be developed
before the waste could be accepted.·

Separate construction plans and a cell design have not beenprepared for the Weldon
Spring waste at the Hanford site. A disposal cell that would contain all of the Weldon Spring
waste is estimated to require approximately 17 ha (42 acres), similar to theon-site disposal
facility under Alternative 7a. Cell design conSiderations and support facilities would probably
be similar to those identified for Alternative 7a. . .

•
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6 DETAILED EVALUATION OF ALTERNATIVES

The EPA has established a framework for evaluating final remedial actionalterna~ves
to support the national goal ;of selecting appropriate remedies for contaminated sites. This goal
focuses on protecting humari health and the environment, maintaining that protection over time,
and minimizing the amount of untreated waste associated with each site. Contaminated material .
that poses the principal threat at a site is prioritized (EPA 1990a).

. Nine criteria are u~d as the framework for evaluating the final cleanup alternatives..
The purpose of these criteria is to focus the evaluation on addressing statutory mandates
identified in Section 121 of CERCLA, as amended, in order to determine the most appropriate
solution for the specific problems at a contaminated site. These mandates include protection of
human health and the environment, compliance with ARARs, a preference for permanent
solutions with treatment as a principal element (to the maximum extent practicable), and cost
effectiveness. The evaluation criteria are used to determine the extent to which the national.
program goal is satisfied. and the' extent to which treatment' and permanent soluti~ns are
'practicablE! (EPA 1988a, 1990a)..

The detailed evaluation of final alternatives for a remedial action is a two-stage process.
" During the first stage of evaluation, each of the alternatives is assessed against the individual

criteria. This first-stage evaluation of the final remedial action alternatives for the Weldon Spring
. site is presented in this chapter; the evaluation is based on the conceptual descriptio~ of the

. , final alternatives provided in Chapter 5. For the second stage of the evallJation process, the .
criteria are grouped into a tiered system to reflect their interrelationships and different levels of
significance. During this second-stage evaluation, the alternatives are ,initially evaluated
according to the threshold criteria, which must be met, and then compared with each other to
identify relative advantages and disadvantages and trade-offs among the different balancing
criteria. The purpose of the comparative analysis is to prOVide information for a balanced
remedy selection. The second-stage evaluation of final remedial action alternatives for the
Weldon Spring site is presented in Chapter 7.

.The EPA has identified nine criteria in the NCP (EPA 1990b) that must be 'evaluated for
each alternative retained through the screening stage [Section 300.430(e)(9)(iii)J. The factors that
comprise each criteria and appropriate cross references to related discussions in this FS are listed

" as follows:

1. Overall protection ofhuman health and the environment - which addresses'
protection from unacceptable risks in both the short term and the long
term by, minimizing exposures, in accordance with the purpose and
objectives of this remedial action (Section 2.1). Due to its broad scope,
this criterion also reflects the focus of the four following criteria (2
through 5).

2. Compliance with ARARs - which addresses the attainment of federal
and state environmental requirements and state· facility siting
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requirements that are'determined to be either applicable or relevant
and appropriate to the alternative on the basis of site-specific con
siderations W1less a waiver condition is appropriate. Various ARARs
and the waiver conditions are identified in AppendiX G, and the key'
requirements are discussed for' each alternative in the, individual
subsections of thiS chapter.

3. Long-term effectiveness and permanence - which addresses residual risks
(i.e., those riskS remaining after coinpletion of the remedial action),
fprosing on the magnitUde and nature of those risks 'associated with
untreated waste and/or treatment residuals; .this criterion includes a

.consideration of the adequacy and. reliability ·of any associated
instihltional or. engineering contro~s, such as monitoring and main
tenance requirements. Also addressed as part ~f this evaluation are the
irreversible and irretrievable commitment of resources, impacts that
could result from the potential loss of institutional controls, and short
term uses and long-term productivity, as appropriate to the alternative.
A summary description of these three topics is provided in Sections 6.8
through 6.10. Potential risks associated with the no-action alternative
are discussed in detail in the BA (DOE 1992a) and Appendix E and are
summarized in Section 1.6. Soil cleanup criteria are developed for the
action alternatives in Qlapter 2, and summary information that will be
used to help define the final remedy is presented in Section 2.5..

'4. Reduction ofcontami7Ulnttoricity, mobility, or volume through treatment 
which addresses the degree to which treatment is used to address the
principal threat(s) at the site; the amount of material treated; the .
magnitude, significance, and irreversibility of the given reduction; and
the nature and quantity of treatment residuals.

5. Short-term effectiveness - which addresses the potential impacts of
implementing the alternative on workers, the general public, and the
environment during the action period; the effectiveness and reliability.
of mitigativemeasures; and the time required to achieve protectiveness.
Also addressed as part of this evaluation are Wlavoidable adverse
impacts and cumulative impacts associated with implementation, as
appropriate to the alternative. Potential health impacts during the
cleanup period are addressed in detail in Appendix F, applying
information for airborne releases developed in Appendix C; key
information is summarized in thi~ chap~er. A summary of mitigative
measures is presented in Section 6.6, and a summary of unavoidable
adverse impacts is presented in Section 6.7; cumulative impacts are
discussed in Section 6.11.

•
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6. Imp/ementabi/ity - which addresses technical feasibility, including the
availability and reliability of required resources (such as specific
technologies, materials and equipment, facility capacities, and skilled
workers), the ease of implementation, and the ability to monitor
effectiveness; this criterion also addresses administrative feasibility,
e.g., the need to coordinate with other agencies and the need for
approvals or permits for off-site actions, as appropriate to the
alternative.

7. Cost - which. addresses both capital costs and annual operation and
maintenance costs, as well as the combined net present worth. Costs
for the individual components of the alternatives (e.g., treatment) are .
also considered.

8. State acceptance - which addresses the comments made by the affected
state on the alternatives being considered for site remediation. Because
state comments will not be received until after the Rl/FS-EIS has been
issued for public review, .this criterion will be addressed in the
responsiveness summary and ROD that will be prepared following the
public comment period.

9. Community accqJtance - which addresses the comments made by the
community on the alternatives being considered. Because public
comments will not be received until after the Rl/F5-EIS has been issued
for review, this criterion will be addressed in the responsiveness
summary and ROD that will be prepared follOWing the public comment

. period.

. The five remedial action alternatives for the Weldon Spring site that have been retained
. through the screening process are evaluated in Sections 6.1 through 6.5 on the basis of criteria 1

through 7. In each section, the evaluation of the individllal alternative against these seven '
criteria is organized to 'follow the order in which the criteria are listed in the NCP (EPA 1990b).
For example, overall' protectiveness is discussed in the first subsection for each alternative,
possible long-term effects on human health and the environment are discussed in the third sub-

,section, and short-term ·effects are discussed in the fifth subsection. Together, these three
discussions present the c011~prehensive evaluation of each alternative relative to potential health
and environmental impacts.

6.1 ALTERNATIVE 1: NO AcrION

6.1.1 Overall Protection of Human Health and the Environment

The no-action alternative would not be adequately protective of human health and the
environment over the long term. Exposure of biota to. on-site and off-site contaminants would
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continue, as would the potential for exposure"ofworkers to on-site contaminants. Institutional
controls would be ~ed to minimize the potential for human exposure· to significant levels of .

'contamination. Under Alternative 1, sources of contamination would not be removed or treated; .
and, if institutional controls (including access .·restrictions and the environmental monitoring
program) Were not maintained, unrestricted access to contaminated material could result in risks
that exceed the target levels established by the EPA (Section 1.6). Exposures could increase in
the future if . the containment in storage areas or the raffinate pit dikes failed. .Adverse
environmental impacts miiht also result, e.g., nom biotic exposures, washout, or groundwater
contamination at the raffinate pits (see the BA [DOE 1992a], Appendix E, and Section 6.11).

6.1.2 Compliance with ARARs

Potential regulatory requirements that might be applicable Or relevant and appropriate
to the final remedial action alternatives are identified and evaluated.in Appendix G. With no
further action, certain ARARs, including time limits for the storage of some site waste, would.
not be met. For eXample, under TSCA, material contaminated with PCBs is to be stored for no

.longer than 1 year prior to disposal; PC~ontaminatedmaterial (which also contains radioactive
contaminants) is currently in storage on-site, so this requirement would apply. If no fur~er

action were taken, this requirement would not be met. Also,-certain water quality criteria for
the protection of aquatic life would be exceeded by contaminant concentrations in the raffinate
pits because the pits might refill and reestablish current conditions following the interim action
to remove and treat the water. In addition, if site access were unrestricted at some time in the
future (e.g., under the scenario of a hypothetical loss of institutional controls), standards -for
general radiation exposure and levels of radium and thorium in soil given in DOE Orders and .
in the Uranium Mill Tailings Radiation Control Act would not bernet (see AppendiX G,
Table G.2). Site conditions would be subject to review every 5 years, in accordance with federal

. reguirements, because waste would remain on-site (EPA 199Oa).

· 6.1.3 Long-Term Effectiveness and Permanenc·e

· In the case of no further action, monitoring and maintenance activities would be carried
.~ out at the site for an indefinite period. However, Alternative 1 would not be reliable in the longrtennbecause human contact with contaminated source areas might occur through unauthorized

entry. Risks to individuals who might access the site in the future are discussed in detail in the
· BA and in AppendixE and are summarized in Section 1.6. Ov~r time, contaminant leveLS in
.:. currently contaminated habitats could increase as a result of further transport and deposition of
. contaminated sediment and infiltration of contaminated water into soil. In addition, currently

uncontamlnated habitats could become contaminated, resulting in increased. exposure of local
biota. If institutional controls were lost (e.g., in the long-tenn future) such that monitoring and
maintenance ceased and access became unrestricted, and if the containment in storage areas or
the raffinate pit dikes failed, contaminants could migrate into nearby soil, surface water, or
groundwater, or be released to the atmosphere - which could cause additional contamination
of surrounding terrestrial and aquatic habitats,.particularly along the drainage channels leading
from the site to the Busch Wildlife Area and to the Missouri River.

•
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·6.1.3.1 Protection of Workers

Long-term monitoring and maintenance activities wouldbe carried out for an indefinite
. .

period in the case of no further action. Workers would be present on-site periodically to
maintain the fences and mow the grass, to patrol the site for security purposes, and to perfornl .
other monitoring and maintenance activities. The risk to a worker involved in these activities
would be about l·x 10-4 over a 10-year period. Over a 30-year period, these activities are
estimated to result in nine cases of occupational injury and no occupational fatalities. .

6.1.3.2 Protection of the Public
. .

Potential impacts to members of the general public that might occur in the long term
if no further cleanup action were taken at the' site are discussed in Appendix E of this FS.
Health effects from exposures under the transitional or interim site conditions that will result
from completion of the interim actions, which include the dismantlement of site structures and
the storage of quarry bulk waste at the TSA, are discussed in Appendix E'(Section E.3). The
incremental lifetime risk for a recreational visitor to the site would be similar to that estimated

.' for base~e conditions, i.e., prior to the implementation of interim actions, because although
, certain exposures w~uld nolonger occur as a result of those actions (such as exposures inside

the buildings), the related risk reductions would be offset by potential incr~ased risks from
exposures to new waste at the site (such as to the quarry bulk waste at the TSA)..

In addition.to estpnating health effects from exposures associated with the features of
the interim site conditioI}S, potential health effects. were estimated for several hypothetical ..
individuals who were assumed to occupy the areas 'of soil across the site in the extendedfuhire , •.
after institutional controls are assumed to have been lost. The on-site receptors evaluated for
this analysis, which is presented in Section E.4 of Appendix E, are a recreational visitor, a
wildlife area ranger in an on-site ranger station,a resident, and a resident farmer. The
incremental lifetime radiological risks estimated for a future recreational visitor and fanner from
exposures to soil and air are 6 x 10-5 and 1 x 10-2, respectively. Chemical carcinogenic ~ks are
2 x 10~ and 5 x 10-5, respectively, and noncarcinogenic effects are indicated for the farmer. The
radiological risks estimated for the ranger range ·from 6 x 10-4 to 1 x 10-2, and those for the
resident range from 1 x 10~ to 9 x 10.2• Chemical carcinogenic risks are 2 x 10.5 for the ranger
and range from 3 x 10~ to 6x 10-4 for the resident, with noncarcmogenic effects indicated for
several locations (Appendix E, Table E.21). These risks would be due primarily to external
gamma irradiati'on, ~tion of radon, and incidental ingestion of contaminated soil. Risks for
a future recreational visitor off-site would be represented by those estimated for a current
recreational visitor (Section 6;15).

6;1.3.3 Environmental Protection

Soil and .Geology. In the case of no further action, soil and geology at the Weldon
Spring site would remain essentially unchanged, and the concentrations of contaminants in the
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soil would remain at existing ·levels. However, natural processes such as tornadoes or
earthquakes could result in the loss of containment and the dispersal of contaminants from the·
,raffinate pits· and storage areas. The. likelihood of such extreme events at the site is discussed
· in Sections 1.3.2.2 and .1.3.2.5.

.Water Quality and Hydrology. No additional contamination would be removed from
·.source areas under this alternative. Surface water would be pumped from raffinate pits and
, other on-site impoundments and treated under an interim action, but, if it were'asSumed that
~titutionalcontrols were lost in the extended future, they could refill with water over time and
existing conditions could reestablish. The cont;entrations of contaminants in groundwater would
probably increase over time because migration from source areas such as the raffinate pits would
continue. In general, off-site surface. water near the Weldon Spring site is influenced by .
groundwater, so potential long-term impacts to surface water quality cannot be effectively
'assessed independently ofgroWldwater. Potential long-term effects of the'site on local water

· quality Will be evaluated as partoE the analyses for the groundwater operable unit.

Air Quality. Under the n~action alternative, an- quality would be essentially the same
as under current conditions. The site does not impact ambient air quality (Secti0!13.2.2.1 of the
BA [DOE 19913)), and the air pathway does not contribute to off-site health:, impacts.

Biotic Resources. Currently contarriinated terrestrial habitats 'at the chemical plant area
total about 72 ha (179 acres) and include about 22 ha (55 acres) of relatively undisturbed
grassland/shrub and secondary growth upland forest habitat in the northerIl portion of the site
(see Figure 7.2 in the BA [DOE 19913)). Off-site terrestrial habitats that have been identified as
radioactively contaminated include the riparian corridor of Burgenneister Spring and some of
the drainage channels that receive. runoff from the site; forest areas along some shoreline areas
of Lakes 34, 35, and 36; and forest and grassland/shrub habitats associated with the vicinity
properties (DOE 19913). Contaminated aquatic and wetland habitats at the site include the
raffinate pits, Ash Pond, and Frog Pond (Figure 1.3) and total approximately lSha (38 acres)

.' (DOE 19913). Off-site aquatic tUtbitats that currently have contaminated sediment or surface
. ( water are Burgermeister Spring and Lakes 34, 35, and 36. Under Alternative 1, the level of

~, contamination·in these terrestrial and aquatic habitats. in the future would be similar to current
:::•. levels and might increase as a result of additional contaminant migration, e.g., if the t:affinate

pit dikes failed.. '

Nearly 380 species .of terrestrial wildlife, 105 species of fish, and an unknown number
of plant and invertebrate species occur in the Weldon Spring area, some of which use currently
contaminated habitats at ,the site and vicinity properties (DOE 19913, Appendix C). The use of
the habitats by area biota and exposure of some species to contaminated media would continue
under Alternative 1. No adverse ecological iffipacts are anticipated to biota from exposure to .
contaminants in site soil, but some adverse impacts are indicated for the raffinate pits (DOE
1992a).

•
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No federal or state listed species are known to be currently exposed to or threatened
by site contammation (DOE 1992a); However, some of the listed species might use some of the
contaminated habitats over time and thus be exposed to contaminated media. Under the
no-action alternative, the potential eXists for transport of contaminated sediment and surface
water from the Southeast Drainage to the Missouri River. If such transport ocCurred, the
sicklefin chub, Milcrohybopsis meeki(federal Category 2\ the sturgeon chub, Milerohybopsis gelida .
(federal Category 2); and the pallid 'sturgeon, Scaphirhynchus albus (federal endangered) could be
exposed to site contaminants.

Several endangered avian species have been reported from the Weldon Spring area and
could be exposed to radioactive and chemical contaminants through food chain transfer or direct
contact with contaminated media; these species are the federal endangered bald eagle, Haliaeetus
leucocephalus; least tern, StentJl antillarum; and peregrine falcon, Falco peregrinus; and the state
endangered Cooper's hawk, Accipiter cooperii (DOE 1992a). If biouptake and/or bioaccumulation
of site contaminants were tp occur in local biota using contaminated habitats (e.g., waterfowl
using the partially dewatere.d raffinate pits), these species could be exposed to site contaminants
by preying on the contaminated biota or foraging on contaminated carrion or hunter-killed game.

The state endanger~dBlanding's turtle, Emydoidea blandingii, has recently been collected
,. from the Busch Wildlife Area. Frog Pond and Ash Pond represent potential habitats for this'
': species, although iUs not known whether the Blanding's turtle occurs in these ponds. Under
· Alternative 1, Frog Pond and Ash Pond would continue to represent potentially suitable but
.~ contaminated habitats for this species. The state rare pied-billed grebe has been observed at the
· raffinate pits (MK-Ferguson Company and Jacobs Engineering Group 1992d), and exposures to .
· pit contaminants could continue in the future if no further action were taken ~t the site.

Socioeconomics and Land Use. The absence of any further. action at the' site could
potentially have long-term effects on population, economy, and land-use patterns in proximity
to the site, depending on general growth in the area. Failure to stabilize or remove contaminated
waste might inhibit future growth of the local population, as well as the value of land and
housing. Nearby land use would likely remain the same for the reasonably foreseeable future
(i.e., recreational use); however, land-use conditions that might exist in the long term cannot be
projected with certainty at this time. The absence of any further cleanup on-site might
negatively impact the establishment of industrial and commercial operations closer to the site.

Cultural Resources. No adverse effects to significant archaeological sites or cultural
resources would occur under Alternative 1.

'Category 2 (C2) species are f~eral candidates for listing as threatened or endangered.
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6.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Reduction ot toxicity, mobility, or volume through treatment is not applicable to
Alternative 1 because this alternative does not involve treatment.

6~1.S Short-Term Effectiveness

Institutional controls would be maintained at the site to limit human exposures under
Alternative 1, but biota would continue to be exposed. Assumiitgno further cleanup occurs after
the interim actions have been implemented, potential health effects were',estimated for workers
and for a trespasser from exposures that might occur over the next 10 years. Risks were also
estimated for a recreational visitor who was assumed to visit individual contaminated locations
off-site ove~ the next 30 years. This evaluation is presented in Section E~2 of Appendix' E.

Under Alternative 1, ,on-site worke,rs responsible for monitoring and maintenance
activities would be responsible for both routine sitewide maintenance (such as mowing the grass
and repairing fences) and additional monitoring associated with the new storage facilities.
Exposures associated with these activities are estimated to result in an aI\l'!-ual,incremental
lifetime risk to a routine maintenance worker from external gamma irradiation of approximately
3 x 10-6; the annual incremental risk from these exposures to a worker monitoring storage areas,

.i.e., the TSA, is estimated to be 8 x 10-6. Combined with the risks from :eXposures to sitewide
soil and air, the risk for the worker involved in activities at the new storage areas (for a shorter
tUne) would be about 20% of the risk estimated for the routine maintenance worker over a
10-year period (1 x 10-4). For a trespasser, risks would be at the low end of 'Of below EPA's
target range, and no noncarcinogenic effects would be indicated. For an off~ite recreational
visitor, estimated radiological risks would be within or below the target range at all but one
vicinity property being addressed by this remedial action. The risk estimated for that property
fr.om repeated exposures (600 four-hour.visits) over the 3D-year period is 3 x 10-4 (Section 5.3.5.1
of the BA [DOE 19913]).

: 6.1.6 Implementability
p,

:" . Minimum site operations would continue using readily available resources for monitor-
':' ing and maintaining institutional controls.

6.1.7 Cost

I'
1
!
J

Costs for the no-action alternative are associated with operating existing facilities,
continuing,the 'environmental monitoring program, and maintaining instltUtionalcot:\trols at the
site.· Estimated total and present-worth costs for Alternative 1 are given in Table .6.1; annual
costs are estimated to be about $1.2 million. Long-term maintenance costs are based on a 3D-year •
period and include site monitoring costs (MK-Ferguson Company and Jacobs Engineering Group
1992b).· ,
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TABLE 6.1 Cost Estimate for Alternative 1

Activity

TSA operationsa

MSA ()perationsa

Water treabnent plant operationsa

Decontamination activitiesb

Long-term maintenanceb,c

Totalb'

Present worthb

Estimated Cost
(million $)

2.0
5.2
2.0
0.65

16.9-
26.8

11

•
f·

a Estimated costs are based on a lO-year design life for
theTSA, MSA, and water treatment plant Following
this lo-year period. maintenance and monitoring would
continue. These costs are included under long-term
maintenance.

b Estimated cost for a 3O-year period.

C Includes monitoring costs.

Source: MK-Ferguson Company and Jacobs Engineering
. Group (l992b).

6.2 ALTERNATIVE 6a: REMOVAL, CHEMICAL STABILIZATION!
SOLIDIFICATION, AND DISPOSAL ON-SITE

6.2.1 Overall Protection of Human Health and the Environment

Alternative 6a would prOVide for protection of human health and the environment at
the Weldon Spring site by (1) removing the sources of contamination. (2) treating the materials
that pose the principal threats at the site (e.g., the raffinate pit sludge and the more highly
contaminated soil) by stabilization/solidification in a cement and fly ash-based matrix, and
(3) placing treated and untreated materials in an on-site engineered disposal cell designed to
prevent migration of contaminants from the cell to the environment. Potential on-site exposures
and risks would be reduced toward background levels (Section 6.2.3). Institutional controls
would be maintained at the disposal facility to provide continued protection against potential
future exposures. Alternative 6a is not expected to result in any unacceptable impacts to human
health or the environment during implementation; potential impacts are discussed in
Section 6.2.5.
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6.2.2 Complian'c:e with ARARS

Alternative 6a would comply with pertinent ARARs and TBCs (including DOE Orders),
with waivers as appropriate. A comprehensive listing of potential ARARs. is. presented in
Appendix G. Although worker protection laws are not 'subject to the fonnal ARAR evaluation
process because they constitute requirements with which the remedial action at the site would'

·comply, they are also included in Appendix G to indicate additional standards that would be
met.

•
" Location-specific ARARs .address the protection of historic sites, archaeological and

cultural resources, endangered Species and habitats, floodplains, wetlands, and prime farmlands.
No impacts to archaeological and cultural resources are expected at the site because of past
disturbances, but, depending on the borrow area selected during the. detailed design stage as Ule
~ource of fill material for this action, such resources could potentially be impacted off-site.. No
critical habitats have been identified as being impacted by activities at the site, but final site
surveys to identify the presence of threatened and endangered species and habitats have not yet
been completed. If occurrences were' indicated, proper procedures would be undertaken to
mitigate potential impacts prior to disturbing any affected areas.

No adverse long-term impacts to floodpIams are anticipated (see Appendix H). A very
small portion (about 0.5 ha [1.3 acres]) of the site at its northern boundary and vicinity

·property A6 are within the 100-year floodplain of the Schote Creek-Dardenne Creek draiIiage
basin within the headwaters ofSchote Creek. Following any required excavation or grading, this
area" would be restored to original conditions. The raffinate pits, Ash Pond, and Frog Pond have
been designated as wetlands by the National Wetlands Inventory (U.S. Fish and Wildlife SerVice
1989). No practicable alternative exists for these areas but to remove and treat the contaminated
sludge and sediment. The ,ODE has consulted with the U.S. Fish and Wildlife Ser\rice and the
U.S. Army Corps of Engineers relative to these wetlands (Section 6.2.3.3), and mitigative
measures such as wetland replacement are being coordinated with the state of Missouri. No
wetlands are present at the designated vicinity properties (see Appendix H), but; depending on
the borrow area selected for this action, off-site wetlands in uncontaminated areas might be
impacted. .In this case/ mitigative. actions would also be developed for that area.

, Prime fannland is located op-site and also at the potential borrow area off-site (U.S. Soil
;".Conservation Service 1982). On-site farmland has bE!en disturbed and contaminated by past
··:activities. Nevertheless, mitigative measures would be taken to minimize any adverse impacts
· to the extent possible within the constraints of cleanup requirements; similar measures would
"be taken, as appropriate, at thelocaJ borrow area. Additional location-specific requirements are
· facility siting criteria for treatment, storage, and disposal facilities for hazardous waste. Certain'
waste at the site meets the regulatory definition of characteristic hazardous waste under RCRA

.'. because leachate concentrations deten,nmed by the TCLP test exceed the given limits. Therefore,
RCRA siting requirements for new hazardous waste facilities would apply for certain facilities
that would be constructed to treat and store that waste under Alternative 6a. Many of these
requirements are incorporated by reference in the Missouri Hazardous Waste Management Law .
and Regulations. .

•

.'
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Containinant-specific ARARs depend on both the contaminant and the affected medium.
The standards for annualdoses to workers from radiation exposures are expected to be met both

, during and following completion of remedial action at the site. Requirements that may apply
to airborne emissions include limits given in the National Emissions Standards for Hazardous
Air Pollutants (NESHAPs). These standards provide limits on the emission of contaminants such

,as radionuclides to the atmosphere from DOE facilities, including the Weldon Spring site,. For
example, the limit for radon-222 (given as a flux) is 20 pCi/m2-s, as an average for the entire
site. These requirements would be met during and following implementation. Additional
stan$rds that may be applicable include maximum permissible exposure liinits for radionudides
given in the Missouri Radiation Regulations and requirements for control of particulate matter
e~sions given in the MisSouri Air Pollution Control Regulations. '

, Requirements in the Missouri Radiation Regulations include a radon-222 limit of',
1 pCi/L above background'in uncontrolled areas. Although the other limits are expected to be
met during and after site cleanup under Alternative 6a, it is possible that activities at the TSA
might result in temporary exceedances of the radon-222 standard, e.g., during periods whent:l1e ,
radium-eontamiriated quarry'bulk waste was being uncovered and loaded for treatment. These
exceedances could occur at the fence line that separates the site from t:l;\e Army property"

, depending on meteorological conditions (prevailing winds would tend' to disperse, the radon "
within the site boundary in most cases). Access to that property is controlled by the Arlnyand '

. the levels would decrease considerably with distance because of dispersion and transpC)I:t, so no '
. measurable impacts are expected. In addition, this standard would, apply to, the final

remediation levels at the site, and it would be met at that time. If need.ec!, the waiver condition
that addresses intermediateactions for cases where the total remedied action will attain the given
standard would be appropriate (EPA 1990a). " ',.

National limitations on ambient air concentrations, such as the' National Ambient Air
Quality Standards, and state ambient air quality requirements are not specifically applicable
because they do not directly apply to source-specific emissions. However, they would be

. addressed in controlling ,emissions that could result from implementing Alternative 6a.
Contaminant-specific requirements and guidelines for soil that were evaluated to, develop
cleanup levels for site soil are identified in Section 2.2; these include standards for radium,
thorium, PCBs, and lead. Contaminant-specific requirements for other m~dia are not developed
as part of this remedial action (Table 2.2). The Clean Water Act requirements are considered

. potentially applicable to surface releases from the site, e.g., from construction activities during
the cleanup period, and a National Pollutant Discharge Elimination System (NPDES) permit is
in place with the state of Missouri under previous actions (Sections 1.5.1.2 and 1.5.1.4). (The
discharge limits for the water treatIrient actions established in the permit are near drinking water
quality.)

Action-specific requirements focus on waste treatment, storage, and disposal. Several
requirements that apply to Alternative 6a are included in various provisions of RCRA and are
incorporated by reference in the state regulations for solid and hazardous waste. For the storage,
component of this alternative, the I-year time limit specified,in the TScA for PCB-contaminated
material would apply. However, a waiver from this limit would be pertinent for the cleanup
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period on the basis of technical impractica_gility. that is, the PCB-contaminated waste in .storage
at the site is also radioactively contaminated, and a disposal facility is not currently available for
this type of waste. In addition, the storage of this material constitutes an intermediate measure
in the context of the- overall remedialactiori. The requjrement would be attained upon
'completion of this action under Alternative 6a..

•
'. J

I
. I

!

For the treatment c9mponent of Alternative 6a, the facility for treating the highly
contaminated sludge from the raffinate pits and certain other site waste would be constructed

.. and operated in accordance with several requirements in RCRA and the parallel state law~ as
,desCribed below. The characteristic hazardous waste would be chemically stabilized/solidified
to meet the RCRA treatment standards (i.e., to pass the leachate test). Thus, following treatment,

, the waste would no longer meet the definition for hazardous waste so related requirements
would not apply to the subsequent,disposal action. However, certain of these requirements
would be considered relevant and appropriate to the disposal of.this waste.

,For the disposal comportent of Alternative 6a, no enviro~enta1lawsare available that
.specifically apply to the combined waste that would be placed in the disposal cell. Howeyer,
,a number of laws contain requiremertts that apply separately to hazardous waste, uranium and
thorium mill tailings, and demolition waste. Certain requirements would be considered relevant
and appropriate to specif:ic design components of the disposal cell on the basis of .sufficient
'similarity of the different waste types and. the appropriateness of the purpose of the require- , , ., •
ments to the overall purpose of this action, i.e., to dispose of site waste in a manner that, will
protect human health and the eiwironinent in both the short term and the long term. Therefore,
the cell design woU;1d incorporate. the protective components from each, of the pertinent
regulations, including requirements given in RCRA, TSCA, ,the Missouri ,HazardouS Waste,

, Management Law and Regulations, and the Uranium Mill Tailings Radiation Control Act. These
.requirements. include designing for an effective life of at least 200 to 1,000 years, incorporating
a radon barrier cover to limit radon releases to 0.5 pCi/L above background at the facility
boundary, and incorporating a double liner and leachate collection system to contain the waste
and monitor cell performance. A 5-year review of the effectiveness of the remedy would be
conducted at the Weldon Spring site in accordance with CERCLA, as amended, because waste
would remain on-site under this alternative.

Additional requirements address the siting of a new hazardous waste facility. The
:or RCRArequirements and similar requirements in the state law specify that a treatment, storage,
: or disposal facility should not be consmicted within 61 m (200 ft) of a fault in which
, displacement has occurred in Holocene time and that any facility located in a 100-year floodplain

I should be constructed, operated, and maintained to prevent washout of any wast.e by a 10o-year
flood. These requirements apply to locating the chemical stabilization/solidification facility .
on-site under this alternative because the unit is expected to treat some characteristic hazardous

.' waste. However, they would not apply to the disposal facility because the waste would have
been rendered nonhazardous by the treatment process so the regulatory prerequisite (i.e., the
waste definition) would no longer be met. Nevertheless, the requirements are considered
relevant and app.ropriate to the construction of that facility on the basis of sufficient similarity
of the waste type and the appropriateness of the purpose of the requirement for this action, i.e.,
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to limit the potential for facility displacement by a nearby earthquake. lnactuality, aU facilities
that would be constructed at the Weldon Spring site under Alternative 6a would meet these
siting criteria.

More stringent ~iting requirements for hazardous waste landfills identified in the
Missouri Hazardous Was,te Management Law and Regulations also specify that a disposal
Iarldfill should not be located in an area of WlStable soil deposits subject to landslides or
catastrophic collapse. This requirement does not apply to the disposal action under Alterna
tive 6a because the waste would have been treated such that it no longer met the regulatory ,
definition for hazardous waste. However, the requirement is considered relevant and appro
priate to the action on the basis of sufficient similarity of the waste type and the appropriateness
of the purpose of the requirement for this action, i.e., to limit the potential for facility
displacement from subsidence.

Additional state siting requirements specify that 9.1.~ (30 ft) of soil or other material
with a permeability of less than 1 x 10.7 cm/s should be present between the bottom of the cell.
and the uppermost regional aquifer, or an equivalent protection may be based onat leilSt 6.1 m
(20 ft) of naturally occurring material. Again, these requirements do not apply to the disposal

. action because the waste would have been treated such that it no longer met the regulatory
, definition for hazardous waste. These criteria are considered relevant on the pasis of sufficien~y
'i similar waste type, but the specific circumstances at the site were reviewed to determine wh~ther' .
',they were well suited and therefore appropriate for the action. From this review, the
, requirements for the thickness and permeability of paturally occurring material are not
. considered appropriate in the context of in-place material because of the circumstances at the.

chemical plant facility - i..e., much of the site overburden was Significantly altered during the.
extensive exca~ation, backfilling, and regrading that occurred as part of plant construction more
than 20 years ago, and a number of subsurface features such as building foundations and pipes
are present. However, cifter those features are removed, naturally occurring material would be
used in combination with compacted fill to engineer to an equivalent level of protection to
achieve the purpose of these requirements, i.e., to limit the potential for contaminant leaching,
to groundwater. Thus, the,se specific requirements would be adopted as design criteria to ensure
that the properties of the disposal cell foundation (a combination of in-place materials and
engineered fill) would attain the indicated performance measures.

Similarly, the restriction on the placement of waste containing free liquids in alandfill
that is specified in both ReRA and the similar state law does not apply to Alternative 6a.
Although the requirement is considered relevant to disposal of the chemically stabilized/
solidified waste on the basis of sufficient similarity of the waste type, it is not appropriate
because of the specific nature of the waste relative to its radionuclide content and the potential
for emissions under the required method of waste placement. That is, the chemically treated
waste should be maintained at an adequate moisture content during waste placement to control
radon and particulate releases. Airborne contaminants that could be released if the waste were
placed in the cell in accordance with this requirement, instead of in a wet fonn, cotildexceed
DOE standards for occupational exposures (especially for thorium), thereby posing a health
threat to workers nearby. Disposing of the cement-like material in a somewhat wet condition
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and allowing it to harden in the cell would also provide other benefits. For example, the' overall
, density of the final waste fOlm would increase because the material could move into small open

spaces in the surrounding vvaste; this wouldiinprove the overall structural integrity of the cell
"for the long tezm and would result in a smaller toW waste volume compared with the method
identified in this requirement. Therdore, the restriction on placement of waste contairUng free

,liquids is not well suited to the' specific circumStances of the remedial action under
Alternative 6a. Its purpose of providing overall protection for human health and the environ

..:ment would be better achieved by the 'wet placement method described fprthis alternative.

The RCRA land disposal restrictions' would not apply to disposal under Alternative 6a
,because no listed waste would be disposed of, on-site and any characteristic waste would be
treated so that it no longer met the definition for hazardous waste. If any listed waste were
identified as ,the remedial action progressed, these requirements would apply and the waste
would be disposed of at an appropriate RCRA facility (e.g., off-site).

The off-site transport of the process chemicals to a permitted incinerator would be
conducted in accordance with pertinent requirements. The application of specific environmental
regulations to the treatment of liquid waste at the off-site incinerator would be addressed in the
environmental compliance documents and activities for that facility.

. , 6.2.3 Long-Term Effectiveness and Permanence

Monitoring and maintenance actiVities for Alternative 6a would be carried out ,at the
site for an indefinite period,. These activities would be conducted to ensure ,the effectiveness of

" waste isolation and would allow for an assessment of potential impacts ~d the need for
"responses to prevent exposures in the event of disposal cell failure. Chemical stabiliza

tion/solidification of the most highly contaminated material would greatly reduce the mobility
of contaminants in that waste. Therefore, for the hypothetiCal sceruirio under which it is
assumed that insti~tional controls are lost at the site in the long-tezm' future and the cell
subsequently fails, contaminant releases to the environment from that portion of the waste
would be slow (e.g., hundreds to thousands orrears) (Section 6.2.4).

•

•':

I
I
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II

.~•. 6.2.3.1 Protection of Workers

Long-term monitoring andmaintenance activities would be carried out for an indefinite
period following implementation of Alternative 6a. Workers would be present on.,.site
periodically to collect air and water samples, to inspect and maintain the contaiIunent system,
to maintain the fences and mow the grass, to patrol the site for security purposes, and to
perfozm other routine monitoring and' maintenance activities. Exposures of workers to
radiological and chemical contaminants would be negligible because the disposal cell would be
designed to prevent releases of particulates and radon gas. In the 30 years immediately
follOWing implementation'of Alternative 6a, it is estimated that about nine cases of occupational .'~
injury and no occupational fatalities would occur during site maintenance activities.
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. 6.2.3.1 Protection of the Public

Following implementation of Alternative 6a, routine monitoring and maintenance
activities would ensure the integrity of the containment system, and corrective actions would be
performed as necessary. Therefore, releases of site contaminants and exposures of members of
the public over the long term are expected to be negligible. The presence of fences would

_minimize the potential for intrusion into the disposal cell by. members of the public m the
· foreseeable future. If it wer~ hypothetically assumed that institutional controls were lost at the

site in the long-term future and the cell subsequently failed, the greatly reduced mobility of
contaminants from the chemically stabilized/solidified waste would reduce related impacts, e.g.,
to groundwater. The magnitude of funire impacts would depend on the size of the release and
the local land-use conditions at the time it occurred.

.." -"

Residual risks would be reduced toward background levels by applying the' ranges
developed for soil cleanup cJiteria (Section 2.5) as appropriate to the long-term use of the land
outside the disposal area, in accordance with DOE's ALARA process.' By this process,
,contaminant concentrations would be reduced to the most protective levels practicable,' so
· residual Jevels for each alternative could be similar. (The soil within the entire cell area would

· be effectively remediated because it would be removed prior to cell construction.)

On the basis of the. expected levels .of residual contaminants. in site soil following
.-: cleanup, the estimated incremental lifetime risks of cancer induction from exposures to residual

radioactive contaminants could be 7 x 10~ for a recreational visitor; for a resident, the risks·
.,could range' from 0 (i.e., background) to 6 x 10.3• The elevated risk estimates result almost
· entirely from exposures to the estimated levels of indoor radon, which would be generated by .
the residual radium in soil (entermg through the basement or foundation slab). 'However, the

· EPA has separately identified an acceptable level for indoor radon of 4 pOll (EPA 1992), and
· the indoor radon concentrations associated with the cleanup target and goal for radium are

expected to be at or below this level at all site locations. The incremental lifetime risks from
.exposures to chemical contaminants would be. below EPA's target range of 1 x 10~ to 1 x 10"',
and no noncarcinogenic effects would be indicated for either receptor at any location (For
comparison, the representative background radiological and chemical risks for a recreational
visitor off-site would be 6 x 10-5 and 1 x 10~, and those for a resident would be 3 x 10.3 and
5 x 10-5.) Results for other hypothetical receptors are presented in Appe~dix E (Section E.4) and
summarized in Section 1.6. Additional information on residual risks is presented in Chapter 2.

6.2.3.3 Environmental Protection

Alternative 6a would result in a substantial reduction in levels of contamination and
biotic exposures. If it were hypothetically assumed that institutional controls were lost in the
extended long term and the disposal cell cover or liner failed, contaminants could be dispersed
by wind or water. The most highly contaminated material would have been treated by chemical
stabilization/solidification, so this materi.il would resist degradation which would reduce related
impacts, e.g., to local water quality. .
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. .

The b~rrow material requIrements of Alternative 6a, which total about 1,160,000 m3

.(1,520,000 yrJ), might result in adverse effects to the environment in both the short term and the
long term. On the basis of cUrrent conceptual engineering information, most of this material

.. (approximately 895,OOOm3 [1,171,000 yd3» could be obtained from a nearby source, potentially
a 61-ha (ISO-acre) site along State Route 94, across from Francis Howell High School
(Section 5.2.1.10). The borrow material could be removed to an average depth of up to 5.5 m
'(18 £1) from an area of approximately 21 ha (52 acres) within the larger site. Excavation of this
soil could affect wetlands, prime farmland soils, and archaeological sites. The DOE would
prepare separate documentation to 'assess effectS for these resources cliter the specific borrow area
was identified; impacts cannot be assessed at present because a detailed excavation plan has not
been developed. Generic mitigation strategies for impacts. are described in the following
discussions for different resources, as applicable.

S9il and Geology. Construction of an on-site disposal cell for Alternative 6a would
result in the permanent disruption of land' at the site and the removal of soil currently in the
area of the disposal cell. Contaminated soil would be placed in the MSA soil staging area until
it could be placed in the disposal cell; uncontaIniIUlted soil would be used as fill on~ite, ~s

needed. .Borrow material needed for on-site construction would be obtained ,from off-site
sources. The excavation of soil Jrom the potential 61"7ha (ISO-acre) borrow site nearby would
pe~ently disrupt portions of that area. Removal of borrow material fr,om this area could

. have a long-term impact on prim~ faimland. Approximately 30% of the topsoil is mapped as
Mexico fine loam, which is classified as a prime farmland soil (U.S. Soil Conservation Service
1982; Phillips 1992). Impacts to this soil would be mitigated by avoidance and, where necessary,
by stockpiling topsoil (uppermost 0.6 m [2 ft» during excavation and replacing it after removal
of the Underlying borrow material.

The regional geology of the Weldon Spring site and surrounding area would not be
affected by inlplementation of Alternative 6a.. Geological conditions are important mainly in
terms of site suitability for construction of an on-:site disposal cell; issues related to potential
seismic events would be considered during detailed cell deSign. The PC?tential impacts of an
earthquake on a disposal cell could include' landslides, liquefaction, and seismically' induced
settling of foundation soil and ~poundedwaste, with subsequent failure of the disposal cell

~. side slopes. The disposal cell design would incorporate appropriate protection against seismic
t damage to the integrity of the cell. A review of local conditions suggests that soil beneath the

location of the proposed disposal cell is not susceptible to liquefaction or earthquake-induced
:. settling (MK-Environmental Services Group 1991); this consideration would be further reviewed

during final design if Alternative 6a were selected. .

•

Water Quality and Hydrology. A system to monitor water quality over the long term:
would be implemented by incorporating design features' into the disposal cell, installing

. monitoring wells around the perimeter of the cell, and regrading and revegetatirig the site .•
following remedial activities. Under Alterative 6a, th~ Original sources of surface water and
groundwater contamination (e.g., the raffinate pits, soil in dump areas, and underground pipes)
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would be removed and placed in an engineered disposal cell on-site, thus eliminating the
potential for additional impacts to those waters. The existing contamination in groundwater
would remain arid could :migrate beyond the vicinity of the site.. Over the long term, however,
groundwater contamination resulting from past releases would be expected to gradually .
decrease, and any impact to hydrologically connected surface waters would also decrease.
Current trends in water quality will be quantified as part of the analyses for the groundwater
operable unit, for which separate environmental documentation will be prepared within the next
several years.

No significant long-term hydrological impacts to the surrounding area would result
from changes at the site. RWlon and rWloff controls would be used at the disposal cell, and the
remaining areas of the sit¢ would be regraded to approximately Original contours and would
discharge surface nmoff to existing off-site drainageways. Inc~eases in surface rWloff that might
otherwise result from regrading would be minimized by revegetating the regrad~d areas to
reduce runoff velocities.

Removal of borrow material from the .potential site across from Francis Howell High
._School could have significant effects on the local hydrology at that area. However, no long-term
:,effects on-the quality of existingsurface waters are expected. Construction of the borrowpit(s)
·would reduce surface water runoff from the affected area and could potentially result in the
formation of up to about 21 ha (52 acres) of ponded water. However, the drainage to any pit
would be limited because the potential borrow area is located on a plateau. Recharge to

. groundwater would be increased in the area of the borrow pit(s). Four wetlands are present in
·the potential borrow area '.(U.5. Fish and Wildlife Service 1989), and these could be· eliminated

.... as a result of the borrow activities, on the basis of current conceptual information. In addition,
. borrow activities could affect fWloff to Prairie Lake, which receives drainage from the borro~

area. Although the potential borrow area also drains to the Missouri River, construction of the
borrow. pit(s) would have, no significant effect on the river. After removal of the borrow
material, the borrow area could be contoured to control rWloff and prevent ponding, the topsoil
replaced, and the area revegetated.· All activities associated with use of material from this
borrow area and subsequent restoration activities would be coordinated with the state of
Missouri. .

At the completion of remedial action activities, the Weldon Spring site would be
regraded and revegetated to prevent erosion. Final gradil)g would ensure that the site would

· b!,! well drained· (Le., no ponded water would be present on-site) to prevent any potential
impacts to the disposal cell, and that current volwnes.of surface runoff to off-site streams would
not be significantly altered. The drainages from Frog Pond, Ash Pond, and the raffinate pits .
would be returned to original conditions, and the only berms remaining would be those required
to control fWlon and runoff at the disposal cell. Surface drainage at the disposal cell would be
through sheet flow directed by embankment slopes and aprons onto the adjacent, gently sloping
terrain. No concentrated flows would occur, and no directional structural elements for

- redirecting the flow would be required;"' The disposal cell would be actively monitored and
maintained to prevent erosion; Periodic monitoring of nearby surface water and groundwater
would continue, and periodic site inspections would be carried out to identify any damage to
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the disposal cell or other areas of the site from the erosive forces of heavy rains and wind,
settling withiri the disposal cell, biointrusion, or severe natural phenomena such as an
earthquake or a tornado. Maintenance activities w,?uld'be performed as' necessary.

, ,

A monitoring well system would be installed to enable the prompt detection of any
'localized releases from the disposal cell and the subsequent implementation of appropriate
contingency plans. , Monitoring: wells would be placed around the disposal cell~ dose to the
.perimeter, to detect groundwater contamination that could result if liners failed. The leachate
'''collection and removal system of the disposal cell would provide for additional monitoring of
., the containment system and early deteCtion of potential leachate migration. Actual monitoring
well locations would depend on the final facility location and design. The wells would be
installed primarily in the uppermost weathered Burlington-Keokuk Limestone because this zone
would likely exhibit the first effects ,of any cell release and is also the zone most likely to
transport contaminants. The wells completed in the upper zone of the aquifer would serve as
an early warning system' to determine if any leachate generated from the disposal cell had
percolated to the groundwater. Additional wells might be required to trace the extent of
'contamination, if detected, and its movement in the aquifer. Existing wells located in the general

"'vicinity of the'conceptual cell perimeter could be included in the disposal cell monitoring well
-'network to either' minimize the number of new wells constructed or provide additional
monitoring capability. Angled monitoring wells might also be considered in the final system
design. Unlike vertical monitoring wells, angle holes could provide direct monitoring beneath
the disposal cell.

,The selection of monitoring parameters would be based on the nature and placement
of the waste in the cell (determined as part of final design), the ability to detect a particular
parameter, the variability ofthe proposed parameter in background groundwater quality, and
the effects of the unsaturated zone beneath the disposal cell on the mobility, stability, and ,
persistence of the waste constituents. ' The parameters that are expected' to be monitored in

, groundwater include uranium, major anions, and nitroaromatic compounds; these parameters
are currently being'monitored sitewide and in the surrounding area. Baseline conditions would
be established by monitoring groundwater quality prior to and during cell construction. The
final monitoring plan has not been developed but would probably include quarterly sampling

. at a number of locations. for at least several years.' (Additional discussion of groundwater
"'monitoring is prOVided in Section 6.2.5.4.) The groundwater monitoring program would be

developed in consultation with the state of Missouri and EPA Region Vll.

Major springs in the area, such as Burgermeister Spring, would also be monitored for
any indication of disposal cell failure. Because there is currently some contamination of springs

'. from on-site sources, new baseline conditions would be established after the primary
contaminant sources at the site were removed (including the raffinatepits and contaminat~dsoil
areas).

•

•

Potential effects on groundwater that might occur if the cell were to fail in the long term .•' ,
and no corrective measures were taken, e;g., under a hypothetical loss of institutional controls,
were evaluated with a conservative analytical model. Details of the analysis are presented in
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Appendix o and Tomasko (1992). The approach considers vertical transport of contaminants
through the vadose (unsaturated) zone,· mixing with groundwater in the saturated zone, and
horizontal transport in the saturated zope to hypothetical receptor locations. The approach
conservatively underestimates the time required for contaminants to reach a maximum con
centration at the locationof the receptor on the basis of the nature of gro1.U\dwater flow in the
site area.

Because the nature of the leachate expected from a disposal cell c~ot be well defined
until various treatability and design tests have been completed, the analysis considered a range
of retardation values from highly mobile to relatively immobile. (Retardation values provide a
measure of the relative movement of a contaminant through a porous medium compared with
the ambient water; the higher the value, the more slowly the contaminant moves.) A retardation'
value of 1 was selected to represent a conservative solute (i.e., no retardation), such as nitrate;
a value of 5 was chosen to represent contaminants that are relatively mobile in porous media,
such as arsenic; and aval'ue of 100 was selected to represent relatively immobile species, such
as radium and thorium., The travel times estimated by this conservative me,thod for dissolved
contaminants to move from the bottom of a disposal cell at the Weldon Spring site through the

" vadose zone to the top of the water table and achieve a maximum concentration are summarized
;:, in Table 6.2.

'Transport through the composite overburden material beneatha cell is assumed to occur
1.U\der saturated conditionS, with an average lineargro1.U\dwater velocity equal to the harmonic

TABLE 6.2 Summary of Disposal Cell Failure Calculations for
the Weldon Spring Site: One-Dimensional Vadose Zonea

.Maximum Concentration Time of Maximum
at Bottom of Concentration

Unsaturated Zone at Bottom of
(percent of initial Unsaturated Zone

Retardation concentration) (years)

1 52 300

5 12 1,160

100 0.6 22,000

a These calculations include only the vertical flow component
through the vadose (unsaturated) zone. The overburden is
assumed to be 9.1 m (30 ft) thick and have a maximum hydraulic
conductivity of 1.0 x Hr7, cm/s (3 x 10-4 ft/d) (see text).
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mean hydraulic conductivity (Appendix, D). For this evaluation, the thickness of the overburden
was assumed to be 9.1 m (30ft), and the saturated hydraulic conductivity was assumed to be
1 x 10-7 cm/s (3 x 10~ ft/d). TI)ese values were chosen to be consistent with requirements of
the state of Missouri for siting hazardous waste disposal facilities because they would be met
(possibly by engineering to equivalen~, e.g., by compaction) at the cell location.. Although 'the

,Missouri siting criteria are not specifically applicable because characteristic waste would be
-treated so it no longer exhibited the hazardous characteristic, these criteria identify performance
measures that would be addressed as part of cell design.

An analytical model was aho used to calculate potenti~ contaminant concentrations at
hypothetical receptor locations. This model assumed a square-wave shape for the source at the
water table below the location of the disposal ce~. Because site-specific hydrological parameters

, pennit a 100% con~t breakthrough concentration at the receptor, peak breakthrough
concentrations at the ,receptor could conServatively occur prior to the peak concentration at the
vadose/phreatic zone interface (fomasko 1992). The maximum solute concentration for a con
servative solute (retardation value of 1) is estimated to be 0.14% of the initial' concentration in
leachate at all receptor locations considered in this calculation (fable 6.3)., For moderately
,retarded solutes (retardation value of 5) and relatively immobile solutes (retardation value of
100), the maximum concentrations are estimated to be 0.032% and 0.0016%, :r.espectively, a~ the
hypothetical receptor locations. " ,

, ,

- '. .

The concentrations presented in Tables 6.2 and 6.3 are dimensionless (unitless) and are
based on conservative assumptionS. More representative concentrations can be obtained by
multiplying the dimensionless concentrations by their corresponding sOl,lCce values in the'
leachate of the -disposal cell. The estimated decrease in the maximum concentration between a
release from the cell and arrival at the site boundary indicates that cell failure would have no

, significant effect on off-site groundwater quality (fomasko 1992).

•
If groundwater monitoring indicated cell failure, resulting in conditions that were n~t

protective of human health and the environment, a groundwater contingency plan would, be
, implemented. The type of contingency response selected would depend on several factors, such
, as the lateral and vertical extent of contamination and the geochemical and ,physical properties
':, of the contaminants. To ad~ss the potential for cell failure, various technologies that could be
,,~used as a contingency response'- such as pump-and-treat systems, interceptor trenches, cutoff
:. walls, in-situ cheriucal tr~atment, and in-situ biological treatment - will be reviewed and
:' evaluated as part of the planning activities for detailed design and implementation.

The site is located on a shallow.groundwater divide that trends east-northeastedy. The
.' divide is located in the southern porti.on of the site (DOE 1992a). Groundwater north of the
. divide flows north toward Dardenne Creek, which is a tributary of the Mississippi River,
whereas groundwater south of the divide flows south toward the Missouri River. On the basis
of preliminary planning, the southern boundary of the conceptual disposal cell could coincide
with this divide. Based on the water~table surface, groundwater would continue to flow beneath •
the disposal cell along these natural gradients; the presence Of the disposal cell would not
significantly disrupt the natural flow system.
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'TABLE 6.JSummary of Disposal Cell Failure CalculationS
'fo,r the Weldon Spring Sit,e: Entire Flow Systema

Maximum Concentration at
Location of Receptorsb

(percent of initial
Retardation' concentration)

1 0.14

5, 0.032

100 0.0016

Time of Maximum
Concentration at

Location of Receptorsc

(years)

>300

>1,160

>22,000

.'

•

a These calculations are the combined results of three separate
calculations: vertical flow through the vadose (unsaturated) zone,
mixing, and lateral flow through the phreatic (saturated) zone.

b Hypothetical receptor locations are (1) the site boundary, (2) the
closest downgradient well used for drinking water, and (3) the
next closest downgradient well used for drinking water. These
locations Correspond to downgradient distances of 300 m
(1,000 ft), 2.4 kIn (1.5 mil, and 4.0 km (2.5 mil, respectively.
Results are the same for all locations. Groundwater flow is
predominantly horizontal and to the ,north (DOE 1992a).

C Because of the conservative approach used, the times of maxi·
mum concentration are quantified here only as greater than
corresponding times at the bottom of the vadose zone (see
Table 6.2).

Two different groundwater flow models Were developed for the Weldon Spring site to
further evaluatethe potential impact of the disposal cell on the ability to remediate contaminated
groundwater. In the initial modeung effort, an analytical model was used to evaluate the
feasibility of removing nonattenuated soluble contaminants from beneath the disposal cell. The
results suggested that sufficient drawdown could be achieved so that the remediation capability
would not be significantly affected by the presence of a disposal cell (MK-Environmental Services

. 1990). Subsequently, a mo're detailed, three-dimensional finite-element model was designed to
better incorporate the conceptual characterization of the site hydrogeology. This numerical

, model included heterogeneity, anisotropy, and the varying thicknesses of the weathered and
competent zones of the Burlington-Keokuk Limestone. The simulations were perfonned with
the Coupled Fluid, Energy; and Solute Transport (CFEST) model developed by Gupta et al.
(1986). This model was developed to help verify the current hydrogeologic conceptualization

, of the Weldon Spring site and to address whether the presence of a disposal cell would impact
the ability to remediate groundwater beneath the cell. The results of the numerical modeling,

.. Which were based on an evaluation of stepdy-state groundwater flow velocity plots, indicate that '
groundwater would flow beneath the disposal cell along natural gradients (Durham 1992).
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Therefore, the presence ofadisposal cell atthe Weldon Springsite would not significantly affect
·remediation capability for groundwater contamination. .

Air Quality.· Following waste removal and placement in a disposal cell, air quality at
.the Weldon Spring site over the long term would be similar to background conditions for the
area. The cell cover would be designed and constructed to minimize the likelihood of any
.releases to the atmosphere. (potential impacts that might occur if the cover were to fail are
;,discussed in Section 6.2.4.) No long-term impactS on air quality are expected from use of the
·off-site borrow area because the disturbed site would be restored (e.g., regraded and revegetated)
following its use, minimizing the potential for release of fugitive dust. .

Biotic Resources. Following completion of all construction and excavation activities,
disturbed areas on-site.would be backfilled and revegetated. Fill material would consist of clean

. backfill and topsoil, and no long,,:term impacts to terrestrialbiota are .expected to result from the
use of this material. Newly filled areas would be revegetated with native grclss species, and
some areas would be maintained (I.e.; mowed), as required, for consistency with future uses of
the site. A vegetation management piograIll wo~d be developed for the disposal cell area to
prevent the establishment of large- and deep-rooted vegetation that could impact the integrity
'of the disposal cell. .

The removal of contaminated soil, surface water, sediment, and vegetation at the site
would prevent further exposure of terrestrial, aquatic, and semiaquatic vegetation and wildlife
to contaminated media. Depending on the specific vegetation management plans developed for

· the site, some permanent loss of suitable habitat and vegetation could resUlt from the
· implementation of Alternative 6a.· However, no unique biota or critical habitats are known or .
.expected to occur at the site,. and the biota and habitats' that are present occur elsewhere
throughout the surrounding wildlife areas (DOE 1992a). The entire 88-ha (217-acre) site,
including developed areas, represents less than 1.3% of the total habitat available in the

.surrounding Busch Wildlife Complex (684 ha [16,890 acres]), and the actual amount ofrelatively
good quality habitat that would be temporarily lost (approximately 22 ha [55 acres] in the

,.~ northern portion of the site) represents only about 0.3% of the available wildlife habitat in the
,~, Busch complex. Permanent loss of habitat would be limited to the area containing the disposal

.'.to; cell. The remaining regraded areas would be allowed to return to their natural state. Thus, the

.~ long-term loss' of vegetation and wildlife habitat under Alternative 6a is not expected to'
significantly affect the terrestrial biotic reso~rces of the area. .

Under Alternative 6a, the removal of contaminated surface water and sediment would .
._'. permanently eliminate all, on-site surface water impoundments; including the raffinate pits, Ash

.Pond, and Frog Pond. The raffinate pits and the ponds are man-made, contaminated, and .
support very few fish (Frog' Pond); however, they have been designated as wetlands by the
National Wetlands Inventory (U.S. Fish and Wildlife Service 1989). The loss of these wetlands
is not expected to significantly affect the wetland resources of the area.' The on-site wetlands
comprise approximately 15 ha(38 acres), which is about 6% of the total lacustrine and palustrine
wetlands present in the surrounding Busch Wildlife Complex. .

•

•
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Compliance with Executive Order 11990, Protection· of Wetlands, requires federal
agencies to evaluate potential impacts on wetlands and to consider protection of wetlands to the
extent possible in the decision-making process for all proposed actions; DOE has also established
its own regulations (10 CFR 1022) for compliance with this order. As part of the compliance
process, a floodplain/wetland assessment has been prepared (see Appendix H), and DOE has
initiated wetlands consultations with the U.s. Army Corps of Engineers to determine the status
of the on-site wetlands and the need for any wetland permits that could be reqUired under.
Section 404 of the Clean Water Act (Hlohowskyj 1990). The Corps of Engineers determined that
no permits for wetland filling or draining activities would be needed for the on-site wetiands

. because they occur within the boundary of an NPL site and are thus exempt from the
requirements of Section 404·of the Clean Water Act Gewett 1990). .

The DOE also mitiated consultations with the U.s~ Fish and Wildlife Service regarding
the need for mitigating the on-site wetlands that would be permanently lost as a result of
remedial action (McCracken 1991a). The Fish and_Wildlife Service suggested that DOE consider
wetlands creation as a means of mitigating the loss of the on-site wetlands (Brabander 1991a),
which is consistent with the DOE policy of no net loss of wetlands. The DOE has begun surveys
of the ot;\-site wetlands to ,document their size, typei and biotic composition. Upon completion .

., of these surveys and additional consultations with the Fish and Wildlife Service and the Missouri,
Department of Conservation, DOE will develop a wetlands mitigation planas part of the

; remedial action (McCracken 1991b; Nelson 1991). This plan will be incorporated into the
comprehensive mitigation action pIan: that DOE will prepare to track mitigation commitments

. made in the forthcoming ROD, in accordance with DOE's procedures for implementing NEPA
(10 CPR 1021). ..

The potential occurrence of several federal threatened, endangered, and candidate
species - including the bald eagle, peregrine falcon, and pallid stUrgeon - has been indicated
fOT the ge~eral area of the Weldon Spring site (rieger 1988; Brabander 1990, 1992). A biological
assessment has been .prepared to evaluate the potential for Alternative 6a to adversely affect
these species (see Appendix I). This assessment has been submitted to the U.S. Fish and Wildlife
Service for concurrence and is currently under review. No critical habitat occurs at the site for
the bald eagle, and this species is not expected to frequent the site. The peregrine falcon is a
transitory m~grant through the area that could occasionally forage at the site for brief periods.
Because of the absence of suitable habitat or their infrequent and transitory occurrence in the site .

, vicinity, few or no impacts are anticipated to the bald eagle or peregrine falcon. Several state
listed species also occur in the area. No surveys for these species have been initiated at on-site
or off-site locations. The pied-billed grebe, a state rare species, has been observed at raffinate
pits 2 and 4. Because Frog Pond and Ash Pond might represent suitable habitats for Blanding's
turtle (state endangered), the ponds would be surveyed for the presence of this species before
remedial activities were initiated. This species has historically been restricted to the extreme
northeastern and northwestern comers of the state of Missouri Gohnsori 1987) and has only

. recently been found i.ri the Weldon Spring area (DOE 1992a). If found on-site, the turtles would
be collected live and transferred to Busch Wildlife Complex personnel for release elsewhere in
the complex. Loss of the Frog Pond and Ash Pond habitats would not be expected to adversely
affect this turtle because suitable habitat occurs elsewhere in the Busch Wildlife Complex, the
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contaminated 'surface water and s~cfunent of these on-site ponds. might adversely affect
individuals utilizing them, and the carrying capacity of the wildlife complex is not likely to be

"exceeded.' , ." ..

Following removal of contaminated sediment from Lakes 34, 35, and 36 in the Busch '
"Wildlife Area, these' habitats and their biota would be restored by the Missouri Department of
Conservation under its lake drainage and sedirI)ent removal program. Thus, no permanent loss

. of aquatic habitats or biota is expected at these lakes following completion of Alternative 6a.
'Revegetation activities would be conducted at the vicinity properties, arid' no adverse affects to'
;;vegetation, wildlife, or habitats in the area are expected..

, ,

If institutional controls were lost at the site at some time in the future such that no
corrective measUres were taken if the cell failed, some contaminants would be released and

,would result in subsequent exposure of vegetation and wildlife, including federal and state listed
species. The extent of potential habitat contamination and exposure ofbiota would depend on
the extent and magnitude of contaminant migration following cell failure.' However, these
impacts are expected to be minor because the highly contaminated material would have been
"treated to resist leaching and the disposal cell would be designed and constructed in a manner
to be effective for at least 200 years and up to 1,POO years.

Borrow (fill) material would be obtained from an off-site source; the representative
source evaluated for this analysis is a 61-ha (ISO-acre) tract of land located opposite Francis
Howell High School (Section 5.2.1.10). This area supports a variety of vegetation; types,
including (1) early successional old fields dominated by herbaceous plants (e.g., goldenrod,aster,
and grasses), (2) agricultural fields Of milo (a sorghum), and (3) narrow strips, of trees (e.g.,
cottonwood, willow, and elm) along shallow ravines. Reci cedar trees are scattered across the
area. Up to 21 ha (52 acres) of that site would be disturbed to provide borrow material, either
as a single borrow area or as several smaller ones. The loggerhead shrike (lAnius ludovicianus),
,a federal Category 2 (C2) species, has been reported from' this potential borrow area. TIlis
.species is considered a probable nesting species in the area (Missouri Department of
Conservation 1991), and may be nesting in that location. Additionally, the potential borrow area
may provide suitable habitat for Bachman's sparrow (Aimophila aestivalis), also a. C2 species.
Thus, rem~valof borrow material could result in the loss of potential nesting habitat for one or

'~both of these species (see Appendix I). Except for potential impacts to prime farmland
';:(Section 6.2.3.3), removal of borrow material would not be expected to impact any other unique
, or sensitive biotic resources because the site is largely old fields or agricultural fields.

Socioeconomics and Land Use. The area of the disposal cell is estimated to be about,
17 ha (42 acres), which represents about 19% of the site; this land would be permanently
dedicated to waste disposal. The cell would have a maximum height of about 23 m (74 tt) when

'completed. On the basis of this height and overall size, the visual impact on the surrounding
area could be considerable; however, the adjacent terrain is hilly and removal of existing
structures would create a net improvement in the aesthetic character of the site. In addition; the
land area 'that would be dedicated to waste disposal is a very small fraction of the total amount
of available land in the site area, which includes thousands of acres of surrounding wildlife

•

.:

•
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areas. No change would be expected in local population growth, nearby industrial and
commercial operations, or land-use patterns. The net long-tenn impact of Alternative 6a on
these factors is expected to be positive because the site waste would be isolated and controlled.
The removal of soil from a nearby representative borrow area might impact prime farmland at
that location, but mitigative measures would be taken to minimize impacts, and most of that
area supports recreational use so no significant changes in land use are expected.

Cultural Resources. Alternative 6a would not adversely affect archaeological sites or
cultural resources. In 1986, the Missouri State Historic Preservation Officer (SHPO) determined
that an archaeological' survey of the chemical plant area was not required because of prior
disturbance to the area, a low potential for archaeological remains, and possible health risks
(Weichman 1986).

Excavation at the representative 61-ha (ISO-acre) borrow area could impact archaeo-
logical sites, but adverse effects to sites that meet eligibiI,ity criteria for the National Register of

· Historic Places would be xn,itigated through avoidance or data recovery. The area south of State
· Route 94 that has been identified as apossible general location for the nearby borrow source was

~. subject to file data review. and an archaeological field survey. The field survey consisted.of a
~ walkover at 15- to 23-m (50- to 75-ft) transect intervals and shovel testing at 23-m (75-ft) intervals
.- along the sametranseets (Walters 1992). Sixteen archaeological sites (1 historic and
. 15 prehiStoric) were recorded in or adjacent to the potential borrow site area, and three sites (all
" prehistoric) were recorded. along a corridor identified as a potential haul road for excavated
:.borrow material. Eleven prehistoric sites located within the borrow area apparently contain

undisturbed buried remains (i.e., artifacts deposited below the plow zone). Any of these sites
that would be subject to unavoidable adverse effects (i.e., disturbance or destruction) would
require testing to determine Natw1Ul1 Register eligibility. Sites determined eligible by the Missouri

· SHPO would be subject to mitigative data recovery (i.e., excavation) (Hansman 1992).

6.2.4 Reduction of Toxicity, Mobility, o~ Volume through Treatment

.Several treatment technologies would be implemented for different media under Alter
native 6a, as identified in Section 5.2.2. Several of these technologies are common to all of the
final action alternatives, such as volume reduction of structural material, composting of wooden
debris, and incineration of liquid process chemicals. Evaluation of the reduction of toxicity, .
mobility, and volume thro:Ugh treatment .for these technologies is discussed in Chapters 3, 4,
and 5. The treatment method that is unique to Alternative 6a is chemical stabilization/
solidification. TIlls method would be used to treat the sludge and soil from the raffinate pits,
soil from the quarry (in storage at the TSA), and process waste from the water treatment plants.
The chemical treatment of these materials would address the principal threats associated with
contaminati~nat the Weldon Spring site by significantly reducing contaminant mobility.

The entire volume. of raffinate pit sludge (168,000 m3 [220,000 yd3J) and about 30% of
the contaminated soil (76,500 m3 [100,000 yd3}) would be treated by chemical stabilization/
solidification.. The chemically stabilized/solidified material would increase 32% in volume and
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64% in weight'as a result of the addition of cement and fly ash. This' corresponds to a total
treated volume of 327,000 m3 (428,000 yd3) and a total weight of 557,700 t (614,700 t9ns) for that
material. The overall waste volume would increase by 12% for this alternative. The inherent
toxicity of the waste would not be reduced. '

, The mobility of contan'tiIulnts ifl the chemically stabilized/solidified material would be
,reduced as a result of adsorption onto ferric hydroxide precipitates, precipitation as rela'tively
iItsolublehydroxide compounds, and/or encapsulation into the cement-like mineral structure
(MK-FergusonCompany and Jacobs Engineering Group 1992a).The cement-like reactions that
occur during chemical stabilization/solidification cause a significant decrease in permeability and
loss of free water. Upon cessation of free water drainage, soluble contaminants can only be
mobilized through leaching. '

The degree of mobility of contaminants in a treated waste fonn is indicated by leach,
resistance. Recent testing of chemically stabilized/solidified waste from the Weldon Spring site
indicated that the stabilizedwaste'would pass the TCLP teSt (see Table 4.2) (Waste Technologies
Group 1992). Previous Oak Ridge National Laboratory studies have also demonstrated the
,ability of cement-stabilized waste to'lmmobilize metals (Gilliam and Loflen 1986; Gilliam et al.
1985). The chemical stabilization/solidification, process has been used for wastes containing

,various' contaminant tYPes. For example, 'the immobiliZation of PCBs' in Soil has been
demonstrated~singa cement-like proprietary additive; and soil contaIninated with PCBs, volatile '.,'
organics, and metals has' passed the TCLP test after chemical stabilization using proprietary
additives and pozzolanic materials (MK-Ferguson Company and Jacobs Engineering Group
1992b).

Contaminant release from chemically stabilized/solidified 'material is a diffusion
controlled process. Contaminant flux is regulated by the initial contaminantconcentration in the
waste, the contaminant-specific diffusion coefficients in the tre~ted waste, and the surface-to
volume ratio of the leaching solid. Leachability indexes (defined as the negative logarithm of
the diffusion coefficient) indicate relative degrees of leach resistance, ranging ,from 7 to 15
(readily leachable to immobile). leaChability indexes for chemically stabilized wa'ste range from
more than 10 for me~ to about 8 for organic compounds and nitrates (Gilliam 1990). Bishop
(1988) developed a formula based OIl,Fick's first law of diffusion to estimate diffusion,ontrolled
contaminant release from a chemically stabilized/solidified waste. The calculated time to leach

tA: 100% of a contaminant for given leachability indexes and waste particle surface-to-volume ratios
; (as' indicated by the diameter of a particle of chemically stabilized/solidified material) is,given

, ';: in Table 6.4. Highly immobile contaminants have relatively high leachability indexes and are
~,contained in large fragments or monolithic forms'- Und~r Alternative 6a, the chemically

"... stabilized/solidified waste would be placed in the cell as a grout and would set up as a
'. monolithic solid. Potential fracturing, of the stabilized waste would increase the surface-to-

volume ratio, thus increasing leach rates; however, the expected fracturing of the waste material ,
in an intact disposal cell is not expected to increase the sw-face-to:-volume ~ti.o'significantly.

,Different chemically stabilized/solidified waste products have shown a,wide range of •
contaminant leach rates. The mechaIusms of contaminantattenuation within the treated product
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TABLE 6.4 Estimated Time to Leach 100% of Contaminantsa

Leaching Tame Relative to Particle' .
Diameter

Leachability
Index

.7
8
9

10
11
12
13
14
15

I-inch Diameter

61 hours
25 days
253 days
7 years
69 years
692 years.

6,920 years
>6,920 years
>6,920 years

. 10-inch Diameter

253 days
7 years .
69 years

692 years
6,920 years
6,920 years
>6,920 years
>6,920 years, ,
>6,920 years

•

•

a Based on solving for ~ in the equation

p = 1.l28(l(r)·5Lx)(~O.5)(s/v)

. where:·P = percent leached, set equal to 100%; Lx = leacha
. bility index; ~ = time, in seconds; and s/v = surface-to-

volwneratio, in em-l (Bishop 1988). .

Source: MK-Ferguson Company and Jacobs Engineering Group
(1992b). . .'

are not sufficiently understood to allow quantitative predictions oithe degree of contaminant
isolation. One factor that could impact the leachability of the chemically stabilized waste is the
'presence of set-inhibiting compounds in the waste. Leachability is a function of exposed surface
area, so a treated waste containing set-inhibiting compounds could degrade more rapidly than

.a treated waste containing :no set inhibitors because the waste containing set inhibitors would
fracture more easily, thereby increasing the exposed surface area and making it more susceptible
to leaching.

Contaminants that can impact the setting characteristics of chemically stabilized/
solidified waste include halides, sulfates, arsenates, phosphates, and various orgaxiic compounds
such as nitroaromatics (MK-Ferguson Company and Jacobs Engineering Group 1992a). Halides
and arsenates are present in the raffinate pit sludge and site soil, but at concentrations below set
inhibiting levels. Setting interferences caused by sulfates would be prevented by selecting
specific reagent types, i.e., Type II Portland cement and Class F fly ash (MK-Ferguson Company
and Jacobs Engineering Group 1992b). Sludge containing phosphates at much higher levels than·
is present in the Weldon Spring sludge and soil has been successfully stabilized at other sites

. (MK-Ferguson Company and Jacobs Engineering Group 1992b). Localized zones of soil from the
quarry contain about 2% total nitroaromatics (DOE 1990b). Tests have shown that similar low
levels of phenolic compounds (2%) decrease the final set strength· of chemically stabilized/
solidified waste (MK-Ferguson Company and Jacobs Engineering Group 1992b). Even if the
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nitroaromatic compounds behaved s~ly to phenolic compounds, these localized z~>nes of
. ·nitroaromatics would be distributed during excavation and treatment and the resulting concen-

trations would not be expected to decrease the final set strength significantly. Bench-scale
·testing of chemical stabilization/solidification of the quarry soil is currently under way. If
"nitroaromatic compounds prove to interfere with stabilization, the soil could be pretreated by
tomposting to reduce the concentration of' nitroaromatics prior to chemical stabilization/

· ·solidification.

Another important parameter mdetermining the strength and porosity of chemically
~stabilized/solidified waste is the water-to-eement ratio. Further bench-scale and pilot-scale
studies would be conducted to define the leachability of contaminants· from chemically
stabilized/solidified Weldon Spring waste and to optimize the treatment process to address these
considerations.

Very wiuted information on the expected longevity of chemically stabilized/solidified
\\Taste is reported in the literature (MK-Ferguson Company and Jacobs Engineering Group
.1992b). The long-term stability would also depend on the integrity of the engineered disposal

'. cell. The disposal cell would be designed to protect the treated waste from infilt:rating watet and
:freeze/thaw temperature variations,' and the waste would not deteriorate as long as this
protection was maintained. If it were. hypothetically assumed that the disposal c;ell cover failed
and no corrective measures were taken so that water could infiltrate into the cell, this water
could react with the cement-like material binding the contaminated media (e.g., by hydration), . '

· such that the treated prod~ctcould begin to dissolve and weaken over time. During dissolution
and weakening, contaminant leaching would increase because of increased contaminant diffusion
through the solidified waste as a result of differential solutioning in fractures, degradation of the

,cement .matrix, and' an increased surface~to-volume ratio from fracturing. and crushing
· (MK-Ferguson Company ~d Jacobs Engineering Group 1992b). . .

The mobility of metals is generally increased in acidic solutions. Cement-stabilized
products typically have a high capacity to ·buffer acidic solutions because of their alkaline
constituents, e.g., calcium hydroxide [Ca(OHhl. The pH buffering capacity of the chemically
stabilized/solidified waste can act to neutralize infiltrating solutions and thus maintain an

.:alkaline, less corrosive leaChate (MK-Ferguson Company and Jacobs Engineering Group 1992b).
~~_Chemically stabilized/solidified material produced at another site was reported to have a
~il~: bUffering capaCity of 3.89 x 1O-3 meq/ g at a pH equal to orgreatet than 7 (MK-Ferguson

'. Company and Jacobs Engineering Group 1992a). The same buffering capacity for the chemically
· stabilized/solidified waste at the Weldon Spring site would maintain any generated leachate at
;' or. above a pfi of 7 (neutral pH) for a period of about 100 years, even under continued exposure

to acid rain conditions. Therefore, rapid dissolution of the stabilized mass by acidic conditions
is unlikely.

. Limited data are available to quantify the durability of chemically stabilized/solidified
waste upon exposure to the environment, Le., if the disposal cell failed and no corrective actions •.
were taken. The durability of the product after failure would depend upon the degree of failure
and the quantity and quality of infiltrating water. Contaminants would leach from the cement
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matrix slowiy over time, and the leach rate would increase with an increase in dissolution or
fracturing of the treated waste. Because it is possible that the chemically treated product could
eventually be leached and degraded if it were assumed that the waste was continuously exposed
,to the envirorunent over a long period of time, the chemical stabilization/solidification process
could be considered not entirely irreversible. However, because the disposal cell ~O\ild be
designed to last fotat least 200 to 1,000 years and monitoring and maintenance activities would
be conducted for the long term, the ~lihpod of this waste exposure scenario\is very low.

Treatment residuals from the chemical stabilization/solidification process would include·
ventilation filters from the fly ash and cement storage silos and ventilation filters from the·
building housing the mixing equipment. Washdown water and sediment would be returned to
the treatment system, and equipment would be sealed to minimize generation of dust. Filters
contaminated during the treatment process would be placed in the disposal cell.

6.2.5 Short-Term Effectiveness

6.2.5.1 Duration of Remedial Activities

Remedial action activities under Alternative 6a are expected to be completed in about
. . 10 years, excluding long-term maintenance. The waste removal component" of Alternative 6a
" would be completed in about 7 years and would be performed in parallel with treatment and

disposal activities. Approximately 9 years would be required to complete all activities associated
P ,"

with chemically stabilizing/solidifying the raffinate pit sludge and more highly contaminated
soil. Testing, design, construction, and start-up would require approximately 4 to 5 yeats; and
the treatment plant would operate for 4.5 years - assuming 20 work days per month, 9 months
per year, and allowing for a 3-month winter shutdown. Construction and operation of all three

. phases of the disposal cell would require about 8 years.

. 6.2.5.2 Protection of Workers

On-site workers during the remedial action period would include both remedial action
workers and on-site office :workers. The remedial action worker requirements for implementirig

'" Alternative 6a are estimated to be about 560 person-years. In addition, about 200 individuals
, would be working on-site in the project office building during this period. To minimize

potential occupational exposures to contaminants, remedial action activities would be conducted
. in accordance with applicable regulatory limits and health and safety plans developed for the
Weldon Spring site. . "

The potential occupational impacts associated with the specific handling and treatment"
processes were estimated on the basis of the assumptions presented in detail" in Appendix F

c' The health risks (measured in terms of the incremental lifetime risk of cancer induction)to the
maximally exposed remedial action worker are estimated to be approximately 1 x 10.3 and
8 x 10-5 for exposure to radioactive and chemical contaminants, respectively. The collective risk
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to the entire remedial action work force from radiation exposure is estimated to be 9 x lO-2. •
Although some potential exists for noncarcirlogenic effects (i.e., the hazard index to the

"maximally exposed remedial action worker was estimated to be greater than 1), use of protective
clothing and respiratory protective equipment would iitiItimize the likelihood' of such effects.
Thus, actual exposures to contaminants would be well below applicable regulatory limits. On
the basis of statistics for construction activities of comparable size arid scope, no occupational'
fatalities are expected to occur during implementation of Alternative 6a; approximately 82 cases

, of occupational injury are estimated to occur, with about 790 lost workdays. Alternative 6a '
'could be implemented in a manner that would not jeopardize the safety of workers (Appendix F,
:Section F.6).

6.2.5.3 Protection of the Public

During implementation of Alternative 6a, the general public could be exposed to
radioactive and chemical contaminants released from the site via airborne dust and gaseous
emissions. The principal activities resulting in the generation of fugitive dust and gases would
be waste excavation, treatment, loading/unloading, and grading. Estimates of related emissions
are presented in detail in Appendix C. Airborne releases resulting from accidents occurring

, ,on-site would be small compared with releases from routine remedial action activities. Potential
,exposures to members of the general public duririg the remedial action period were estimated
,on the basis o~ the conservative scenario definitions and assUmptions presented in detail in , •
Appendix F. ' ,

Inhalation of airborne contaminants is the most probable route of exposure from site
:releases for the general public during th~ remedial action period. The risk assessment results
indicate that no significant incremental health impacts are predicted'at the off-site' receptor
locations for the general public. The health risks to the maximally ,exposed member of the public
are estimated to be 6 x io-7 and 3 x 10-8 for exposure to radioactive and chemical contaminants,
respectively. The hazard index is much less than 1, indicating that no noncarcinogenic effects
are anticipated. The collective radiological risk to the population within 5 and 80 kIn (3 and
50 mi) of the site ,are estimated to be 3 x lO-3 (for a population of 10,7(0) and 2 x lO-2 (for a
population of about 3 million), respectively; the actual radius of impact would likely beless than

f! 5 km (3 mi). No adverse impacts to off-site individuals are expected as a result of contaminant
t"'releases during implementation of this alternative (Appendix F, Section F.6).
:i

.; 6.2.5.4 Environmental Protection

, Soil. ,Soil disturbance during implementation of Alternative 6a would result primarily
from preparation of the disposal cell location, conStruction of access roads, and excavation of
contaminated areas and borrow areas. Construction and excavation activities could potentiaUy
disturb a large fraction of soil on the 88-ha (217-'acre) site, as well as soil at the vicinity properties
and access roads. •
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Construction and excavation activities at the site could result in the erosion of exposed
soil areas. Good engineering practices and mitigative measures, such as straw bales and siltation
ponds, would be used to minimize potential erosion and sediment transport as needed.
Following completion of all construction and excavation activities, disturbed areas would be
filled with clean backfill and topsoil and revegetated with native grasses. These areas would be
maintained, as required, in accordance with future uses of the site.

. . .

Construction and.excavation activities associated with use of a nearby borrow area and
development of an aSsociated haul road could also result in the erosion of exposed soil areas.
On the basis of current conceptual' plans, in addition to the 21 ha (52 acres) of possible
excavation impacts (Section 6.2.3.3), 13 ha (33 acres) would be subject to temporary surficial
disturbance during soil removal due to creation of an accessroad, topsoil stockpile areas, and
equipment parking locations. As for on-site activities, good engineering practices and mitigative
measures would be used to minimize erosion and sediment transport.

Contamination of off-site soil could potentially result from spills of contaminated
materials being hauled to the site from vicinity properties or from spills of containerized liquid
waste dt¢ng transport to an off-site incinerator. Contingency plans would be in place to
address the removal of spilled material and contaminated soil (or other surface material) from
the area of an: off-site spill. The potential for off-site spills under Alternative 6a is very low
because of the small total distances over which containerized chemicals, and contaminated
materials would be moved (see Appendix F, Section F.7.1).The estimated number of relevant
transportation-related accidents is much less than 1.

Water Quality anel Hydrology. Construction and excavation activities at the site could
result in the release of sediment and fugitive dust and the subsequent transport of this material
to nearby surface water. Waste-handling activities (e.g., transportation) could also generate dust,
resulting in increased sediment loading of surface runoff. Contaminants adsorbed to sediment
or dust andcontamiruintsdissolved or suspended in surface runoff could also be transported

. to off-site surface water during the action period. These potential short-term impacts would be
minimized, as discussed below.

Good engineeringpractices and mitigative measures would be used during construction
and excavation to minimize water erosion and the transport of sediment and contaminants from
exposed areas. These measures would include surface grading; using benns arid silt fences;
covering surfaces with straw, mulch, riprap, or geotextile membranes; and using revegetation

.mats in those areas with high water velocity. Surface runon and runoff controls would be
implemented at the site to minimize transport of sediment and/or contaminants to off-site areas
(e.g., the site would be graded to divert storm flows around exposed areas). Siltation ponds

, would be constructed nearUle perimeter of the site, as necessary, to furUler minimize Ule off-site
transport of sediment ot contaminated surface runoff by collecting runoff draining to the site

I perimeter.' Potentially contaminated surface runoff, including any water that had come in
contact wiUl contaminated areas or had been used for dust control in contaminated areas, would
be collected in the ponds and monitored for contaminants. Water that was detennined to be
contaminated would be transferred to the newly constructed on~site water treatment plant for
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treatment and then released off-s ite in Qatches. (To determine w,hether treatment was needed, •
contaminant concentrations in the collected water would be compared with the NPDES limits
established for the water treatment action [Section 1.5.1.4]; these limits are near drinking water

· quality.) The NPDES standards for treatment of runoff from construction areas to control
'suspended solids would be met before water would be released to off-site areas from the
siltation ponds. Sediment would be removed from the siltation ponds periodically and sampled
for contaminants. Contaminated sediment would be retained for disposal on-site.

Activities associated with exc'avaticin ofa borrow' area and construction and use of a
.related haul road could release sediment and fugitive dust' that riUght reach nearby surface
water. As for on-site activities, good engineering practices and mitigative measures would be
used to control releases of fugitive dust and to minimize water erosion and the transport of
sediment from exposed areas. On the basis of preliminary engineering information, surface
modifications at the borrow area and haul road could eliminate four wetlands present at that
area and would affect surface runoff during the action period..Runoff from .the haul road and
borrow area couldinitially increase. However, a depression wo~d be created by removal of the
.borrow material, which would subsequently result in decreased runoff from the borrow area and
· increased recharge to groundwater. Only small effects on surface water quality are expected
outside the borrow area 1::Iecause most runoff would be contained in the excavated area and
mitigative measures would be used to control movement of sediment outside that area.

. The potential for short-term impacts to surface water from other sources would also be •
min.irttized. . A contingency plan would be in place to address' cleanup. of any spills of .
con~ted materials or chemicals. All decontamination water would be monitored, and any
water determined to be contaminated would be treated in ',the on-site water treatment plant

,. before release.. Mitigative measures for reducing fugitive dust generation - such as wetting
· surfaces, using dust suppressants, and controlling water erosion - would minimize the potential
for contaminated airborne particulates to impact off-site surface water. Surface water in the
vicinity of the site would be monitored in accordance with the existing permit to assess changes
in contaminant concentrations and potentiaL .impacts to water quality during the action period.
If 'any increased levels of contaminants were detected, appropriate action would be taken to
further control migration Of contaminants and to mitigate potential adverse impacts.

.,. During the action period, the surface water hydrology of the si.te would be affected by
,~ paving or altering surfaces1and by excavating several co~taminated areas. Surface modifications
a~ support areas, along toads, and during excavation and preparation of the disposal cell would
tend to increase surface water runoff. The berms around the raffinate pits would be removed
following excavation ·of the contaminated sludge from the pits. Runon and runoff controls
implemented to mitigate off-site transport of sediment or contaminants would also change
existing runoff patterns. Off-site hydrological impacts resulting from changes at the site are
expected to be small because the area impacted is a small fraction of the drainage areas and
runoff from the site would be controlled by siltation ponds. 'The National Flood Insurance Rate

th
MapWs fOlrdSt. CSharles CoUnty (Federal Insurance Administration 1978) indicatelintha)t a Pdomon of •.

e e on pring site (the area west of Ash Pond along the site fence . e an vi<;inity
property A6 lie within the headwaters of the Schote Creek IOO-year floodplain (see Appendix H).
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The removal of contaminated soil and sediment from these ar~as would temporarily affect up
to about 0.6 ha (1.4 acres) of floodplain along the drainage'leading from the Ash Pond area; this
area represents a very small portion (<0.001%) of the entire Schote Creek lOO-year floodplain.
No significant impacts to flood storage volume are antidpated because the area of floodplain that.
would be disturbed is small and the area would be restored to its original contours upon

.. completion of remedial activities.

Effluent from the site water treatment plant that would be released to the Missouri River
(Section 1.5.1.4) would be 'of high quality, 50 related surface water impacts would be negligible
(MacDonell et al. 1990). Additional water from surface runoff impounded in the perimeter
siltation ponds would also be treated in the on-site water treatment plant if it contained

. contaIninant5 at levels exceeding the concentration limits specified in the existing NPDESpermit.
The decreased v~lume of water discharged to drainages off-site as a result of retention in the
on-site siltation ponds woUld alter the surface runoff from the site. Following remedial action,

.the current off-site discharges from the fOIlJ\er process and sanitary sewer systems to the
Southeast Drainage and the current releases of contaminated surface runoff to the Southeast
Drainage and the other ~ff-site drainages would cease. Thus, Alternative 6a would have a

" positive impact on sUrface: water in the vicinity of the site because the quality of water leaving
" the site would be improved. (The Southeast Drainage will be addressed as part ·of a separate
"response action within thenext several years.) . .

.Groundwater conc;:ems in the short term would be addressed by implementing source
control actions, i.e., removing the sources of groundwater contamination, and by monito~g to
ensure initiation of a timely response, if needed. (Groundwater is being addressed asa separate.
action for the project, for ~hich documentation will be prepared within the next several years.)
The existing groundwater monitoring program would be expanded to evaluate the protectiveness .
of Alternative 6a during and after removal of the contaminated sources. The primary source
areas at Weldon Spring include the raffinate pit sludge and the soil in the areas of Ash Pond,
Frog Pond, North Dump, South Dump, raffinate pits, site water treatment plant, and short-term

. storage areas (Figure 1.3). A monitoring well network surrounding the primary contaminant
source areas would provide information on groundwater quality to establish baseline conditions,
to monitor groundwater elevations and concentrations during source removal (e.g., soil and
raffinate pit sludge), and to evaluate the effect that removal of contaminated soil and sludge has
on groundwater. For each source area,' the number of wells needed to provide adequate
monitoring would depend primarily on the volume and concentration of contaminated material
to be removed and the permeability and thickrless of the overburden. .

On the basis of an initial assessment of the current monitoring well network (Figure 6.1),
it appears that approximately four additional monitoring wells might be appropriate in the
vicinity of the raffinate pits, Ash Pond, and South Dump. Additional monitoring in these areas
may be necessary because of the extent and depth of contaminated material and because the clay
till in these areas, which comprises part of the overburden, is not as thick (less than 3 m [10 ttl)

. relative to other areas on the site. The four new wells would be completed in the upper
weathered zone of the Burlirigton-Keo~k Limestone. Three of the proposed wells would be
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downgradient wells installed north of Ash Pond within the site boundary - one between
MW-2002 and MW-2005, one near MW-2022, and the third between MW-2004 and MW~2024~

These locations correspond to a surficial drainage area and a bedrock valley low that are
consistent with the location of a preferred groundwater pathway. The fourth well would also
be constructed in the upper weathered Burlington-Keokuk Limestone west of raffinate pit 4, near
MW-4009, to provide additional monitoring in the upper aquifer near the raffinate pits. The
remaining source areas appear to be 'adequately monitored by the current monitoring well
network. .. ,

The monitoring frequency is expected to be location specific, depending on the amount
of material to be excavated~ the level of contamination, and the characteristics of the overburden
at each source area. For example, it is likely that the·monitoring frequency would be higher in
the vicinity of Ash Pond, the raffinate pits, and the ?outh Dump where the overburden is not
as thick and the extent,.depth, and level of soil contamination· is greater than at other areas of .
the site. The monitoring parameters would depend on the contaminant(s) in the material being
removed from a particular area and on the mobility, stability, and persistence of. the particular
contaminant(s). As part of the final monitoring design, major springs iri the area, such as

. Burgermeister Spring, wo~d also be monitored for changes in water quality dUring.so~ce
, removal activities. Monitoring parameters for the springs would probably b~ the same as those
, for groundwater; however, the frequency of sampling would be seasonal (quarterly) and based
on precipitation events.

. Air Quality. Ambient air quality in areas accessible to the general public is regulated
by both state and federal standards. Missouri standards are the same as the .na,tional ambi~nt
air quality standards (Appendix G, .Table G.2); these standards address six pollutants: sulfur
oxides (as sulfur dioxide), carbon monoxide, ozone, nitrogen· dioxide, lead, andparticu1ates as
PM-tO (i.e., particles with~ aerodynamic mean diameter ~10 .lJI1l). Because Alterhative 6a, (and
the other final action alternatives) involves primarily construction and ·earth-moving activities,
the most significant air q1,1ality impacts would result from fugitive dust that could increase
PM-I0 concentrations. The eXhaust emissions from heavy equipment would not be expected to
significantly impact air quality, and nonpaiticulate pollutants are not expected to occur at high

. levels (Appendix C). Potential health impacts from radioactive and chemical co~taminants

; associated with airborne' particulates are· identified in Section 6.2.5.2 (for workers) and
Section 6.2.5~3 (for members of the general·public).

Both annual average and 24-hour particulate emissions were modeled and compared
with ambient standards; details of the modeling analysis are presented in Appendix C. The
emissions generated by remedial action activities were assumed to be limited by standard
teclutiques for fugitive dust control. The actual teChniques that would be used will be specified
in more detail in subsequent engineering studies; the techniques discussed in Appen~ixC,
Section C.3.5, are representative of those that are expected to be used. .,

. ,

The annual average air quality standar'd for PM-I0 is 50 l1g/m3, as the annual arithmetic
mean; this value is based on measured daily concentrations over 3 years or predicted daily
concentrations for 1 year. The 24-hour standard for PM-lOis 150 p,g/m3, with not more than
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'thCee expected exceedances permitted in, any three consecutive years.' The highest. ,annual
average particu.Iate concentration predicted for an off-site location during the remedial action
period at the Weldort Spring site is estimated to be 8.5 llg/m3 above background (the back
ground PM-tO concentration is 2411g/m3 for the rural St. Louis area). This concentration would
'occur at the site perimeter near the north gate and is primarily associated with operation of the
construction material stagi1;1g area (uncontaminated material) and related road traffic. The PM-tO

, concentration would be highest at this location because the predominant wind direction at the
site is from the south. The highest concentration estimated for an off-site receptor location is
'1.t llg/m3 above background (at the highway maintenance facility), which is considerably below
'the annual air quality standard for PM-tO. The highest 24-hour PM-10 concentration for an off-
site location is estimated to be 280 pg/m3 above background at the' site perimeter near Frog
Pond; the major contributor to this value would be backfilling operations with uncontaminated,
soil. The highest 24-hour PM:-tO concentrations estimated for all other locations, except near the
site boUndary, are considerably below. the 24-hour air quality standard (including backgroq,nd)
(Appendix C, section C.l.3.1).

•
I

I

The air quality at nearby receptor locations could be impaCted during the cl~anup period
'by the removal of urtcontaminated material from the proposed ,borrow area across from Francis
Howell High School and tiansport to the site for use in backfilling and cell construction On the
basis of the expected rate for borrow operations, the worst-case annual and maximum 24-hour
concentrations are estimated to be 2.7 and 28 pg/m3 above background, respectively, at Francis •
Howell High School. Dust control measures would be implemented, as necessary, at the borrow',
area and haul road to minimize any air quality impacts from 'uncontaminated fugitive dust
(Appendix C, SectionC.1.3.3).

, ' ,

ht gene~al, particulate emissionS that could result from cleanup activities at the Weldon
Spring site are expected to be relatively low. These emissions are not expected to impact human
health or the environment because (1) the emissions would occur over a wide area, (2) the major

'contaminated source areas are located away from the site boundary, (3) much of the
, contaminatedmateIial wo~d be handled in a wet condition, and (4) the work would be carried

out by one work shift during daytime hours, which is when atmospheric dispersion conditions
are the most favorable. Appropriate 'dust control practices would be used for activities adjacent
to the site boundary so the' po~ential air quality impacts associated with the proposed action,

" would be relatively minor.

" Biotic" Resources. The short-tenn disturbance of on-site vegetation and wildlife habitat
. I' .

. under Alternative 6a would result primarily from activities associated with (1) construction of

.. the disposal cell, runonandrunoff controls, material staging areas, and access roads. and
,- (2) excavation of contaminated soil and sediment. Local biota would be impacted primarily by
-habitat loss. Construction and excavation activities could temporarily eliminate up to 72 ha
(179 acres) of vegetation and wildlife habitat at the site, iricluding approximately 22 ha (55 acres)
of relatively undisturbed old-field and upland forest habitats that occurin the northern portion .',

, of the site. The a,rnount, tYpe, and relative quality of terrestrial habitats that could be disturbed
as a result of construction and excavation activities are listed in Table 6.5.
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TABLE 6.5 Terrestrial Wildlife HabitatsPo.tentially Affected by Remedial Action

Area Relative Habitat
Location (acres) Habitat Type Qualitr

Raffinate pits area soil 34 Mowed grassland Poor

Construction material staging area 8 Shrub and forest Good

North access road 0.3 Grassland Good

Area of potential disposal cell 42 Mixture of shrub, old field, Poor to good
footprint mowed grassland, and forest

Siltation ponds 14 Forest and mowed grassland Good (forest)
Poor (grassland)

North Dump area 1.9 Forest Good

South Dump area 4.2 Shrub and grassland Good

Ash Pond area 8.6 Mixture of shrub, old field, Good

• grassland, and forest

Frog Pond area 1.9 Forest Good

Chemical plant area 35 Mowed grassland Poor
(around chemical plant buildings
and the coal storage area)

.Off-site borrow area 52 Old ·field and agricultural fields Good

a Quality assessment is based on habitat structure, appearance, and expected ability to support
populations of desirable wildlife species but does not include consideration of contamination.
This assessment was condhcted by Argonne National Laboratory 'staff during site visits
(Hlohowskyj 1992).

•

Alternative 6a ~ould result in the permanent loss of approximately 15 ha (38.acres) of
aquatic habitat at the site, including the raffinate pits, Ash Pond, and Frog Pond. Duringand
follOWing the remedial action, resident and migratory waterfowl and shorebirds would no longer
be able to use these areas for nesting, feeding, and resting. .Some resident biota (e.g., green
sunfish, turtles, and frogs from Frog Pond) would be lost. The aquatic biota and habitats at the
site are not Wlique to the area and can be found elsewhere in the Busch Wildlife Complex and·
St. Charles County.

Implementation of Alternative 6a would require the construction of an access road to
the site for delivery of construction materials. Construction of this road would disturb a small
amount of additional habitat within the Busch Wildlife Complex. The habitat, vegetation, and

. wildlife in this area are not unique and represent only a very small fraction of the total biotic
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,:resources within the Busch Wildlife Complex (DOE 1992a). Upon completion of all conStruction
and remedial actiVities, the construction access road would be restored ,and would again provide,
swtable habitat for.vege~tion and wildlife.

Construction and excavationactivi,ties on-site would disturb large amounts of soil and
, would potentially result in increased erosion and fugitive dust einissions at the si~e that could,
, impact terrestrial and aquatic habitats in the area. Increased erosion could temporarily increase

turbidity and sediirientation in some local streams and lakes that receive dramage or runoff from
"the site. In addition, surface runoff could introduce soluble or sediment..,bound contaminants
'...to off-site aquatic habitats. To rninitiuze potential impacts, erosion and fugitive dust control
, measures (e.g., Use of water sprays and chemical dust suppressants) would be implemented,
, during all construction and excavation activities. At uncontaminated areas, standard mitigative

measures would involve the use of berms, silt fences, straw bales, and revegetation mats to
reduce and control erosion during and after construction activities: At contaminated areas,
mitigative measures such as dikes, siltation ponds (Figure 5.2), and drainage channels to drain
and colle.ct runoff would be implemented to control runoff and runon, thereby limiting the
transport of contaminated' sediment' and soiL Thus, impacts to off-site aquatic resources hom'

"erosion and surface runoff are expected to be minor. Accidental spills of petrolewn products,
(e.g., diesel fuel and oil) or excavated materials c;ould potentially r~sult in the exposure of local
biota to site contaminants and in water quality degradation. Contingency plans would be' in
place for responding to accidental spills to minimize any potential impacts. '

Local biota could also be disturbed" displaced, or destroyed as a result of human activity
and noise associated with excavation and construction activities under Alternative 6a. The

, displacement of wildlife is not expected to be significant and the disturbance would, be
, temporary. Upon completion of remedial action, wildlife would repopulate the disturbed areas.

Impacts resulting from construction, excavation, and transportation activities at the
Vicinity properties would be temporary and similar to those identified for on-site areas. Because,
only small areas would be disturbed at each of the Vicinity properties, impacts to local biota

, would be minor and would not significantly affect local biotic resources. Some biota would be
temporarily disturbed by activities associated with the renovation of Lakes 34, 35, and 36 by the

.... Missouri Department of Conservation, and most aquatic biota inhabiting these lakes would be
.~ lost during drainage of the lakes. Following the removal of sediment, the habitats and biota at
. these lakes woul4 be restored by the Missouri Department of Conservation under its lake '

renovation program.

•

•

Several state listed species OCC\lr in the area of the Weldon Spring site. With the
, exception of the state rare pied-billed grebe which has been observed on raffinate pits 2 ~d 4,

no state listed species are known tooccur at the site or the vicinity properties. Thus, no impactS
to these species are expected to result from remedial action activities. A biological aSsessment
has been prepared to evaluate the potential for the remedial action alternatives to adversely,
affect federal ~ted and candidate species (see Appendix I). nus assessment has been submitted •
to the U.S. Fishand Wildlife Service for concurrence and is currently under review.' No impacts
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to these resources are expected to result during on-site or off-site remedial action activities'
associated with Alternative 6a. .

Implementing Alt~mative 6a would require about 1,160,OOO;rh3'(1,520,000 yd3) ofborrow
material. Much of this 1Jlaterial (i.e., 895,000 m3 [1,171,000 yd3) of clay-rich soil) could be
obtained from the 61-ha (ISO-acre) off-site borrow area. described in Section 5.2.1.10. On the basis
of current conceptual information, up to 21 ha (52 acres) of old-field terrestrial habitat and four
wetland areas would be permanently lost if that area were used, which would impact the biota
using those habitats. The loggerhead shrike, a federal Category 2 (C2) species, has been reported
from the potential borrow area. This species is considered a probable nesting species in the area
(Missouri Department of Conservation 1991), and may be nesting in the proposed borrow
location. 1his location may also provide suitable habitat for Bachm~'ssparrow, which is alsO
a C2 species. Thus, the removal of borrow material from that area could result in the loss of
potential nesting habitat for one or both of these species (see Appendix I, SectiOn 1.5.1); which
could cause a short-term disturbance for these species from surrounding areas.

.\

.Socioeconomics and Land Use. Short-~erm impacts to socioeconomics and land use are
expected to.be minor. The remedial action worker requirements for implemel}ting Alternative 6a

. are estimated· to be about 560 person-y~ars. Traffic on State Route 94 would increase. because
of the remedial action workers commuting to work from nearby communities and the trucks
tr~porting materials to the site for implementing this alternative: The traffic volume would
vary from year to year during the action period, and peak employee and try.ck· traffic may not
occur in the same year. Compared with current conditions, the peak increase in private vehicle
use would be more than 500 trips per day, and the peak increase in truck traffic would be about

.. 100 trips per day (Homer & Shifrin 1991). Current traffic on State Route 94 related to the
Weldon Spring site is about 500 trips pe~ day for private vehicles and about 50 trips per day for
truck traffic.

The average daily traffic volume on State Route 94 at the chemical plant area is not
available. However, the daily traffic volume on State Route 94 north of State Route D exceeds
8,200 vehicles per day. (based on traffic counts taken .in 1988 between State Route 0 and
U.S. Highway 40/61), and the volume on State Route 94 north of State Route DO is about 1,700
(based on counts taken in 1988); the latter value is more representative of conditions near .the
chemical plant area (Homer & Shifrin 1991). (The locations of State Route 94, State Route 0, and
State Route DO are sho~n in Figure 1.2.) Compared with existing use of State Route 94, the
temporary increase in traffic volume is not expected to produce significant problems; traffic
associated with the remedial action would be controlled, and access and egress zones would be
constructed to minimize impacts on nearby facilities and road traffic.

Limited effects are also expected on local employment. Fewer than 100 remedial action
. workers would be involved in on-site actions at any given time. These workers would probably

be individuals currently liVing in the greater St. Lows metropolitan area. No significant numbers
of workers (and families) are expected ~o move into the area as a result of remedial action
activities at the Weldon Spring site beyond those who have already relocated to this area.
Hence, there would be no significant impacts on public services such as schools and hospitals.



6-40

This alternative would have a positive impact on certain nearby industrial and cOmnlercial
operations, such as stores, motels, and restaurants. No significant community impacts would
·occur after the project was completed because the workers (and their families) who have
relocated to the area to work on this project are spread throughout the nearby communities and

. .

represent a very small fraction of the total population in the surrounding area (e.g., the
population of St. Charles County is above 210,000). In summary, no significant labor or socio-
economic iIripacts are expected under· Alternative 6a. .. .

. .

Implementation of Alternative 6a would not significantly impact nearby land uses.
'Most activities would be conducted at the Weldon Spring site; the only off-site areas involved
in this alternative would be vicinity properties that would be remediated, potential borrow areas,
and local roads. The short-terin effects of obtaining off-site borrow material would be the same
as those described in Section 6.2.3.3. Some short-term impacts on· recreational use of the
surrounding wildlife areas might occur as a result of noise, exhaust fumes,·and dust associated
with remedial action activities. However, these temporary impacts would be limited to. the
immediate vicinity of the site, and mitigative measures would be applied to ensure minilriaI

;.impacts to off-site areas.

Culhiral Resources. The potential for short-term impacts to archaeological sites and
cultural resources under Alternative 6a would be the same as described in Section 6.2.3.3:

6.2.6 Implementability

. Construction and operation of most components of Alternative 6a would be .straight
. forward. Resources are readily available for removing contaminated sludge, soil, and sediment;

reducing the volume or size of structural material; and constructing an on-site disposal cell.
Standard excavation/construction equipment would be used to remove contaminated material
and to construct the disposal cell...The volume reduction facility would also use standard
technologies. The procedures and equipment for designing and constructing a disposal cell for
material such as the Weldon Spring waste are well established and would be straightforward

I to implement. Additional studies might be required to determine optimal waste placement and
. ~: compaction methods as part of .the detailed design and optimization of the disposal operation.

•

•

The chemical stabilization/solidification facility would be relatively straightforward to
.. construct and operate. All of the necessary equipment is readily available because the process

is widely used in the construction and mining industries; it has ·also been used frequently in
hazardous waste treatment applicationS. The treatment system would consist of a relatively
standard configUration of industrial equipment. The chemical stabilizatioil/solidification facility
would. require a supervisor and general laborers with industrial work experience, as well as
maintenance personnel and laboratory and administrative employees. The wide use of mixing
equipment and material-handling systems in a variety of applications has resulted in a large
resource pool of operatorS and maintenance personnel. The relatively uncomplic~ted nature Of.
the system for the Weldon Spring waste would not require highly experienced· or specialized
operators to ensure adequate product quality. Once further bench-scale and pilot-scale testing
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. had defined arid. optimized the reagent-to-waste blend, the plant supervisor would be able to
respond to operational problems that could arise during processing. Forexarnple, grout setting
times could be modified (if needed) through the use of set accelerators or inhibitors, and
containinant immobilization could be enhanced through the addition of chemical reagents such
as ion~xchange resins (MJ(-Ferguson Company and Jacobs Engmeeririg Group 1992b).
Continual testing of treatment batches during operation would determine required modifications
to the standard blend to optimize product quality and immobilization of contaminants.

The chemical stabilization/solidification process would require delivery of several truck
loads of cement and fly ash each day. Scheduling of reagent delivery would be an important
operational component of the treatment facility. Several cement vendors located withiil160 kIn
(100 mi) of the Weldon Spring site have indicated that adequate cement supplies woUld be
available, and a local power company withiil 40 kIn (25 mi) has indicated that fly ash would :be
available in the necessary quantities (MK-Ferguson Company and Jacobs Engineering Group
1992b). About 1,160,000 m~(1,520,OOO yd3) of borrow material would be required to remediate '
the site under Alternative 6a' and this material is also available from local supplies.

The area available for the on-site disposal of contaminated material is limited. Approxi
\ mately 17 ha (42 acres) would be required for a disposal cell design capacity of 956,000 m3

:. (1,250,000 yd~; this volume includes a 10% contingency factor. If the actual waste ~olume was'
~ lower, the final phase of the disposal cell would be modified by reducing the design height or

altering the disposal cell footprint. H the actual waste volume was higher than anticipated, the
disposal cell footprint could be extended. The extension of this footprint would be constrained
by the presence of other on-site activities, such as excavation of the raffinate pits.. Approximately
55 ha (137 acres) of the 88-ha (217-acre) site would be impacted during remedial action activities

. under Alternative 6a (TableS.I). The treatment capacity of the chemical stabilization/'
- solidification facility would be adequate to accommodate the expected volume of waste material

to be treated. A 15% over-design capacity was included in the preliminary conceptual design
.of the. facility to ensure that throughput demands could be met. '

. .

Alternative 6a utilizes established technologies. The technology for chemical stabiliza-
tion/solidification has been widely demonstrated and does not require further. development
before it can be implemented at the Weldon Spring site. The EPA regards the chemical stabiliza
tion/solidification technology to be a proven remedial treatment method and had approved its
use at 62 NPL sites as of 1991 (Chemical Engineering Progress 1991). Chemicci.I stabilization/
solidification has been used at several sites where the quantity of waste was more than 76,500 m3

(100,000 yd3) (Table 6.6). The wastes treated at several of these sites (sludge/soil contaminated
with metals and organic compounds) have physical and contaminant characteristics similar to
those of the Weldon Spring waste requiring treatment. The chemical stabilization/solidification
technology has also been used at several other sites for treating metal-eontaminated siudge in .
volumes of less than 76,SOO'm3 (100,000 yd3). Several vendors would be available to submit
competitive bids. Thirteen companies were identified in an initial survey for potential vendors
(MK-Ferguson Company. and Jacobs Engineering Group 1992b).
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TABLE 6,6 Sites Using the Chemical Stabilization/Solidification Technology ,
for Waste Treatment •

Treatment
Site Location Volume
or Contractor ,Waste Type Contaminants (yd3) "

:!
,i

Phoenix, Arizona Dry sludge Metals 150,000 :i

ENRECO, Kentucky , Sludge Organic compounds' 180~000

ENRECO, N.E. RefinE!ry Sludge Oil and metals , 100,000

Vickery, Ohio Waste acid and PCBs and dioxins 235,000 .
sludge

Gurley Pit, Arkansas SOil PCBs arid.qrganic 430,000
compounds

Douglassville, Pennsylvania Soil and sludge Metals and organic 250,000
compounds

Source: MK-Ferguson Company and Jacobs Engineering Group (1992b).

The chemical stabilization/solidification technology could be implemented at the
.Weldon Spririg site without engineering scale-up. H;owever, pilot testing would be required for
about 1 year to optimize the treatment process. After' final design and constructi0Il of the
,chemical stabilization/solidification facility, approximately 2 to 3 months would be required to
'bring the system on line. The preliminai'y conceptual design of the sludge processing facility
has a design throughput of 130 t/h (140 tons/h). Existing pug mills have capacities of up to
180 t/h (200, tons/h).Thethroughput capacity of the chemical stabilization/solidification plant

,could be designed to process at any reasonable rate. ' ,

In summary, the chemical stabilization/solidification technology is considered to be a
.reliable process; it is well established and understood. The different kinds of equipment used
in the preliminary conceptual design have fully documented perfonnance histories, so no

, significant problems or schedule delays are expected with regard to implementing this
, technology. In addition, the system is relatively uncomplicated and would be readily accessible

for repairs.

•

If problems did arise with the treated product, it is expected that they could be readily
_ addressed by modifying the blend of contaminated media and reagents or by adding additional
'reagents. For example, an iriadequate product strength resulting from excess water could be
, adjusted by removing excess water from the raffinate pitsludge through dewatering or blending
, the sludge with dry soil. Several· reagents are available that could attenuate specific '.
contaminants during chemical stabilization/solidification, and they could be added if the waste
media/reagent blend failed to adequately immobilize contaminants during processing (e.g.,
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ferrous sulfate could be added to adsorb or precipitate arsenic). Prior to treatment, media
containing Set-inhibiting concentrations of nitroaromatics could be pretreated to reduce
concentrations to levels that would not impact setting. The chemical stabilizationlsolidification
process would require further testing and optimization with Weldon Spring waste to resolve
these issues. '

, '

Disposal of the waste in an engineered disposal cell incorporating design features that
'·have been used in other cells to dispose of wastes similar to those at the Weldon Spring site is
considered a reliable process. A land-based disposal facility, with containment in the form of
a leachate collection and removal system and with engineered barriers.' incorporated into the
design of the liner and cover systems, would prOVide significant and reliable isolation of the
waste from the environment. The engineered disposal cell would be designed to last at least 200
to 1,000 years. '

The effectiveness. of the main components of remedial activities under Alternative 6a
would be monitored. The leachability of the chemically stabilized/solidified product would be
continually tested to monitor the effectiveness of the treatment process. The effectiveness of the ,
,disposal_cell would be monitored through several systems. Any leachate generated from the
,~waste placed in the engineered disposal cell would be captured by the leachate collection and

~: removal systein, directed t~ sumps, and treated in the water treatment plant. Within a few years
" following disposal, leachate drainage would be expected to end because drainable frf7e, water
" would have been removed and infiltration into the disposal cell would bep'revented by the cover

system. Any leachate generated following closure of the water treatment plant ~ould be,
collected and treated in a mobile water treatment system. The disposal cell cover would be
Visually inspected periodically to identify and repair any areas of erosion, ,animal burrowing
activities, or deep root growth. Radon emanation would also be monitored after closure to
ensure compliance with release standards. Survey markers would be placed on the disposal cell
to aid in assessing 'settling. Groundwater monitoring wells would be located to detectcha.ttges
in groundwater quality, as described in Section 6.2.3.3. If an increase in le'achate were detected
in the leachate collection and removal system, a thorough cell cover· inspection and repair
program would be initiated. The monitoring system associated with the on-site disposal cell
would provide the information needed to determine if corrective action should be taken to
prevent the migration of contaminants into the environment.' .

The implementation of Alternative 6a would not adversely impact the performance of '
additional remedial actions that might be reqUired in the future at the Weldon Spring site. The
ability to remediate groundwater at the site would not be unpacted by the presence of an on-site
disposal cell (section 6.2.3.3).

The administrative feasibility of Alternative 6a would be straightforward. Remedial
action activities at the Weldon Spring site are being coordinated with the state of Missouri and
EPA Region VD. This coordination would continue. The implementation of Alternative 6a
would not require any additional coordination with other agencies. beyond those already'
occurring, and no permits would be required for on-site activities.
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6.2.7 Cost

Feasibility-Ie\Cel cost estimates for all of the final action alternative's were prepared in
accordance with cost guidelines established by the EPA (1987c). Costs were derived from
.standard cost~stimating sources and from cost estimates developed specifically for the site
(MK-Ferguson Company and Jacobs Engineering Group 1992b). Production rates are generally'
based on 6.5 hours of productive labor per day, taking iIlto account 1.5 hours lostior clothing

'. changes and showers. Project durations were based on 9 work months per year and 20 work
days per month. Other costs such as tools, indirect costs, cmd bond and insurance costs were
esti.o:\ated on the basis of various .percentages of other costs (see MK-Ferguson Company and

· Jacobs Engineering Group 1992b). Present worth was calculated from procedures identified in
EPA guidance at a 10% discount rate (EPA1987c). Long-term maintenance costs are based on
a 30-year period and include annual monitoring costs (MK-Ferguson Company and Jacobs
Engineering Group 1992b).

. The total and present-worth costs for Alternative 6a are given in Table 6.7 and are
estimated to be $157 millio~ and $79 million, respectively. Equipment capital costsior chemical
stabilization/solidification are estimated to be $1.03 million, with an installed cost of.$3.1 nillIion
(MK-Fergusort Company and Jacobs Engineering Group 1mb). Bench-scale and, pilot-scale
testing is estiiriated to cost $2.1 million. Treatment is estimated to have a total operating cost'
of $14.7 million for processing the 248,000 mJ (324,000 ydJ) of contaminated raffinate pit sludge,
soil, and other waste. .

The costs for removal and on-site hauling of material could increase if. material
quantities were higher or production rates were lower than those used for the es~te. The
disposal facility cost estimate was based on vendor quotes for material prices and conservative
estimates of construction production rates. Disposal facility costs could increase if a larger
facility was necessary on .the basis of updated waste quantity estimates; however, costs have
been included for the quantities of material estimated to result from future related actions
(Section 1.5.3). A lower cost would result from ~gherproduction rates or lower material prices.
The chemical stabilization/solidification operating costs are influenced mostly by the quantity
of cement and fly ash required and the prices for those reagents. Costs of removal, treatment,

, and disposal of the containerized waste stored in Building 434 would be affected by the total
quantity of containerized waste,-the costs for transportation, and the fee charged by the receiving

.facility. The overall costs'could increase if docUmentation expenses for waste transport exceed

. the percentage of direct labor cost assumed for operating expenses.

· 6.3 ALTERNATIVE 7a:. REMOVAL, VITRIFICATION, AND DISPOSAL ON-SITE

· 6.3.1 Overall Protection of Human Health and the Environment

•
r,I
i

,I
j,

•

Alternative 7a would provide for protection of human health and the envirorunent at •.
the Weldon Spring site by (1) removing the sources of contamination, (2) treating the materials .
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-TABLE 6.7 Cost Estimate for Alternative 6a

•

Activity

Removal
Raffinate pits dredging/excavation
Chemical plant area preparationa

Building foWldation and underground pipe removala

Soil and sediment excavation
Building 434 waste removal-
Vicinity properties excavationb .

Army properties 1, 2, 3 and Busch properties 3, 4, sa
Busch Lakes 34, 35, and 36a

Army properties 5 and 6·
Removal subtotal

Treatment
Bench- and pilot-scale testing
Sludge proc~sing facility construction
Sludge proCessing facility operations
Volume reduction facility constructiona

Volume reduction facility operations·
Construction of second treatment train (distillation)

of water treatment facili~
Water treatment plant operations .
Treatment subtotal

Disposal
Disposal facility construction material tests
Disposal facility construction
Disposal cell operations
Disposal subtotal

Other'
Material hauling
TSA operationsa

MSA operations·
Decontamination station operationsa

Facilities removal-
Site restoration
Long-term maintenanc:ec

Other subtotal

Total

. Present worth

Estimated Cost
(million $)

11.9
2.8
5.9
1.7
0.6

0.4
0.4

..Q1
24.0

2.1
3.1

14.7.
2.9
25
1.2

ell
30.0

0.9
47.6

7.2
55.7

9.7
2.0
5.2

.1.2
1.8
3.4

A:2
47.2-

157

79

•
_ Items that are part of the final action alternatives and for which the cost

estimate does not differ between alternatives.

b Includes both excavation and restoration costs.

C For a '30-year period; includes environmental monitoring.

Source: MK~Ferguson Company and Jacobs Engineering Group (1992b),
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that pose the principal threats at the site by vitrification, which incorporates the contaminants
into. a glass-like matrix, and (3) placing· treated and· untreated materials into ·an engineered
disposal cell to minimize the potential for contaminant migration. On-site exposUres and risks
would be reduced toward background levels (see Section 6.3.3). Institutional controls would be
·maintained at the disposal facility to provide· continued protection against potential future
exposures. Alternative 7a would not be expected to result in any unacceptable impacts during
implementation; potential impacts are'discussed in Section 6.3.5.

··6.3.2 Compliance with ARARs

••

Compliance with ARARs under Alternative 7a would be similar to that identified for
Alternative 6a except additional requirements that regulate emissIons could· be relevant and
appropriate to the off gas from the vitrification facility. These requirements include the Missouri·
Air Pollution Control Regulations for maximum allowable emissions of particulate matter from
fuel-burning equipment used for indirect heating, restrictions for emissions of visible air contami
nants, and restrictions for emissions of particulate matter from industrial processes. State.

:.ambient air quality standards could also be considered relevant and appropriate for Alterna-
tive 7a~ insofar as the vitrification process would ·have a ·potential to emit .pollutants above
specified de minimis emission levels specified iri· these regulations. Emission requirements for .
hazardous waste. incineration under RCRA could also be relevant and appropriate for this alter- ..
native for treatment of characteristic waste, and emission requirements for burning of.hazardous, •.
.waste in boilers or industrial furnaces could be relevant and appropriate under Alternative 7a
because vitrification might be considered similar to an industrial furnace (melting furnace). In'
this case, the pertinent r~quirementswould be addressed. Compliance with disposal require-
ments under Alternative 7a would be similar to that described for Alternative 6a,except the
restriction from placement of free-standing liquids in the disposal cell would be met for the
vitrified material.

6.3.3 Long.,.Term Effectiveness and Permanence

Monitoring and maintenance activities for Alternative 7a would continue at the site for
an indefinite period. These activities would be conducted to ensure the effectiveness of waste

.\ isolation and would allow for an assessment of potential future risks and the need for preventing
any potential exposures in the event of disposal cell failure. Vitrification of the most highly
contaminated material would greatly reduce the mobility of contaminants (Section 6.3.4). There
fore, in the unlikely event of loss of institutional controls at the site and subsequent cell failure,
the release of contaminants from that material from continued exposure to the environment
would be very slow.

6.3.3.1 Protection of Workers

Exposures of workers during monitoring and maintenance activities follOWing imple
mentation of Alternative 7a .would be about the same as for Alternative 6a because of the •
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similarity of ·conditions involved. Exposures of workers to radioactive and chemical
contaminants would be negligible because the disposal cell would be designed to prevent

. releases of particulates and radon gas. In the 30 years immediately following the implemen
tation of Alternative 7a, it is estimated that about nine cases of occupational injury and no
occupational fatalities wolild occur during site maintenance activities.

6.3.3.2 Protection of the Public
. .

Following implementation of Alternative 7a, releases of site contaminants and exposures
of members of the public over the long term are expected to be negligible. Routine monitoring
and maintenance activities wolild ensure the integrity of the containment system, and corrective
actions would be performed as necessary. The presence of fences wotild also minimize the
potential for intrusion into the disposal cell by.members of the public in the foreseeable future.
If institutional controls were lost in the long term and the cell subsequently failed, the greatly
reduced mobility of contaminants from the vitrified product. would minimize related impacts..
The magnitude of future impacts would depend on the magnitude of the release and locallarid
use conditions at the time it occurred. Soil remedia~on for Alternative 7a would be similar to
that desCribed for Alternative 6a (Section 6.2.3.2).

6.3.3.3 Environmental Protection

The long-term environmental effects associated with Alternativ~7a would be about the
same as for Alternative 6a because institutional controls that include monitoring and mairite
nance would be continued at the disposal area for the long term. If it were hypothetically
assumed that the cell holding the vitrified waste failed and no corrective· measures were taken,

. '. . ,. .' 'h

.environmental impacts could result but would tend to be somewhat less than those associa~ed·

with cell failure for Alternative 6a over the very long term because contaminant mobility from
the vitrified product would be reduced and some contaminants would have been destroyed. In
addition, the end product of vitrification is expected to resist degradation longer than the end
product of chemical stabilization/solidification. The vitrified portion of the waste would
represent 15% of the total waste volume, and leachate from the larger nonvitrified portion oithe
waste would be the same as that for Alternative 6a. The conceptual monitoring well design for
the ciisposal cells for Alternative 7a would be approximately the same as· for Alternative 6a; final
design would be based on the specific configuration determined for the disposal cell{s) during
detailed design. .

6.3.4 Reduction of Contaminant Toxicity, Mobility, or Volume through Treatment

The treatment m~thod used for Alternative. 7a would be vitrification. The highly con
taminated waste {including raffinate pit sludge} the more highly contaminated soil, and process
waste from the water treatment plants) would be vitrified to reduce contaminant toxicity,
mobility, and volume - thereby addressing the principal threats at the Weldon Spring site. The
vitrified material would undergo a 68% decrease in volume and a 52% decrease in weight as a
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result of treatrrient. This corresp~nds':to a total treated volume of 78,800 m3 (103,000 yd3) and
a total weight of 166,000 t (183,000 tons). 'The volatilization of water would result in a sigtlificant
decrease in the weight- ofthe glaSs product. The overall waste volume would decrease by 24%
for this alternative. ''The toxicity of radiation in the site waste would not be reduced by this
treatment method (or any other). ' ' ,

The entire volume of relffinate pit sludge and about 30% of the contaminated soil would
be treated by vitrification. The operating temperatures considered for the preliminary conceptual
'design for vitrification ofthe Weldon Spring wastes (1250°C [2,280°F] to 1440°C [2,620~F]) would
:destroy organic compounds at an: efficiency of about 99.9999% (MK-Ferguson Company and
Jacobs Engineering Group 1992b). TItis irreversible destruction of contaminants would reduce
the toxicity of the waste. The nitroaromatic compounds that are present as contaminants in
abo\).t 9,600 t (10,000 tons) of qUarry soil would be destroyed at the temperatures reached during
vitrification (fable 5.3).

Approximately 90% of the nitrates in the raffinate pit sludge is present in the interstitial
water that would be removed prior to vitrification. During sludge dewatering, the nitrates and,
'other soluble compounds would be transferred in the wastewater pumped from the dewatering
circuit to the water treatment plant. During vitrification, nitrates, nitrites, and organic nitro
groupspreserit in 'the feed material would be converted to gas (e.g., nitrogen, carbon dioxide,
oxygen, and hydrogen) by thermal energy, and nitrogen converted to nitrogen oxides could be
removed during off-gas treatment (MK-Ferguson Company and Jacobs Engineering Group '. '
1992b). Sulfate would be converted to gaseous sulfur oxides, which could also,be removed in,
the off-gas treatment system; the amount of sulfate remaining in the vitrified material would be
determined duririg bench-scale and pilot-scale testing. The estimated fate of con.~ts
following vitrification and the estimated off-gas emissions are given in Tables 5.3 and 5.5
(Section 5.3), respectively. Most of the metals, including the radionuclides, would 'be retained
in the final glass-like product. Bench-seale and pilot':'scale studies would be co.nducted to
detennine the factors that affect the destruction and removal efficiencies for the contaminants

, during vitrification and the extent of partitioning ofundestroyed contaminants between the
vi~ed material and the various stages of the off-gas treatment system. The results of these
studies would be used to 'determine ,the configuration of the final off-gas treatment system to
maximize contaminant removal.

'~ 'Vitrification could also result in a significant reduction in contaminant mobility.
leachability testing of vitrified Weldon Spring sludge and soil indicated. a highly leach-resistant
product (fable 4.1). 'Literature data on the leachability of the vitrified productfrorri a variety
of waste types indicate similar leach resistance; all vitrified material tested to date has passed
the TCl? test (MK-Ferguson Company and Jacobs Engineering Group 1992b). Contaminant
release from a vitrified product is controlled by diffusion and is governed by the same 'factors

',' that affect release from a Chemically stabilized/solidified product. Leachability test results and
geologic evidence suggest that very' high leachability indexes (greater than 14) are likely
(MK-Ferguson Company and Jacobs Engineering Group 1992b). Natural volcanic glass (a natural • ,,:
analog to the vit~ed product), age dated' at several million years, typically has a diffusion-
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controlled leaciled rind (outer layer that has been leached over time) of only a few millimeters
in thickness.

The leachability of the vitrified product' could be impacted by the development of
iIIuniscible phases in the melt because of the variable chemical composition of the Weldon Spring
waste; however, the short, residence time in the melter would minimize the potential for
immiscible phase development. Iron, sulfide, or sulfate immiscible phases could occur.
Reducing conditions in the melter would favor the development of iron and/or sulfide
immiscible phases. Depending on the temperature of the melt, an iron phase could concentrate
cadmium, copper, lead, and silver; this enriched phase could resUlt in greater leachability of
those contaminants. Maintaining control of the iron and organic carbon content in the feed
.stream to 'low. levels would help prevent the formation of an immiscible iron phase
(MK-Ferguson Company and Jacobs Engineering Group 1992b). Reducing conditions wouid also
tend to partition arsenic, cadmium, copper, lead, mercury, selenium, silver, and zinc into a
sulfide phase;' Exposure of this product to oxygenated water could result in the oxidation of the
sulfide mass, thus generating an acidic, contaminant-rich solution. Under oxidizing conditions,
a sulfate phase would be formed that could be enriched in barium, cadmium, calcium, lead,

,magnesium, radium, strontium, and uranium (Uol+); in contact with water, contaminants. in
~ this phase could be dissolved and released (MK-Ferguson Company and Jac6hsEnghteenng
.:Croup 1992b).

If the contaminants in the raffinate pit sludge were quantitatively concentrated into a
soluble ioUniscible phase, the vitrified material could fail the TCLP test (MK-Ferguson Company ,
and Jacobs Engineering. Group 1992b). However, many of the metals of concern,(arsenic;
cadmium, lead, mercury, and selenium) would be at least partially removed, from the waste
during the vitrification pro,cess because of volatilization and capture in the off-gas treatment
system. In addition, if a sulfate phase formed, it would be a volumetrically small component
of the glass; for example, it might represent from about 0.8 to 1.8% sulfate as calcium sulfate
(CaS04) (MK-Ferguson Company and Jacobs Engineering Group 1992b). Also, if formed, the
sulfate phase would be distributed throughout the silica phase of the melt unless sufficient time

. were allowed for this p~e to become separated from the silica phase and coalesce; this
separation would probablynot occur because of the short residence times required in existing
melting systems. Rapid cooling of the melt, such as occurs in generating a fritted product,

_would cause the sulfate phase to be encapsulated within the silica glass, minimizing its ability
to leach. Bench-scale and pilot-scaie testing would be required to optimize the vitrification
process to address these considerations.

The weathering behavior of volcanic glass can provide some measure of the long-term .
stability and durability of the vitrified product. Only very thin weathering rinds develop on
volcanic glass over a period of several million years. Dissolution rates of quartz, which has a
solubility rate similar to that of glass, indicate that nearly 30 million years would be required to
dissolve a O.25-an (O.l-in.) sphere. The slowness in the overall degradation of a glass grain

, suggests that the diffusion coefficient or-leachability index would remain unchanged over time.
D~ta on the long-term stability of vitrified waste are not available, and the life expectancy of the
vitrified product is ·difficult to estimate from short-tenn leach rates (Hansen and Fitzpatrick
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.1989). On the .basis of the longevity of .volcanic glass and diffusion calculations, the vitrified
product should withstand environmental exposure for thousands of years (MK-Ferguson
·Company and Jacobs Engineering Group 1992b).

Treatment residuals of the vitrification process would be produced from off-gas
collection and subsequent treatment. The estimated quantities and characteristics of .these

· ·residuals are identified in Table 5.6 (Section 5.3.2). Changes in scrubber efficiencies or types of
· .scrubber compounds could significantly affect the predicted amount of sctubberresiduals. Pilot
.testing of the off-gas treatment system would. be necessary to accurately qUantify the treatment
residuals requirlng disposal. Scrubber residuals from the primary scrubber and spent filters
would be .returned to the vitrification system (Section 5.3.2). The scrubber residuals that could
not be processed in the vitrification system would require further treatment prior to disposal,

· e.g., by chemical stabilization/solidification.

6.3.5 Short-Term· Effectiveness

6.3.5.1 Duration of Remedial. Activitie~.

••

Remedial activities under Alternative7a would be completed in ab~ut 10 years,
excluding long-term maintenance. The removal component of Alternative 7a would require •
about 7 years, the same amount of time as identified forAlternative 6a. Approximately 9 years
is projected for completion of all activities associated with vitrifying the raffinate pit sludge and
more highly contaminated soil. The time to implement the treatment :component of.
Alternative 7a could be prolonged if pilot-scale and full-scale testing (start-up) of the vitrification

· facility resulted in scale-up and operational difficulties because of the innovative nature of this
treatment technology. Testing, design, construction, and start-up could require at least 5 to
7 years, with the possibility of a longer period depending on the difficulties encountered. The
treatment plant would operate for 4 years - assuming that operations would be conducted
24 hours per day, 365 days per year. Construction and operation of the disposal cells under
Alternative 7a would require about 8 years, the same as that identified for Alternative 6a..

. ..
6.3.5.2 Protecijon of Workers

On-site workers dUring the operational period would include both remedial action
workers and on-site office workers. The remedial action worker requirements for implementing
Alternative 7a are estimated to be about 780 person-years. In addition, about ;ZOO individuals
would be working on-site in the project office building during this period. To minimize
potential occupational exposures to contaminants, remedial action activities would be conducted.
in accordance with applicable regulatory limits and health and safety plans developed for the
Weldon Spring site.

. }he potential occupational impacts associated with the specific handling and treatment
processes were estimated on the basis of the assumptions presented in detail in Appendix F. •
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Occupational impacts for Alternative 7a would be similar to those incurred under Alternative 6a
. because the same waste· would be treated. and similar activities would be required. The

incremental health risks to the maximally exposed remedial action worker are estimated to be
1 x 10-3 and 8 x 10.5 for exposure to radioactive and chemical contaminants, respectively. The
collective riSk to the entire remedial action 'work force from radiation exposure is estimated to
be2 x to-1. Although some potential exists for noncarcinogenic effects (i.e., ·the hazard index
to the maximally exposed worker was estimated to be greater. than 1), use of protective clothing
and respiratory protective equipment would minimize the likelihood of such effects. Actual
exposures to contaminants would be well below applicable regulatory limits. On the basis of
statistics for construction activities of comparable size and scope, no occupational fatalities are
expected to occur during implementation of Alternative 7a; approximately 110 cases of occupa
-tional injury are estimated to occur, with about 1,100 lost workdays (Appendix F, Section F.6).
Safety hazards associated with the high temperatures and the complexity of the vitrification
process compared with the chemical treatment process could result in more worker accidents.
To address this concern, additional measures would be taken to implement Alternative 7a in a
manner that would not jeopardize the safety of workers.

6.3.5.3 Protection of the Public

During implementation of Alternative 7a, the general public cC?uld be exposed to
radioactive and chemical contaminants migrating from the site via airborne dust and gaseous
emissions. The principal activities resulting in the generation of fugitive dust and gases would
be waste excavation, treatlrient, loading/unloading, and grading, as described for Alternative 6a
(Section 6.2.5.3). Some small differences would result from stack emissions from the vitrification
facility and sequencing of certain handling and treatment operations. Airborne releases resul~g
from accidents occurring on-site would be small compared with releases from roU:tin~ reme~ia1

action activities. Potential exposures of members of the public during the remedial action period
were estimated on the basis of the conservative scenario definitions and assumptions presented
in detail in Appendix F.

Estimated exposures· of the public for Alternative 7a would be similar to those incurred
under Alternative 6a. Although the respective treatment facilities - i.e., the chemical s~bili

zation/solidification facility for Alternative 6a and the vitrification facility for Alternative 7a-
. differ fundamentally in design, atmospheric particulate releases would not differ significantly.

In general, the same waste: would be treated under the respective treatment processes for each
alternative, the facilities would be enclosed, and particulate· releases would be controlled by
collection systems such as ~ir particulate filters. Radon emissions would be approximately 40%
higher for the. vitrification alternatives because of gaseous releases during the vitrification
process.·

The effluent from the vitrification facility would be monitored to ensure that the off-gas
treatment system was fund;ioning properly. Failure of specific components of this system could
result in short-term increases in atmospheric emissions. If this occurred, the vitrification system
would be shut down and the off-gas treatment system repaired. The risks to workers or
members of the general public from such accidental releases would be small compared with
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those associated with routine releases (e.g., from·waste excavation) during implementatio~of •
this alternative.

The results of the risk assessment indicate that no significant incremental health impacts
are predicted for members of the general public. The health risks to the maximally exposed
member of the public are estimated to be7 x 10-7 and 3 x 10-8 for radioactive and chemical
contaminants, respectively. The haZard index is' much less than 1, indicating that. no
noncarcinogenic effects are anticipated. The collective radiological risks to the population within
5 and 80 kIn (3 and 50 mil of the site are estimated to be 3 x 10-3 (for the population of 10,700)
and 2 x 10-2 (for the population of about 3 Inillion), respectiv~ly; the actual radius of impact
would likely be less than 5 kIn (3 mil.. No' adverse impacts would be incUrred by off-site
individuals as a result of contaminant releases during implementation of this alternative
(Appendix F, Section F.6);

6.3.5.4 Environmental Protection

Short-term environmental impacts associated with the implementation of Alternative. 7a
would be similar to those associated with Alternative 6a. In addition, Alternative 7a would. . ..',

involve potential effects related to emissions from the yitrification process and construction of
the natural gas pipeline and tie-in faCility (Figure 5.1 and Section 5.3).

Soil. .Short-term impacts would be similar to those described for Alternative 6a
(Section 6.2.5.4) except construction of the na:tural gas pipeline would result in.temporary soil
disturbance over an area of about 1.3 ha(3.2 acres) along the 5.3-km (3.3-mi). route of the'
pipeline. This disturbance would be of short duration, and the route would be revegetated and
restored to its original contours after the cleanup period. .

Water Quality and Hydrology~ Short-term impactS would be similar to those described
for Alternative 6a (Section 6.2.5.4) except construction of the natural gas pipeline could release
additional sediment and fugitive dust that might affect nearby surface waters. However,the

'width of the disturbed area would be small, about 1 m (3.3 ft),and good engineering practices
-f, and mitigative measures would be used to minimize any ad:verse effects. Other issues, including
~ those related to groundwater, are the same as described for Alternative 6a (Section 6.2.5.4).

,
i

!
i

I
I.1
i

Air.Quality. Short-term impacts to air quality are predicted to be similar to those
. identified for Alternative 6a (Section 6.2.5.4). Although Alternative 7a would involve an
" additional release of emissions from the vitrification facility, these emissions are expected to be

insignificant relative to other emissions such as fugitive dust.

. .' The highest annual average PM-IO concentration predicted for an off-site location during •
the remedial action period is estimated to be 6.5 J,lg/m3 above background. This value is slightly
lower than that 'predicted for Alternative 6a. This concentration would occur at the site

. .
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perimeter near the north gilte and is primarily associated with operation of the construction
material staging area (uncontaminated material) and refuted road traffic. This location would
have the highest PM-IO con~entration because the predominant wind direction at the site is from
the south. The highest concentration estimated for 'an off-site receptor is 0.8 p.g/m3 above
background (at the highway maintenance facility), which is considerably below the annual air
quality standard for PM-IO. The highest 24-hour PM-IO concentration for an off-site location is
estimated to be 280 p.g/m3 above background at the site perimeter near Frog Pond; the major

. ,

contributor to this value would be backfilling operations. The highest 24-hour PM-IO
,concentrations estimated for all other locations, except near the site boundary, are considerably
below the 24-hour air quality standard (including background) (Appendix C, Section C.l.3.l).

The vitrification facility is assumed to be operating 24 hours per day, 365 days per year.
This operation is unlikely to have significant impacts on air quality because the facility would
include an effective off-gas treatment system.' If this system were to fail, airborne emissions
could increase in. the short term until the failure was detected by the real-time monitoring
system, and the vitrification facility was shut down for repair., The short-term. impact on air
quality from such an occurrence wo.uld be small retative to other releases from routine

. operations such as excavation, backfilling, and regrading. The air quality impacts ass~ciated

"with obtaining backfill would be less than those for Alternative 6a bee;ause of lower ·fill
"requirements. Appropriate'dust control practices would be used for activities adjacent to the site
'boundary, so the potential air quality impacts associated with implementing this alternative
would be relatively minor.

Biotic Resources. The impacts to biotic resources from implementation of Alternative 7a
. would be similar in nature, magnitude, and duration to those identified for Alternative 6a

(Section 6.2.5.4). Some additional, minor impacts could result from construction of the natural'
, gas pipeline that would supply the fuel necessary for the vitrification process.

Construction of the 5.3-km (3.3-mi) belowground pipeline would disturb approximately
1.3 ha (3.2 acres) of land within the Weldon Spring Wildlife Area adjacent to and south of State
Route 94 (Figure 5.l). This' area currently supports a mixture of habitat types, including some
shrub plantings, row crops, old fields, and native grasslands (Missouri Department of

" Conservation 1989). The vegetation in this area is actively managed to control fescue and
-enhance wildlife habitat, especially small game populations. The loggerhead shrike, a federal

-. C2 species,has been reported from the area, and suitable habitat for Bachman's sparrow, another
C2 species, may also be present in this area. Some vegetation and wildlife' habitats along the
pipeline right-of-way would be destroyed during construction, but impacts to non-listed biotic

_resources from this habitat ioss would not be significant because the affected area represents less
than 0.02% of the total area of the Busch Wildlife Complex. Construction of the pipeline could
temporarily disturb habitat used by the loggerhead shrike and possibly by the Bachman's
sparrow as well. ·lmpacts to these species, if present, would be primarily through construction
noise and human activity. However, potential impacts to these species are expected to be minor
(see Appendix nand to not result in any adverse effects to either species. FoUowing completion



of pipeline construction, the right-of-way would be revegetated in accordance with the state '.
management plan and practices currently in place for this area (Missouri Department of

, Conservation 1989); no right-of-way maintenance is planned following completi,on of the pipeline
(Gonzales 1991). In s\lmmary, impacts from construction of the natUral gas pipeline would be

'temporary. ,Also, no impacts'to biotic resources are anticipated ,from the off-gas emissions
'generated d~g the vitrification process.

Socioeconomics ,and Land Use. Short-term impacts to socioeconomics and land use
"associated with the implementation of Alternative 7a are expected to be minor and similar to
those for Alternative 6a ,(Section 6.2.5.4). The remedial action worker requirements for

, ,
,implementing Alternative 7a are estimated to, be about 780 person"years, which is, about 40%
higher than the 560 person-years estimated for Alternative 6a. The effects on local employment
and private vehid~ use in the vicinity of the site would be somewhat higher for Alternative 7a
than for Alternative 6a, but this increase would not be significant. The increase in truck traffic
associated with Alternative 7a would be similar to that for Alternative 6a.

Cultural Resources. With one possible exception; impacts to archaeological sites and
cultural resources are expected to be the same for' Alternative 7a as describ~d for Alternative 6a
(Section 6.2.5.4). Incremental impacts could be associated with construction of the natural gas
pipeline, and an additional field survey might be'required for, this alternative. ' •

6.3.6 Implementability'

The vitrification technOlogy for Alternative 7a would ,require engineering scale-up to
be implemented full scale at the Weldon Spring site. Pilot testing, detailed design, fabrication,
installation, and 3 to 6 months of full-scale operation would be needed to optimize the treatment
process (MK-Ferguson Company and Jacobs Engineering Group 1992b).

Construction and operation of the removal and disposal components of Alternative 7a
would be straightforward. Readily available resources ~d standard procedures would be used

':"' for the removal component, and the designs of the proposed cells for the disposal component
;.; have been Used at other sites. Cells with leachate collection and removal systems have been '
;, constructed at municipal landfills, and disposal cells for wastes similar to those at the Weldon

Spring site have been constructed at several locations across the country. The use of a separate
combination disposal cell for the untreated material might require the use of grout to prevent
settling around the structural material being disposed of. Placement of the cohesionless vitrifie~

" material in the vitrification cell would probably require mixing of the glass:'1ike particles with
a clay binder or placing alternate layers of waste and clay in the cell. ,As part of the detailed
design and optimization of the' disposal operation, additional studies would be carried out to
determine optimal waste placement and compaction methods.

About '17 ha (42 acres) would be required for the dual disposal cell design under
Alternative 7a, for a total capacity (both cells) of approximately 680,000 m3 (890,000 yd3), •
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including a 10% contingency factor. If disposal volumes were greater than anticipated, the
. disposal cell footprint w01;1ld be extended or. side slopes adjusted to accommodate additional
capacity. This extension would be constrained by the presence of other on-site activities! e.g.,
excavation of contaminated areas. Approximately 55 ha (137 acres) of the available 88 ha
(217 acres) at the site would be impacted during remedial action activities under Alternative 7a

. (Table 5.2). Implementation of this alternative would require about 1,017,000 m3 (1,330,000 yd3)

of borrow material, which is available from local supplies. .

-The construction of a vitrification facility is expected to be relatively straightforward,
but a full-scale facility for the vitrification of hazardous. or radioactive waste sirnilai to that at,
the Weldon Spring site has not yet been constructed elsewhere. 1fie necessary equipment could
be modified from available equipment used in the glass-making industry. Construction of a
vitrification facility at the Weldon Spring site would include construction of a natural gas
pipeline to the site. A natural gas line is currently within 5.5 km (3.5 mi) oithe site and could

, easily be extended to the site. '

Fuel resources would be readily available for the treatment component of Alternative 7a.
A 15% over-design capacity was included in the preliminary conceptual design of the vitrifi-:
cation facility to help ensure that throughput demands could be met. The vitrification process
would require' about 1.6 x 104 m3/ d (5.6 x loS f~/ d) of natural gas, which is available locally.

I '" 1his is a small amount compared with an estimated total use of natural gas in the St. Loui!) area,
• ' i.e., about 9 x 106 m 3/d (3 x loB f~/d):

Operation' of the vitrification facility would be somewhat more difficult; The
vitrification system consists of three basic circuits: a fee~ preparation circuit, a melter circuit,
and an off-gas treatment syste'm. The feed preparation circuit would be used to process
improperly sized material prior to vitrification. The equipment needed for this circuit. is .readily
available because this co~ponent of the process is widely used in the mining industry; this
process would not require specially trained operators.

Fossil fuel-heated ceramic melters are widely used in .the existing commercial glass
making industry, and the melter circuit would require modification of this technology; an
estimated 95% of manufactUred glass is processed with this technology (MK-Ferguson Company
and Jacobs Engineering Group 1992b). Although fossil fuel-heated ceramic melters from the
glass-making industry could be modified to process the Weldon Spring waste, adaptation to the
treatment of radioactive and chemically hazardous waste is currently available only in pilot-scale

, plants with relatively small throughput capacities of about 23 tid (25 tons/d). Implementing
this technology for Alternative 7a would require increasing the capacity of these pilot-scale
systems to the preliminary conceptual design capacity of 90 t/d (100 tons/d) for the Weldon
Spring site. Further bench-scale and pilot-scale testing, engineering design, construction, and
start-up of the vitrification facility would probably require at least 5 to 7 years. Joule-heated

• "Estimated from the annual natural gas consumption for the state of Missouri. 6.9 x 109 m3 (242 )( 109 tt3)
in 1986 (DOE 1988), and the ratio of the population of the St. Louis metropolitan area (2,467,000) to the
population of the state of Missouri (5,141,000) in 1988 (U.S. Bureau of the Census 1990).
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ceramic melters have been used to vitrify liquid high-level radioactive waste, radioactively
contaminated soil, and waste cont:aIniriated with heavy metals in quantities ranging from 4.5 to
410 t (5 to 450·tons) (MK-Ferguson Company and Jacobs Engineering Group 1992b). One vendor
has been identified for the, fossil fuel-heated ceramic melter technology, and 15 vendors have
,been identified for the electrically based 'Goule-heated ceramic melters or plasma arc torch) and
in-situ vitrification technologies (MK-Ferguson Company and Jacobs Engineering Group 1992b).
On the basis of the factors discussed in Section 3.2.4.2,. the fossil fuel-heated ceramic melter
·technology was selected as ,the representative vitrification technology for this assessment..

A trained process engineer would be needed to operate both the physical pretreatment
and melting circuits of the fossil fuel-heated ceramic melter and to ~ct as supervisor of the melter
circuit: Operators and maintenance personnel, laborers, laboratory technicians, and adminis- .
trative personnel would also be needed. Industrial work experience would be required for the
system operators and maintenance personnel. The number of operators and maintenance

. personnel with previous experience in the vitrification of hazardous waste is limited, but these
personnel might be dta~ from the commercial glass-makirig industry or the high-level

·radioactive waste vitrification industry. The fossil fuel-heated ceramic melter system could be
:designed to operate largely by computer, with a combination of human and. 'comp~terized .
ove~sight (MK-Ferguson Company and Jacobs Engineering Group 1992b).· Start-up of the
vitrification facility would' require' at least 6 months to 1 year; however, because the: fossil
fuel-heated· ceramic melter system has not been previously used at the scale required for the
Weldon Spring site, operational problems might develop during start-up that could impact the .
processing scheduie and costs.

Potential operational problems in the melter circuit include temperature variation,
'incomplete melting, i.mnUscible phase development, and thermocouple or heat sensor failure.
Refractory failure is not anticipated to be a problem because the. design life .of the melter
operation is less than. the design life of the refractory at anticipated operating temperatures.
Temperature variation and improper control could result in the incomplete meltirig cif feed
material. Temperature fluctuations could also cause phase immiscibility. -The use of fossil fuel
allows for almost immediate control over melt temperatures and thus would aid in controlling
variability iri melt viscosity and pha,se immiscibility. Temperatures within the system would be

· continuously monitored by thermocouples and heat detectors. These thermocouples would
':probably be prone to failure at the high operating temperatures, necessitating the placement of

.> redundant thermocouples at critical locationS in the system and routine replacement and repair
as part of maintenance activities. Any product from tpe vitrification system that was incom
pletely melted or contained immiscible phases would be returned to the facility until an
acceptable product was produced.

The reliability of the fossil fuel-heated ceramic melter system for waste treatment is not
well established because this system has not yet been implemented at full scale or continuous
operation. Similar melting systems used in commerci~!l glass-making report a 90% continuous

· operation efficiency (?v1K-Ferguson Company and Jacobs Engineering Group 1992b). Pilot-scale •
operation qf the .fossil fuel-heated ceramic melter developed by Vortec has been reported at 90
to 95% availability (Carpenter 1991). '
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The off-gas treatment system would use standard air pollution treatment and control
devices. However, although the capabilities of the individual off-gas treatment devices are
known.' and well demonstrated, the effects are less well known with regard to linking mUltiple
treatment devices together to treat the off-gas stream expected from fossil fuel-heated
vitrification of radioactive and chemically hazardous waste at full.scale. The off-gas system
would use standard components, but the selected devices and their configuration would have
to be explicitly defined, tested, and optimized through bench-scale and pilot-scale testing.

The limited experience in developing the required off-gas treatment system could result
.in sched~edelays or cost increases because more time and personnel might be needed to bring
the system on-line. Operators and repair personnel would probably be drawn from the
incineration industry.because of their experience in operating and maintaining off-gas treatment
systems. The likelihood of operational problems would increase as the complexity of the off-gas
treatment system increased. It is possible that a complex linkage of treatment devices could lead

. ·to operational difficulties with individual devices, and the potential for effects from failure of'
individual devices could be exacerbated in downstream devices and result in an overall problem
with system operations and collection and removal efficiencies. If the off-gas emissions exceeded

. applicable requirements, delays would result; failure of monitoring devices or inadequate test
'~·results froin a ·full-scale· off-gas system could also cause delays uritil corrections could be
;. implemented.' Additional conceptual design and testing would be required to identify and .

resolve the potential difficulties in designing and operating ari off-gas treatment system for a
. .' fossil fuel-heated ceramic melter at the Weldon Spring site. .

The reliability of the off-gas treatment syste~ is not well defined.' Although information
is available on the reliability of the off-gas treatment system for the joule-heated ceramic melter,

. differences between the 0 ~ossil fuel-heated and joule-heated melter technologies make' it
inappropriate to extrapolate data from one technology to another. In addition, becaUse no pilot-

o scale or full-scale fossil fuel-heated ceramic melter system has been operated to vitrify waste
similar to that at the Weldon Spring site, no data exist on the reliability of the off-gastreatment
circuit proposed in the preliminary conceptual vitrification system identified for Alternative 7a.
Operational problems that'could develop in the off-gas treatment circuit include production of
large amounts of particulates that require secondary handling, added treatment requirements
for the scrub solution prior to disposal, monitoring device calibration, maintenance requirements,
and exacerbation of operational problems in downstream control devices resulting from failure
of an upstream device. The off-gas treatment system would require testing and opti.mi.zcition to
resolve these potential problems.

The effectiveness of the main components of the treatment .process for Alternative 7a
would be regularly monitored. The off-gas treatment system would include on-line monitoring
equipment to determine 0 the off-gas composition and ensure compliance with applicable
requirements. Final design of the off-gas system would identify optimal types and locations of
required monitoring devices. The effectiveness of the vitrification process would be monitored
by regular testing of the treated product. If a sample failed leachability criteria, additional
samples would be collected more frequently, and these samples would be tested and analyzed
to determine the cause of the problem. The failed material could be revitrified if necessary, and,
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process modifications would be instituted. Activities associated with monitoring and
maintenance of the· disposal .cell would be the same as identified for Alternative 6a
(Section 6.2.3.3). .

The i.mplementa~onof Alternative 7a would not adversely impact the performance of
additional remedial actio~at the Weldon Spring site. For example, the presence of two on-site

. disposal cells would not affect the ability to remediate groundwater beneath the cells. :

The administratiye feasibility of Alternative 7a could b~ affected ~y the stack releases.
1bat is, airborne emissions assoCiated with the vitrification proc~ss might necessitate a permit
from the state of Missouri for the release of hazardous constituents to the atmosphere. Remedial
action activities at the Weldon Spring site are being coordinated with the state of Missouri and
·EPA Region VIT, and this coordination would include the development of appropriate measures
to address the vitrification emissions under Alternative 7a.

6.3.7 Cost

•

The total arid present-worth costs for Alternative 7a are given in Table 6.8 and are
estimated to be $182million and $97 million;· respectively. Equipment capital costs for
vitrification are estimated to be $6.8 million, with an installed cost of $25.6 million (MK-Ferguson :
Company and Jacobs Engirleering Group 1992b). Treatment is estimated to have a total •
operating cost of $20.5 million for processing the 248;000 m3 (324,000 yd3) of contaminated
raffinate pit sludge, soil, and other waste. Bench-scale and pilot-scale testing is estimated to cost
$8.2 million, and raffinate pit sludge dewatering is estimated to cost $2.5 million.

The disposal cell cost estimate was based on separate disposal cells for vitrified material
and all untreated material. If more stringent liner systems were incorporated into the design of
the cell for the vitrified material, the costs for this component would increase. Costs for the
off-gas treabnent system in the preliminary conceptual design of the vitrification facility were
estimated to be $5.9 million for construction and $4.4 million for operation. These costs are
highly dependent upon the results of further beneh-scale and pilot-scale studies that would
optimize the system requirements. The equipment costs for vitrification could change by
selecting different vendors or types of equipment. In addition, if the treatment design
throughput were changed such that operation of more units or a larger unit were required, the
cost estimates would' increase accordingly. Other cost variations would be as identified for
Alternative 6a (Section 6.2.7).

6.4 ALTERNATIVE 7b: REMOVAL, VITRIFICATION, AND DISPOSAL
AT THE ENVIROCARE SITE

, 6.4.1 Overall Protection of Human Health and the Environment

Alternative 7b would provide for protection of human health and the environment at
the Weldon Spring site by (1) removing the sourcesof contamination, (2) treating the materials ••
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TABLE 6.8 C;:ost Estimate for Alternative 7a

Estimated Cost
Activity (million $)

Removal
Common removal costs (see Table 6.7) 10.4
Raffinate pits dredging/excavation· 14.4
Soil and sediment excavation ...1Z
Removal subtotal 26.5

Treatment
Common treatment costs (see Table 6.7) 6.6
Bench- and pilot-scale testin~ 8.2
Sludge processing facility construction· 25.6
Sludge processing facility operations· 20.5
Water treatment plant operations M
Treatment subtotal 64.4

Cijs~l . . '
Disposal facility construction material tests 0.9
Cijsposal facility construction 37.1

. Disposal cell operations M
Disposal subtotal 44.7

• Other
Common other costs (see Table 6.7)
Material hauling
Site n!Storation

. Long-tenn maintenanceb

Other subtotal

Total

Present worth

10.2
9.3
3.4

.1ll
46.8-

182

97

•

• Items for which the cost estimate does not differ between
Alternatives 7a, 7b, and 7c.

b For a 3D-year period; includes environmental monitoring.

Source: MK-Ferguson Company and Jacobs Engineering Croup
(1992b). .

that pose the principal threats at the site by vitrification, and (3) transporting all contaminated
material to the Envirocare site near Clive, Utah, for disposal. Protection of human health and
the environment in the vicinity of the Envirocare site would be ensured by placing all con
tamiilated material in an engineered disposal cell to mininiize the potential for contaminant
migration, Exposures and risks at both the Weldon Spring and Envirocare sites ~ou1d be
limited to very low levels. In addition, Envirocare of Utah, Inc., would maintain controls at its
facility to provide further protection against potential exposures. (Because it is privately owned,
DOE would have limited ability to ensure and maintain institutional controls. at the Envirocare
site.) Alternative 7b is not expected to result in any unacceptable impacts during implemen-
tation (Section 6.4.5). .
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·6.4.2 Compiiance with ARAKs

. Compliance with location-specific and contaminant-specific ARARs under Alternative 7b
would be the same as identified for Alternative 7a (Section 6.3.2). Compliance with action
specific requirements for activities that take place on-site under. this alternative would also be
.the same as identified for Alternative 7a. The application of specific envirorunental regulations
to activities being considered for the off-site facilities, such as treatment of liquid waste at an off-

. site incinerator and disposal of the solid material at the Envirocare site would be addressed in
appropriate envirorunental compliance documents and activities by the owners/operators of
those facilities. Requirements for transportation of hazardous materials are not part of an
envirorunental law and hence are not subject to evaluation for attairunent or waiver.as part of
the ARAR process. However, they would be pertinent to the remedial action under Alterna
tive 7b for transport of wastes to the Envirocare site and are therefore included in the general
discussion. The DOE would conduct transportation activities in compliance with all appropriate
shipping, packaging, and labeling requIrements, including those s~cified for radioactive material
in 49 CFR 173 (AppendixG, Table G.3)~· .

Under the Atomic Energy Act, as amended, DOE can transfer 11e(2) by-product material
only to organizations licensed by the NRC to receive such material. This requirement would be
applicable to the disposal of the lle(2) by-product material from the Weldon Spring site at the
Envirocare site under Alternative 7b. The Envirocare site has been permitted by the state of .
Utah to accept mixed hazardous and NORM waste. The site owner/opet;ator (Envirocare of
Utah, Inc.) has also applied for (but not received) a license to dispose o~ 11e(2) by-product
material. The RCRA requirements for a manifest system, recordkeeping, and reporting would
be addressed if the waste to be shipped off-site met the prerequisites for defu:\ition as hazardous

'waste. In this case, the RCRA financial requirements would also be applicable to the owner/ .
operator of the Envirocare site. .

6.4·.3 Long-Term Effectiveness and Permanence

Under Alternative 7b, the existing contaminated material would be removed from the
Weldon Spring site, and the entire site· could be released for future uses. Soil remediation is
expected to be the same as for Alternative 7a, except sqil within the area that would have been
used for disposal would be selectively remediated (i.e., less soil would be removed for cleanup).
Residual. risks assodated with future uses would· be as described for Alternative 6a
(Section 6.2.3.2) The.contcUninated material ~ould be placed in a disposal cell at the Envirocare
site, and Envirocare of Utah, Inc., would be responsible for the monitoring and maintenance
activities at that facility. These activities would be expected to ensure the effectiveness of waste
isolation and allow the aSsessment of potential future risks and the need for preventing any
potential exposures if the· disposal cell failed. Vitrification of the most highly contaminated
material would greatly reduce the mobility of contaminants in that portion of. the waste.
Therefore, if institutional controls were lost at the Envirocare site over the long term and the cell
subsequently failed, only very slow releases of contaminants to the envirorunent would result
from leaching of the vitrified material. The Envirocare site is located in an arid environment in
which precipitation is much lower than the Weldon Spring site, so the potential for human

•
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exposure to surface water or groundwater contaminated by any contribution from the Weldon
Spring waste would be small. Under current land-use conditions, people do not live near the
Envirocare site. If current conditions continue" the potential for public health impacts would be
low. However, local air quality might be impacted by wind dispersal (e.g., of the untreated soil)
because wind speeds can be high and the area is sparsely vegetated (DOE 1992d).

6.4.3.1 Protection of Workers

Exposures of workers during long-term monitoring and maintenance activities at the
Envirocare site would be similar to exposures under Alternative 7a for disposal at the Weldon
Spring site because the wastes involved would be the same, and the conditions for workers at
the two locations would be similar. Exposures of workers to released contaminants (e.g.,
particulates and radon gas) would be negligible becauSe the disposal cell would be designed and
maintained to control.such releases. In the 30 years immediately follOWing implementation of
Alternative 7b, it is estimated that about nine cases of occupatiorial injury and no occupational
fatalities would occur during routine monitoring and maintenance activities.

6.4.3.2 Protection of the Public

The potential for long-term exposures of members of the public in the vicinity of the
Eiwirocare site under Alternative 7b would be low if it is assumed that current land Use in 'the
area continues. It is expected that the disposal cell would be designed to last for at least 200 to
1,000 years. However, if institutional controls were lost in the future and the cell failed, any
nearby members of the public might be impacted. The nature of these impacts 'woulddepend .
on the magnitude of the release and local land-use conditions at the time it occurred: The dry .
climate would reduce the potential for migration of contaminants from the cell to surface water·
or groundwater. However, groundwate~might be impacted if the waste became saturated over
time (e.g., by infiltration through cover cracks during heavy storms). TIle dry conditions, wind
speeds, flat terrain, and sparse vegetation would result in higher air quality impacts from wind
dispersal of the untreated material if it were exposed; this might impact human health if
individuals were in the affected area when the material. was dispersed.

6.4.3.3 Environmental Protection

Soil and Geology. The long-term impacts on soil associated with Alternative 7b would
be similar to, but smaller than, the impacts associated with Alternative 6a (Section 6.2.3.3).
About 409,000 m3 (535,000 yd3) of soil would be required from nearby borrow sources at the
Weldon Spring site, which is about one-third the volume of borrow material required for

. Alternative 6a (the additional 607,000 m3 [794,000 yd3] for disposal cell construction would be
taken from the area of the Envirocare site). Up to 21 ha (52 acres) of land would be permanently
disrupted at the representative nearby borrow area under Alternative 7b. Impacts to prime
farmland at that area (if used) could be similar to that for Alternative 6a because although the
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, amount of borrow material would be lower, the same area would probably be excavated to a
lesser depth. Construction of a rail siding at Wentzville could result in the permanent disruption
of up to 4.5 ha (11 acres) of land at that location. Because the disposal cell would be constructed
at the Envirocare site, about 17 ha (42 acres) would be permanently disrupted at that location,
and soil currently in the area targeted for that disposal facility ~ould be removed. '

Earthquakes predicted for the Envirocare site would result in peak horizontal
accelerations in bedrock of 0.31 g, with return periods of more than 10,000 years (DOE 1984).
rotential seismic risks would be considered during cell design. Implementation of Alternative 7b
would not affect the regional geology of the Weldon Spring site, the Envirocare site, or their
surrounding areas. '

, Water Quality and Hydrology. After the sources of contamination were removed from
the Weldon Spring site, contaInin3nt levels in nearbysurfac'e water and groundwater would tend
to decreaSe. Construction of a rail siding at Wentzville is not expected to result i,n anylong-term
effects on water quality. Also, assuming that the monitoring and maintenance activities continue
.for the long term, no significant long-term impacts on surface water or groundwater q~ality are
expected at the Envirocare site.

No other long-term hydrological impacts are expected under Alternative 7b at, the
Weldon Spring site, the Wentzville siding, or the Envirocare site. No effects are expected at the •
Weldon Spring site because the site would be regraded to approximately original contours and
surface runoff would be directed to existing off-site stream channels. If a new rail siding were
constructed at Wentzville; it would be constructed on an approximately level area not located

. in a floodplain. At most, only a, few hectares (acres) of land would~ve any surface
modifications that might affect nmoff,and nmoff and runon controls would be used, as needed,
to control storm-water flow in,the area and to minimize any long-term impacts. The Envirocare
site is not in a floodplain; and the disposal cell would have little influence on runoff in th,e area

"because the size of the cell would be relatively small compared with the ~ize of the watershed
irt which it would be located and only a, small amotmt of runoff would occur' in that arid
environment (DOE 1992d).

If the disposal cell were to fail and no corrective measures were taken; nearby surface,
r, water could potentially be affected. However, the Envirocare site is located in a closed basin in
" an arid region, and the nearest permanent surface water body is located in a different basin,

about 45 km (28 mi) from the site (DOE 1992d). The arid conditions and distance to nearby
surface water would limit the potential for adverse effects on surface water quality.

The current monitoring well program at the Envirocare site includes sampling of about
10 of 42 wells located arotmd the existing disposal cell.. Samples are routinely analyzed for
contaminants that are representative of the waste types present in the cell. Envirocare of Utah,

, Inc., would be expected to conduct similar activities for monitoring the containment effectiveness' , •
for the Weldon Spring w~ste disposed of at the Envirocare site.
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The potential effE;cts on groundwater resulting from failure of a disposal cell at the
Envirocare site were evaluated with a conservative model, in the same manner as the evaluation
of disposal cell failure at the Weldon Spring site (Section 6.2.3.3). The details of the analysis are
presented in Appendix 0 c,md Tomasko (1992). The overburden material at the Envirocare site
is about 5.5 m (18 it) thick, and the equivalent, harmonic mean saturated hydraulic conductivity
calculated from laboratory measurements is 4.3 x 10-7 cm/s (0.0012 it/d) (Bingham Environ
menta11991). Infiltration of leachate from a disposal cell was assumed to occur under saturated
conditions, with an average linear groundwater velocity equal to the harmonic mean of the
saturated hydraulic conductivity of the composite overburden.. For this ·analysis, artificial or
engineered bottom liners~ which could further reduce the permeability of the· overburden

_ material, were not included in calculating the harmonic mean saturated hydraulic conductivity.

The approximate travel times required for dissolved contaminants to move hom the
bottom of a disposal cell at the Envirocare site through the vadose zone to the top of water table

.and achieve a maximum concentration are summarized in Table 6.9. Conservative estimates of
the time required for dissolved contaminants to move from the bottom of a disposal cell, through
the overburden, to a potential receptor location and achieve a maximum concentration are given
in Table-6.1O. The hypothetical receptor was assumed to be 1,600 m (5,280 it) downgradient of

., the disposal cell. This distance was selected assuming that the cell would be located in the
,. southeast corner of the Envirocare site. The concentration values presented in Tables 6.9 and
. 6.10 are dimensionless and.are based on conservative assumptions. More representative contami-

nant concentrations could be obtained by multiplying the dimensionless concentrationS by their
corresponding source values in the leachate from the disposal cell. The estiinated decrease in
the maXimum concentration of a conservative constituent between a release hom the cell and
arrival at the site boundary, comb~edwith the distance to the nearest population cent~r (for
current land-use conditions), indicates that cell failure would have no significant effects ·on
off-site groundwater quality at the Envirocaresite.

Air Quality. The long-term impacts on air quality at the Weldon 'Spring site under
Alternative 7b would be negligible because the sources of contamination would be removed and
the site regraded and revegetated, thereby minimizing the potential for release of fugitive dust.
Similarly, no long-term impacts on air quality are expected from the off-site borrow area because

. the disturbed sites would' be restored (e.g., regraded and revegetated) following use. After
placement of the Weldon Spring waste in a disposal cell at the Envirocare site, air quality in the
area would be similar to existing conditions. The potential for air quality impacts if the cell were
to fail in the future and no corrective actions were taken is indicated in Section 6.4.3.2.

.Biotic Resources. Under Alternative 7b, the long-term effects on biotic resources at the
Weldon Spring site and the Busch Wildlife Complex would be slightly less than those identified
for Alternative 6a (Section 6.2.3.3) and Alternative 7a (Section 6.3.3.3) because the 17-ha (42-acre)
area not used as a disposal facility would be returned to native habitat. However, additional
impacts on biotic resources in the WeldoI1 Spring area could result from the cons~ction and
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TABLE 6.9 Summary of. Disposal Cell Failure Calculations
for the Envirocare Site: One-Dimensional Vadose Zone.1

Maximum Concentration Time of Maximum
at Bottom of Concentration

Unsaturated Zone at Bottom of
(percent of initial Unsaturated Zone

Retardation concentration) (years)

.', 1 75 SS

5 19 170

100 1 3,050

a These calculations include only the, vertical flow component
through the vadose (unsaturated) zone; No artificial or .
engineered bottom liners ~ere assumed to be used for the
disposal cell. .

TABLE 6.10 SummarY of Disposal Cell 'Failure Calculations for
the Enviroc:are Site: Entire Flow System.1

•

, Maxnnum Concentration
. at Location of Receptorb

(percent of initial
Retardation concentration)

1 33

5 0.66

Time of Maximum
Concentration at

Location of Rec~ptor»
(years) ,

272

1,270
I:::

100 0.033 25,360

.1 These calculations are the combined results of three separate
calculations: the vertical flow component through the vadose
(unsaturated) zone, mixing, and the lateral flow component
through the phreatic (saturated) zone.

b Hypothetical receptor is located about 1,600 m (5,280 ft)
downgradient of the disposal cell.

•
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operation of a 'rail siding at Wentzville, which could potentially result in the permanent loss of
approximately 4.5 ha (11 acres) of wil~life habitat. No state listed species or sensitive
communities are known to occur in the Wentzville area (Dickneite 1991). In the event that an
existing siding were leased for Alternative 7b, no permanent effects on biotic resources would
be expected in the Wentzville area. '

Cell construction and maintenance at the Envirocare site would result in the permanent
loss of approximately 17 ha (42 acres) of semidesert shrubland, assuming that the area require
ments would be the same as at the Weldon Spring site for the same volume of waste. The plant
community at the disposal cell location (primarily shadscale-gray molly) would be permanently
lost, and wildlife using this area would be destroyed or permanently displaced. None of the
vegetation, habitats, or wildlife that would be affected are unique, so implementation of
Alternative 7b would not be expected to significantly affect the ecosystem of the area. In
addition, no impacts to aquatic resources are expected becauSe of the absence ofaquatic habitats,
(DOE 1984) and state listed species (Fairchild 1991).

The U.s. Fish and Wildlife Service has identified the federal threatened bald eagle
(~liaeetus leuCocephalus) 'and the federal endangered peregrine falcon (Falco peregrinus) as
possibly occurring in the area Oohnson 1991). Rush Valley and Skull Valley ~ loc~ted about

" 48 and 24kII\ (30 and 15 mi), respectively, to the east -of the Envirocare site - are used as
,. wintering areas by the bal~ eagle, and two peregrine falcon hack sites are located about 42 km,
. (26 mi) east and 88 km(55 mi) northeast of the site., The U.S. FiSh and Wildlife Service has,
, expressed concern ab,out P?tential impacts to these populations and to potential habitats on the

Envirocare site (Fairchild 1991). A biological assessment evaluating the pote~tial for adv'erse
impacts to these resources for Alternative 7b has been prepared and submitted to the U.S. Fish

, and Wildlife Service for concurrence and is currently under review (see Appendix 1). Because
, of the distances from the site to these areas, no impacts to either of these listed species are

anticipated from the human activity associated with operation and long-term maintenance of the
dispo~ cell.

Failure of the disposal cell in the absence of corrective measures could result in the .
release of some contaminants and subsequent exposure of local vegetation and wildlife. The
extent of habitat contamination and exposure of biota would depend on the nature and
magnitude of the cell failure, the extent of contamiriant dispersal following cell failure, and the

" implementation of response measures. Because of the absence of aquatic habitats and state listed
species in the area, no impacts to these resources are expected. Also, because of the distances
'to the peregrine falcon hack sites and the bald eagle wintering areas (from 24 to 88 km [15 to
55 miD, no impacts to these areas would be expeded. Little or no impact to foraging habitat for
the bald eagle and peregririe falcon is anticipated at the Envirocare site, and exposure of these
species to contamihants via food chain transfer is not considered likely (see AppendiX I).

Under Alternative 7b, apprOXimately 409,000 m3 (535,000 yd3) of borrow material would
be required, which is about one-third the volum~ n,eeded for Alternative 6a. Up to 21 ha
(52 acres) of upland habitat and four wetlands at the potential borrow area would be impacted.
The loggerhead shrike, a federal C2 species, has been reported from that area. In addition, the
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potential borrow area may provide suitable habitat for Bachman's sparrow, another C2 species.
Thus, if that location were used, removal of borrow could result in the permanent loss of suitable
forging and nesting habitat for these species.

SocioeconomiCs and ·Land Use. Disposal of the Weldon Spring waste at the Envirocare
site would have no significant effects on socioeconomics and land use in the vicinity of that site.

'The site is a commercial waste disposal facility, and land holdings within' a 15-km (9-mi) radi~s
:,are predominantly public domain administered by the Bureau of Land Management (DOE
'1992d). Current use of the area appears confined to sheep grazing (on state leases) and
recreational vehicle operation, but such uses are apparently minimal; poor soil conditions and
isolation from urban areas render agricultural or residential development unlikely in the
reasonably predicted fu~e (DOE 1984). .

Removal of contaminated waste from the Weldon Spring site would eliminate any
potential effects on future population and economic growth in the immediate area..Construction
of a new rail siding at Wentzville, if necessary, could affect local land-use patterns, depending
'on the locatio~ selected for the siding. Up to 4.5 ha (11 acres) of residential, agricultural,. or
.commercia1land would be committed to long-term industrial use. The removal of soil from a
.nearby representative borrow area might impact prime farmland at that location, with effects and .
mitigative measures similar to those for Alternatives 6a and 7a.

Cultural Resources. Construction of a rail siding at Wentzville, if undertaken in a
previously undisturbed area, might require an archaeological field survey to identify, evaluate,

. and mitigate potential adverse effects to significant archaeological sites. A review of records at
. the Archaeological Survey of MissoUri indicates that no sites are currently recorded in the

Wentzville area (Missouri Archaeological Society 1991). Removal of borrow material from the
potential off-site borrow area could adversely affect archaeological sites that meet eligibility
criteria for the National Register of .Histonc Places. Impacts would probably be less than for
Alternatives 6a and 7a because the smaller volume of borrow material required would reduce
the depth (and possibly the area) of the area disturbed.. Adverse effects to eligible sites would
be mitigated through avoidance, or if necessary, data recovery (excavation).

Removal of waste to the Envirocare site would have no adverse effects on archaeological
" sites or cultural resources, including historic structures listed on or eligible for the National
.: Register of Historic Places. An archaeological field survey' of the Envirocare site. was carried out

during August 1981 (DOE 1984). Except for several isolated fragments of glass (undated remains
of the historic period), no artifacts were encountered. No buildings or structures of historic
significance occur in the affected areas.

6.4.4 Reduction of Contaminant Toxicity, Mobility, or Volume through Treatment
l

Reductions in contaminant toxicity, mobility, and volume would be the same for
Alternative 7b as for Alternative 7a (Section 6.3.4).

•
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6.4.5 Short-Term EffectiVeness

6.4.5.1 Duration of Remedial Activities

Remedial activities under Alternative 7b are projected to be completed in about 10 years.
The removal and treatment components of Alternative 7b would require the same amount of

, time as identified for Alternative 7a. The time required to complete the off-site transport and
disposal component of Alternative 7b is estimated to be about 7 years, which includes time for,
procurement of equipment and facilities. These times could be longer if delays occurred in the
'acquisition of necessary licenses and pennits and associated administrative procedures required
for transport and disposal of the Weldon Spring waste at the Envirocare site (or if implemen
tation of the vitrification process at the Weldon Spring site is delayed).

, 6.4.si· Protection of Workers

The remedial action worker requirements for implementing Alternative 7b, including
requirements for off-sitetransportation, are estimated to be about 1,100 person-years. In

,addition, approximately 200 individuais would be working on-site in the project office building
,', during this period. To minimize potential occupational exposures to contaminants, remedial '
; action activities would be conducted in accordance with applicable regulatory limits and health
, and safety plans developed for the Weldon Spring site.

, '

The potential occu'pational impacts during the implementation of Alternative 7b would
be similar to those incurred under Alternative 7a (Section 6.4.4.2). An assessment. of the risks

. associated with implementing this alternative is presented in detail in Appendix F. The hecilth
: risks to the maximally exposed on-site remedial action worker are estimated to be approximately
1 x 10-3 and 8 x 10~5 for exposure to radioactive and chemical contaminants, respectively. The
collective risk to the entire remedial action work force from radiation exposure is estimated to
be 2 x 10-1. Although some potential exists for noncarcinogenic effects (Le., the hazard index
to the maximally exposed worker was estimated to be greater than 1), use of protective clothing
and respiratory protective equipment would minimize the likelihood of such effects. Actual
exposures to contaminants would be well below applicable regulatory limits (Appendix F,

, Section F.6). '

The radiological risks to the additional workers for transportation activities would be
less than those projected for on-site remedial action workers. The risk to the maximally exposed
transportation worker from external gamma irradiation during incident-free transportation is
estimated to be 2 x 10-4. The collective risk to transportation workers is estimated to be9 x 10-4,
which is significantly less than the risktoon-site remedial action workers. Actual exposures to
contaminants would be well below applicable regulatory limits. On the basis of statistics for

, construction and transportation activities of comparable size and scope, no occupational fatalities
are expected to occur during implementation of Alternative 7b. Approximately six transporta
tion accidents are likely to occur, with. no associated fatalities, and approximately 160 cases of
occupational injury are estimated to occur, with about 1,600 lost workdays (Appendix F,
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Sections F.6 and F.7). Safety hazards associated with the high temperatures and the complexity
of the vitrification process compared with the chemical treatment process could result in more
.worker accidents. To ~ddress this concern, additional measures would be taken to implement
Alternative 7b in a manner that would not jeopardize the 'safety of workers.

, ,

6.4.5.3 Protection of the Public

Estimated exposures of the public in the vicinity of the Weldon Spring site during
implementation of Alternative 7b would be similar to those for Alternative 7a. The health risks
'to the maximally exposed member of the public from site releases are estimated to be 7.x 10-7

and 3 x 10-8 for radioactive and chemical contaminants, respectively. The haZard index is much
less than 1, indicating that no noncarcinogenic effects are anticipateci. The collective radiological,
risks to the population within 5 and 80 kIn (3 and 50 mil of the site are estimated to be 3 x 10.3

(for a population of 10,700) and 2 x 10.2 (for a population of about 3 million), respectively; the
actual radius of impact wouid likely ,be less· than 5 kIn (3 mi): No adverse impacts would be
incurred by off-site individuals in the vicinity of the Weldon Spring site as a result of contami
nant releases during implementation of 'this alternative (Appendix F, Section F.6)..

Alternative 7b would '. require the transportation of a· large volume of contaminated
, material off-sitefor disposal, which would resultin incremental risks to the geperalpublic. The

radiological impacts to th~ general public associated with transportation activities would be
'significantiy less than those that would occur in the vicinity of the Weldon Spring site from
releases generated during on-site treabnentand handling activities. The risk to the maximally, '
exposed member of the public from transportation activities is estimated to be ?x 10-8; this

. _, individual is assumed to be a resident living 30 m (100 ft) from the transport route who is at
home during every shipment pass. The collective risk to the general public from radiation

, exposUre resulting from transportation activities is estimated to be 3 x 10.3•. Although severai
transportation accidents are projected to occur during shipment of the waste to the Envirocare .
site, no fatalities are anticipated (Appendix F, Section F.7). The,radiological risk to members of '
the public from tranSportation accidents is significantly lower than the risk from external gamma
irradiation during incident-free transportation.

.'

"

·.·1

I
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;' 6.4.5.4 Environmental Protection

Soil. Soil disturbance at the Weldon Spring site during implementation of AIterna-
" tive 7b would be similar to Alternative 7a,. and similar mitigative measures would be used to .

control erosion (Section 6.2.5.4). Soil disturbance at the borrow area would be similar to that
, associated with Alternative 6a, but impacts might be lower because of the reduced requirements

for borrow material. Soil disturbances for the pipeline would be the same as for Alternative 7a
(Section 6.3.5.4). Standard mitigative measures would be used to reduce the potential for erosio~
during construction and operation of the rail siding at Wentzville. Because of the arid conditions •
at the Envirocare site, the potential for water erosion during disposal cell construction is low.
Good engineering practices would also be used to reduce the potential for water erosion, and
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mitigative measures would be used as needed. Wind erosion could be more significant, but
mitigative measures such as wetting of ,soil would be used to reduce the potential for wind'
erosion and minimize adverse air quality effects.

Issues related to the transport of contaminated material to the Weldon Spring site from
vicinity properties and the transport of contamerized liquid waste to an off-site incinerator
would be the same as discussed for Alternative 6a. In the absence of an accident, transportation
of waste to the Envirocare site would have no effect on off-site soil because closed containers
would be used. Contingency plans would be in place to address spills, so if an accident
occurred that resulted in the release of contaminated materia), the spill area would be cleaned
up; thus, no long-term effects are expected.

Water Quality and Hydrology~ Potential short-term impacts to surface water near the
Weldon Spring site during the action period'for Alternative 7b would be generally similar to
those, discussed for Alternative 7a, and similar mitigative measures would be used. The _
potential for impacts associated with the borrow area could be reduced because of the reduced .
volume of the borrow material required under Alternative 7b. The potential for water quality

, impacts resulting from construction and operation of a rail siding at Wentzville .would be
: minimized by the use of erosion control measures to prevent movement of.sediment from the'
, siding area. The disposal cell at the Envirocare site would be located about 4.5 kID (28 mi) from .'
, the nearest perennial water body (DOE 1992d). Because conditions at' the*e' are arid,'

construction of a disposalcell at the Envirocare site usinggood engineering practices would not '
affect local surface water during the remedial action period. ' ' ,

The contaminated 'material would be transported in closed containers, so any adverse
, effects on surface water or groundwater related to transportation are unlikely except in the event
of an accident. If a spill occurred, it would be cleaned up in accordance with the contingency
plan~ and efforts would be made to prevent the movement of contaminated material to any
nearby water body. Short-term issues related to groundwater for the Weldon Spring site would
be as discussed for Alternative 6a (Section 6.2.5.4).

Air Quality. Short~term impacts to air quality at the Weldon Spring site would be
smaller for Alternative 7b than Alternative 7a (Section 6.3.5.4) because emissions asso<;:iated with
disposal cell construction, operation, and closure (primarily from uncontaminated construction

.material) would occur off-site at the Envirocare site instead of at the Weldon Spring site; any
impacts associated with fugitive dust at the off-site borrow area would also be lower.
Construction of a rail siding in Wentzville could result in short-term increases in erosion and
fugitive dust emissions; erosion control and dust control measures (e.g., silt fences, water sprays,
and chemical dust suppressants) would be implemented dUring construction to minimize poten
tial impacts. No impacts are expected from transportation to and operations at the rail siding
because the contaminated' material would be transported in closed containers. Disposal cell
construction and operation activities at the Envirocare site are assumed to be similar tothose for
on-site activities. Preliminary screeriing-Ievel calculations indicate that the 24-hour PM-tO
concentration might exceed the air quality standard at that site boundary when weather patterns
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were unfavorai:>le or the volume of material being handled was high (Appendix C, Sec
tion C.1.3.1). The same control measures used at the Weldon Spring site under Alternative 7a
could be implemented at the Envirocare site under Alternative 7b to minimize potential impacts
from fugitive dust emissions related to disposal cell construction and operations.

Biotic Resources. Under Alternative 7b, short-term impacts to biotic resources at the
Weldon Spring site and the Busch Wildlife Complex would be similar to the impacts identified
for Alternative 7a (Section 6.3.5A). Use of the representative off-site borrow area would impact
up to 21 ha (52 acres) of old-field habitat and agricultural fields land and four wetlands. The
potential for impacts associated with the borrow area under Alternative 7b would be lower than
for Alternative 7a because of the smaller amount of material required.

. .

•

Impacts to biotic resources at the Wentzville rail siding would result primarily from
construction and transportation activities at the site. However, because of the urbanized and .
disturbed nature of the rail corridor through Wentzville, little undisturbed vegetation or wildlife
habitat is expected to occur at the rail siding location. Thus, few impacts to the biotic resources
of the area are anticipated to result from the·loss of vegetation or wildlife habitat at this l,?cation.
The effects of noise, fugitive dust, andhuxnan activity that would occur' as: a result of
construction and transportation activities at the rail siding would be temporary, and the resultiilg
displacement of wildlife would not significantly affect local biota because of the limited wildlife . ..•.•.
expeCted to occur in the area. .No federal listed species, critical habitats, state listed species, or
sensitive biotic communities are known: to occur in the Wentzville area (see Appendix I)
(Brabander 1991b; Diclai.eite 1991).

Some wildlife in the vicinity of the Envirocare site could be affected by noise, human
activity, and fugitive dust associated with construction of the disposal cell, transport of the~aste

· to the site, and placement of the waste into. the cell. Potential impacts from fu~tive dust
emissions would be minimized through the implementation of dust control measures during
construction and transportation activities. Because of the limited biota present in the area, few
impacts to local biota are expected, and any impacts would be temporary.

No federalllsted species, state listed species, or critical habitats are known to occur at
·:the Envirocare site (see Appendix I) (Fairchild 1991; Johnson 1991). However, the U.s. Fish and

.".- Wildlife Service Gohnson 1991) has identified the federal endangered bald eagle (HaIiaeetus
,.leucocephalus) and peregrine falcon (Falco peregrinus) as possibly occurring in the area. A
· biological assessment has been prepared that evaluates the potential for adverse impacts to

listed, proposed, and C2 species (see Appendix I), and this assessment has been submitted to the
U.S. Fish and Wildlife Service for concurrence"and is currently under review. This assessment
addressed cell construction and disposal activities at the Envirocare site. Because of the

· distances from the Envirocaresite to the bald eagle wintering areas and the peregrine falcon
hacksites (Section 6.4.3.3), no impacts are expected from cell construction and waste placement
activities (see Appendix I). Although the bald eagle may forage in the vicinity of the site during •

· winter months, the current and continued human activity at the Envirocare site likely preclude
the use of the immediate surroundings by this bird.
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Socioeconomics and Land Use. The effects on socioeconomics and land use near the
Weldon Spring· site from obtaining borrow material at an off-site location would be similar to
those described for Alternative 6a (Section 6.2.5.4), but could be smaller because less material
would be required. The remedial action worker requirements for implementingAlternative7b
are estimated to be about 1,100 person-years, which is about 40% higher than the 780
person-years estimated for Alternative 7a. Temporary impacts on the labor force and traffic
volume near the WeldonSpring site would be similar to those for Alternative 7a (Section 6.4.3.3),
except that additional truck traffic would occur between the site and the Wentzville rail siding.
The transport of contaminated material to Wentzville would result in up to 42 vehicles per day
(round trip) on both State Route 94 and U.S.4O/61. Current traffic on U.S.4O/6i is about
24,000 vehicles per day (Brocksmith 1991). Overall increases in truck traffic on State Route 94
would be about the same for Alternative 7b as for Alternative 7a. Temporary impacts on the
labor force and traffic volume near the Envirocare site as a result of cell construction would be
addressed in the separate EIS being prepared by the NRC to support the licensing action for that
site (NRC 1991).. TI\is environmental review process is expected to be completed in July 1993.

IInplementation of this alternative couId resuItin the release of the entire Weldon
Sp·ring site for future uses.. The size of the site, 88 ha (217 acres), is small relative to available
land in this area. Hence, no sigilificant impacts on local population growth or land ~e would
be expected if this alternative were implemented.

Cultural Resources. No adverse effects to archeological sites or cultural resources
would oceurnear the Envirocare site during implementation of Alternative 7b. Potential impacts
associated with activities .iit the Weldon Spring area would be similar to those described for ..

. ,
Alternative 7a (Section 6.3.5.4), with additional impacts possible at the Wentzville location
(Section 6.4.3.3).

6.4.6 Implementability

The implementability of the removal and treatment components of Alternative 7b would
be the same as described for:Alternative 7a (Section 6.3.6). The implementability of the disposal
component of Alternative 7b would depend on the implementability of both transport of the

" Weldon Spring waste to the Envirocare sjte and disposal at that site.

Off-site transport of the contaminated material to the Envirocare site would consist of
truck transport from the Weldon Spring site to a rail siding in Wentzville, transfer of the material
to railcars, and rail transport from Wentzville to the Envirocare site near Clive. Equipment,
facilities, and the required personnel for truck and rail transport are readily available. The waste
would be shipped in closed containers designed to be handled by standard intermodal container
equipment and would fit on railroad flatcars specifically designed for the containers (see

.Appendix F, Section F.7). Similar containers have been used for waste from the UMTRA
Program (MI<-FergusOri Company and Jacobs Engineering Group 1992b).
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A rail siding occupying about 4.5 ha (11 acres) would be constructed or leased in
Wentzville under Alternative 7b. The Wentzville area has several existing sidings, and the
Union Pacific Railroa~ could potentially assist in locating a siding that could be used "for staging
and loading. Construction and operation of arai! sidiitg would be straightforward. Material
staging and loading would be" accomplished with standard, industry-proven technologies.·
Security personnel would be required at the siding for 24 hours per day, 7 days per week.

Apermit for the construction·and operation of the rail siding would also·be required.
~The Union Pacific Railroad employs hazardous waste emergency response teams throughout its
'System. Information pertinent to shipment of the Weldon Spring waste (e.g., waste
characteristics and. emergency handling information) would be entered ~to the railroad
computer system for access by the emergency response teams, if needed. A spill contingency
plan would be developed and, in the event of a spill, an"emergency response team would reload
the spilled material into containers supplied from the Wentzville siding or.the disposal facility, .
test the area for residual contamination, and clean the area, as needed~ Transport of the waste
off-site would· require sigriificant coordination among agencies~ Many states require advance
notificatic:>nand permitting for shipments of radioactive material entering their domain, and all
shipments would be required to meet applicable federal and state !egulations.

. ;

•

•

.The Envirocare site is licensed to accept NORM waste and is permitted to accept mixed
NORM and chemically hazardous waste, and Envirocare of Utah, Inc., has submitted an applica- . .•.
tion for disposal oflle(2) by-product material to the NRC (Section 5.4.3). The time required fcir
the Envirocaresite to receiye the license and necessary permits for accepting the "Weldon Spring
waste could result in schedule delays. An EIS for the disposal of lle(2) by-product material at
the Envirocare site is euirentIy being prepared, and" that environmental review proc~sS is
projected to be completed,in July 1993. Delays in this schedule. could impact the schedule for
off-site transport of .the Weldon Spring. waste to the Enviroc~re site..

The Envirocare site has adequate facilities to accept the Weldon Spring waste. The site
occupies 227 ha (560 acres), of which about 40 ha (100 acres) is occupiep. by Envirocare NORM
and mixed waste cells, apd about 170 ha (420 acres) is "available for the addition of future
disposal cells such as would be constructed for the Weldon Spring waste under Alternative 7b

~. (DOE 1992d). The Envirocare ~ite is dedicated solely to the disposal of radioactive and mixed
"' wastes. Transfer areas, storage areas, decontamination facilities, and a laboratory are available
";~at the site. The site is accesSible by a: rail siding, where the containers could be transferred to
" trucks for movement to the disposal cell where the containers would be unloaded.

The administrative feasibility of Alternative 7b would be impacted by the requirements
for coordinating off-site transport and disposal. Numerous state and federal regulations would
need to be" addressed, and licenses, permits, and administrative procedures would need to be
in place before transport and disposal could take place..These requirements might impact the
time required to implement this alternative.
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6.4.7 Cost

The total and pr~sent-worthcosts for Alternative 7bare given in Table 6.11 arid are
estimated to be $351 million and $197 million, respectively, including the cost of constructing
and operating a disposal cell at the Envirocare. site. The cost of disposing of wastes at the
Envirocare site was determined on the basis of disposal fee quotes obtained from Envirocare of .

. Utah, Inc. The disposal fee is estimated to be $158/t ($144/ton) (MK-Ferguson Company and
Jacobs Engineeririg Group 1992b), but a detailed cost analysis would have to be performed

. before a firm price could be. developed. An estimated cost of $60/t ($54/ton) for rail transport
to the facility, including the return of empty containers, was obtained from Union Pacific
Railroad (MK-Ferguson Company and Jacobs Engineering Group 1992b). The costs of construc
ting the rail siding at Wentzville and hauling the waste from the site to the siding are estimated
to be $23.8 million. The total cost for off-site transport and disposal at the Envirocare site,
including ancillary facilities, is estimated to be $214 million.

Disposal and rail transport fees increase the cost of Alternative 7b. Material hauling
costs associated with off-site disposal are dependent upon the costs for the containers,

. constructing the rail siding, and hauling the waste by truck to the siding. The overall cost could
, increase if doeumentation expenses for waste transport exceeded the percentage of direct labor
: cost assumed for operating expense. Other cost variations would be as identified for Altema
'. tive 7a (Section 63.7).

6.5 ALTERNATIVE 7c: REMOVAL, VITRIFICATION, AND DISPOSAL ..
AT THE HANFORD SITE

6.5~1 Overall Protection of Human Health and the Environment .

Alternative 7c would prOVide for protection of human health and the environment at
the Weldon Spring site by (1) removing the sources of contamination, (2) treating the materials
that pose the prinCipal threats at the site by vitrification, and (3) transporting all contaminated'
mateiial to the Hanford site near Richland, Washington, for disposaL Protection of human
health and the environment in the vicinity of the Hanford site would be ensured by placing all
contaminated materials in an engineered disposal cell to minimize the potential forcon~t
migration. Exposures and risks at both the Weldon Spring and Hanford sites would be limited
to very low levels. Institutional controls would be maintained at the Hanford site to prOVide
further proteCtion against potential future exposures. Alternative 7c is not expected to result in
any unacceptable impacts during implementation (Section 6.S.S). I

6.5.2 Compliance with ARARs

Compliance with location-specific and contaminant-specific ARARs under Alternative 7c
would be the same as identified for Alternative 7a. Compliance with action-specific require
ments for activities ~t take place on-site under this alternative would be the same as identified
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TABLE 6.11· Cost Estimate for Alternative 7b e·
Activity

Removal
Common removal costs (see Table 6.8)
Soil and sediment excavationa

Removal subtotal.

Treatment
Common treatment costs (see Table 6.8)
Water treatment plant operationSa

Treatment subtotal

Disposal
Disposal facility construction material tests
Disposal facility construction
Disposal cell operations
Off-site transport and disposal
Disposal subtotal

Other
Common other costs (see Table 6.8)
Material haulinga .

Site restorationa

Long-term maintenance .
. Other subtotal

Total

P~tworth

Estimated Cost
(million $)

24.8
1.5

i6.3

60.9
...ll
64.0

10.2
33.1
3.2
-c

~

351

197

e.

~.....
.,
'.
i,

t

a Items· for which the cost estimate does not differ between
Alternatives 7b and 7c. .

b The costs for construction and operation of a disposal cell at
the Envirocare site are not explicitly identified because such
costs are factored into the disposal fee, which is· included in
the cOst estimate for off-site transport and disposal.

. C Long-term maintenance of the Weldon Spring site would no
longer be required because the contaminated media would
have been removed from the site area. CoSts for long-term
maintenance at the Envirocare site are included in .the disposal
fee. .

Source: MK-Ferguson Company and Jacobs Engineenng Group
(1992b). . .

•
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for Alternative 7b. The application of specific environmental regulations to activities being
considered for the off-site facilities, such as treatment of liquid waste at an off-site incinerator .
and disposal of solid material at the Hanford site, would be' addressed in the environmental
compliance documents and activities for those facilities. A site-specific NEPA document would
be prepared by the owners/operators of the Hanford site if a new disposal ceUwere located
there for the Weldon Spring waste:

6.5.3 Long-Term Effectiveness and Permanence

Under Alternative 7c, the existing contaminated material would be removed from the
Weldon Spring site such that the site could be released for future uses. Residual risks would
be as described for Alternative 7b (Section 6.4.3). The contaminated material would be placed
in a disposal cell at the Hanford site, and monitoring and maintenance activities would be
carried out at that site for ,the long term. These activities would be expected t() ensure the
effectiveness of waste isolation and would allow the assessment of potential future risks and the
need for preventing any potential exposures if the disposal cell failed. Vitrification of the most
highly c,?ntaminated material would greatly reduce the mobility of contaminants in that portit)fl
of the waste. Therefore, if it were hypotheticaIlyassumed that institutional controls were lost'
at the Hanford site in the long-term future and the cell subsequently failed, contaminan~ would
be leaChed to the environment very slowly from the vitrified material. In addition, the tJanford'
site is located in an arid environment in which precipitation is much lower than at theWe,ldon
Spring site, so the potential for human exposure to contaminated water would be small.
However, air quality might be impacted by wind dispersal (e.g., of the untreated soil) bec~use

wind, speeds can be high and the area is sparsely vegetated (DOE 1992d). .

6.5.3.1 Protection of Workers

Exposures of workers during long-:term monitoring and maintenance activities at the
Hanford, site would be siIDilar to exposures under Alternative 7a for disposal at the Weldon
Spring site because the wastes involved would be the same, and the conditions for workers at
the two locations would be similar. Exposures of workers to released contaminants (e.g.,
particulates arid radon gas) 'Would be negligible because the disposal cell would be designed and
maintained to control such releases. In the 30 years inunediately following implementation of
Alternative 7c, it is estimated that about nine cases of occupational injury and no occupational
fatalities would occur during routine monitoring and maintenance activities.

6.5.3.2 Protection of the Public

The potential for exposures of members of the public-~ the vicinity of the Hanford site
in the long term would be low, on the basis of current land use in the area. It is expected that
the dispoSal cell would be designed to last at least 200 to 1,000 years. However, if institutional
controls were lost and the cell failed, any nearby members of the public might be impacted. The
nature of these impacts would depend on the magnitude of the release and local land-use
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conditions at the time it occurred. The dry climate would reduce the potential for migration of .
.contaminants from the cell to water. However, several surface water bodies (including two
rivers) are nearby, and surface runoff after heavy storms could be higher than at the Weldon
Spring site (but comparable to the Envirocare site) because attenuating surface features such as
dense vegetation.are absent. In addition, the higher permeability 'of the overburden material

·compared to the two alternate disposal sites could result in groundwater impacts if the waste
·were saturated (e.g;, by infiltration through cover cracks dUring heavy storms) and the
.foundation material of the cell was breached over time. The potential for impacts from airborne
.contaminants (e.g., from wind dispersal of untreated material) would be as described for
·Alternative 7b (Section 6.4.3.2). ; .

6.5.3.3 .Environmental Protection

.'

. Soil and Geology. The ,potential impa~ts on soH at the Hanford site under Altema
tive 7c would be similar to those at the Envirocare site under Alternative 7b,(Section 6.4.3.3).

'Eiuthquakes predicted for the 2OO-West Area (the potential location for the disposal of the
. I. .

'Weldon Spring waste) would result in peak ground accelerations of about O.~g, with a return
. period of 10,000 years (DOE 1991).. Potential seismic risks would be considered.during cell
design. Implementation of Alternative 7c would not affect the regional geology of the Weldon

. Spring site or the Hanford site or their surrounding areas. .'

Water Quality and Hydrology; The impacts on water quality and hydrology both
on-site and at the off-site disposal location under Alternative 7c' could be similar to those for
Alternative 7b (Section 6.4.3.3). In the absence of cell failure, no significant long-term impacts
are expected on surface water or groundwater quality at the Hanford site under Alternative 7c.
The disposal cell would not be in a floodplain and would not have significant influence on
·runoff in the area because the size of the cell would be small relative to the area of the drainage
basin in which it would be located and because'very little rainfalland runoff oc":U' in the area.

Failure of a disppsal cell at the Hanford site could 'potentially, affect nearby surface
': water. However, the sit~ is IQcated in an arid region and the nearest surface water body, an .
:' ephemeral stream, would be more than 3 km (2 mi) from the disposal cell (DOE 1992d); The

:j, Columbia River is about 8 kIn (5 mi) north of the 200-West Are~, and some of the disposal area
drains to this river. The Yakima River, the nearest downgradient perennial water body for most

· of the 200-West Area, is about 24 kIn (15 mi)'to the southeast. The arid conditions and distance
to surface water would limit the potential for adverse effects on surface water quality.

The potential effects on groundwater resulting from failure of a disposal cell at the
Hanford site were evaluated with a conservative model, in the same manner as the evaluation
of disposal cell failure at the Weldon Spring site (Section 6.2.3.3). The details of the analysis are
presented in Appendix D. The overburden material in the 200-West Area at the Hanford site •
(the potential location for the disposal cell) is about 30 m (100 ft) thick (Pacific Northwest
Laboratory 1989) and has an estimated average saturated hydraulic conductivity of 75 mId
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(250 ftld). Infiltration of leachate from the disposal cell was assumed to occur under saturated
conditions, with an average linear groundwater velocity equal to the value of the saturated
hydraulic conductivity. For this analysis, artificial or engineered bottom liners, which could
reduce the permeability of the overburden material, were not included in calculating the average
saturated hydraulic conductivity. .

The approximate travel times required for dissolved contaminants to move from the
bottom of a disposalcell at the Hanford site through the vadose zone to the top of the water
table and achieve a maximum concentration are summarized in Table 6.12. Conservative
estimates of the time required for dissolved contaminants to move from the bottom of a disposal
cell, through the overburden, to a potential receptor, location and achieve a maximum
concentration are given in Table 6.13. The hypothetical receptor was assumed to be located
13,700 m(44,800 tt) downgradient (northeast) of the disposal cell at the site boundary. The
concentration values. presented in Tabl~s 6.12 and 6.13 are dimensionless and based on
conservative assumptions.. More representative contaminant concentrations could be obtained
by multiplying the dimensionless concentrations by their, corresponding source values in the
leachate from the disposal cell. The estimated decrease in the maximum concentratlonof a
conservative constituent by about four orders of magnitude between a release from the cell and
arrival at the site boundary indiCates that cell failUre would have no Significant effects on off~site

groundwater quality, assuming that the site boundary remains as it is (i.e., the site boundary is
a considerable diStance from the conceptual cell location). .

Air Quality. The long-term impacts on air quality at the W~ldon Spring site under.
Alternative7c would be negligible because the sources of contamination would be removed and
the site regraded and revegetated, thereby minimizing the potential for release of fugitive dust.
Similarly, no long-term impacts on air quality are expected from the off-site borrow area because,
the disturbed sites would be restored (e.g., regraded and revegetated) following uSe. After'
placement of the Weldon Spring waste in a disposal cell at the Hanford site, air quality in the
area would be similar to existing conditions. The potential for future air quality impacts, if the
cell were to fail in the future and no corrective actions were taken, is indicated in section 6.5.3.2.

Biotic Resources. Under Alternative 7c, the long-term effects on biotic resources at the
Weldon Spring site, the Busch Wildlife Complex, and the Wentzville rail siding would be similar
to ,the long-term ,effects identified for Alternative 7b (Section 6.4.3.3). The construction and
operation of a disposal cell would permanently disturb approximately 17 ha (42 acres) of land
and result in the permanent loss of some vegetation and wildlife habitat at the 200-West Area
of the Hanford site. However, little undisturbed vegetation or wildlife habitat exists at this'
location because the Hanford waste management facilities and the Plutonium Processing Facility

. are located at the 200~WestArea. (DOE 1991). In addition, the Hanford' site covers an area of
approximately 145,000 ha (358,300 acres), of which 136,300 ha (336,600 acres) are relatively
undisturbed and support a variety of plant and wildlife habitats and conununities. Thus, the
vegetation and wildlife habitats that could be permanently disturbed under Alternative 7c would
represent no more than 0.012% of the total wildlife habitat present at the Hanford site. .
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TABLE 6.12 Summary ofDisposal Cell.Failure Calculations
for the Hanford Site:. 0s:-e-Dimensional Vadose Zone3

Retardation

1

5

100

Maximum Concentration
. at Bottom of ..

Unsaturated Zone
(percent of initial

concentration)

17

35

0.17

Time of Maximum
Concentration
at Bottom of

Unsaturated Zone
(days)

0.3

15

30

•• I
I

. ,

1/

..~

3 These cillculations include only the vertical flow component
··through the vadose (unsaturated) zone. No artificial or
engineered bottom liners were assumed to be used for the
disposal cell.

TABLE 6.13 SUmmary of Disposal Cell Failure Calculations for
the Hanford Site: Entire Flow System i

Mclximum Concentration Time of Maximum
at Location of Receptorb Concentration at

(percent of initial Location of Receptorb
Retardation concentration) .. (years)

1 7.7 x to-3. 12

5 .15 x 10-3 61

100 7.6 x to-5 1,220

a These calculations are the combined results of three separate
calculations: the vertical flow component through the vadose
(unsaturated) zone, mixing, and the lateral flow component
through the phreatic (saturated) zone.

b Hypothetical. receptor is located about 13,700 m (44,800 ft)
downgradient of the disposal.cell.

•

•
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The U.S. Fish and Wildlife Service (Gloman 1991) has identified the federal endangered
bald eagle (Haliaeetus leucocephalus) and peregrine falcon (Falco peregrinus), as well as several
federal candidat~ species, as possibly occurring in the 200-West Area.. Several species of plants
anc;fanimals under consideration for fonnallisting by the federalgoverrurient and the state of
Washington also occur at the Hanford site. A biolOgical assessment has been prepared
(Appendix I) that evaluates the potential for adverse impacts of the reIIl~dial action alternatives
on listed and proposed species. TIlis assessment, which addresses the representative cell
construction and waste disposal at the Hanford site, has been submitted to the U.S. Fish and
Wildlife Service for concurrence and is currentlyunder review. Except for.the loggerhead shrike
(C2), none of the listed or candidate species, or their critical habitats, are known to occur at or
use the 200-West Area (Pacific Northwest Laboratory 1991). Thus, the long-tenn loss of
vegetation and wildlife habitat that would result under Alternative 7c is not expected to affect
significantly any of these species or their critical habitats. Construction of a disposal cell at the
Hanford site could result in the pennanent loss of about 17 ha (42 acres) of potential foraging
and nesting habitat for the loggerhead shrike. Loss of this habitat is not expected to adversely
affect this species because the amount that could be lost represents less than 1% of the
undisturbed habitat present at the Hanford site (Appendix n.

_. -If the cell were to fail and no corrective measures were taken, some contaminants could
~- be released and subsequent exposures of local vegetation and wildlife could occur. The extent
:. of potential habitat contamination and exposure of biota would depend, on the nature~d .

magnitude of cell failure, the extent of contaminant dispersal following ceUfailure, and.the
implementation of response measures. . ..

Socioeconomics and Land Use. Disposal of the Weldon Spring waste at the Hanford
site would have no significant effects on socioeconomics and land uSe in the vicinity of that site.
The Hanford site is owned and operated by the federal government for the production of nuclear
material, research, and waste management, so the use of this area for waste disposal would be

.consistent with existing and planned future land-use patterns. Potential impacts·in the Weldon'
Spring area would be the ixune as described for Alternative 7b (Section 6.4.3.3). .

Cultural Resources. Construction of a disposal cell in the 200-West Area of the Hanford
site would not adversely· affect significant archaeological sites or cultural resources at that
location. A literature/file review and several field surveys (pedestrian walkovers) were
conducted in the 200-West Area during 1988; about 15% of the area (3.59 km2) was sampled
(Chatters and Cadoret 1990). Three isolated artifacts and two historic archaeological sites were
recorded; in addition, historic White Bluffs Road traverses the center of the 200-West Area
(Chatters and Cadoret 1990, FigureS). Although the isolated artifacts and sites are not
significant cultural resources, White Bluffs Road appears to meet eligibility criteria for the
National Register of Historic Places (36 CFR 60.4) (Chatters and Cadoret 1990). A disposal cell
would not be constructed on or near this. historic road. However, it might· be necessary to
undertake a field survey of low to moderate intensity (e.g., transect intervals of 50 to 100 m) of
any previously unsurveyed and undisturbed affected areas prior to disposal cell construction.
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All arChaeological remains encountered during such a survey would be evaluated for eligibility •
to the Natiortal Register in consultation with the Washington SHPO; sites determined to be eligible
would require mitigatj.on of unavoidable adverse effects.

The 200-West Area is located within 10 kIn (6 mi) of severallandfonns, inCluding Gable,
Mountain and Gable Butte, that have religious significance to local Native' American people
(Relander 1956; Chatters 1989). If Alternative 7c were selected, the affected Native Americans

, ,

would be consulted with regard to any potential impacts to these and other areas of religious
significance (as required by,the American Indian Religious Freedom Act).,

6.5.4 Reduction of Contaminant Toxicity, Mobility, or Volume through Treatment

Reductions in contaminant toxicity, mobility, and volume would be the same for
Alternative 7c as described for Alternative 7a (Section 6.3.4). .

6.5.5 Short-Term Effectiveness

6.5.5.1 Duration of Remedial Activities

,Remedial action activities for removal, trea~ent, and transport time tmder Altema- •
tive 7c would be as described for Alternative 7b. These times could~ longer if delays occurred
in the establishment of administrative procedures required for transport of the Weldon Spring
waste to the Hanford site for disposal (or if implementation of the vitrification process at the ,

,Weldon Spring site were delayed). "

6.5.5.2 Protection of Workel'S

The remedial action wprker requirements for implementing Alternative 7c,including
the requirements for off-site transportation, are estimated to be about 1,100 person-years. In,
addition, approximately 200 individuals would be working on-site iIi. the project office building

" during this period. To minimize potential occupational exposures to contaminants, remedial
, " action activities would be conducted in accordance with applicable regulatory limits arid health

~, and safety plans developed for the Weldon Spring site. '

The potential occupational impacts during the implementation of Alternative 7c woUld
be similar to those incurred under Alternative 7a (Section 6.4.4.2). An assessment of the risks
associated with implementing this alternative is presented in detail in Appendix F. The health '
risks to the maximally exposed on-site remedial action worker are estimated to be approximately
1 x 10-3 and 8 x 10-5 for exposure to radioactive and chemical contaminants, respectively. The
collective risk to the entire remedial action work force from radiation exposure is estiInated to
be 2 x 10-1. Although some potential exists for noncarcinogenic effects (i.e., the hazard index .,'
to the maximally exposed worker was estimated to be greater than 1), use of protective clothing
and respiratory protective equipment would minimize the likelihood of sud:t effects. Actual
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exposures to contaminants would be well below applicable regulatory limits (Appendix F,
Section F.6).

The radiological risks to the additional workers required for transportation activities
would be less than those projected for on-site remedial action workers. The risk to the
maximally exposed transportation worker from extemalgamma irradiation during incident-free
transportation is estimated to b~ 2 x 10-4. The collective riskto transportation .workers is
estimated to be 9 x 10-4. Actual exposures to contaminants would be well b.elow applicable
regulatory limits. On the basis of statistics for construction and transportation activities of
comparable size .and scope, no occupational fatalities are likely to occur during implementation
of Alternative 7c. ApproXimately eight transportation accidents are likely to occur, with no
associated fatalities, and approximately 160 cases of occupational injury are expected to occur,
with about 1,600 lost workdays (Appendix F, Sections F:6 and F,,7). Safety hazards associated

. with the high temperatures and the complexity of the vitrification process compared with the
cl1emical treatment process could result in'more worker accidents. To address this concern,
additional measures would be taken to implement Alternative 7b in a manner that would not
jeopardize the safety of workers. '

6.5.5.3 Protection of the Public

.Estimated exposures of the public in the vicinity of the Weldon Spring site during .
implementation of Alternative 7c woUld be the same as those described in Al~ernative7a. The,
health risks to the maximally exposed member of the public from site releases are estimated to

. be 7 x 10-7 and 3 x 10-8 for radioactive and chemical contaminants, respectively. The hazard'
index is much less than 1, indicating that no noncarcinogenic effects are anticipated. The
collective radiological risk to the population within 5 and 80 km (3 and 50 mi) of the site are .
estimated to be 3 x 10-3 (for a p'opulation of 10,700) and 2 x 10-2 (for a population of about
3 million), respectively; the actual radius o~ impact would likely be less than 5 km (3 mi). No
adverse impacts would be incurred by off-site individualS in the vicinity of the Weldon Spring .
site as a result of contaminant releases during implementation of this alternative (Appendix F, ..
Section F.6).

In addition, Alternative 7c would require the transportation of a large volume of
. contaminated material off-site for disposal, which would result in an incrementcll risk to the

general public. The radiological impacts to the general public associated with transportation
activities would be significantly less than those that would occur in the vicinity of the Weldon
Spring site from releases generated during on-site treatment and handling activities. The risk
to the maximally exposed member Of the public from transportation activities is estimated to be
7 x 10-8; this individual is aSsumed to be a resident living 30 m (100 tt) from the transport route
who at home during every shipment pass. The collective risk to the general fublic 'from
radiation exposure resulting from transportation activities is estimated to be 3 x 10- . Although
several transportation accidents are projected to occur during shipment of the waste to the
Hanford site, no fatalities are anticipated (Appendix F, Section F.7). The radiological risk to
members of the public from transportation accidents is significantly less than the risk from
external gamma irradiationduring incident-free transportation. '
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6.5.5.4 Environmental Protection '

Soil. Short-tenn impacts from soil disturbance at the Weldon Spring site would be the
same for Alternative 7c as for Alternative 7b (Section 6.4.5.4). The type of soil disturbance at the

, Hanford site under this alternative would be similar to that described for the Envirocare site
under Alternative 7b. '

Water Quality and Hydrology. Potential short-term impacts to water quality and
hydrology, at the Weldon Spring site would be the same as described for Altemativ'e 7b

, (Section 6.4.5.4). Impacts at the Hanford site' are unlikely because precipitation is low ,and
, engineering controls would b~ applied.

Air Quality. Short-term impacts to air quality in the vicinity of the Weldon Spring site
under Alternative 7c would be the same as those identified for Alternative 7b (Section 6.4.5.4)~

Disposal cell construction and operation actiVities at the Hanford site are expected to have
negligible impacts on off-site air quality because the disposal cell would,be located sev~ral

, kilometers (nilles) from the site boundary. Control measures similar to those used at the Weldon'
Spring site under Alternative 7a could be implemented at the Hanford site. Such measures
would rilinimize potential impacts to workers and other on-site personnel from fugitive dust •
emissions related to disposal cell construction and operation.

Biotic Resources. Under Alternative 7c, short-term impacts to biotic resources at ,the
Weldon Spring site, the Busch Wildlife Complex, and the Wentzville rail siding would be similar
to the impacts identified for Alternative 7b (Section' 6.4.5.4). Construction of the disposal cell

,could disturb approximately 17 ha (42 acres) of vegetation and wildlife habitat within the
200-West Area at the Hanford site, and some 'wildlife would be permanently displaced. In:
addition, wildlife in the surrounding areas would be temporarily affected by the noise' and
human activity that would occur during both construction and transportation activities.

Construction activities in the 200-West Area could potentially result in increased erosion
, and fugitive dust emissions. ,Increased erosion could adversely affect the biotic community of
" West Lake, about 6.4 kIn (4 mi) northeast of the 200-West Area, but impacts would be
,temporary. Potential iinpacts to aquatic resources in the area would be minimized by the use
of erosion control measures such as siltati:on fences, berms, and retention basins' during cell

,construction. Impacts to local biota from fugitive dust emissions would also be temporary, and
, dust control measures such as water sprays and chemical dust suppressants would be used to

minimize impactS. '

No federal or state listed species or critical habitats areknow:n to ocCur at the 200-West
Area (Appendix I) (PacificNorthwestLaboratory 1991; Gloman 1991), but the federal endangered .'
bald eagle (HaJiaeetus JeucocephaJus) winters nearby along the Columbia River (Gloman 1991). ,
No impacts to the bald eagle are anticipated to result from construction of the disposal cell
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because this species is not expected to be in the area dUring the summer months when
construction activities would be occurring. The federal endangered peregrine falcon (Falco
peregrinus) is a spring andauturnn migrant in the Hanford area. Because of its migratory and
transient nature in the area, no impacts to this spedesare expected from disposal cell operations.

. Seveial federal candidate ~pecies have also been identified as potentially occurring in the vicinity
of the 200-West Area (Gloman 1991), and the loggerhead shrike has been reported at the area
(Pacific Northwest Laboratory 1991). Except for this species, construction activities, human

.activity, fugitive dust emissions, and noise associated with Alternative 7care not anticipated to .
affect any listed or candidate species or their critical habitats, primary food stocks, Of foraging
areas. Nesting and foraging of the loggerhead shrike in the vicinity of the proposed disposal
cell could be disrupted during cell construction and other human activities. .

Socioeconomics and Land Use. Short-term impacts on socioeconomics and land use
near the Weldon Spring site would be the same for Alternative 7c as for Alternative 7b.
Construction of a disposal cell at the Hanford site would have some temporary effects on the
local labor force and transportation but no short-term effects on land use~, Assuming a work
force .cpmparable to that needed for disposal· operations under Alternative 7a (i.e.,
210 person-years), increments in the local labor force and traffic volume would occur; however,
based on data for 1988, these increments would not represent significant ~ges within the;
context of a total work force of 11,300 persons (Pacific Northwest Laboratory 1991). The Hanford .
site is owned and operated by the federal government for the production of I1udear materials,·
research, and waste management and disposal, so the construction and use·of a disposal cell .
would be cons.istent with existing and planned future land-use patterns.

. Cultural Resources. U Alternative 7c were selected, an archaeological survey might be
required, depending on the specific location determined for the disposal cell. Details regarding
potential archaeological ~emains at the Hanford site are discussed in Section 6.5.3.3. Impacts
associated with activities in the Weldon Spring area would be as described for Alternative 7b
(Section 6.4.5.4).

6.5.6 Implementability

The implementability of the removal and treatment components of Alternative 7c would
be the same as for Alternative 7a (Section 6.3.6). The implementability of the disposal
component of Alternative 7c would depend on the implementability of both transport to and
disposal of 'the Weldon Spring waste at the Hanford site. The implementability of off-site

. transport of the Weldon Spring waste would be similar to that identified for Alternative 7b.
After transport by truck from the Weldon Spring site to the rail siding at Wentzville, the waste
would be loaded onto railcars and transported by the Union Pacific Railroad to Richland,
Washington (the route used in this evaluation is described in Section 5.5.3)..At Richland, the
waste would be transferred to a dedicated railroad for the additional 40 km (25 mi) to the
disposal area at the Hanford site. .
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The Hanford site comp·rises several different areas that are dedicated to various nuclear
related activities, including fuel reprocessing and waste management, research and development,
nuclear fuel fabricati<lI\, and waste disposCil. The Hanford site also has several retired nuclear
reactors. The area within the Hanford site at ·which waste from the Weldon Spring site would
be disposed (the 200-West Area) c~vers approximately. 6.5 km2 (2.5 mi2) (DOE 1992d). The

. Hanford site currently accepts only small-quantity shipments of containerized waste, and the
administrative procedures required for disposal of the large quantity of waste to be transported
in bulk from the Weldon Spring site (approximately 522,000 m3 [683,000 yd3]) are not currently
in place. A thorough evaluation of the hazardous nature of the waste would be required in
accordance with the Washington State Administrative.Code (WAC-173-Q03).. Any waste
determiIled to be hazardous or radioactive mixed waste woUld be stored at the Hariford site.
Wlill a treatment facility became available.

6.5.7 Cost

The total and present-worth costs for Alternative 7c are given, in Table 6.14 and are
:estimated to be $304 million and $171 million, .respectively, including the cost of constructing
and operating a disposal cell at the Hanford site. The cost of constructing a disposal cell at the
Hanford site and the eqUipment and treatment costs would be similar to those identified for
Alternative 7a. The cost for waste disposal is estimated to be $68 million on ~e basis of a fee·
of $130/in3 ($100/yd3) to dispose of the large volume of waste from the Weldon Spring site. •.
As for the cost of. disposal at the Envirocare site, this preliminary estimate would be refined .
specifically for the Weldon Spring waste during detailed design if disposal at the off-site facility .
were a component of the selected remedy. The cost for long-term monitoring and maintenance .
at the Hanford site is assumed to be the same as at the Weldon Spring site fo~ Alternative 7a.

. An estimated cost of $76/t ($69/ton) for rail transport to the facility, includiiig the return qf
empty containers, was obtained from UnionPacific Railroad (MK-Ferguson Company and Jacobs
Engineering Group 1992b). The costs of constructing the rail siding at Wentzville and hauling
the waste from the site to the siding are estimated to be $23.8 million. The total cost for off-site
rail transport and disposal at! the Hanford site, including ancillary facilities, is estimated to be .
$143 million.

Disposal and rail transport fees impact the cost estimate of Alternative 7c in the same
manner as identified for Alternative 7b. Other cost variations woUld be the same as identified
for Alternative 7a.

6.6 MONITORING AND MmGATlVE MEASURES

1J1e primary monitoring and mitigative measures that would be used at the Weldon
Spring site in implementing any of the final action alternatives are summarized in Table 6.15.
These measures would provide a high degree of effectiveness in minimizing the potential for
adverse effects associated with implementation of the alternatives. The DOE will prepare a •
mitigation action plan to track mitigation commitments made in the ROD for this remedial
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TABLE 6.14 Cost Estimate for Alternative 7c

•

Activity

Removal
Common removal costs (see Table 6.11)-

Treatment
Common treatment costs (see Table 6.11)

Disposal
Disposal cell operations
Disppsal facility construction material tests
Disposal facility construction
Off-5ire transport and disposal.
Disposal subtotal .

Other
Common other costs (see Table 6.11)
Long-rerm maintenance

Other subtotal

Total

Present worth

Estimated Cost
(million $)

26.3

64.0

--ill
143

46.5
23.9b

~

304

171

•

a The costs for construction and operation of a disposal cell at
the Hanford site are not explicitly identified because such
costs are factored into the disposal fee, which is included in
the off-site transport and disposal cost estimate.

b Long~term maintenance of the Weldon Spring sire would no
longer be required because the contaminated media would
have been removed ·from the site area. Costs for long-term
maintenance at the Hanford site are assumed to be_the same
as those for waste disposal at the Weldon Spring site under
Alternative 7a.

Source: Based on data from MK-Ferguson Company and Jacobs
Engineering Group (1992b).

action, in accordance with DOE's procedures for implementing NEPA (10 CFR 1021). For
activities related to the disposal cell, it is expected that similar measures would be implemented
at the off-site facilities.

Mitigative measures for protecting -air quality, such as wetting surfaces and using
chemical dust suppressants and covers, would be implemented to control fugitive dust. The off
gas generated by the vitrification process for Alternatives 7a, 7b, and 7c would be collected and
treated. Air quality would be intensively monitored for all of the action alternatives to assess
compliance with all pertinent air quality standards and ensure that appropriate controls could
be applied in a timely manner.
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. TABLE 6.15 Major Monitoring and Mitigative Measures·for the Action Alternatives •

.,.

Factor

Construction and
exCavation activities

Transport of contami
nated material from
vicinity properties
to the site

Potential Impactor
Area of Concern

Transport of uncontami
nated soil to nearby
surface water and
wetlands

Transport of contami
nated surface soil 10 ,
nearby surface water and
wetlands, runoff of
contaminated surface
water, and poSsible
impacts of transport to

. groundwater

Loss of aquatic and
terrestrial habitats

Disturbance of local biota,
area'residents, and .
recreational visitors by
noise and remedial action
activities

Disturbance of local biota,
area residents, and
recreational visitors and
impacts to. local air
quality as a result of
fugitive dust emissions

Radon and particulate
emissions

Accidental spill (release)
of contaminated material
as a ~ult of equipment
failure or vehicular
accident·

Mitigative Measure

Good constrUction practices would be implemented,
including sediment barriers, dikes, siltation ponds,
and drainage channels to direct runoff away from
downstream or downgradient surface waters and
wetlands, with surface grading and revegetation
upOn completion of excavation.

Good construction practices would be implemented,
as described above. In addition, groundwater,

.surface water, and sediment would continue to be
monitored for chemical and radioactive contami-

. nants so that contaminated media could be collected
for appropriate management, such as treatment. of
contaminated water before release off-site.

Habitats would be restored, as appropriate. The
final form of mitigation would be determined in
consultation with appropriate state and federal
agencies.

Vehicle and equipment mufflers would be checked
periodically and maintained in good condition.

Dust would be controlled using wet methods
and/or covers at the site, along the haul roads, at
storage and staging areas, and at off-site
construction and excavation areas. Chemical dust
suppressants would be used if needed. Work areas
would be covered, as needed, e.g., at night and
during high winds.

·Engineering controls - such as limiting the area of
the working surface and using covers, water, or
chemical agents - would be applied, as needed, to
reduce radon and particulate emissions: Air would
be mOrlitored continuously through all phases of the
action period.

Waste would be transported in covered trucks
traveling at low speeds. Contingency plans would
be in place to address any spills that might occur
during waste transport.

•
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Area of Concern
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Mitigative Measure

•

•

Transport of contami
nated material from
vicinity PrOperties
to the sil2 (cont.)

Excavation of off-sil2
borrow mal2rial

Transport of borrow
mal2rials and supplies
to the sil2 _

Transport of waste to an
off-site disposal location

All phases of active
remedial activities

Irladvertent transport of
contaminated mal2rial on
haul vehicle surfaces or
tires leaving controlled
areas

Erosion of soil, with
transport to nearby
surface wal2r and
wetlands

Disturbance of local biota,
area residents, and
recreational visitors by
noise

Disturbance of local biota,
area residents, and
recreational visitors and "
impacts to local air
quality as the result of
fugitive dust emissions

Inadvertent "transport of
cOntaminated mal2rial
from the site on the haul
vehicle surfaces or tires

"Accidental spill (release)
of contaminated material
as, a result of equipment
failure or vehicular
accident

Inadvertent transport of
.contaminated mal2rial on
haul vehicle surfaces or
tires leaving controlled
areas

Protection of workers

Haul vehicles would be decontaminated and
inspected before leaving the site or off-site

- excavation areas.

Good construction practices would be implemented,
including sediment barriers and-siltation ponds, as
needed.,

Vehicle and equipment mufflers would be checked
periodically and maintained in good condition.

Dust would be controlled using wet methods at the
borrow area and along the haul road. Chemical
dust suppressants would be used if needed.

TruckS hauling borrow material would not enter
contaminated areas on the site. -

Waste would be transported in closed containers.
Contingency plans would be in place to address any
spills that might occur during waste transport.

Haul vehicles and containers would be decon
taminated and inspected before leaving any
contaminated area.

All activities would be conducted in accordance
with project health and safety plans and would
include continuous monitoring of the work environ
ment and the use of protective equipment. as
needed.
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Factor'

All phases of active
remedial' activities
(conL)

Completion of all
construction and
excavation activities

".
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Potential Impact or
Area of Concern

Protection of the general
public

Environmental mOnitoring·

.Environmental reStoration

Disposal site maintenance
.and cell integrity

Mitigative Measure

Air and water would be monitored at the site and
vicinity, and appropriate responses would be
implemented if measured contaminant levels
Increased significantly above background. Access to .
construction and excavation areas would be limited;
public vehicle access would also be limited along
some of the off-site haul routes: Engineering
controls would be applied to minimize dust, radon,
noise, and erosion during remedial action activities.
Decontamination methods would be employed to
minirnize·vehicle tracking of contaminants to
surrounding uncontaminated areas. All traffic
associated with the remedial action would be
coordinated to minimize impacts on nearby
facili ties. ..

Air quality would be monitored for contaminated
particulates and radon gas at the site perimeter, and
at the nearby Francis Howell High School. Surface
water and groundwater downgradient of excavation
and construction areas would be monitored for
chemical and radioactivecontammants, such al!
uranium. Groundwater would also be monitored at .
additional on-site and off-site locations, including
the perimeter of the disposal cell area. Appropriate
responses would be implemented as indicated by
monitoring results. . .

Disturbed areas would be restored by regrading and
revegetating with native and/or forage species.
Wetlands would be constructed, as indicated, on the
basis of consultltion with the appropriate state and
federal agencies.

An operations plan would be in place to ensure
monitoring of long-term disposal cell integrity. This .
plan would include regular cell inspection and site
vegetation control programs; handling of any
leachate, and air monitoring programs for
groundwater, surface water, and air. Contingency
plans would be developed to address any loss of
disposal cell integrity and/or release of disposed
materials.

•
i
I
I·

•

•I
I



•

•

•

6-89

Mitigative measures and good engineering practices would be used in all excavation
, andconstroction areas, including the borrow area, to control surface water runoff and to

minimize erosion and transport of sediment from exposed areas. These measures would include
. constructing benns to direct the flow of surface water; constructing silt fences to minimize the

amount of sediment leaviitg the area; covering exposed surfaces with straw, mulch, riprap, or
membranes; and using revegetation mats in those areas with high water velocity. Siltation
ponds would be constructed near the perimeter of the site, as necessary, to provide additional
protection against the off-site transport of sediment or contaminated surface runoff. Siltation
ponds woUld also be used at the borrow area, as needed. All runoff from contaminated areas
would be contained within those areas by collection, in .siltation ponds, sampled for
contamination, and treated in the site water treatment plant bef~re release, ifnecessary. The uSe
of mitigative measures and good engineering practices near disturbed areas, in combination with
the use of siltation ,ponds near the site boundary and the management of potentially
.contaminated runoff, would effectively limit the potential for off-site movement of contaminants
in water or sediment. '

Air, surface water, and groundwater would be monitored before, during, and after
remedial action activities. If adverse effects were detected, work would be stopped until the

'. effects were controlled and/or appropriate contirigency plans would be implemented~.

For off-site disposal underAltematives 7b and 7c, waste would be transported in closed
containers and carried in dedicated trains to the disposal site. Contingency plans would be in
place to address spills that might occur dunn:gany phase of off-site transport., Both, haul
vehicles and the e:x.teriors. of the containers would be decontaminated and inspected before

.. leaving any contaminated area. Potential impacts from on-site 'accidental spills would be
, minimized by implementing appropriate, operating procedures and contingency plans.

FollOWing completion of all construction and excavation activities,· disturbed areas
'on.;.site would be backfilled and revegetated, and disturbed areas outside the site boundary

would be restored to natural conditions. Habitat restoration would be carried out in consultation
with appropriate state and federal agencies.

Site cleanup activities would be conducted in compliance with the site safety and health
plans, DOE safety regulations, and other pertinent requir~ments. Radiation monitoring and
protection in the workplace would be, prOVided for all workers. Prior to implementing the
selected remedy, 'detailed plans would be developed to address (1) safe work practices,
engineering controls, and worker protection equipment designed to reduce worker exposUre
and/or releases to the environment; (2) emergency response procedures; (3) monitoring
techniques and frequencies; and (4) various contingencies and the anticipated respo,nses to such
contingencies.

6.7 UNAVOIDABLE ADVERSE IMPAcrS

A number of unavoidable adverse impacts would occur if any of the action alternatives
were implemented. These impacts are summarized in Table 6.16. Many of the unavoidable
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TABLE 6.16 Summary' of Unavoidable Adverselmpactso1

Affected Resource

Topography and soil "

" Imp~ct Type

Much of the Weldon Spring site and 21 ha (52 acres) of land off-site could
be disrupted by construction and excavation activities. Many impacts
would be temporary, pend~g completion of remedial action activities and
restoration programs. For Alternatives 6a and 7a, some areas of sciil
would be permanently replaced by surface features, such as the disposal
cell and runon/runoff control system. A small portion «0.001%) of the
l()().,.year floodplain of Schote Creek would be disturbed during remedial
actiQn acti...ities. This area would be restored to its original contours upon
completion of these act;ivities. For Alternatives 7b and 7c, impacts asso
ciated with disposal would be at the Envirocare or Hanford site, respec
tively, and additional soil disturbance would be assoCiated with
construction of a rail sidirig at Wentzville.

AirquaIity Some temporary impacts to air quality at the Weldon Spring site would
result frornfugitive dust emissions associated with construction~excava
tion, loading, placement, grading, compacting, and transport activities.
Lesser impacts would als() be incurred from vehicle and equipment
exhausts. H vibification were selected (Alternative 7a, 7b, or 7c),
incrementalimpacts to local air quality would result; these impacts are
expected to be small, and they would be temporary~ceasing after remedial
action activities are completed. Air quality impacts associated with cell "
construction and waste disposal would occur at the Weldon Spring .site for
:Alternatives 6a and 7a, at the Envirocare site for Alternative 7b, and at the
,Hanford site for Alternative 7c. "

e"
Water quality

Ecological resources"

Construction "and excavation activities at the Weldon Spring site would
impact local surface water as a resillt of increased sediment and soil
erosion and subsequent runoff and the possible transport of contaminants
via runoff. Implementation of appropriate mitigative measures would
'limit the significance of these impacts. Impacts to local waters from
increased siltation and turbidity would be temporary and would cease
following completion of remedial action activities. Water quality impacts
are not expected to the Envirocare or Hanford site (Alternative 7b or 7c)
because these sites are in areas of low precip"itation and at a considerable
distance ·from potentially impacted surface water bodies.

Excavation of fill material from an off-site borrow area would permanently
impact up to 21 ha (52 acres) of old-field habitat and agricultural fields .
near the Weldon Spring site. These communities could reestablish, and
because these habitat types are well represented in the region, little
adverse impact to regional biotic resources is expected.

Construction .and excavation activities at the site would result in the
disturbance of up ton ha (179 acres) of terrestrial habitat, including up to
22 ha(55 acres) of relatively good-quality grassland/shrub and upland" •
forest habitat and 15 ha (38 acres) of palustrine wetland habitat. These
areas represent a small fraction (about 1.3 and 5.7%, respectively) of the
terrestrial and open water habitats present in the Busch Wildlife Complex.
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TABLE 6.16 (ConL)

Affected Resource

Ecological resources
(conL)

Visual resources

Noise
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Impact Type

Excavation activities at other off-site locations (e.g., vicinity properties)
would result in the temporary loss of a small amount of habitat in the
surrounding Busch Wildlife Complex. Some upland forest, grassland,and
shrub habitats would be disturbed. Vegetation and some wildlife asso
ciated with these areas would be destroyed, and othe~ wildlife would be
displaced. The impacts resulting from this habitat loss are not expected to

. significantly affect biotic resources in the area and would be temporary.
local biota could also be affected by impacts to air quality, noise levels,
and water quality, bu~ these impacts would be minor and temporary;

All vegetation and some wildlife would be destroyed at the on-site
disposal cell location for Alternatives 6a and 7a whereas other wildlife
would be displaced. The 16ss of habitats from this area would be
pennanent. Similar impacts would' be associated with the off-site disposal
locations under Alternatives 7b and 7c, although the magnitude of impacts
would probably be smaller because the density of vegetation and the
numbers of wildlife species (and individuals) are relatively low.. Some
impacts to area vegetation and wildlife would be incurred during con
struction, excavation, and transportation activities as a result of .
unavoidable impacts to air quality, noise levels, water quality, and
increased vehicular activity. These impacts woUld be 'minor and
temporary and would cease following completion of remedial action
activities. .

Construction and excavation activities would result in some minor
incremental increases over the current visual and aesthetic impacts of the
chemical plant..Following completion of remedial action activities, some
visual and aesthetic ·impacts would remain (e.g., a 23.-m [7.4-ft] ·high
mound for Alternatives 6a and 7a), but these would be of lower magni
tude than current impacts at the Weldon Spring site. Visual impacts
would be reduced through the maintenance of a vegetative cover. The
long-tenn impac:ts would be incremental for the off-site disposal locations
for Alternatives 7b and 7c. Impacts would also be incurred at off-site
locations for all of the action alternatives during construction, excavation,

, and transportation activities. These impacts would be temporary and
would cease following completion of remedial action activities and site
restoration.

Ambient noise levels would temporarily increase as a result of construc
tion, excavation, and transportation activities. All noise impacts would be
temporary and would cease following completion of remedial action
activities.
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TABLE 6.16 (ConL) •

a Except as otherwise noted, the impacts to these resources would occur at the Weldon Spring site
under each of the action alternatives; possible impacts of no action (Alternative 1) are discussed
in Olapters 7 and 8 of the BA (DOE 1992a) and in Section6.11 of this FS. .

. .

Affected Resource

.Transportation

Impact Type

Temporary increases In road traffic would result from incre~ental worker
travel and delivery of construction equipment and supplies. Off-site .
disposal of wastes forAlterruttives 7b and 7c would iiwolve tranSport of
the Weldon'Spring waste to distant locations in the western United States.
All impacts would be .temporary and would cease following completion of
remedial action activities. . . 'II:

: adverse impacts would be temporary. Adverse impacts associated with the no-action alternative
are discussed in the BA (DOE 1992a), Appendix E, and Section 6.11. ._

6.8 .IRREVEltSlBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES

. Implementing any of the action alternatives would result in the permanent commitment •.
. of land for waste disposal. This commitment would ,occur at the Weldon Spring site for
Alternatives 6a ~d 7a, at the Envjroceue site for Alternative 7b, and at the Hanford site for
Alternative 7c. The commitment of land for a disposal facility would be consistent with current
land uses' at each of the three alternative locations. The Weldon Spring site is a contaminated, .

. inactive industrial complex under the cUstody of DOE, and it contains waste pits from past
disposal practices; it is adjacent to a similar contaminated site owned by the Anny. A disposal
facility for this waste at either the Hanford site or the Envirocare site would be at a location
dedicated to long-term waste storage and disposal.

The disposal cell for the Weldon Spring waste is expected to cover about 17 ha
(42 acres), but the total amount of committed land could be somewhat larger because a buffer'
zone would be established around the cell, at least for the on-site disposal options. No other
area of the Weldon Spring site would sustain a long-tenn impact or injury as a result of thiS
remedial action. Perpetual care wouid be taken 'of the committed land because the waste would

), retain its toxicity for. thousands of years. For example, the cover would be visually inspected,
groWldwater would be monitored, and the effectiveness of the overall system at the Weldon
Spring site would be reviewed every 5 years under Alternatives 6a and 7a.

. COIlSUlllptive use of geological resources (e.g., quarried rock, sand, and gravel) and
petroleum products (e.g.~ dieSel fuel and gasoline) would be required for the removal, construc
tion, and disposal activities oiall of the action alternatives. Adequate supplies ofthese materials
are readily available in the Weldon Spring area and would also be available in the area of the
Envirocare or H~ord site under Alternative 7b or 7c. Additional fUel use would result from

.~.
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off:-site transport of the waste. However, adequate supplies are available without affecting local
.. - requirements for these products.

The treatment process for the action alternatives would also require the consumptive
use of materials and energy. The chemical stabilization/solidification process for Alternative 6a
would require additives such as cement and fly ash. The vitrification process for Alternative 7a,
7b, or 7c would be very energy intensive and would require the commitment of a considerable -_
supply of natural gas. Cement and fly ash are readily available locally in the quantities required,
and natural gas could be obtained from the local utility. -

Implementing any of the final action alternatives would not be constrained by the
availability of resources or supplies beyond those currently available in the St. Louis area or
expected to be available. near the off~site disposal locations.

. ·6.9 IMPAcrS OF POTENTIAL LOSS OF INSTITUTIONAL CONTROLS

The OOE would inaintain institutional controls at the Weldon Spring site if either of the
_on-site disposal alternatives (Alternative 6a or 7a) were selected. The site vicinity and

.. groundwater would continue to be inspected and monitored to detect any charige in the.. . .
.; containment system resulting from natural physical or biological forces such as erosion of the

cover, differential waste settling, or biotic intrusion by anin\al burrows or plant roots. If any .
deterioration oithe containment system were detected, DOE would take any further actions that
might be necessary to ensure the safety of the nearby environment. In the unlikely event that
institutional controls were lost. at some time in the distant future, deterioration -of the
containment system without corrective measures could result in the rel~ase of contaminantS and.

. : potential future impacts ort human health and the environment under any of tl:te alternatives.
. .

Detenoration of the cover over the waste could result in the release of radon gas.and
_contaminated particulates to the air, and water infiltrating into the cell could result in leaching
- of contaminated material to surface water and groundwater if the foundation material was

breached. Nearby individuals could be exposed to radiation if releases occurred. In addition,
contaminants released to off-site areas via surface water 9r groundwater transport could impact
biota and habitats off-site. The magnitude of the impacts that could occur in the future would
depend on the extent of the release and on local land-use conditions at the time it occurred.

Overall environmental impacts at the off-site disposal locations could be comparable to
those at the Weldon Spring site. For the Hanford site (Alternative 7c), air quality impacts from
the dispersal of untreated waste, if the waste were exposed, would probably be higher than
those at the Weldon Spring site (Alternative 6a or 7a); these impacts would be related to the dry
conditions, relatively sparse vegetation, and high. wind speeds that would cause greater
dispersal. Surface water impacts would probably be lower but might be similar after heavy
storms, and groundwater might be impacted sooner (e.g., if the foundation were breached) after
the waste became saturated over time as a result of infiltration through cover cracks·because the
higher penneability of the overburden might offset the precipitation differences. Incremental
ecological impacts could occur, e.g., to threatened and endangered species. For the Envirocare
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site (Alternative 7b), inlpacts could be similar to those d~scribed for the Hanford site, except the
time to groundwater impacts after waste saturation might be lower (comparable to those at the
Wel~on Spring site) because the overburden permeability is lower, and impacts to biota could
be lower than for the other alternatives because fewer spedes and individuals ate present.

!fit were assumed that current land-use conditions continued, overall impacts to the .
general public would probably belower for Alternatives 7b and 7c than for Alternatives 6a and
7a because the nearest receptors are currently about 30 to 40 kIn (19' to 25 mil away from the
Hanford and Envirocare si~es, respectively, compared with2 to 3 Ian (1 to·2 mi).for the Weldon
~Spring site. HOWever, if homeS were built closer to those sites over the extended future, overaJ.l
impactS might be comparable.

It is. also possible' that humans could inadvertently intrude into the disposal cell if
institutional controls were lost at some time iil the future. Such intrusion could result in .

.temporary exposure to the waste or more extensive exposure from activities such as farming or
living in a building constructed on or near the disposal cell. For on-site disposal, the likelihood.
for protracted exposure at the disposal cell· is low because .the local community would be

i expected to retain awareness of the site and markers would be in place; even if these indicators
were absent, a preconstruction survey would pf.obably be conducted prior to. intrusion into a
manmade mound of that size. The likelihood of such intrusion would be similarly iow for
off-site disposal, for the same reasons. In any case, impacts could be significant if an individual
were to intrude directly into the disposal cell.. .

6.10 SHORT-TERM USES AND LONG-TERM PRODUCTIVITY .

. Implementation of any of the final action alternatives would requIre the short-term use .
. of the Weldon Spring site to support Cleanup activities and the short-term commitment of
.deple.table resources such as construction materials, petroleum-b~sedproducts, and natUral gas.
All final action alternatives would involve the long-term conlmitment of land for waste disposal·

. at either the Weldon Spring, Envirocare, or Hanford site. This commitment of land at anyone
of the three sites would not be inconsistent with current" land uses, as described in section 6.8.

'.~ The short-term commitments woUld be more than offset by the long':term gain that would result
:~ from this action, i.e., cleanup of the WeldonSpnng site to levels that are protective of human
. health and the environment. Following remediation, portions or all of the current site could be
.. released for future Uses, as appropriate, to enhance long-term productivity.

6.11 POTENTIAL CUMULATIVE IMPAcrS

Remedial action activities at the Weldon Spring site involve the potential for cumulative
impacts from the effects of those actions in combination with the effects of (1) other activities
beyond the site boundary, most of which are outside the control ofDOE, and (2) other cleanup

. actions being implemented for the site. Potential cumulative impacts are also associated with
future activities being considered for the site, e.g., for the quarry, the Southeast Drainage, and
groundwater at the chemical plant area. These effects will be addres~d in environmental

•
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documents prepared separately for those actions, and they have also been discussed in this FS,
e.g., relative to the positive impacts to the Southeast Drainage from site cleanup activities and
the incorporation of volume estimates for waste that might be generated from future actions into
design considerations for the disposa~ cell to support comprehensive project planning activjties.

Activities unrelated to the Weldon Spring project are currently planned or are occurring
near the site, including activities at the Busch Wildlife Complex and at the U.S. Army facility
located adjacent to the site (Figure 1.2). Construction of a headquarters building for the Busch
complex is planned for tl1e near future;. this activity should be completed prior to any major
remediation efforts at the Weldon Spring site. Construction activities in the Busch complex will .
not involve contaminated material, and the major activity will be some distance from the Weldon
Spring site. Other planned' activities are small and localized, such as trail construction and
planting of vegetation (Missouri Department of ConserVation 1989; DeBruyckere 1991). There
fore, no significant cumulative effects are expected from these actions.

Some remedial action activities will probably be conducted at the adjacent Army NPL
site at the same time activities are being conducted at the chemical plant area. Activities at ~e
extensive Army property; which is currently in use as a training area, are expected to involve

..' the cleanup of isolated areas of contamination. Although specific activities ~.and schedules are
. ' not yet established, soil excavation and transport might occur simultaneously at both sites. Such

.activities are expected to generate dust and could result in sediment transport in sUrface runoff.
Because the chemical plant area is downwind of the Army facility (on the, basis of prevailing
winds), fugitive dust from Army operations could reach the site. In addition, because of .the
surface water divide and the gently sloping nature of the topography at the chemical plant area,
most runoff flows toward the Army property; drainage from much of both sites flows to the
same off-site areas, so some additive turbidity and sedimentation impacts could occur. Some
potential for cumulative envirorunental effects also exists because activities at the Army facility
will similarly result in increased traffic, increased noise levels, and some loss of wildlife areas.

In addition to cleanup of the Weldon Spring site, the DOE is involved in cleanup
activities at other contaminated sites in the St. Louis area. Material from these or other sites
would not be taken to the Weldon Spring site, and vehicles transporting materials related to
these sites would not operate near the Weldon Spring site. Therefore; no significant incremental
effects resulting from other DOE activities at other sites are expected at the Weldon Spring site.

With regard to cleanup activities being conducted at the Weldon Spring site, potential
cumulative health effects associated with the interim response actions and the currently planned
cleanup action were assessed for each of the final remedial action alternatives. This assessment
was conducted to ensure that the sum of the impacts associated with each ,indiVidual action
would not result in an Ullilcceptable overall threat to human health and the environment. Four
major interim actions are currently being implemented for the project, three of which involve
activities at the chemical ,plant area. These four activities are (1) constructing and operating a
water treatment plant at the quarry; (2) excavating bulk waste from the quarry for controlled
storage at the chemical plant area,. which involves constructing and operating the TSA;
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(3) constructirig and operating' a' wate~ treatment plant at the chemical plant a.I:ea; and
'(4) decontaminating and dismantling site structures for controlled storage' at the MSA.

Potential eutnulative impacts associated with these activities have been assessed in
, documentation for the successive actions (e.g., in MacDonell et al. 1990; DOE 1990b; Peterson
and MacDonell 1991). 'Except for impacts from the combined effluent releases from the watei'

, treatment actions, the short-term impacts associated with activities that would occur at. the
'quarry for bulk waste excavation and water treatment do not contribute to cumulative adverse

>impacts at the chemical plant area because these two areas are about 6~4 km (4 mi) apart and
"environmental conditions differ - including hydrogeology, topography, habitats, and
meteorological conditions (DOE 1990b).

As with location, the timing ofthe various cleanup activities affects whether cumulative
impacts would be expected for certain environmental resources, such as air quality. In contrast,
incremental exposures to carcinogens could be assumed to rulve. an additive effect for human
health. It was conservatively assumed for this analysis that the same worker could be involved
in each of the cleanup activities at the chemical plant area such that risks could be summed over

'actions and time to evaluate a hypothetical maximally exposed worker.,' Although estimates of
noncaitinogenic effects should not be directly added without factoring in the actual sequencing
or overlap of exposure times and segregating according to the specific health end points, they
are included in the following di.scUssion as screenIng-level information.

Potential cumulative health and environmental impacts associated with the interim
actions for the project in combination with the activities for each.final remedial actionalternative
for the chemical plant area are presented in Sections 6.11.1 and 6.11.2. The potential long-term

• cumulative impacts for these alternatives are discussed with the long-term protectiveness
,evaluation criterion in Chapters 6 and 7.

6.11.1 Health Impacts

6.11.1.1 Alternative 1
t;,

. Cumulative health effects for Alternative 1 would be represented by the potential

.;~, impacts of no further cleahup in combination with both short-term and long-term impacts asso-
~. . .
, ciated with implementation of the interim actions. Health effects for the site under the no-action'

alternative are evaluated in detail in the BA (DOE 1992a) and in'Appendix E of this FS;
cumulative effects associated with the interim actions are also disCussed in Sections E.2 and E.3.

•
, I

•

Hypothetically assuming that institutional contro~would be lost in the' extended future,
which is assumed to extend to 100 years and beyond, no maintenance workers would be present
on-site in the long term. Therefore, cumulative worker impacts are only detennined for the short
term, During the period in which inStitutional controls are assumed to be maintained under .'
Alternative 1, worker exposures associated with the interfrn actions would result from external
gamma irradiation. The waste materials generated by these actions would be in controlled
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storage at the'MSA and TSA by .the time full field activities for the planned remedial action
began; therefore, this storage would minimize other potential exposures such as inhalation or

-incidental ingestion. .

Health effects for the water treatment action are associated with elevated external
. gamma radiation from the drummed process wastes. These residues would be stored at the
TSA, and related risksq>ntribute about 25% to the combined radiological risk of 8 x 10~/yr
estimated for monitoring and mamtenance activities at that facility. The additional risk from
monitoring and maintertance activities at the MSA would be relatively minor because the
decontaminated building debris would be much less contaminated than the. quarry waste.

The combined risk from exposures resulting from the additional maintenance
requirements for the interim actions under Alternative 1 is about 20% of the baseline estimate

. of 5 x 10-5/yr for sitewide exposures of a routine maintenance worker who mo~s the. grass and
. repairs fences across the site. Because routine maintenance work would be a full-time job and

the same .mdividual would not also conduct the other baseline activities, the cumulative
radiological risk to an individual worker from the combined exposures under Alternative 1 is
represented by the maximum rather than the sum of the two estimates; thus, hypothetically
assuming a 10-year perio,d for these actions, the cumulative risk would be 5 l< 10-'. Thus, the'

" small cumulative effect of the additional monitoring and maintenance requirements for the
stored material would not significantly increase the overallaverage risk for mamtenance workers .
at the site.

If it were assumed that the same worker responsible for baseline maintenance activities
under Alternative 1 had previously participated in bulk waste excavation activities at the TSA
(radiological risk of 1 x 10-') and building decontamination activities (radiological risk of
3 x 10-'), the risks associated with those previous activities would contribute significantly to .the
cumulative risk for that individual. For this case of maximum. multiple exposures, the
c~ulative radiological risk to the individual remedial action worker would be 9 x 10-'.

The chemical carcinogenic risk to a worker from the quarry bulk waste action was
estimated to be 3 x 10-5, and the risk from building decontamination activities was estimated to
be 2 x lO4, using conservative assumptions. No chemical exposures would be associated with
the monitoring and maintenance activities at the MSA and TSA under Alternative .1 because the
waste would be controlled, but baseline risks from sitewide exposures during routine mainte
nance activities would be 1 x 10-5. Thus, the cumulative chemical carcinogenic risk to an
individual remedial action worker who was involved in each of the interim actions combined
with the baseline activities of Alternative 1 would be about 2 x. lO4.

The sUm of the radiological and chemical risks for the maximally exposed worker would
be 1 x lO-3. (These estimates have only been sununed to provide screening-level information for
maximum worker impacts; summing these values is not necessarily appropriate because different
assumptions are inherent in the methodologies used to estimate risks and because antagOnistic
and synergistic effects have not been' addressed. The Wlcertainty associated with adding
chemical risks and swnming with radiological risks is discussed· in Section 5.6.4 of the BA. In
addition, conservative assumptions were used throughout the analyses, e.g., with respect to
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exposure without respiratory protection. ' By this approach, the results can be used to idi:mtify •
activities that could result in potential!3dverse impacts, for which appropriate mOnitoring and '
worker health and safety plans would be developed. Therefore, the impacts to workers' during
the actual remedial action acti~ities would be, substantially lower.)

To estimate a cumulative, collective radiological ~k for the combined work force, it is
assumed that the baseline work force for Alternative 1 includes two outdoor maintenance
individuals: one who conducts routine sitewide maintenance activities, and another who

t,conducts monitoring and IIiaintenance activities at the MSA and TSA. ,The combined radio
: logical risk for these workers would be about 6 x 10-4 ove~a la-year period. The collective risk
to the work force from TSA activities under the quarry interim action was estimated to be about
1 ,x 10-2, and that for the buildings actions was estimated to be 3 x 10-2., Therefore,' the
cumulative, collective radiological risk for the entire work force from exposures associated with
all of these cleanup activities would be ,about 4 x 10-2.

,For the general public, health impacts would be low in the short term as a result of the ,
positive cumulative effect of the interim actions. For example, 'removing the contaminated

"material from the qwlrry to the TSA for storage would reduce risks at the quarry _~thout an
offsetting increase in short-term risks at the TSA because erodible material would be 'covered or
otherwise controlled so that no off-site releases 'would occUr. However, if it is hypothetically -'
assumed that institutional controls are lost 41. the long term, exposures to this 'material at the
chemicalplant area would reSult in incremental health effects, although thebeneficiai effects to

,air, groundwater; and surface water at the quarry would remairi. Thus, for the contaminated
material addressed by this action, the, location, receptors, and primary expos~pathways would

. have changed but 'the potential for related risks could be comparable.
•

Cumulative short-term risks associated with the water treatment plant actions in the
. absence of further site cleanup under Alternative 1 could result from exposures to the treated
water trom both the Missouri River and the Southeast Drainage, if the drainage was used during
part of the action (Section 1.5.1.4). The effluent from the quarry plant would be piped to the
river, and effluent from the site plant might be discharged to the Southeast Drainage for gravity
flow to the river during part of the discharge period. The incremental lifetime radiological risk
from exposures to these effluents, for a bounding case that assumes discharge to the drainage
fOf the full operational period, was esmnated for an individual who would regularly in~st fish
and drinking water supplied from the Missouri River. This estimate is about 1 x 10-9, and the
corresponding collective population risk for the estimated 2 million people who could be served
by the downsa:eam drinking-water treatment plants is 9 x 10-4. .

, The incremental radiological risk'to an individual who drinks water from the Southeast
, Drainage (representing both treatment plant effluent and contaminated surface runoff from the
site) during repeated recreational visits to that location is estiInated to be 8 x 10-7, and the
baseline risk from ingesting surface runoff alone is 4 x lO~ (primarily because uranium
concentrations in the treated water would be very low compared with the· uranium
concentrations in the drainage water). Assuming combined exposures, the cumulative .• '
radiological risk would be 5 x 10~, i.e:, the risk would be represented by the combined
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e;x:posures at the Southeast Drainage. The estimated tot.11 chemical carcinogenic risk· from
ingesting combined runoff and treatment plant effluent from the drainage is 4 x 10~(see .
Section E.2.3 of Appendix E). Summing these two values would result in a cumulative combined
risk of about 9 x 1O~. (Even though this value is a total combined risk, e.g., the contribution of
backgroWld levels ofmetaIS has not been subtracted, it is well within the target range identified
by the EPA for incremental risks at NPLsites.)

No incremental cu.mulative impacts would be expected to result from the water
treatment plant actions in the long term if institutional controls were to fail. The pits and ponds
would be expected to refill with water, and the contaminants that had previously been removed
and containerized would still be on-site. Because these contaminants would be somewhat
immobilized compared to their initial state, a very minor benefit with respect to potential
impacts from leaching might be realized if the containment failed over time.

As with the qUarry bulk waste, the buildings interim action would involve displacing
contaminated material from one general exposure area to another but would permanently
eliminate certain risks. . These .permanent reductions include risks associated .with
PCB-contaminated material that has been sent to a licensed incinerator off-site and risks from
indoor radon, for which the health hazard results from ingrowth and accumulation of radon
decay produc~ in an enclosed space. Therefore, although the material stored at the MSA from
the buildings' action could serve as a source of new exposures in the long term, overall risks

. would probably decrease by about 30%.because of the elimination of the radon risk.'

The net long-term effect of offsetting impacts associated with these four interim actions
in the absence of further cleanup is that certain risks could be slightly lower but ov~rall risks
would generally be comparable to those estimated for original, baseline conditions (Appendix E,
Sections E.2 and E.3). Thus, the overall cumulative effect of the interimac.tions would be

. beneficial, but the benefit would be relatively minor if no further action were taken and site
. controls were assumed to be lost in the future. This outcome is to'be.expected because although

site waste has been increasingly controlled as part of the interim actions, no permanent disposal
decisions have been made that would provide long-term protection (except for a small amoWlt
of chemically contaminated material) because to do so prior to completing the' analyses of
reaSonab!e alternatives in 'this RI/FS-EIS could have potentially biased the overall decision for
site cleanup.

6.11.1.2 Alternative 6a

No additional cumulative health effects would be associated with the combined
exposures from the water treatment actions beyond those described under Alternative 1. In
implementing Alternative 6a, surface controls would be constructed at a number of locations
across the site as .part of a comprehensive plan to limit nIDoff releases. These controls would
reduce contaminant concentrations in surface runoff to the Southeast Drainage, thereby reducing
the potential; risk from ingesting drainage water compared to Alternative 1. . Although the
cumulative effect of Alternative 6a on th~se potential risks would be positive during the cleanup
period, the difference would probably be minor because site runoff is not the only source of
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contarnination·inthe drainage (the sediment is also a source). Thus, the potential cumulative
impacts for the surface wa,ter pathway in the short term are expected to be generally similar to

.' those estimated for Alternative 1.'

. Cumulative health effects from the bulk waste and buildings .ac~ons would be
dominated by the air pathway, and this is also the pathway of concern for Alternative 6a (as for'

. all the action alternatives). The risk to the remedial action worker from monitoring and
. maintenance for the interim actio~ (described under Alternative 1) would be relatively small
. compared with impacts assoaated with implementing Alternative 6a. The potential radiological
risk to a maximally exposed worker, under Alternative 6a would be 1 x to-3, and the chemical
carcinogenic risk would be 8 x 10-5. The estimated hazard index exceeds 1, indicating a potential .
for noncarcinogenic effects. These values are presented in Section 6.2.5.3 and summarized in
Table 7.2. (This information will be used to develop site-specific work~r protection plans. that
would be implemented during the action period.) The cumulative radiological risk for the entire
(collective) work force from these interim actions combined with cleanup activities under
Alternative 6a would be 1 x to-I ~ .Because the radiological risks estimated for remedial action
workers are much higher than the chemical risks, this value also represents the combined risk

. . ... associated with exposures to site contaminants during the implementation ofAlternative 6a. .

. Potential impacts' to the general public associated with' the bulk waste and buildings
actions would be much smaller than those associated with Alternative 6a. This is because the
estimated off-site impacts from implementing these smaller-sc:ope interim actions· would be
insignificant, the contaminated mateiial resulting from Ute interim actions would be in controlled
storage at the TSA and MSA,and erodible waste would be controlled such that any future
releases off-site from those facilities would be negligible. In contrast, a large n\lII\ber of activities
that could generate air emissions would be conducted on-site as pait of the pIarlned remedial
action, including excavation, transport, and unloading of contammated material from various
SOliI'ce areas across the site. Therefore, the cumulative health impacts to the general public are
represented by those for Alternative 6a.. (litsofar as the material stored at the TSA and MSA
would be inCluded in these activities, emissions. indirectly related to the interim actions would
contribute to the impacts for this alternative; in any case, they are considered part of the overall
cleanup activities for Alternative 6a.) The risks for this alternative are presented in
Section 6.2.5.3 and are summarized in Table 7.2..

•J» The potential for occupational accidents, with resultant fatalities arid injuries, from the
_ interim actions combined with the activities planned for the chemical plant area under Alter

native 6a would be the sum of the accidents for the bulk waste activities and the building decon
tamination and dismantlement activities, combined with those for Alternative 6a. The total
number of occupational fatalities for these combined actions is estimated to be 0.23, and the total
number of occupational injuries is estimated to be 141. All cleanup activities' associated with
Alternative 6a would be conducted in accordance with site health and safety plans and health
based regulatory standards to minimize the likelihood of occupational accidents and the
magnitude of exposures. in summary, no significant health effects to the general public or to

. , workers areexp~~ted to result from implementing Alternative 6a conrurrently with the interim
actions.

•
I
I,
I
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.6.11.1..3 Mternative 7a

The cumulative health effects for Alternative 7a would be generally similar to those
described for Alternative 6a. However, risks during the remedial action period could be slightly
higher for Alternative 7a because· of impacts associated with the vitrification process, .i.e.,

· increased radon emissions and worker hazards. Cumulative effects for the general public and
workers associated with the interim actions combined with the cleanup activities of Alter-

· native 7a would be represented by the impacts for thiS alternative, for the same reasons
described under Alternative 6a.

For ~orkers, the cui:nulative, collective radiological risk associated with conducting th~
interim actions combined with activities for Alternative 7a is estimated to be 2 x 10-1, which is
about twice as high as for Alternative 6a. The potential radiological risk, chemical carcinogenic ..
risk, and hazard index to 'a maximally ~xposed worker would be the same as for Alternative 6a.
These ~alues are presented inSection 6.3.5.3 and summarized in Table 7.2. The total number
of ~ccupational fatalities is estimated to be 0.29, and the total number of occupational injuries

, is estimated to be 169. The site-specific health and safety plans for Alternative 7a would be
expanded beyond those for Alternative 6a to address the additional hazards assodated with the
vitrification technology. In summary, no significant adverse health effects to the general public
or to workers are expected to result from implementing Alternative 7a concurrently with the .
interim actions..

6.11.1.4 Alternative 7b

The cumulative health impacts for Alternative 7b at the Weldon Spring site would be
· similar to those described for Alternative 7a. However, because disposal would take place
off-site for Alternative 7b, additional worker impacts would be associated with the increased
waste handling arid transport activities, and incremental risks could be incurred- by the public

· along the transportation route. Thus, cumulative health effects for an individual member of the
general public associated with the· interim actions combined with the cleanup activities of
Alternative 7b would be represented by the potential impacts foethis alternative, for the same
reasons described under Alternative 6a. Additional, collective impacts to th;e general public
along the transportation routes would result from the implementation of Alternative 7b. These
risks are presented in Section 6.4.5.3 and summarized in Table 7.2.

The estimated radiological risk for workers associated with the interim response actions
combined with Alternative 7b would be the same as described for Alternative 7a for the on-site
activities, summing to about 2 x 10.1. The potential radiological risk, chemical carcinogenic risk,
and hazard index to a maximally exposed worker would be the same as for Alternative 7a.
These values are presented in Section 6.4.5.3 and swnmarized in Table 7.2. However, the total
number of occupational fatalities and injuries would increase to about 0.37 and 219, respectively,

. ,because of theoff~ite disposal component. The site-specific health and safety plans for
Alternative 7b would be expanded beyond those for Alternative 7a to address the additional
hazards associated with off-site waste transport. In summary, no significant health effects to the
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"general public pr to workers are expecte~ to result from implementing Alternative7b coneur-
rently with the interim actions.

6.1l~1.5 Alternative1c

•

The cumulative health impacts for Alternative 7c would be essentially the same as those
identified for Alternative 7b. "Cumulative effects for the general"public associated with the
interim actions combined with" Alternative 7c would be represented by the impacts for "this
alternative, for the same reasons described under Alternative 6a. Potential impacts during the
cleanup period of Alternative 7c "inClude collective impacts to the general public along the "
transportation routes;. these risks are presented in Section 6;5.5.3 and summarized In Table 7.2
1l)e cumulative and collective health.impacts for workers, the occupational fatalities and injuries,
and the nature of the site-specific health and safety plans would be the same as" identified. for·
Alternative 7b. In swiunary, no significant health effects to the general public or to worl~ers are
expected to result from implementing Alternative 7c concurrently with the interim actions.

6.11.2 Environmental Impacts

"6.11.2.1 Alternative 1 .

" Adverse enVironmental impacts could be associated with the site under general baseline
conditions (DOE 1992a). The overall cumulative impacts to environmental resources from the
interim response actions in combination with no further action in the short term would be
beneficial because potential sources of exposure would have been removed from vanous

. locations at which impacts were occurring and because the controlled storage of this material
would be maintained under the baseline site activities. For example, the quarry bulk waste and
water treatment actions would reduce potential impacts to surface water and groundwater
quality at the quarry and at the site in the short term becauSe water that is leaching through the
contaminated ma~erial at those areas will have' been removed (as will the solid material at the

. quarry).

'< Similarly, air quality at the quarry will have improved because radon levels will
': decrease after the bulk waste is removed, and no offsetting adverse impact would be associated

with the material at the TSA because of the controlled nature of this stotagefacility. In addition,
the interim bu~dings action ,will eliminate a potential source of exposure to certain contaminants
in the short term because radioactive dust and chemicals such as PCBs and asbestos will be
removed from the buildings and containerized, and these containers would be maintained. in
controlled storage under the baseline activities of Alternative 1.

. "

The impacts associated with excavating the bulk waste and constructing· the water
treatment plants and short-tenn storage areas represent the primary adverse impacts aSsociated
with these interim actions. Because these activities will already have occurred by the time the
planned remedial action is implemented, no additional cumulative effects would be expected

f
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beyond those previously documented (e.g., in MacDonell et al. 1990; DOE 1990b; Peterson and
MacDonell 1991). That is, the impacts ,t.o soil, air quality, and wildlife resulting from those
previous excavation, construction, and waste placement activities would not contribute to a
cumulative effect for the planned action, except in the sense that restoration of air quality or

, reestablishment of habitats in the disturbed areas would be delayed b~cause the temporary
facilities would remain on-site under Alternative 1.

Incremental surface water impacts could be associated with the treatment plant action
because additional water could flow in the Southeast Drainage if effluent was disclW-ged to the
channel (section 1.5.1.4); this flow could result in incremental entrainn'\ent of particulates or
channeling effects. However, no significant cumulative impacts to surface water, groundwater,
or soil in the drainage or to wildlife that might drink from the drainage would be expected from
this discharge. The additional water would represent only a fraction ofthe volume of water that
could be naturally present in the drainage (e.g., after rainstorms), and the flow rate is expected
to be well within rates commonly observed. In addition, the water quality of the effluent would
be very high (approaching drinking water standards for humans)i and no significant incremental
~ffects would be expected from wildlife exposures: Thus, the cumulative environmental impacts
would be generally represented by existing impacts.

The water treatment actions could also impact aquatic vegetation and wildlife. By
~, removing and tre~~g this contaminated water, some species will be destroyed or displaced and '
.some aquatic habitats will be lost. HoWever, no net adverse effects of significance are expected'
because this source of biotic exposure to contaminants would be eliminated. In addition, a
mitigation actiOn plan would be developed to offse,t the potential impacts from habitat loss.,

Species of primary concern include two endangered species: pallid sturgeon and bald
eagle, and four candidate (C2) species: sturgeon chub, sicklefin chub, loggerhead shrike, and
Bachman's sparrow. The three, fiSh species inhabit the main channels of large riverS (Pffieger

, 1975; Smith 1979), and have been reported from the Missouri River in the general vicinity of the '
Weldon Spring site (Brabander 1992). Up to 25 bald eagles roost during winter at the Howell

, Island Wildlife Area (Brabander 1992), but the bald eagle is uncommon to rare in the area during
the remainder of the year (Missouri Department of Conservation 1991). The loggerhead shrike
has been sighted several times at the potential borrow area (Thomas 1992); Bachman's sparrow

, has been observed in the Busch Wildlife Area (Missouri Department of Conservation 1991) and
',may also occur at the borrow area. The Weldon Spring site does not contain habitat designated

as critical for these species.

Mitigative measures to control surface runoff were implemented during construction
of the water treatment plants and haul road for transporting wastes from the quarry to the
chemical plant to minimize the introduction of solids to the Missouri River. Additionally, the
fish species are tolerant to turbid conditions (Carlander 1969; Pffieger 1975; Smith 1979).

, Elimination or modification of in-stream habitats that could impact these species would not be
associated with construction for interim activities. Therefore, the interiin actions would not be
expected to impact the fish species, although interim actio"n construction might contribute to,'
disturbance of the, bird species.

)
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Under Alternative 1, effluent would continue to be discharged from the water treatment •
. plants at the quarry and chemical plant area in the near term in complliince with NPDES-permits

issued to DOE by thE: Missouri Department of. Natu~al Resources, whi,ch establish protective
levels that approach drinking water quality. Therefore, discharges' of the treated water would
not be expected to adversely affect the three fish species.

If no further cleanup actions were taken, the possibility that the bald eagle might
conSume prey that had been exposed to site contaminants' either directly (e.g., at the raffinate
pits) .or indirectly (e.g., at the off-site lakes to which contaminants have migrated) would

.continue. Nevertheless, the cumulative effect of the water treatment actions and quarry bulk
. waste excavation on this species would be positive because those actions reduce the. potential

for such exposures; Similarly, other species that might occur in the area suCh as the loggerhead
shrike and Bachman's sparrow could be impacted by human disturbance' associated with
implementing the interim actions, but a net positive' cumulative effect would result from
removing the potential sources of direct and indirect exposures..

, Additional species such as the interior least tern and peregrine falcon might also occur·
..in the area, but because of the transient nature of their possible proximity to the site .during the
periods of distUrbance, no' adverse impacts are expected. In any case, the cumulative effect of
the combineQ actions would be positive' because the sources of contamination that might be
transferred to these species via the food chain would have bee-n removed.. Other species fOf
which the overall effect of these combined actions would be p~sitive iIldude the pied~billed ..•
grebe, Blanding's turtle, and wood frog.

If institutional controls were lost in the long-term future, many of the beneficial impacts
. associated with the rnterim actions under the continued monitoring and maintenance activities

of Alternative 1 could also be lost. Incremental environmental impacts ~ou1d result, from
.dispersal of the materi.cil stored on-site as part of those ~ctions and/or from exposures to this
material. In addition, the raffinate pits and ponds could refill over time so re~ted adverse
environmental impacts co:Wd again occur because equilibrium' contaminant concentrations could
reestablish in this water from contact with the siudge or sediment. However, even in this case,
the net cumulative effects of these interim actions would still be slightly positive because certain

;,.. problems (such as those unique to the buildings and the bulk waste at the quarry) wocld have
.' been fully eliminated.

If the containment features at the TSA and MSA were to fail in the long term, the
dispersal of material from those facilities could result in incremental impacts to local surface
water quality with regard to both increased turbidity and contaminant levels; the magnitude of
potential impacts would depend' on the extent of dispersal and deposition. Incremental
groundwater impacts could also result from either surface water loss to the subsurface, e.g.,

. beyond the northern site boundary, or leaching through the overburden if underlying
contairunent features at the TSA. (and to a lesser extent the MSA) were to fail and no corrective
actions were taken, Air quality at the site could also be impacted, although these impacts would •
probably be less than for the. other resources because the topography, climate, and meteorology
of the area would tend to limit wind dispersal. Impacts associated with failure of the current
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6.11~2.2 Alternative 6a

Cumulative environmental impacts associated with the interim actions in combination
with Alternative 6a would be represented by the impacts associated with this alternative because
of the larger scope and longer duration of incremental disturbances associated with the site
cleanup activities. 1ba.t is, the incremental impacts associated with the interim actions, which
would be generally similar to those described under Alternative 1, would be small compared
With the potential effects of remedial action under Alternative 6a. These effects could include

. incremental concentrations of airborne particulates (some of which would be contaminated),
increased quantities of ~diment in surface runoff, and increased traffic and noise. .Limited
wildlife habitat in the surrounding area would be temporarily lost as a result' of cleanup
activities at the vicinity properties.

As indicated in the introductory discussion, remedial action activities conducted at the
chemical plant area might also overlap with similar activities conducted at the adjacent Army
site. In this case, the cumulative effects associated with this alternative would be higher because
activities at both sites could each have similar impacts. Mitigative measures and engineering
controls would be applied to minimize any potential for significant cumulative effects.

Implementing Alternative 6awould result in the temporary disruption of much of the
chemical plant area, which would result in the loss and displacement of certain vegetation and
wildlife during the cleanup period. However, much of the area' that would be disturbed'
represents marginal habitat, and its value is minimal compared with the approximately 6,000 ha
(15,000 acres) of higher quality habitat that surrounds the Weldon Spring site. Furthermore, the
cleanup activities would, result in the elimination of major sources of exposute to site

'. contaminants by wildlife (particularly at the raffinate pits) that might serve as indirect sources
of exposure for predator species. Disturbance of the off-site borrow area might also result in a
loss of habitat for the loggerhead shrike and Baclunan's sparrow. However, the overall
cumulative impact to these bird species would probably be positive because although habitat
disturbance could result in some displacement during certain activities under Alternative 6a, the
potential direct or indirect exposures to site contaminants would be reduced by the cleanup
actions. '

The construction and earth-moving' activities associated with Alternative 6a would
increase the potential for turbidity and sedimentation in runoff to the Missouri River. However,
these releases would be minimized by implementing good engineering practices. In any case,
sediment discharges that. might occur would not be expected to adversely impact the pallid
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sturgeon, sturgeon chub, orsickJefin .chub, as discussed for Alternative 1. The. overall
cumulative effect for these and other speCies from implementing the interim actions combined
with Alternative 6a would be positive because the sources of'· contamination tttat could be
·transferred to these spedes via the food chain would have been eliminatedand the residual ..
levels of contaminants of ecological concern across the site would be comparable to background.

Restoration of the Weldon Spring site, induding planting with grasses an4 native
·vegetation, would reestablish habitat that could support potential (W1contaminated) prey for the
bald eagle. This restoration would also compensate for. some of the potential habitat loss that
might affect the loggerhead shrike and Bachman's sparrow at the borrow area. Loss of the
raffinate pits (and quarry pond) would result in a small cumulative loss of waterfowl habitat in
the area. However, loss of thQse habitatS would provide a net benefit for the wildlife in the area
beCause a major. source of potential contamination would 'be eliminated.

. In swrunary, under Alternative 6a~ the cumulative effect of the interim actions to treat
surface water at the chemical plant area and the quarry and to remove the source of quarry
contamination (the bulk waste) - combined with el.im.iruiting the sources of contamination at
the chemical plant area - would be very' positive~ Although the implementation of

· Alternative 6a would eliminate most of the sources of contamination assodated with the site,
some contaminants would still remain at certain locations, such·as the Southeast Drainage and
Femme Osage Slough, so the potential for ecolo.gical exposures would continue at much reduced
levels. The potential cumulative effects associated with future response actions for those areas ...•

· will be addressed in environmental documents prepared wIthin the next few years for the final
.stages of remedial action for. the site. . . . .

6.11.2.3 Alternative 7a

Cumulative en~onmental impacts associated with the ~terirri actions in combination
with Alternative 7a would be generally similar to thosedescribed. for Alternative 6a~ although
some additional impacts to air quality would be associated with stack emissions' from the
vitrification facility. If the. Army were to implement a similar treatment technology at the

. r, adjacent site (e.g., incineration), additional stack emissions could be generated. In this case, the.
potential for significant cumulative effects from the combined emissions would be examined and
necessary mitigative measures would be implemented.. Also, construction of the gas pipeline
parallel to State Route 9~ for this alternative might result in short-term disturbance to the
loggerhead shrike and Bachman's sparrOw. However, the overall cumulative effect of this action
on environmentaJ resources would be positive, as described for Alternative 6a.

6.11.2.4 Alternative 7b

Cumulative environmental impacts associated with the interim actions in combination
· with Alternative 7b would. be similar to those described for Alternative 7a, except that the •

incremental impacts associated with the disposal cell would occur at the Envirocare site instead
of at the Weldon Spring site. Some of the habitat disturbance (about 25%) associated with

I
I
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constructing the cell on-site during the remedial action period could still occur under this
alternative, because this same location would be developed into a staging area for loading waste
for off-site transport. The impacts associated with the' actual transportation that would ocCur
over several years are expected to have only a small incremental effect QIl air quality, e.g., from
vehicle emissions.

Because the incremental disturbance of wildlife and habitat at the siding location in
Wentzville would probably be offset by the reduceC:i disturbance at the nearby borrow area (due
to reduced borrow materiaI requirements), net disturbance in the area of the Weldon Spring site
could be smaller for Alternative 7b than for Alternative 7a.

Impacts to the pallid sturgeon, sturgeon chub, sicklefin chub, bald eagle, and other
species in the area of the Weldon Spring site from implementing this alternative might be
slightly lower than those described for Alternative 6abecause of the combined effect of reduced
excavation requirements at the borrow area and construction and operation of the disposal cell
at a distant location. However, these impacts of cell construction and operation would still

'ocCur, they would simply be displaced to the Envirocare site. Although these impacts would
be addr~ssed by the Envirocare site and wO\Jld not add to cumulative effectS specific to the
Weldon Spring site, they would contribute to the cuinulative effects considered in the context

" of all locatioris significantly affected by this action. Acknowledging these overall- combined'
"effects supports the appropriate evaluation of trade-offs for each alternative in selecting an

appropriate remedy for the site. " ,

The Envirocare site that would receive the Weldon Spring waste under this alternative
also receives wastes of different types from a variety of sources. In addition, other waste,
management facilities are located in or planned for the same general area. The activities
associated with Alternative 7b would result in the dedication o( additional land for waste
disposal, an increase in dust generation, and an increase in rail traffic in the area. An EIS is
currently being prepared for the Envirocare site to address the environmental impacts of waste
disposal at that location (NRC 1991), and that EIS would be expected to address potential
cumulative effects. Therefore, the cumulative impacts that could ocCur at Ule Envirocare site
from, disposing of contaminated materials such as the waste from the Weldon Spring site, in
combination with other activities at that area, would be addressed in that EIS.

6.11.2.5 Alternative 7c

, The cumulative environmental impacts for Alternative 7c at ,the Weldon Spring site
would be similar to those identified for Alternative 7b. For the Hanford site, waste management
facilities are located primarily in the 200 Area (DOE 1991), and it was assumed that waste from
the Weldon Spring site would be taken to this location. Various other,activities are planned or
ongoing at or near the 200-W~tArea, including the proposed construction of a major radioactive
waste management facility, the Hanford Central Waste Complex. This facility would be used
to characterize, treat, package, and store transuranic waste for eventual off-site shipment. The
Plutoniuin Processing Facility, the Waste Encapsulation and Storage Facility, and the Transuranic '
Waste Storage and Assay Facility are already located in the 200-West Area. Therefore, it is likely
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. that co~tniction and operation of other facilities would be occurring in the same general area •.
considered for disposal of the Weldon Spring waste. . If Alternative7c were selected, the
potential cumulative effects that could ocCur from disposing of the Weldon Spring waste at the
Hanford site would bOe examined in more detail in- the environmental compliance documents for
the Hanford site. • .

I
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7 COMPARATIVE ANALYSIS OF ALTERNATIVES

The comparative analysis of final remedial action alternatives for the Weldon Spring site
presents a comparison of the alternatives with regard to the nine evaluation criteria described
in Chapter 6. ThiS analysis is the second stage of the detailed evaluation process·and provides
information from which a balanced decision for site cleanup can be made. For this analysis, the
nine criteria are grouped into three general categories that comprise the tiered evaluation system
identified in the NCP (EPA 1990a). These categories are the threshold criteria, primary balancing
criteria, and modifying criteria. ' .

The threshold category contains the tWo. criteria that must be satisfied by the ,selected
alternative:

.• Overall protection of human health and the environment, and

• Compliance with ARARs, unless a waiver condition applies..

These criteria are of greatest importance in the comparative analysis because they reflect the key
- statutory mandates of CERCLA, as amended. If an alternative does not satisfy both of these
criteria, it cannot be selected as the cleanup remedy.

_ _ The primary balancing category contams the five criteria that are used to assess the
relative advantages and disadvantages of the alternatives to determine the most appropriate
solution for a given site: . ..

•

•

Long-term effectiveness and permanence;

Reduction of toxicity, mobility, or volume through treatment;

•

• Short-term effectiveness;

• Implementability; and

• Cost.

The first and second critetja address the statutory preference for treatment as a principai element
of the remedy and .the bias against off-site land disposal of untreated waste. Together with the
third and fourth criteria, they form the basis for determining the general feasibility of the remedy
and whether costs are proportional to the overall effectiveness, considering both the cleanup
period and the time following cleanup. _By this meanS, it can be determined whether the remedy
is cost-effective.-

The modifying category consists of two criteria:

• State acceptance and

• Community acceptance.
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As discussed in Chapter 6, this ~ategory can be fully considered only after this the RI/FS-EIS has •
,been issued to the state and the public for formal comment. Therefore, these modifying critena
are not addressed in this comparative analysis. They will be addressed in detail in the respon-
siveness sununary and ROD for'this remedial action. '

The alternatives are compared inSections 7.1 and 7.2 with regard to the threshold and '
primary balancing criteria. The results of this analysis are sunuriarized.in Table 7.1.

7.1 THRESHOLD CRITERIA

7.1.1 ' Overall Protection of Human Heafth and the Environment'

All of the' alterna.tives except Alternative 1 (no action) would prOVide long-term
protection of human health and the environment. 1his protection could not be ensured for the
no-action alternative because only general baseline maintenance activities would continue, and
contaminants could migrate from source areas over time, e.g./from the raffinate pits to .
groundwater, and result in possible future adverse impacts. Alternative 6a.(removal, chemical '
stabilization/solidification and disposal" on-site) would limit exposures to contaminants by 0

removing the sources of contamination,' treating the' most highly contaminated material by , .
chemical stabilization/solidification, and placing the treated and untreated materials in an,
engineered disposal cell to isolate the waSte from the environment., Alternative 7a (removal, •

, vitrification, and disposal on-site) is similar to Alternative Ga, except tJ:Ie·,treatment method .
would be vitrification and the vitrified materialand the untreated materiaLcould be placed.in .
separate cells of different design. Alternatives 7p and 7c (removal, vitrification, and disposal at .
the 'Envirocare site or Hanford site) are similar to Alternative 7a except that disposal would be ','
off-site.

The two basic differences between the final action alternatives are the treatment method·
anci'the disposal location, which includes a tranSportation component for the off-site disposal
alternatives. Therefore, unpacts to workers and the general public from removal activities during.
the remedial action period woUld be similar for each alternative because the same areas would.
'be excavated or dredged.: However,' incremental impacts to workers and the public from
treatment activities could result from differences between the chemical treatment and vitrification
operations. Additional emissions are associated with Alternatives 7a, 7b, and 7c compared to
Alternative 6a because contaminants would be released hom the stack of the vitrification facility.

, However, these emi~sior\s are expected to be controlled by an extensive air pollution control
system within the facility, so related impacts would be small.

Potential health iIppacts for members of the general public during the cleanup period
would be below EPA's target limits for protecting human health for each of the action alterna
tives. Impacts would be relatively higher for Alternatives 7b and 7c than for Alternative 6a or
7a because of the increased likelihood of exposures and accidents during the waste handling and '.:
transportation activities for off-site disposal.. Worker impacts would be higher under th:
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TABLE 7.1 Comparative Analysis of Alternatives

Alternative 1:
No Action

Alternative 6a:
Removal, Chemical Treatment, .

and Disposal On-Sile

Alternative 7a:
Removal, Vitrification,. and

Disposal .On-Site

Alternative 7b:
Removal, Vitrification,. and

Disposal at Envirocare

Alternative 7c:
Removal, Vibification, and

Disposal at Hanford

Overall Protecti01l 01 Human Health and the Env;ronmmt

Similar to Alternative 7a,
,except long-term impacls that
could occur if the ceU were to
fail over lime would occur at
the Hanford facility. In the
event of such a failure, overall
impacts would probably be
higher ',than Alternative 6a, 7a,
or 7b. Impacts to air quality
from the clispersaJ of untreated
material might be higher than
for Alternative 6a or 7a and
comparable to Alternative 7b;
groundwater could be contam
inated sooner than Alterna
tive 7a or 7b; impacts to
surface water might be
comparable to Alternative 6a
or 7a and higher than Alter
native 7b; and ecological
impacts could be higher than
Allernative 6a, 7a, or 7b,
Impacts of off-sile tra'nspor
tation would be similar to
Alternative 7b.

Similar to Alternative 7a, except
long-tenn impacts that could
occur if the cell were to fail over
time would occur at the Enviro
care facility instead of at the
Weldon Spring sileo Temporary,
impacts to air quality from the
clispersal of untreated material
might be higher than Alterna
tive 6a or 7a, impacts to
groundwater could be compar
able to Alternative 7a, and
impacts to surface water would

, be lower ihan Allernative 6a or
7a. Incremental racliological
exposures would be incurred by
workers and, to a lesser extent,
by the general public during off
site waste transport, including
trill\Sfer activities at the
WentzviUe rail siding. In
addition, the likelihood of
accidents and worker injuries
would increase; the public could
also be injured and/or exposed
to contaminants from an acci-

, '.. dent. Racliological exposures
. 'associa'ted only wiih waste

transportation would be signifi
canOy lower than those resulting
from waste removal, trealment, '
and disposal activities - which
are also associated with Alterna
tives 6a and 7a.

Generally similar to Alterna
tive 6a, except as follows.
Short-tenn impacts could be
slighUy higher because contami
'nants would be released from
the stack of the vibification
facility during the remediil1
action period and the potential
for accidents and worker .
injuries would increase as a
result of the larger work force
required, the high operating
temperatures, and the lack of
experience with such a large
scale application of this process
to waste trealment Long-term
impacts could be somewhat
lower if the cell were to fail and
no corrective actions were
taken,. because certain contami
nants would be destroyed by
vitrification and the vitrified
portion of the waste is expected
to be less susceptible to
leaching.

Engineering and mitigative
measures would be applied
during the remedial 'action
period such that no sigOificant
adverse impactS"would' occur to
the general public or the envi
rorunent. Worker exposures
would be similarly controUed to
levels within health-protective
limits. l.ong,tenn exposures
would be minimized by remov
ing contaminated material from
source areas to reduce residual
sitewide risks toward levels
comparable to background, ,The
highly contaminated material
would be chemically treated,
and all waste would be placed
in an engineered disposal cell to
provide pennanent contain
ment If the cell were to fail
and no correct/ve actions were
taken,. potential health and
environmental impacts would
be much lower than under
Alternative 1 because con
taminants In the treated
waste would be much less
mobile than ~der existing
conditions.

1"1'

Could not ensure protection
.of human health and the
envirorunent in the long
term,.



TABLE 1.1 (Cont.)

Alternative 1:
No Action

Comp1ia"c~ with ARARs

Would not meet all ARARs,
including EPA time limits
for storing certain 'waste
prior to disposal . .If Ins~
tutional controls were lost
In the future and access was
unrestricted, EPA and DOE
standards for radiological
,exposures and for residual
levels of radium and. '
thorium In soil Would not
be met; if the raffinate pits'
refined, certain water
quality criteria for the
protection of aquatic Ufe
would not be met.

Alternative 6a:
Removal, Chemical Treabnent,
. and Disposal On-Site

Would meet all pertinent
'ARARs, including those for
radiological exposures and
residual soil concentrations.
Appropriate health-based
ARARs would be ~et for both
workers and the general public
during and fonowing cleanup.
A waiver from the stale Iimlt
of 1 pCi/L above backgiound
for radon-222 might be
pertinent during a limited
period of TSA activities. The
disposal cell would Incorporate
design features that would
ensure compliance with per-

, formance objectives, considering
relevant and appropriate stan
dards from regulations such as
the Uranium MiD Tailings
Radiation Control 'Act, Toxic
Substances Control Act,
Resource Conservation and
Recovery Act (RCRA), and
Missouri Hazardous Waste
Management Law and Regula
tions. A S-year review of
the effectiveness and protec
tiveness of the response would
be conducted because waste
would remain on-site.

Alternative 7a:
Removal, Vibification. and

Disposal On-Site

Same as Alternative 6a, with
additional requirements for the
vitrification faciUty that would
be met, including emission
standards given in the Missouri
Air Pollution Control Regula.
tions and possibly incineration
siandards given in RCRA.

Alternative 7b:
Removal, Vitrification. and

Disposal at Envirocare

,Same as Alternative 7a, with
additional requirements for
,off-site transportation that
would be met. Disposal
requirements would be
addressl'Ci by ,the Envirocare
facility.

Alternative 7c:
Removal, Vitrification. and

Disposal at Hanford

Same as Alternative 7b, except
disposal requiremen~ would
be addressed by the Hanford
facility.

.. .... .. .......... ..... ." ~ : " ,; : : ; ~ ~ " " .
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Alternative 1:

No ,Action

Alternative 6a:
Removal, Chemical Treatment,

and Disposal On-Site '

Alternative 7a:
Removal. Vitrification, and

Disposal On-Site '

Alternative 7b:
Removal, Vitrification, and

Disposal at Envirocare

Alternative 7c:
Removal, Vitrification, and

Disposal at Hanfnrd

Long-Tenn F.ffutiPttlt55 IItld Prrmlltlmct

CUrrent exposures and '
impacts woUld continue
and could increase over
time because of continued
contaminant migration and
the possible failure of
'eltisting containment
systems. Over it 3(}.year
period, monitoring and
mainlenance activities
associated with no further
action would result in an
estimated 9 cases of
occupational injury and no
occupational fatalities. If
institutional controls were
lost in the future and access
was unrestricted, the
,lifetime risk of cancer
induction to an individual
from exposures to radiO:
active and chemical contam-,
inants, respectively, are
estimated to be 6 lC 10,5 for
a recreational visilor and
would range from 4 lC to-6

to 9 lC lU'2 for a resident;
noncarcinogenJc effects
woUld be' inClicated for the
resident at less than 5% of
the soil areas. Adverse
impacts to biota coUld occur
at highly contaminated
areas such as the raffinate
pits, and contaminants
could migrate from the
surface to groundwater.

More protective than Alter
native 1 because the current
sources of potential hazards
would be removed to prOVide a
permanent solution for those
areas. Residual sitewide risks
could be reduced toward levels
comparable to background, a'nd
environmental' conditions would
improve. The ranges developed
for soil cleanup criteria would
be applied as appropriate to the
long-term use of the site, in
accordance with DOE's "as low
as reasonably achievable"
(ALARA) process. By this
process, contaminant 'con
centrations woUld be reduced
to the most protective levels
practicable, so residual levels
for each alternative could be
similar. For the waste, the
highly contaminated material
woUld be treated to limit the
potential for future releases,
prior to isolation in an engi
neered cell, If the cell
were to fail at some time in
the future, releases from that
material would be slow because
the lifetime of the treated
product is expected to be
hundreds to thousands of years
(b:eyond the lime of cell failure,
assuming no,corrective actions
are taken). The disposal cell
(continued on next page)

Similar to Alternative 6a, but
could be sOmewhat more
protective if the dispOsal cell
were to fail in the lon'g term
and no corrective actions were
taken because certain contami
nants in a portion of the waste
would be destroyed during
vitrification (e.g., organic
compounds in soil from the
quarry, but not radionuclides).
An effectively vitrified waste'
form is expected 10 be able to
withstand environmental degra
dation for thousands of years.
If the cell were to fail in the
future, that porlion of waste
,that is successfuJJy vitrified
could be relatively less suscep~'

tible to leaching than if it were
chemically stabilized/solidified.
Thus, contaminant concentra
tions in the leachate of that
material could be lower, and the
incremental contribution to
overaU groundwater impacis
could be lower. Overall health
and environmental impacts,
associated wilh maintenance
activities and wilh cell failure in
the absence of maintenance
activities woUld be generally
similar to Alternative 6a.

Generally similar to Allerna
live 6a or 7a, except soil within
the ceUarea for thaialternative
would be selectively remediated
under Allernative 7b and poten
tial impacts would occur at the
off-site location instead of
on-sile if the dISposal cell
were to fail in the future. If
the waste were exposed, air
quality impacts from wind
dispersal of untreated material
woUld be higher than Alterna
tive 7a because wind speeds are
higher, the climate is dry, and '
the site is sparsely vegetated.
Related health impacts woUld
depend on whether land use
changed over the extended
future; the nearest residence is
currently about 40 km (25 mil
away so public exposures would
be lower than Alternative 6a or
7a under current land use condi
tions (the nearest residence and
town are 2 to 3 km fJ to 2 mil
from the Weldon Spring site).
Potential groundwater contami
nation could be similar to
Alternative 7a because, although
annual precipitation is lower,
the depth to groundwater Is
comparable and the overburden
permeability is higher than the
Weldon Spring site. No surface
water impacts would be
(continued on next page)

Similar to Alternative 7b,
except impacts would
generally be higher atlhe
Hanford facility thi!Jl at the
Envirotare facility or the
Weldon Spring sile if the
disposal cell were to fail in the
future. Air quaUty impacts
associated with the untreated
material would be similar to
Alternative 7b and higher than
Alternative 6a or 7a because
the terrain and meteorological
conditions are similar to the
Envirocare fadlityand much
more conducive to wind dis
persal than at the Weldon
Spring site. Impacts to the

, general public would depend
on future land use; if the
relalive population densities at
the alternate sites remain the
same, impacts would'be higher
than Allernative 7b and lower
than Alternative 6a or 7a (the
distance from the disposal
location to the nearest town

,is about 30 km (19 mil), If
homes were built closer to the
cell in the future, impacls.
might be similar to Allerna
tive 6a or 7a (high winds and
sparse vegetation might offset
the additional distance).
Assuming that the waste
becomes saturated, '
(continued on .next page)



TABLE 7.1 (Cont.)

Alternative 1:
No Action

Alternative 6a:
Removal, Chemical Treatment,

and Disposal On·Site

Alterna'tive '1a:
Removal, Vitrification, and

Disposal On-Site

Alternative 7b:
Removal, Vitrification, and

Disposal at Envirocare

Allernative 1c:
Removal, Vitrification, and

'Disposal at Hanford

Lo"g·Tnm Effecti'Dmrss a"d Pnma"mu
(Corlt.) ,

would be designed to last for at
least 200 to 1,000 years, and
monitoring and maintenance
would continue Into the long
term. In the 30 years immedf
ately foUowing implementation,
aboiJt 9 cases of occupational
Injuries and no occupational
fatalities are estimated to occur
during site maintenance activi
ties. If the ceO were to fail
and no corrective actions'were
taken, potential impacts to
human health and the environ
ment would be much lower
than under Allernative 1
because the highly contami
nated material would have been
treated and would' be much less
suscepbble'to leaching and

, dispersal. In addition, the'
compaction of natural clay in

, the subgrade would Iiinit
'transport. No adverse
ecological Impacts would be
expected becauSe the highly
contaminated material would
have been treated to reduce
contaminant mobility and
availability. '

expected becauSe the Envirocare
facility is 45 km (28 mil from,

. the nearest surface·water body.
•No adverse ecological impacts
would be expected (as for Alter
native 6a or 1a) because the
highly contaminated material
would have been treated io
reduce contaminant mobility
and aVailability. '

groundwater lmp~cts might
occur sooner than Allema-
tive 7a or 7b because, i\lthough
the overburden Is 3 or more
Urnes thicker, its higher
permeability would more than
offset the increased depth to
groundwater. SUrface water
unpacts could be higher than ,
Alternative 7b and comparable
to Allernative 6a or 7a because
,an ephemeral stream is within
3 km (2 mi) of the disposal
location and two rivers are
within 8 and 24 km (5 and
15 mil, respectively. Ecological
impacts would be higher than
Allernative 7b and somewhat

, similar to. Alternative 6a or 7a,
except potential impacts to
threatened and,endangered
species could be higher under
Alternative 7c.,

...........................................................................................................................................................................................................................................................................................; : .
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TABLE 7.1 (Cont.)

• •
Alternative 1:

No Action

Alternative6a:
Removal, Chemical Treatment,

and Disposal On-Site

'Alternative 7a:
Removal, Vitrification,. and

Disposal On-Site

Alternative 7b:
Removal, Vitrification,. and

Disposal at Envirocare

Alternative 1c:
Removal, Vi\rification,. and

'Disposal at Hanford

Reduction 01 Toxicihj, Mobilihj, or Volume
tltrough Trf!atmmt

Toxicity, mobility, and
volume of contaminated
material would, not 'change.

The dis~1 volume of
112,000 m 3 (1,010,000 yd1
would be larger than the
'volumes fur the other action
alternatives because chemical
stabilization/solidification.
would result in a 32% Increase
in waste volume, or about
321,000 m3 (428,000 yd3) of
treated product; thJs COrTes

ponds to an increase of 12% for
the combined waste volume.
The incorporation of contami
nants into the treated product
would significantly reduce
contaminant mobility; The
volume of certain structural
material (primarily metal
debris) could be reduced by
10 to 50%, depending on its
type and physical configuration.
The volume of wooden debris
and vegetation could be
reduced by at least 50% and
up to 80 to 90% by shredding
and compesting. depending on
process enhancement. The
volume of rock and concrete
would not be reduced.

The dis~l volume of
522,000 m3 (6&1,000 yd1 would
be smaller'than that for, Alter
native 6a because vitrification
would result in a 68% decrease
,in volume, or about 78,800 m3

OW,OOO yd3) of treated product;
this corresponds to a ~ecrease

of 24% for the combined waste
vollime. 'The reduction in
contaminant mobility would be
greater than Alternative 6a
because the vitrified product
would be incorporated into a
glass-like matrix instead of a
cement-like matrix. In'addition,.
the toxicity of certain waste
types would be reduced because
organic contaminants in the
portion of waste that would be
treated (e.g., nitroaromatic
compounds in the quarry soil)
would be destroyed and some
inorganic contaminants (e.g.,
nitrate) would be altered.
For the other waste material,
expected volume reductions
would be the same as Alterna
tive 6a. The off-gas system
would generate treatment
residual~ consisting of spent
filters and about 2,200 t
(2,400 tons) of scrubber
residuals (for the expected, case
over 4 years of operation).

Same as Alternative 1a. Same as Alternative 7a.

'0' •••••••••••••• 0 0 ••••••••••••••••• '0 ••••••••••••o~•••••••• , •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ; •••••••••••••••••••••••••••••••• ~ .



TABLE 7.1 (Cont.)

Alternative 1:
No Action

Short-Tmn Effecti,umeu

Current exposures and .
impacts would continue.
About 80 person-years of
effort would be required for
baseline activities over a
la-year period, and about

,12 occupational injuries and
110 lost workdays are asso
dated wi lh these activities.
Radiological and chemical
carcinogenic risks estimated
for an on-site maintenance .
worker under current con- '
ditions are 5 lC '10'· and
I )( 10,5. The corresponding
risks for a trespasser
(member of the general'
public) are 9 )( 10:5 and
I lC .10'·, and noncarcino
genic effects are indicated.

•

. Alternative 6a:
Removal, Chemical Treabnent,

and Disposal On-Site

Exposures would be higher than
Alternative 1 becauSe of particu
late and gaseous (radon)
emissions and extemal'gamma
irradiation associated with
removal, treatment, and'dis-:
posal activities. Mitigative
measures would be implemen
ted to minimize potential health
and environmental impacts.

. Total worker effort is estimated
to be 560 perSon-years. The risk
of worker accidents would .
increase comp~ with Alter
native 1; about 82 cases of occu
pational injuries are estimated
to occur, with about 790 lost
workdays. Worker protection
would be used to control .
·exposures. The risks of cancer
induction from exposures to
radioactive and chemical con
taminants, respectively,are
,estimated to be about I )( 10,3
and 8 lC Ht5 for the maximaUy
exposed remedial action worker
and about 6 )( 10,7 and 3 x 10,8
for the maxlmaUy exposed
member of the general public.
No adverse impacts to off-site .
individuals are expected from
contamJnant releases during
Implementation of this "lter
native; the raifiological risk to
the population within 5 km
(3 mil of the site is estimated
(continued on next page)

Alternative 7a:
Removal, Vitrification, and·

Disposal On-Site

Similar to Altemative 6a, except
that the risk of worker accidents
would increase (110 occupa
tional injuries are expected to

'occur, with about 1,100 lost
workdays) and emissions from
the vitrification facility could '
result in increased airliome .
contaminant levels. These
emissions are not expected to
significantly affect human

. health or the environment
because the facility would be
equipped with an off-gas
system. to ensure protediveness'
and additional mitigative
measures would be applied..
Additional worker protection
against inhalation and ingestion
of airborne contaminants would .
be required, as would increased
protection against safety
ha~rds. aSsociated with the
treabnent operations because
high temperatures are used in
the vitrificati(:m process. Total
worker effort is estimated to be
780 person-years. 1lle risks of
cancer induction would not .
increase'appreciably compared
with Alternative 6a. The risks
from exposures to radJoactive
and chemical contaminants,
respectively, are estimated to be
about I x 10'3 and 8 lC 10'S for
the maximally exposed remedial
(continued on next page)

•

. Alternative 7b:
Removal, Vitrification, and

Disposal at Envirocare

Similar to Alternative 7a, except
that the requirements for trans
portation of waste for off-site
disposal would increase poten
tial impacts to human·health .
and the environment in the
short term. Incremental radio
logical exposures would be
incurred by workers and, to a
lesser extent, by the general
public during waste transport,
including transfer activities at
the WentzvlUe rail siding:
Radiological exposures aSSO:
ciated with transportation
activities (including accidents)
would be significantly lower
than those resulting from
removal, treatment, and on-sUe
disposal acti.vities for Alter
natives 6a and 7a. The addi
tional risks of cancer induction·
from transportation activities are
estimaied to be 2 x 10-· .lor the
maximally exposed .worker and
7 x 10.8 for the maximally
exposed member of the general
public. In addition, the
'potential for accidents and. the
likelihood of worker injuries
.would increase; the estimated
number of occupational injurjes
would Increase to 160, with
about 1,600 lost workdays; and
six vehicUlar accidents would be .
expected, with no associated
(continued on next page)

Alternative 7c:
Removal, Vitrification, and

Disposal at Hanford

Similar to Alternative 7b,
except that habitat us~d by a
candidate species would be
disturbed at the Hanford
fiu:illty..
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Alternative 1:
No Action

S"ort-Tmn f/ftctifJntts$
(COtI'.)

Alternative 6a:
Removal; Chemical Treatment,

and Disposal On-Sile

to be 3 II lIT3. Most impacts
to biota would be temporary,
but about, 17 ha (42 acres) of
habitat would be pennanenUy
altered at the cell location.
Activities are not expected to
impact threate.ried or endan
gered species. About 15 ha
(38 ac.res) of on-site wetlands
would be lost, but the excava·
tion of these areas would
remove a source of exposure
and improve environmental
conditionS; related mitigation
plans would be developed with
the state of Missouri. Up to
0.6 hOi (1.4 acres) of land within
the l00-year floodplain of a
neaJby creek might also be
excavated, but the area would
berecontoured and revegetated
so impacts would be temporary.
Alternative 6a would be the
most timely of aU the action
alternatives because It would
use an established process and
treatment ,could begin after

,standard engineering design ,
and start-up activities. About 4
to 5 years would be required to
treat the raffinate pit sludge and
more highly contaminated soil.
Approximately 895,000 m3 '

(1.171,000 yd3) of clay-rich soil
would be required for borrow
material; this soU could be '
obtained from a nearby source.

•
Alternative 7a:

Removal, Vitrification, and
Disposal On-Site

action worker and about
7 II 10.7 and 3 I( 10.8 for the
maximally exposed member of
the general public. TI\e radio
logical risk to the papulation
within 5 km (3 mil of the site is
estimated to be 3 II 10.3• The
initiation of site cleanup under
this alternative would be
delayed compared with Alter
native 6a because additional
lead time would be needed to
address engineering issues such
as scale-up and o'ptiJnizalion of
the vitrification and off-gas
treatment processes. About'
4 years would be required to
treat the raffinate pit sludge and
more highly contaminated soil.
The same amount of borrow

'material would be required as
for Alternative 6a; this soil
could be obtained from a

, nearby source.

Alternative 7b:
Removal, Vitrification, and

Disposal at Eiwirocare

fatalities. The public could also
be exposed if contaminants were
released dUring an accident.
Additional :mitigative measures

, would be implemented to
reduce related impacts. Total
worker effort is estimated to be
1,100 person-years. About
376,000 m3 (492,000 yd3) of soil
would be required for borrow
'material; this soil could be
obtained from a nearby source.'

•
Alternative 7c:

Removal, Vitrification, and
Disposal at Hanford

'""

,\.0 .'
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TABLE 1.1 (Cont.)

Alternative I:
No Action

lmplemmtability

Minimum site operations
would continue with the
use of readily available,
resources.

Alternative 601:
Removal. Chemical Treatment.

and Disposal On-Site

Most straightforward to imple
ment of the action alternatives.
Chemical stabilization/solidi- ,
fication has been succesSfully
applied at a nwnber of contami
nated sites cind is an established
technology. Pilot-,scale testing.
design, construction. and
start-up would require less time
than the, vitrification technology
of Alternatives 701, 7b. and 7c;
approximately 4 years would be
required for these initial engi
'neering activities. 'Chemical
stabilization/solidification of
the contaminatec:t material ,
would involve some special
handling, but the equipment

,and proceSs reagents are readily
available from local suppliers.
The process could be readily
monitored In the short term, as
could the effectiveness of the
disposal cell In the short term
and the long term (with the
leachate collection/leak detec
tion system and gfoundwater
monitoring wells).

Alternative 701:
Removal, Vitrification, and

Disposal On-Site

less straightforward to imple
ment than Alternative 601
because more extensive testing
and optimiZation of the vitri
fication treatment system would
be needed. Engineering
scale-up. more highly trained
,personnel. and off-gas controls
and monitoring would also be ,
required. Vitrification is
considered an. irulovative
technology and has only been
implemented for small waste
quantities at the pilot-scale
stage. Bench-scale and pilot
seal'e testing, design.' construc
tion, and start-up of the

, vitrification system at the
Weldon Spring site would
probably require at least 5 to
7 years. (Considerable uncer
taintyis associated with this
estimate, because of the innova
tive nature of the technology.)
The off-gas treatment system
would require extenSive testing
and optimization. and it would
necessitate coordination and
approvals with the state of
Missouri for emissions (for
'substantive permitted
conditions). '

Alternative 7b:
Removal, Vitrification, and

Disposal at Envirocare

Same as Alternative 701. except
for off-site ,transport and
disposal, which would be less
straightforward to implement
than on-site disposal because of
the need for increased coordi
nation among federal. state. and
local agencies for the trans
portation route and in Utah.
Handling and support facilities
are available at the Envirocare
facility. However. administra
tive procedures are not currently
in place at the Envirocare
facility for accepting the Weldon
Spring waste. which is classified
as 11(e)2 by-product material.
Additional administrative'
difficulties could be assodated
with waste transport through
the various states. About
SIS train trips would be
required over a projectecl 7-year
period. for a total one-way haul
distance of 1,240,000 rail-kin
(773,000 rail·mil.

Alternative 7c:
Removal, Vitrification, and

Disposal atHaniord

Similar to Alternative 7b, but
off-site disposal would be even
,less straightforward to imple
ment because the Hanford
fadlity currently accepts only
small-quantity shipments of
containerized waste from off
site sources. and adminis
trative and handling proce
dures are not in place for
accepting the large volume of
waste from the Weldon Spring
site. About SIS train trips
would be required over a
projected 7-year period. for a
total of 1.740,000 rail-km '
(1,080.000 rail'mil.

.......
I....
o
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TABLE 7.1 (Cont.)

Alternative 1:
No Action

Cost

The total cost would tie the
lowest in the short term
(about $I~ million over a
IO-year pc'riod)., but the
comparative level of '
effectiveness would be low:
In addition, the Cost would
be potentially higher than
for the action alternatives
over the long term because
the scopc of the required
remediation effort could
Increase if cleanup actions
were not implemented in
the near term. That is.
conditions could worsen
considerably over time,
necessitating an expensive
emergencY and/or,
expanded response in the
future.

Alternative 6a:
Removal, Chemical Treatment,

and Disposal On-Site

The total cost would be about
$157 million, which is the
lowest o'f the action alternatives
for the s~e overall level of
effectiveness. The estimated
long-tenn maintenance cost is
about $24 million, and the
present-worth cost is about $79
million: The total cost is
significantly lower than that for
Alternative 7b or 7c,because of
the lower cost for on-site
disposal.

•
Alternative 7a:

Removal, Vitrification, and
Disposal On-Site

The total cost would be about
$182 million. The estimated

.'long-term maintenance ccist is
,about $24 million and the
present-worth cost is about
$97'million. A vitrification
facility would cost about
$24 million more to construct
and opcrate than a chemical
stabilization/solidification
facility. However. the cast for
on-site disposal of the vitrified
waste would be about
$45 million. which is $11 million
less than for on-site disposal of
the chemically stabilized/
solidified waste, because of the
smaller volume and less exten-

, sive design requirements for the
vitrified product. The net cost
difference from Alternative 6a is
$25 million.

Alternative 7b:
Removal. Vitrification, and

Disposal at Envirocare

The total cost would be about
$.151 million, which is much
higher than Alternative 7a. The
total cost for off-site transport
arid disposal ai the Envirocare

, facility. including construction
of a rail siding in Wentzville, is
estinlated to be $214 million, of
which $110 miUion Is attnb
utable to waste transportation.
(The long-term maintenance cost
is included in the estimate for

, waste disposal,) The present
worth cost is $197 million. '

.'
Alternative 7c:

Removal, Vitrification, and
Disposal'at Hanford

The total cost could be about
$304 miUion, which is gener
ally comparable to Alterna
tive 7b, nu,s value was
determined from a preliminary
estimate for waste disposal; a
detailed cost analysis would
be performed to develop a
firm price if disposal at
the Hanford facility wen~ a
component of the selected
alternative. The total cost
for off-site transport and
disposal is estimated to be
about $143 million, and the
long-term maintenance cost is,
assumed to be the Silme as for
Alternative 7a. The estimated
cost for transporting the wasle
is about $16 million higher
than for Alternative 7b because
of the increased dislance 10 Ihe
Hanford facility. The present
worth cost Is $171 million.

~........



vitrification alternatives because this process would require more workers and additional
accidents could result from the hazards. of high operating temperatures and limited field
experience. ~otential ~ealth impacts to workers and the general public from implementing the
final action alternative~ are,evaluated in detail in Appendix F and sununarizedin Table 7.2. For
the'hypothetical scenario under which the cell is assumed to fail in the extended future without
any corrective actions being taken, impacts could be somewhat lower for Alternative 7a than
Alternative 6a because the vitrified portion of the waste could be less susceptible to leaching and
,the organic contaminants in that waste'would have been destroyed. '

. The nature and extent of impacts to biota from implementing Alternatives 6a and 7a
would be similar; Both alternatives involve the following activities: excavation of contaminated
soil and sediment from the same locations; construction of access roads, staging areas, and other
on-site support areas needed for the excavation and transport of the contaminated media; and
excavation of borrow material from an off-site location. Potential environmental impacts
associated with implementing Alternatives 6a and 7a include the pennanellt loss of some on-site
habitats and off-site habitats at the nearby borrow area. Short-tenn impacts include the
temporary loss of habitats at the vicinity properties; possible increases in contaminant transport
to and turbidity and sedimentation in nearby surface water bodies; loss of vegetation and loss
and displacement of wildlife on-site; disturbance of wildlife in nearby areas as a result of noise,
dust, and human activity; and possible impacts of accidental spills of construction and .
operational materials. Mitigative measures would be implemented to minimize these short-term
impacts.

Environmental impacts associated with implementing Alternatives 7b and 7c include '
,those identified for Alternatives 6a and 7a, plus potential impacts from construction and disposal
'activities at the off-site disposal location, construction and operationof the Wentzville rail Siding,
and transportation of the waste from the Weldon Spring, site to Wentzville and then to either the,

, Envirocare site or the Hanford site. Impacts at the Weldon Spring site associated with the
nearby borrow area would be somewhat lower for Alternatives 7b and 7c because of the reduced
requirements compared with Alternatives6a and 7a (because the cell would be constructed at
an off-site location under Alternatives 7b and 7c, related, impactswould occur at those locations).
The potential consequences of cell failure in the extended future if no corrective actions were

"taken are summarized in Table 7.1:

.....

.,-7.1.2 Compliance with ARARs,

Except for the no-action alternative, the attainment of ARARs under each of the firuil
alternatives would be comparable; applicable requirements would be met· both during and

" follOWing cleanup unless a waiver condition applied. A comprehensive Jist of potential ARARs
for this remedial action is presented in Appendix G, and waiver conditions are identified in
Section G.2. Key requirements are discussed in Chapter 6 within the evaluation of each
alternative against this criterion.,

•
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TABLE 7.2 Summatr Comparison of ~otential Health Impacts Associated
with the Final Alternatives during the Action Period"

Estimated Health Risk

Receptor.
Alternative

6a
Alternative

7a
Alternative

7b
Alternative

7c

•

General public in the vicinity of the
Weldon Spring site

Maximally exposed individual .
Radiological risk
Chemical carcinogenic risk
Chemical hazard index

Collective carcinogenic riskb

Within 5 km of the site
. Within 80 kID of the site

Remedial action workers
Maximally exposed individualc

Radiological risk
Chemical carcinogenic risk
Chemical hazard index

Collective carcinogenic riskb

Persons along transport routes !Uld
transportation workersb

Member of the general public
Maximally exposed. individual
Collective carcinogenic risk

Transportation worker
Maximally exJ>05elil indiVidual
Collective carcinogenic risk .

6 )( 10-7 7)( 10-7 7)( 10-7 7)( 10-7
3 )( 10-8 3)( 10-8 3)( 10-8 3 x 10-8

0.0008 0.0008. 0.0008 0.0008

3 )( 10-3 3 x 10-3 3 )( 10-3 3)( 10-3
2 )( 10-2 2 x 10-2 2 x 10-2 2 )(,10-2

1 )( 10-3 1 x 10-3 1 x 10-3 1 x 10-3

8 x 10-5 8 x 10-s 8 x 10-5 8 x 10-5

10 10 10 10
9 )( 1Q-2 2 x 10-1 2 x 10-1 2 )( 1O~1

NAd NA ·7 x 10-8 7x iiS •

NA NA 3 x 10-3 3 x 10-3

NA NA 2 x 10-4 2 x 1Q-4
NA NA 9 )( 10-4 9 )( 10-4

Remedial action workers and
transportation workers

Occupational fatalities
Occupational injuries

0.14
82

0.20
110

0.28
160

0.28
160

•

a Potential health impacts associated with Alternative 1 (no action) are discussed. in detail in the
BA (OOE 1992a) and Appendix E, and the results are summarized in Section 1.6. Estimated
health effects for a maximally exposed. individuaHrom uncontrolled exposures to site contami·
nants under baseline conditions would exceed. the levels shown for maximally exposed
individuals.

b The analysis was limited to radiological health impacts (See Appendix F), and it represents an
estimate of the poten.tial population risk for the people within the given radius(see text). For
the 5-km radius, the population was 10,700; for the SO-km radius, the population was about
3 million. .

C Represents the estimated health risk to a remedial action worker who participates in the project
for the entire cleanup period.

d NA means not applicable.
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To s~~lrize those evaluations,' Alternative 1 would not attain, certain applicable
requirements, including the I-year time limit for storage prior to disposal of material
contaminated with PCBs. ,In addition, radiation protection standards would not be met if site
access became unrestricted in the fu~re. In contrast, Alternatives 6a, 7a, and 7b, would meet
applicable standards, with ce$in waivers: ' The following discussion addresses these action
alternatives. '

•
For each alternative, a waiver from the applicable I-year time limit for storing PCB

contaminated material for disposal would be pertinent on the basis of technical impracticability, ,
i.e., a facility is not cWTently availaQle in which to dispose of this matepal because it is also
radioactively contaminated. In addition, the storage would constitute an intermediate measure

, 'in the context of the overall remedial action - which would include the development of a
disposal faC;ility - and this requirement would be met upon completion of the: action.

Similarly, a waiver would be appropriate for each alternative (if needed) from the'
applicable limit of,1 pCi/L above background for radon;.222 in uncontrolled areas, whiCh is
identified in the Missouri Radiation Regulations., This limit might be exceeded at the property ,
lence for certain periods during quarry bulk waste handling activities at the TSA under any of
the action alternatives. However, a waiver would be pertinent during the cleanup period on the

'basis of the intennediatenature of the activity in the context of the overall remedial action!
which would attain the standard upon completion. '

Other requirements that would apply to air emissions and would be met for each '.
alternative, include the National Emission Standards for Hazardous Air Pollutants (NE5.HAPs),
which identify among other standards a flux limit for radon-222 of 20 pCi/m2,.s as an average
for the entire site. Additional reqUirements would apply to Alternatives 7a,7b, and 7c - or
would be considered sufficiently similar to be relevant and appropriate with regard to the type'

'and source of airborne mate~al- because emissions would be,~eleased from the stack of the ','
vitrification facility under these three alternatives. These additional requirements, include ' '
standards identified inthe Missouri Air Pollution Control Regulations for controlling emissions
of partiqllate matter. ... '

Siting requirements for hazardouS waste' facilities identified in ReRA and parallel
:> requirements in the Missouri Hazardous Waste Management Law and Regulations would be met'
,,for treatment and storage actions because hazardous waste would be managed on-site in those
': facilities under each alternative. For example, all new (temporary) site' facilities would be '

constructed outside a lOa-year floodplain and, beyond 61 m (200 ft) of a fault In which
,displacement has occurred in Holocene time.

. For disposal, no environmental laws or facility siting laws are available that specifically
," apply to the combination of materials that would be placed in the engirieered cell. However,
, a number of laws contain requirements that apply separately to uranium and thorium mill
tailings, hazardous waste, PCB waste, and demolition waste, and they would be combined to

, address the site waste. Certain requirements would be considered relevant and appropriate to .,.
specific design components of the cell on the basis of sufficient similarity of waste type arid the ' ,
appropriateness of the purpose of the requirement with regard to the overall purpose of this
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, .,r.e!".edial action - which is to dispose of site waste in a manner that will protect human health
and theenviroiunent' in both the short term and the long term. '

Therefore, the cell design would include components of the Uranium Mill Tailings'
Radiation Control Act, RCRA, the Missouri Hazardous Waste Management Law and Regulations,
the Toxic Substances Control Act, and the Missouri Solid' Waste Rules. Other than the state
standards, which would be evaluated only for Alternatives 6a and 7a, these requirements would
be addressed for each of the action alternatives. The key requirements include designing for an
~ffective life of at least 200' to 1,000 years, incorporating a radon barrier cover to limit releases
to 0.5 pCi/L above backgroWld at the facility bOWldary, and incorporating a double liner and

, leachate collection system to contain the waste and monitor cell performance. '

Standards for the disposal of hazardous waste, including' the RCRA Land Disposal
Restrictions, would not specifically apply because the waste would have been treated such that
it no longer met the definition for hazardous waste. (No listed waste has been identified at the
site, and the characteristic waste would be treated by vitrification or chemical stabilization/
solidification to attain the specified treatment standards.) Nevertheless, many of' the~
requirements would be considered relevant and appropriate on the basis of sufficient similarity

. with regard to the waste tYpe .and the purpose of the requirement, for example, to limit the
"potential for wash~ut or 'subsidence of the facility.

For' Alternatives 6a and 7a, these relevant and appropriate requirements include the .
state siting criteria that a hazardous waste disposal facility not be located in a floodplain area .
or seismic zone as described for the treatment and storage facilities, and also that a waste ~dfill

not be located ,in an area of unstable soil deposits subject to iandslides or catastrophic collapse.
Additional state requirements for thickness and permeability of naturally occurring material
beneath the cell would be considered relevant on the basis of waste type but not appropriate on

, the basis of the specific circumstances at the site. 1bat is, with regard to in-plac~ material, much
'. of the site overburden was significantly altered during the extensive excavation, backfilling, and

regrading that. occurred as part of plant construction'more than 20 years ago, and a ~umber of
subsurface features such as building fOWldations are currently present. However,' after those
features are removed, ~turally occurring material would be used in combination' with
compacted fill to engineer to an equivalent level of protection in order to attain the performance
standards of these requirements.

Similarly, the restriction on placement of waste containing free liqUids in a landfill
, would be relevant but not appropriate to Alternative 6a because of the nature of the waste type.

That is, because of the relatively high content of radium and thorium in the material that would
be treated (especially the raffinate pit sludge), maintaining an adequate moisture content would
be essential to the control of radon and particulate releases that might otherwise impact workers.
Therefore, the alternate I method of waste placement described for Alternative 6a would be
applied to ensure worker protection. This method could also result in improved cell stability
because the treated material would be able to move into open spaces and then set in place,
thereby decreasing the oVerall potential for voids in the combined waste volume.
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The effectiveness of the remedy at the site would be reviewed every 5 years for •
Alternatives 6a and 7abecause waste would remain on-site(within the disposal cell) W1der these
alternatives..For all activities being considered for an off.,.site facility, the specific environmental
regulations would be" addressed' by the owners/operators in the environmental compliance
documents and activities for that facility. For Alternative 7b or 7c, compliance with the disposal
requirements would be the responsibility of the owner/operato~oithe Envirocare or Hanford
site, respectively.. A requirement that would apply only to disposal at the Envirocare site
addresses the ability to accept 11e(2) by-product material, as defined by the Atomic Energy Act,
as amended. An envirorunentalreview process'is !iu'rently underway for that site to address'

..this issue.

1.2 PRIMARY BALANCING CRITERIA

1.~.1 Long-Term Effectiveness and Permanence

Alternative 1 wo';l1d not ensure long-term protection of human- health or the environ
"inent because contaminants could continue to nugrate from the various source areas and adverse
-impacts could occur if institutional controls were lost in the future. Under this hypothetical
scenario, if site access were unrestricted and an individual was regularly exposed to 'the

radioactive and chemical contamiilants, a risk of cancer induction could result. The respective .'._
.lifetime risks are estimated. to be 6 x 10-5 for cit recreational visitor and would range from 4 x 10-6
to 9 x 10.2 for a resident; noncarcinogenic effects would be indicated for the residentat less than
SOlo of the soil areas. Adverse impacts to biota could occur at highly contaminated areas such

. as the raffinate pits, and contaminants could migrate from the surface to groundwater. In .
., contrast, all of' the action alternatives would provide a permanent solution and long-term
'protection because they all involve re~oving contaminants from the source areas, treating the
highly contaminated waste to reduce hazards, and isolating all waste in an engIneered disposal
cell. Under each alternative, the cleanup activities would reduce risks toward levels comparable
to background. . .

Relative to residual risks, the ranges developed for the soil cleanup criteria (Section 2.S)
would be applied as appropriate to the long-term use of the site, in accordance with OOE'$"as

":low as reasonably achievable" (ALARA) process. By this process, contaminant concentrations
,: would be reduced to the most protective levels practicable, so residual levels for each alternative
~could be similar. For Alternatives 6a and 7a, soil within the respective cell areas would be

effectively remediated because it would be removed prior to cell construction, and soil outside
, the cell area would be remediated to the selected ALARA levels to support the release of the

property for other use. Soil remediation for Alternatives 7b and 7c is expected to be generally
." similar to Alternative 7a, excep~ less soil within the area ofthe celi might be removed because
. of selective remediation.

on. the basis of preliminary. ALARA-based cleanup criteria, the estimated incremental
lifetime risks of cancer induction from exposures to residual radioactive contaminants would be
7 x 10-6 fora recreational visitor; for a resident, the risks would range from 0 (i.e., background) •
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to 6 x 10-3. Where the risks exceed EPA's target range of 1 x 10-6 to 1 x 104 for NPL sites,
radon is the dominant contributor. However, the presence of radionuclides such as radon at the

. .

site represents a special case that was not explicitly accounted. for in the development of EPA's
target range, and the agency has identified a separate health-based level for this contaminant.
The concentration of. radon in indoor air that is considered acceptable by EPA' (1992), i.e.;
4 pCiIL, could be met by the cleanup criteria at all locations. The incremental lifetime risks from
exposures to chemical contaminants would be within or below EPA's target range, and no
noncarcinogenic effects would be indicated for either receptor at any location. Estimates for
other hypothetical future individuals who might access the site are given in Appendix E and
summarized in Section 1.6. For comparison, the representative backgroWld radiological and .'
chemical risks for a recreational visitor off-site could be 2 x t<r5 and 1 x 10-6, and those for a .
resident could be 3 x 10.3 and 5 x 10-5.)

For the disposal component, the on-site cell for Alternatives 6a and 7a would be
designed to last at least 200 to 1,000 years, and regular monitoring and maintenance actiVities
would be conducted to ensure long-term effectiveness into the foreseeable future. Five-year
reviews' of the effectiveness' of the remedy would be conducted in accordance .with CERCLA,as

. amended. The on-site disposal cells of Alternative 6a arid 7a would incorporate design featUres
. towithstand seismic events and the erosive forces of wind and extremely heavy rainfall, the side
: slopes would· incorporate conservative safety factors to ensure long-term stability, and the
: leachate collection and removal system would be designed to serve.a monitoring function that

could continue· for at leaSt 30 years after cell closure (MK-Ferguson Company and jacobs
. Engineering Group 1992b). The cells would be inspected regularly, and nearby surface -water
and groundwater would. be routinely monitored as part of the active monitOring and
maintenance program. Thi~ program would be implemented to ensure a timely ,and appropriate
response to any cell damage that might be sustained by erosion, subsidence, biointrusion, a
catastrophic event such as an earthquake or tornado, or other factors that could potentially
compromise the cell's ability to contain the waste. Maintenanceactivities would include mowing
the vegetative cover, controlling runon and runoff, maintaining ,the groundwater monitoring
system, and operating the leachate collection and removal system until such time as a joint
decision was made by DOE and the appropriate regulatory agencies (the EPA and the state of
Missouri) to discontinue that component of the monitoring and maintenance program.
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~ would be treated by chemical stabilizatIon/solidification under Alternative 6a and by
vitrification under Alternatives 7a, 7b, and 7c. Vitrification would destroy organic,contaminants
in a portion of this treated material (e.g., the quarry soil), and both treatment technologies would
produce a stable wast~ form that would be expected to last at least hundreds of years beyond
exposure of the waste to the elements (sun, wind, and rain), e.g;, if the disposal cell were to fail .
'after 200 to 1,000 years and no corrective measures were' taken.' A small difference between'
these alternative ·treatment products could potentially be observed in the very long term because

.the chemically treated product is expected to maintain its durability for hundreds to thousands
of years after an assumed cell failure, whereas the vitrified product is projected to last for at least
'thousands of years.

. Thus, contaminant concentrations in the leachate that could result from the vitrified
fraction ofthe waste (about 15% of the total vollIDle) if the cell were to fail in the very long term'
could be lower than in the leachate from the chemically stabilized fraction. In addition, the
vitrified portion would not contribute any organic compounds to the combined leachate from
all site waste within the cell. However, the long-term effectiveness of vitrification for waste'
treatment has not yet been established because this is a developing technology. ,In addition, the .

';fate of the contaminants in the waste that had not been treated would be the same under each
. 'alternative. Therefore, whether any difference in overall protection of human health and the

environment between the chemical treatment arid vitrification alternatives could actually be
distinguished after hundreds or thousands of years cannot be determined at this time. Potential
differences between the alternatives that could result from cell,faihire in the absence of corrective
measures are summarized in Table 7.1.

.·Certain long-term environmental impacts would be common to all four action alterna
····tives.. Habitats would be permanently lost ·at the Weldon Spring site under each alternative

because the same source areas would be disturbed by excavation and dredging; however, miti
gative measures would be applied during and after these removal activities, and restoration'

.. efforts would .replace a portion of the lost habitats. In addition, existing habitats over an
estimated 17 ha (42 acres) or more of land at any of the alternative disposal locationS would be
permanently lost for the construction and maintenance of the cell. (This area is very small
relative to the combined acreage of the surrounding habitatsat each site.) An additional 4.5 ha

,\ (11 acres) of wildlife habitat could be lost under Alternative 7b or 7c because of construction' of
..:- the rail siding in Wentzville for waste transfer. On the basis of preliminary conceptual

,,: information for the borrow area, about 34 ha (85 acres) of habitat near the Weldon Spring site
\! could be disrupted to obtain borrow material for each of the action alternatives.

to • , ,

Permanent changes in land contours would also be associated with each alternative.
Noticeable visual unpact would result from the construction of a disposal cell at the Weldon

.' ,'. Spring site because the maximum height is expeCted to be 23 m (74 ft) under Alternative 6a or
. 7a. Howev'er, the mound would be vegetated and the area to the south and west of the site is

hilly, so this feature would blend somewhat into the local topography. Visual impacts from the,
dispo,sal cell at the Envirocare or Hanford site (Alternative 7b or 7c) would be much lower, at
least in the short term, because under current land use conditions the nearest residence is at least
16 km (10 mil aWay.

•
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7.2.2 Reduction of Toxicity; Mobility, or Volume through Treatment

The toxicity, mobility, and volume of contaminated material at the Weldon Spring site
would not change under Alternative 1, except the effective mobility of the contaminants could
increase if source controls were not applied. In contrast, all of the action alternatives would treat
the same quantity and type of waste (including volume reduction of structural material and .
vegetation), and the overall reduction in contaminant mobility would generally be similar for
each alternative. The volume of certain structural material (pnmarily metal debris)could be
reduced by 10 to 50% under each alternative, depending on the type and physical configuration
of the material. The volume of wooden debris and vegetation could be reduced by at least 50%
and up to 80 to 90% by shredding and composting, depending on process enhancement. The
volume of rock and concrete would not be reduced.

The chemical treatment process used for the highly contamiriated portion of the waste
under Alternative 6a would physically and chemically bind the contaminants in a cement-like
matrix, so the mobility and leacruibility of contaminants in this, treated material would be
significantly reduced. However, the inherent toxicity of the waste would not change because
no contaminants would be destroyed, and the total volume of chemically treated material would
increase-by 32% as a result of adding the stabilizing and setting agents. The combined waste
volume would iricrease by 12% for this alternative.

The vitrification process used to treat the highly contaminated material under.
, Alternative7a, 7b, or 7c would physically bind the contaminants in a glass-like matrix, and this

technology is capable of significantly reducing contaminant mobility and waste volume.
Vitrification would. also reduce the toxicity of orgariic contaminants in the material that was
treated,.e.g., by irreversibly destroying nitroaromatic compounds in the quarry soil. Vitrification
would result in a 68% decrease in the volume of treated waste, which would correspond to a
decrease of 24% for the combined waste volume. Although most contaminants in the treated
material would be incorporated into the vitrified product to reduce mobility over the long term,
some contaminants could be released during the treatment period as stack emissions of gas
(including radon) and contaminated particUlates. To address the potential for incremental air
quality impacts and exposures under Alternative 7a, 7b, or 7c, an extensive pollution control
system would be incorporated into the facility design to remove these contaminants from the
off gas prior to its release. The off-gas system would generate residual waste consisting of spent
filters and about 2,200 t (2,400 tons) of scrubber residuals (for the expected case over 4 years of
operation). The filters could be recycled through the vitrification process (except duririg the last
stages of treatment), but the scrubber waste would require other treatment, such as chemical.
stabilization/solidification, to limit subsequent contaminant mobility.

Treatability testing has been conducted with both chemical stabilization/solidification
and vitrification using waste from the Weldon Spring site. Both processes demonstrated a signi
ficant reduction in conta.n1inant mobility, and concentrations in leachate from the treatment
products were well below, the criteria used to determine whether a waste is a characteristic
hazardous waste. Thus, although Alternatives 7a, 7b, and 7c would present an additional
concern for air emissions compared to Alternative 6a, none of the action alternatives would be
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· expected. to result in a leaching (water mobility) concern relative to action-specific environmentai •
standards. ..

The site wa'ste .would be isolated from. the environment by containment in an
engineered disposal cell under each alternative, which woUld further limit contaminant release.
U it were assumed· tha~: institutional controls were lost- over· time and the disposal cell
deteriorated without any cOrrective maintenance actionSl the waste could be exposed. .In this
·case, the difference between the alternatives would oe determined by the treated portion of the
·waste because the fate of the wttreated portion would be the same. With deterioration of the
disposal cell cap, radon gas emitted from the treated waste would be released to the

.. environment. The chemical s~bilization/solidification process would reduce radon emissions
by about 65%, and the vitrification process would reduce these emissions by abol,lt 99%. Because
chemical stabilization/solidification immobilizes but does not destroy anycont~ts, the
contaminants could be slowly released as the cement/fly ash matrix deteriorated under
continued exposure to the environment. Therefore, this process could be considered somewhat
.reversible over the very long term; the estimated durability of a waste form following effective
treatment by chemical stabilization/solidification is at least hundreds of years. By comparison,

"vitrification could be somewhat less reversible because certain contaminantS would have been
· destroyed (not the radionuclides) and the projected durability of an effectivelyvitrified waste
·is thousands of years; thuS, leaching would be expected to occur at a lower rate for the vitrified .
. material than for the chemically treated material. However, the incremental impacts associated .•.
·with leaching from either treatment product compared to leaching from the· remaining waste
material over the very long term are not expected to result·in significant differences in overall
impacts because the vitrified waste represents only a small fraction (15%) of the total waste
volume and the cement-like product could also potentiallywithstand degradation for thousands
of years.

7,2.3. Short-Term Effectiveness·

For Alternative 1,. conditions would esSentially remain the same in the short term and
no significant Changes in potential exposures would be expected. Estimated risks are summa
rized in Table 7.1. For the action alternatives, the various removal, treatment, and disposal

· j actiyities at the Weldon Spring. site would result in increased short-term exposures compared:
" with Alternative 1. The short-term impacts of excavation are expected to be similar.among the
.:. alternatives because the same. material would be removed from each source area. For
• Alternatives 7a, 7b, and 7c, the additional hazards and off-gas emissions associated with the
.. vitrification process could potentially increase impacts. to human health and the environment
'" during the treatment period above those for Alternati~e 6a. However, the expected impact to
_ the public from emissions would be very small because extensive off-gas controls would be used.
'.; Estimated ~ort-tenn risks during the cleanup period are stiriunarized in Table 7.1. The risk of

worker accidents associated with treatment would be higher for Alternatives 7a, 7b, and 7c than
· . Alternative 6a because of the safety hazards associated with the high temperatures used in the •

.vitrification proc~ss and increased worker requirements. The risk of transportation accidents
would be higher for Alternatives 7b and 7c because of the large number of truck trips to the rail
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• siding in Wentzville, Missouri (about 38,600'trips,extending over 7 years), and the long distance
to the disposal sites (about 2,400 kIn [1,500 mil to the Envirocare site and 3,400 kIn [2,100 mil
to the Hanford site)..

Potential short-tenn environmental impacts resulting from implementation ofany of the
f?nal action alternatives ,include temporary habitat loss, increased sediment in surface nmoff,
generation of fugitive dust, loss of vegeta~on and loss and displacement of wildlife on-site, and,
,disturbance of wildlife in nearby areas as a result of noise, dust, and hwnan activity. Mitigative
measures would be used to minimize these potential impacts.

Alternative 6a could provide a timely response, with a projected completion of cleanup
activities within 10 years of the remedy selection. However, Alternatives 7a, 7b, and 7c could
take longer because more intensive testing, optimization, and other engineering efforts would
be required to scale the process for the large throughput rate needed for site application. Dual
units would be used and treatment would be conducted year-round (24 hours a day, 365 days
a year) to maintain the same overall schedule for time to completion as for Alternative 6a (for
which chemical treatment would be conducted 8 hours per day, 9 months per year). Any

. unforeseen problems that might result from operating the scaled-up system could further affect
, the timeliness of the vitrification response. Additional delays could be associated withAlterna
tives 7b and 7c because many administrative issues would be involved in transporting waste

" through a number of states over several years; further delays could occur if the necessary license
to allow site waste to be disposed of off-site were not obtained in a timely manner (e:g., for the

. Envirocare site under Alternative 7b).

7.2.4 Implementability.

Alternative 6a would be the easiest to implement of all the action alternatives. The
removal, treatment, and disposal activities could be carried out with standard equipment and
procedures and readily available resources. The chemical stabilization/solidification technology
has been applied succes~fully to treat large quantities of waste at a number of contaminated
sites. Also, the EPA considers this a demonstrated treatment technology and has approved its
selection as the remedy for many sites on the NPL, and the technology has been applied at other
sites that are radioactively contaminated.

•

Construction and operation of a chemical stabilization/solidification facility on-site
would be relatively straightforward and is expected to be reliable. Pilot-scale testing of the
facility would require about 1 year, and design, construction, and start-up of the full-scale facility
would require about 3.5 to 4.5 years (some of these activities could overlap). Resources such as
equipment and operators would be readily available, and the process effectiveness could be
readily monitored. The chemical stabilization/solidification process would require large
quantities of fly ash and cement; but adequate supplies are available locally. Excavation of soil,
sediment, and' sludge and removal of structural material and debris from the MSA and TSA
could also be' accomplished with standard equipment and techniques. Construction of the
disposal cell would be similarly straightforward and' could be carried' out with standard
construction equipment and methods. The effectiveness of the cell as a containment system
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.could be readily monitored in both the short term (with the lea~hate collection and removal· .
system) and the extendecilong tenn (with groundwater monitoring wells). The administrative
feasibility of Alternative 6<i would also be relatively straightforward compared with the other
altern;atives because it would not involve stack emissions or interstate waste transport

Although the removal and disposal aspects would be equally straightforward, .the
treatment component of Alternative 7a would be more difficult to implement than that' of
Alternative 63. The vitrification process does not require the large quantity of chemical reagents
needed for Alternative 6a; but large amounts of energy (fossil fuel) would be required. In
addition, the facility would be less straightforward to construct and operate than the chemical
.stabilization/solidification. facility., Vitrification of hazardous waste is considered an innovative
technology. The joule-heated ceramic melter techriology, which is evaluated as the representative
process in this analysis, is currently being used to treat relatively small volumes of high-level
radioactive waste. Limited field experience is available for the types and ,quantities ofwaste at'
,the Weldon Spring site on which to baSe an assessment of the likely performance of the

. vitrification technology .for Alternative 7a, 7b, or 7c. Similarly, the fossil fuel-heated cerainic
melter tecluiology is not Widely available and has not been used on the scale required for the··
,Weldon Spring waste. The nwnber of trained personnel available to operat~ the process is alSo·
limited. ..

Further bench-scale and pilot-scale testing o{the vitrification facility would probably
require at least 2.5 to 3 ye¥s, which is considerably longer than the testing time needed for the'

. chemical stabilization/solidification facility. Design, construction, and start-up is estimated to
require at least 1.5 to 2.5 more years for the vitrification facility than for the chemical stabiliza~

,tion/solidification facility; however, delays in these activities could result from ,the innovative
.nature of the technology. :Off-gas treatment would reSult in additional complexity, and delays
.could occur, if inadequate controls were achieved during testing and optimization. The chemical.
stabilization/solidification process for Alternative 6a is ~ more conventional, established process

, that has been applied to contaminated material similar to the Weldon Spring waste. Compliance
with emissions requirements might be an administrative i,ssue for the off gas from the
vitrification facility. '

,. The implementability of removal' and treatment activities for Alternatives 7b and 7c
:; would be the same as for Alternative 7a. Off-site waste transport would be technically straight

forward, and the necessary-resources are available. For disposal, the Envirocare site has the
resources and capacity to accept the Weldon Spririg material but does not currently have the
required license and penpits, which limits the administrative feasibility of this option. The
Hanford site currently accepts only sman-quantity containerized waste from off,..sitesources, and
the administrative and handling procedures needed for disposal of the large quantity of waste

'; frpm the Weldon Spring site are not currently in place. Because off-site transport and disposal
'at either the Envirocare or Hanford site would also be subject to various state and federal
requirements to address transport over the entire route fora number of years, administrative
feasibility is much less s~ightforward for off-site disposal than for on-site disposal. Therefore,
the implementation of Alternatives 7b and 7c would be much more difficult than Alternative 6a
or 7a.

•
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• .7.2.5 Cost

Alternative 1 would include monitoring and maintenance costs and would be the least
expensive of all the alternatives in the short term. However, total costs are expected to be
highest in the long term because site problems would probably worsen over time in the absence
of deanup'(especially at th~ raffinate pits), such that the potential hazards and the magnitude
of the cleanup effort could increase· in the future. Therefore, the cost-effectiveness of the
no-action alternative is very low. .

Preliminary costs were estimated for the action alternatives to allow a balanced
comparison, considering overall effectiveness. Final costs will be developed during the detailed·
design stage after the remedy for site cleanup is selected. The total costs, long-term maintenance
costs, and present-worth costs for the final alternatives are summarized in Table 7.1. The costs
of the removal, treatment, and disposal components of these alternatives are summarized in
Table 7.3., . '

•

•

Alternative 6a is the least costly of the action alternatives because chemical stabilization/
solidification is a standard treabnent technology that can be implemented with relatively
inexpensive equipment and supplies and the waste would not be transported off-site for
disposal. Alternative 7a costs more than' Alternative 6abecause much higher costs are associated
with yitrificationj this process is less well developed for waste treatment applications, it is

, inherently more complex, and a larger work force and energy expenditures are. required
coinpared with the chemical treabnent process of Alternative 6a. Although the vitrification

,process would decrease the tIDal waste volume and related costs for on-site disposal, this
difference does not offset the substantial costs associated with implementing the vitrification
technology.. Alternatives 7b and 7c are the most expensive alternatives because they combine
the high costs of vitrification with those of w~ste transport and disposal off-site.

TABLE 7.3 Comparative Costs, ~or Removal, Treatment. and Disposal Activities

Estimated Cost ($ million) ,

Activity" Alternative 6a Alternative 7a Alternative 7b Alternative 7c

Removal 24.0 26.5 26.3 26.3
Treatment 30.0 64.4 64.0 64.0
Disposal 55;7 44.7 214 143
Other 47.2 46.8 46.5 70.4

Total 157 182 351 . 304

a Additional detail is provided for the individual components of these activities in
Tables 6.7, 6.8, 6.11, and 6.14. Disposal costs are based on preliminary estimates
and would be refined specifically for the Weldon Spring waste during detailed
design if disposal at the off-site facility were a component· of the selected
remedy,
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· . Alternative 6a is also considered the most cost-effective of the action alternatives •
because it provides an equivalent measure ofoverall: protection for human health and the envi
ronment, compared to the other alternatives, for a more reasonable cost. U it could be effectively
implemented, Alternative 7a would reduce the toxicity' of several contaminants (not the
radionudides) in wast~ from the raffinatepits and the quarry, and it is expected to provide some
additional leach resistance for that portion of the waste in the extended future. Therefore, this
alternative could provide some 'incremental benefit in the very long term for its additionalcost;

. however, the overall effect of this benefit is expected to be relatively small for several reasons~

The mobility of contaminants in the larger volume of site waste that would not be treated would
be the same under each alternative. U realized, the incremental benefit might be observed after.
thousands of years ~ assuming the cell fails in the long term, no corrective'~ctions are taken,
and enough of' the waste is continuously exposed for significant mobilization to occur. ,
Moreover, the actual relative degradation rates between the chemically and thermally immobi
lized waste cannot be known (e.g., the durability of the chemically treated material could also .
extend beyond several thousand years and that of the vitrified material might not). In addition,
this potential long-term benefit is somewhat offset by the ,potential for short-term incremental
impacts associated with emissions from the vitrification facility during the action period.

The costs of Alternatives7b ~d 7c are much ,higher than those of Alternative 6a or 7a,
·with no obvious benefit for overall protectiveness, as described for Alternative 7a. Of additional

. concern is the continued, long-term monitoring and m.a.iritenance of the Envirocare site (e.g., to
thousands of years) under Alternative 7b. Because it is a commercial facility, the maintenance .', .'
of institutional controls at this site would be the responsibility of a private company instead of
the federal government. Therefore; continued long-term maintenance for this alternative might
be considered somewhat less reliable than the other alternatives over the very long term' which
is the tiIrie period over which any potential benefit might be realized from any differences in the .
fate of the treated product in the' context of the overall waste volume. This concern does not
exist for the other off-site disposal alternative, Alternative 7c, because the federal government
would be responsible for maintaining institutional cC?~trols at the Hanford site -:- as it would if
the waste were disposed of at the Weldon' Spring site.. For these reasons, Alternative 6a is

· considered.the most cost-effective alternative for cleanupof the Weldon Spring site.

:.7.3 SUMMARY

In summary, except for the no-action alternative (Alternative 1), all of the final·remedial
;, action alternatives, for the Weldon Spring site satisfy the threshold criteria for protecting human
health and the environment and complyingwith environmental requirements, with waivers as

.appropriate. Under each alt17rnative,exposures and risks would be minimized by removing the
: sources of contamination, treating the material that is highly contaminated, and isolating the
· treated and untreate4 materials from the environment in an engineered disposal cell. Sitewide
residual risks would be teduced toward bac~groundlevels and overall protectiveness would be
comparable for each action alternative.

With regard to the. primary balancing criteria, all,alternatives are expected to provide
a permanent solution that would ensure protection for a very long time, e.g., for at least 200 to •
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1,000 years. ·It is possible that the vitrification alternatives (Alternatives 7a, 7b, and 7c) could
pro~ide an incremental long-term benefit if the d·isposal cell were to fail and no corrective action
were taken. The related benefit that might.be observed in the distant future would be associated
with the destruction oforganic contaminants in a portion of the waste that would be treated and
the expectation that the vitrified product wouid be more resistant to leaching over time. For
example, the treated component of the waste could be leached after thousands of years have
elapsed following cell failure for the vitrified material, compared with at least hundreds ofyears
for the chemically treated material. However, the projected effectiveness of vitrification cannot
be confirmed for the volume and type of material that would be treated at the site, and the
chemically treated material· could also reasonably be expected to withstand environmental
degradation for a longer period, which. could extend thousands of years. In addition, the
vitrified material would comprise only 15% of the total waste volume, the remainder of which
would contribute the same contaminants to the leachate associated with any of the alternatives.
The application of institutional controls to monitor and maintain the dispoSal cell is also an

. important element of long-term protection. Alternative 7b might be somewhat less reliable than 
the other alternatives for this factor because the disposal site would be managed by a private
company instead of the federal government. .

Each of the· action alternatives would reduce contaminant mobility. Waste volume
< would increase under Alternative 6a because setting and stabilizing agents would be added to
. immobilize the contaminated material. Waste volume would.decrease under .Alternatives 7a,
7b, and 7c, and the toxicity of certain contaminants in the vitrified material would also be
reduced. However, Alternatives 7a, 7b, and 7c would generate additional waste from the off-gas
treatment system. Neither treatment method would reduce the radiation toxicity of the site
waste;
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associated with disposal activities at' e'ach of the alternatiVe sites. Mitigative measures would
be used to Ihinimize potential short-term impacts: Incremental impacts to human health and the
environment could be associated with stack emissions from the vitrification facility under
Alternatives 7a, 7b, and 7c, but the facility would be equipped with extensive off-gas controls
to minimiZe releases. The energy needs for the vitrification process are very much higher than
for chemical treatment, so additional enviro~ental impacts resulting from resource
commitments would also lk associatedwith these three alternatives. ,Worker impacts would also
be higher for the vitrification alternatives because additional hazards are associated with this
process and a larger work force wouid be required. Additional short-term impacts would be
associated with the off-site, disposal alternatives (Alternatives 7b and 7c), including incremental
exposures and risks to wprkers and the general public from increased waste handling and
transport to the western URited States for disposal. The off-site transport of wastes could require
construction of a rail siding in Wentzville"Missouri, for staging the waste and transferring it to

, railcars after truck transport (38,600' trips extending over a. 7-year period) from the Weldon
Springsite~

The implementation of Alternative 6a would.be the most'straightforwardof the final
action alternatives because it involves an established treatment method for which resources
, ,

(including equipment, reagents, and operators) are readily available. In contrast, vitrification
would be more difficult to implement because the process is much more complex, additional
safety hazards are involved so more specialized,training would be needed; and more intensive
engmeering efforts would be required to meet the treatment needs for the large yolume of waste
at the Weldon Spring site.,: The administrative feasibility of Alternative 7b or 7c .would irtvolve,
furthe~ difficulties associated with licensing, permitting, and other coordination issues, in
addition to th,e development of administrative procedures to dispose of the Weldon Spring waste
at the Envirocare or Hanford site.

Alternative 6a is considered the most cost-effective alternative for site cleanup. The
estimated total cost of this~alteinativeis about $157 million, and it would provide a similar level
of c>Verall effectiveness ~s the other action alternatives. Alternative 7a would cost about
$25 million more than Alternative 6a, with no significant incremental benefit for human health
and the environment. Potential adverse impacts in the short term would offset the benefit that
might occur after thousands of years if the cell were to fail in the extended long term. The off-

:~ site disposal alternatives (Alteinatives 7b and 7c) would be 'much more expensive than Alterna-,
"'tive 6a (by about $200 million and $150 million, respectively) because they combine the higher
costs of vitrification with the substantial costs for waste transport and off-site disposal, without

; a significant overall benefit for human health or environmental protection. Short-term impacts
.- for these alternatives at the Weldon Spring site would be similar to those for Alternative 6a,
additional accidents and eXposures, would be associated with off-site transport of the waSte, and

,~impacts that could occur if the cell were to fail in the long term would be generally similar but
they would occur at the off-site location rather than at the Weldon Spring site.

••, I~
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• Missowi Department of ConServation, August A. Blisch Memorial
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• Missouri Department of Natural Resources, Division of Geology and
Land Survey, Jefferson City, Missouri

• Missouri Department of Natural Resources, Division of Parks,
Recreation, and Historic Preservation, Jefferson City, Missouri

• Missouri Department of Natural Resources, Division of Water
Resources, Jefferson City, Missowi

• National Weather Service, St. Charles, Missouri

• St. Charles County Planning and Zoning Commission, St. Charles,
Missouri

• U.S. Army Corps of Engineers, Kansas City District, Kansas City,
Missouri

• U.s. Department of Agriculture, Soil Conservation Service, District Office,
St. Charles, Missouri .

• U.S. Department of the Interior, Chicago, illinois

• U.S. Department of the Interior, Fish and Wildlife Service, Colwnbia,
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• U.S. Department of the Interior, Fish and Wildlife Service, Salt Lake .
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• U.S. Department of the Interior, Fish and Wildlife Service, Olympia,
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• U.S. Department of the Interior, Fish, and -Wildlife Service, National
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OccupationalSafety and Health Statistics, _Washington, D.C.
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research and assessment
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I<.L. Woytowich 85., Mathematics and- Computer Processing of data for chemical
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