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NOTATION

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

ACRONYMS, INITIALISMS, AND ABBREVIATIONS

“General

ACL
AEC

- ALARA
ARAR
BRA -
CERCLA
CFR

. COC

COPC
D&D

- DCG
DOE
DWEL
EPA

FS~
GAC
HDPE
HGMS

MCL
MCLG
NCP
NEPA

- NPDES:

NPL
NRC
O&M
OSHA

OSWER

PCB
PVC
QROU

alternate concentration limit

Atomic Energy Commission

-as low as reasonably achievable

applicable or relevant and appropriate reqmrement
baseline risk assessment

~ Comprehensive Environmental Response, Compensatlon and L1ab1hty Act
-Code of Federal Regulatzons . :

contaminant of concermn

* contaminant of potential concern
~decontamination and decommissioning

Derived Concentration Guide
115, Department of Energy -
drinking water equlvalent level

- U.S. Environmental Protection Agericy

Federal Register

feasibility study

granular activated carbon

high density polyethylene.
high-gradient magnetic separatxon :

. distribution coefficient

maximum contaminant level-

maximum contaminant level goal

National Oil and Hazardous Substances. Contmgency Plan
National Environmental Policy Act

National Pollutant stcharge Elimination System

National Priorities List : .

U.S. Nuclear Regulatory Commission
operation and maintenance

Occupational Safety and Health Adnumstratlon
Office of Solid Waste Management °

polycyclic aromatic hydrocarbon
polychlorinated biphenyl

_polyvinyl chloride -

quarry residuals operable unit
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quarry water treatment plant
RACES Remedial Action Cost Estimating and Requxrements System
- RD/RA - remedial desxgn/remedlal action
RfD reference dose . 8
RI remedial investigation '
~ ROD Record of Decision -
- SDWA Safe Drinking Water Act
TBC to-be-considered (reqmrement)
‘TSP total suspended particulates
uv _ ultraviolet .
. WSSRAP Weldon Spring Site Remedtal Action PrOJect
.Chemicals
CO carbon monoxide
" DNT dinitrotoluene
HCl1 hydrochloric acid - %
NO, nitrogen oxides '
PAH . polycyclic aromatic hydrocarbon
PCB . polychlorinated biphenyl
- SO, sulfur oxides
TNB - trinitrobenzene
TNT trinitrotoluene
. uo, uranium dioxide; uraninite (mineral form)
USiO, coffinite .
Units of Measure
°C degree(s) Celsius h hour(s)
curie(s) =~ .. . ~ ha : " hectare(s)
© cm centimeter(s) ' in. ' ~ inch(es)
cm’ cubic centimeter(s) : kg kilogram(s)
(day(s). ; km ' kilometer(s)
dpm disintegration(s) per minute L : - liter(s)
°F degree(s) Fahrenheit Ib - pound(s)
ft - ~ foot (feet) m meter(s)
ft2 square foot (feet) : ' m? . square meter(s)
fi? . cubic foot (feet) m? cubic meter(s)
g ‘gram(s) mg : milligram(s)
gal gallon(s) o : mi . mile(s)
gpm gallon(s) per minute min minute(s)

xi



mrem
mSv
pCi

ppm

psi
yd

ug
pm

milliliter(s)
millimeter(s)

" millirem.

millisievert(sy
picocurie(s)-
part(s) per million

‘pound(s) per square inch.

second(s)
cubic yard(s)
year(s)
microgram(s)
micrometer(s)

xil
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_ ENGLISH/METRIC AND METRIC/ENGLISH EQUIVALENTS

By .

‘To Obtain

Multiply
English/Metric Equivalents
acres 0.4047 - hectares (ha)
cubic feet (ft3) 0.02832 cubic meters (m3)
cubic yérds (yd3) 0.7646 cubic meters (m3)‘
" degrees Fahrenheit (°F) -32 0.5555 degrees Celsius (°C)

‘ feet (ft) ' 0.3048 meters (m) '
gallons (gal) 3.785 liters (L)
gallons (gal) 0.003785 cubic meters (m°)
inches (in.) ~2.540 centimeters (cm)
miles (mi) 1.609 kilometers (km)
pounds (Ib) 0.4536 kilograms (kg)
short tons (tons) 907.2 kilograms (kg)
short tons (tons) 0.9072 metric tons (t)
square feet (fl2) 0.09290 square meters (mz)
square yards (ydz) 0.8361 square meters (mz)

- square miles (mi%) - 2.590 square kilometers (km?)
yards (yd) 0.9144 meters (m)
Metric/English Equivalents -
centimeters (cm) | 0.3937 inches (in.)
cubic meters (m3)> 35.31 cubic feet (ft3)
cubic meters (m3) 1.308 cubic yards (yd3) ‘
cubic meters (m3) 2642 - gallons (gal)
degrees Celsius (°C) +17.78 1.8 '_ degrees Fahrenheit (°F)
hectares (ha) o 2471 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 (kmz) 0.3861 square miles (mi2)
square meters (m?) 10.76 square feet (f%)
square meters (mz) 1.196

square yards (ydz)

Xl
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FEASIBILITY STUDY FOR REMEDIAL ACTION
FOR THE QUARRY RESIDUALS OPERABLE UNIT =
AT THE WELDON SPRING SITE, WELDON SPRING, MISSOURI

1 INTRODUCTION

The U.S. Department of Energy (DOE) is conducting cleanup activities at the Weldon
Spring site, which is located in St. Charles County, Missouri, about 48 km (30 mi) west of St. Louis
(Figure 1.1). Cleanup of the Weldon Spring site consists of several integrated components. The

quarry residuals operable unit (QROU) is one of four operable units being evaluated. In accordance »

with the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as
amended, a remedial investigation/feasibility study (RI/FS) is being conducted to evaluate conditions

~ and potential responses for the following areas and/or media that constitute the QROU: (1) the -

‘residual material (soil and sediment) remaining at the Weldon Spring quarry after removal of the
bulk waste (about 11 million L [3 million gal] of uranium-contaminated ponded water was also

addressed previous to bulk waste removal); (2) other media located in the surrOunding vicinity of
' the quarry, including adjacent soil, surface water, and sediment in Femme Osage Slough and several

creeks; and (3) quarry grOundwater located primarily north of Femme Osage Slough. Potential

~ impacts to the St. Charles County well ﬁeld downgradient of the quarry area are also bemg addressed'

as part of QROU RI/FS evaluatlons

For remedial‘ action sites, it is DOE policy to integrate values associated with the National

-~ Environmental Policy Act (NEPA) into the CERCLA decision-making process. The analyses

contained herein address NEPA values as appropriate to the actions being considered for the QROU.

- A work plan summarizing mmal site conditions and prov1dmg conceptual site hydro-
~ geological and exposure models was published in January 1994 (DOE 1994b). The RI (DOE 1998b)
and baseline risk assessment (BRA) (DOE 1998a) reports have been completed. The RI discusses.
in detail the nature and extent and the fate and transport of contamination at the .quarfy area. The
- BRA provides a combined baseline assessment of potential human health and ecological impacts and
~ estimates the magnitude of potential health risks and environmental impacts that would be associated
" with QROU contaminants if no remedial action were taken. This FS is being prepared to evaluate

potential options for addressmg contamination at the QROU in accordance with the integrated

environmental compliance process for the Weldon Spring Site Remedial Acton Project (WSSRAP)
(see Figure 1.2). This FS provides sufficient information to support an informed decision addressing

~ the various components of the QROU. A brief description of the history and environmental setting

of the quarry area is presented in Section 1.2. Key information regarding the nature and extent of
contamination and the results of the BRA are presented in Sections 1.2 and 1.3, respectively.
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include removal of potentially remaining contaminated soils and structures, backfilling the quarry,
final grading, and haul road restoration One of the first tasks of restoration is the removal of existing
structures - (e.g., the quarry water treatment plant (QWTP) and associated structures) and
contaminated soils remaining in the quarry proper, primarily soils in the North Slope area.

Preliminary characterization of the North Slope area has been performed; results indicate potentially

contaminated soil to be present. A complete determination has not been possible because of access
limitations. The area in question is fairly steep. Consequently, the potential for exposure to

contaminated soil, if any, is not likely. Some minor residual contamination present within the

drainage ditch near the transfer station and possible soils underneath the transfer station would also

- be removed.

The current restoration design plan mcludes backfilling the quarry with 5011 to reduce fall

hazards and to stabilize the north and south hrghwalls The backfill would cover and fill all floor

fractures at the 152-m (500-ft) bench and below with at least 2 m (5 ft) of material. The material used
for backfill will be engineered to reduce the potential for mobilizanon of residual contaminants into
the groundwater. Restoration will be designed to either force groundwater flow to go-around the

_inner quarry area, or alternatively, cause the groundwater within the footprint of the inner quarry area

to pass through an attenuation layer to prevent the flow of contamination. More definitive
specifications regarding backﬁll activities will be determined in the design phase of quarry

restoration. The design will also effecnvely prevent residual contaminants in the cracks and fissures

(i.e., flakes of yellowcake) from rnoblhzmg to the surface through erosion and/or freeze/thaw action,
thus further reducing the low potential nsks associated with external gamma radiation and ingestion.

- “Mobilization of contarninants into the groundwater will not be likely, because the benches are in the

unsaturated ‘portions of the bedrock, and infiltration of precipitation will be prevented by the final

- grading designed to promote sheetflow. Restoration will be designed to prevent ponding of water

in the quarry-and to minimize erosion. Final grading of the quarry will be accomplished to leave the
area compatible with sheetflow and to return the area as close as possible to its natural contours.
Haul road restoranon is expected to be minimal. Restoratlon actlvmes are currently planned for the

' 'fan of 1999.

1.1.2 Site Environmental Setting -

1.1.2.1 Soxl and Geology

- The generalized hydrostratigraphy in the Weldon Spring area is presented in Flgure 1.4.
Regional aquifers include shallow, middle, and deep bedrock systems and the alluvial system
(Kleeschulte and Emmett 1986). Upper and lower confining units are also defined in the regional

- hydrostratigraphy. The shallow bedrock aqunfer system and the upper confining unit shown n
_Figure 1.4 are not present near the quarry.
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Unconsolidated surficial materials are present in the area of the Weldon Spring quaﬁy; loess

- deposits and residual soils cover the upland regions, and alluvium occurs along the stream and river

valleys. COarsé—grained deposits constitute the bottom 6 t0'24 m (20 to 80 ft) of the Missouri River

floodplain. Fine-grained deposits constitute the upper 4.6 to 7.6 m (15 to 25 ft) of the Missouri River

“ floodplain and the full thickness of Little Femme Osage Creek and the Femme Osage Creek
alluvmm (DOE 1998b)

The uppermost bedrock unit in the vicinity of the quarry is the Kimmswick Limestone of
- Ordovician age. The Kimmswick Limestone is underlain by other Ordovician strata that include, in

‘descending order, the Decorah Group (shale and limestone), Plattin Limestone, Joachim Dolomite,

- and St. Peter Sandstone. The sides of the quarry expose the Kimmswick Limestone, whereas the
- bedrock floor of the quarry lies in the upper portion of the Decorah Group. The original floor of the

quarry was ¢xcavated about 5 m (15 ft) into the Decorah 'Group (DOE 1998b). -

~ The Klmmsw1ck Limestone is characterized by solution-enlarged features associated w1th 4
the intersection of vertical joints, bedding planes, and fractures. The Decorah Group lies below the -

-Kimmswick Limestone and is composed of _ﬁnely crystalline to lithographic limestone. It is about

" 9 m (30 ft) thick and consists of thin- to medium-bedded limestones with interbedded gray, clayey,

fossiliferous shale (Whitfield et al. 1989). Underlying the Kimmswick Limestone and the Decorah
Group is the Plattin Limestone, a slightly cherty limestone that is finely crystalline to lithographic

- and thinto medium bedded. The lower 1.5 to 3 m (5 to 10 ft) is sometimes a dolomitic limestone that

is argillaceous and fine to medium crystalline. It ranges in thickness from about 24 to 41 m (80 to

~ -135 ft) and contains enlarged solution joints in many places (Whitfield et al. 1989). The Joachim .

Dolomite, which ranges from 18 to 24 m (60 to 80 ft) in thickness, underlies the Plattin Limestone.
- East and south of the quarry, the Kimmswick Limestone and Decorah Group are truncated by an
erosional surface that is overlain by alluvial deposits associated with the Femme Osage Slough and
the stsoun River (Figure 1.5). '

Thc alluvium-extends from the base of the bedrock bluffs along Katy Trail to the Missouri.
“ River. The primary sediments between the bedrock bluffs and Femme Osage Slough are silts and

clays. Between the quarry and Little Femme Osage Creek are silts and clays, with several layers of

- sand down to bedrock. The alluvial material south of the slough consists of about 5 m (15 ft) of silty
- clay material underlain by well-graded sands and gravels to bedrock. The contact between the
-~ Kimmswick Limestone and Decorah Group, which may provide the primary pathways for migration

of contaminants from the quarry-area, is in contact with fine-grained soils, silty clay, and organic silt
and clay north of Femme Osage Slough (DOE 1998b). Clay fillings are present in many of the joints.

'~ The fracture surfaces along the bluff and on the quarry walls are typically etched with patterns, an
indication that most of the fractures have been in contact with groundwater. Field observations and

borehole infiltration tests suggest that, with depth, the joints become increasingly tight and that the
number and size of fractures decrease (DOE 1998b).. : -
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'FIGURE 1.5 Cross Section through the Quarry Areal '

.1.1.2'.2 Hydroge_ology- '

Groundwater in the v1c1mty of the quarry occurs in alluvium, fractured limestone, and
: sandstone (Berkeley Geosciences Associates 1984). The uppermost groundwater unit is composed
of carbonate rocks near the quarry, tributary alluvium near Little Femme Osage Creek, and Missouri
River alluvium between the quarry bluff and the Missouri River. Water table (unconfined) conditions
typically occur in the alluvium; confined to sexmconﬁned conditions occur in the bedrock and
alluvium where layers of varying permeability are present. The St. Peter Sandstone, about 90 m
(300 ft) below the floor of the quarry, constitutes the deeper aquxfer ‘

In the vicinity of the quarry, groundwater flows pnmanly from north to south, and a
westward gradient runs from the quarry to Little Femme Osage Creek. South of the quarry rim, the
direction of the groundwater flow is generally south to southeast toward Femme Osage Slough. In
the alluvium south of the slough, groundwater is within 3 m (10 ft) of the ground surface, although
 the depth to water varies with seasonal pumping demands i in the nearby St. Charles Counry well field

and with water levels in the MlSSOlll’l River (see Figure 1. 6) ' -
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~ Between Katy Trail and the slough, shallow groundwater flow occurs in fine sediments that

have: low hydraulic conductivrtres Well yields in this area typically range from less than 0.03 to

0.16 L/s (0.5 to 2.5 gpm). With i increasing distance from the slough, the sediments become more

~ coarse and the hydraulic conductwrty increases. The St. Charles County wells pump an average of
10.5 millron gallons per day based on the typical five-well production scheme

The hydraulic gradient between Katy Trail and the’ slough is generally southward toward
the slough. In general, the groundwater elevation data indicate a southeasterly gradient across the
slough. At most locations, the slough is a source of recharge to the shallow groundwater However,

" at some locations north of the slough groundwater levels are higher, mdrcatmg discharge to the
slough (DOE l998b) : :

. Recharge to the bedrock in the vrcimty of the quarry is limited to infiltration from precrpi- '
tation or storm runoff. The bedrock discharges to the Missouri River alluvrum Recharge to the

, alluvrum south of the slough occurs primarily from the Missouri River, 1ntenmtt_ent surface flooding,
infiltration of precipitation, :and discharge from the bedrock. -

1.1.2.3 Biotic Resources

-"Much of the land surroundmg the quarry consrsts of three state-owned conservation areas:
~ August A. Busch Memorial’ Conservation Area, Weldon Spring Conservation Area, and Howell .
: ~Island Conservation Area. These conservation areas contain second- growth forest; the nonforested
areas are actively managed for upland game production.

Aquati'c habitats in the vicinity of 'the quarry include the Missouri River, Little Femme
'Osage Creek, Femme Osage Slough, and numerous small, unnamed creeks, drainages, and ponds}
throughout the Weldon Spring ‘Conservation Area. In addition, the nearby August A. Busch
- Memorial Conservation Area contains more than 35 ponds and lakes; however, these ponds and
lakes are in the MlSSlSSlppl River drainage and are not influenced by the quarry area.

The U.S. Fish and Wildlife Service (Frazer 1995) has identiﬁed the potential for five.
federal-listed threatened or endangered species to occur in the vicinity of the quarry area: three birds
~ (bald eagle, peregrine falcon, interior least tern), one fish (pallid sturgeon), and one plant (decurrent .
false aster). The Fish and Wildlife Service has also identified several candidate species as possibly
© occurring in the area. The Missouri Department of Conservation has identified 13 state endangered
and 19 state rare species for St. Charles County (Dickneite 1995). However, many of these species
are not expected to occur at the quarry area; some only passthrou'gh the area during migration. For
- other species, the quarry does not contain suitable habitat. To date, only the bald eagle has been
~ observed in the vicinity of the quarry area (DOE 1998b), and all of those birds were sighted near the

Mrssourr River and away from the quarry proper. »
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1.1.2.4 Land Use and Demography

y

_ The Weldon Spring quarry is located within the Weldon Spring Conservation Area, which
occupies an area of 2,977 ha (7,356 acres) and is managed for recreational use by the Missouri

) Department of Conservation. The August A. Busch Memorial Conservation Area and the Howell -
- Island Conservation Area are north and east of the quarry, respectively. The Busch and Weldon

Spring conservation areas collectively receive over 1 million visitors each year (Crigler 1992). Katy
Trail traverses the Weldon Spririg Conservation Area along the route of an abandoned railroad bed

that runs adjacent to the southern margin of the quarry. This trail, which was established by the .

Missouri Department of Natural Resources is used annually by several thousand- people from the

" local area.

Local comrhunitie_s include Deﬁaﬁce, which is situated about 5 km (3 mi) from the quarry

with a population of 100, and Weldon Spring and Weldon Spring Heights, which are located about

8 km (5 mi) northeast of the quarry and support a combined population of approximately 1,500
(U.S. Bureau of the Census 1991). '

1.2 NATURE AND EXTENT OF CONTAMINATION

The nature and extent of contamination at the QROU are discussed in detail in the RI (DOE

- 1998b). The following brief summary is included to provide the necessary background information
_ -to indicate the relevance of the technologies and alternatives that have been evaluated for this FS.

Contaminated media at the QROU can be generally categorized into three sepérate’éntities:
(1) residual soil inside the quarry proper and alluvial soil outside the quarry proper, (2) contaminated

. surface water and sediment at Fémme Osage Slough and nearby creeks (Little Femme Osage Creek -

and Femme Osage Creek), and (3) contaminated groundwater in the shallow aquifer system
(primarily north of the slough). Background samples were also collected for each medium of concern
to delineate those naturally occurring contaminants attributable to the site. '

1.2.1 Soil

_ At the quarry proper, soil was sampled from the rims and slopes,_and sediments were
- sampled from wall and floor fractures and from the ramp and floor of the quarry sump (see
- Figure 1.7). Potential contaminants identified in soil samples from the rims and slopes included
_isotopes of radium, thorium, and uranium; select metals; nitroaromatic compounds; polycyclic

-aromatic hydrocarbons (PAHs); and polychlorinated biphenyls (PCBs). In disturbed soil on the rim
and knoll of the quarry, Only selenium, silver, zinc, radium-226, thorium-230, and uranium—238_ were
detected at concentrations significantly higher than background levels. In samples from the quarry
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‘FIGURE 1.7 Soil Sampli_ng Locatiom; in the Quai'ry. Proper

- fractures, lower levels of contammatxon were found in the wall fractures than in floor fractures.
-Radium, thorium, and uranium isotopes and alummum selenium, and silver were detected at
 concentrations exceeding background levels; samples collected from the sump area were primarily

© contaminated with radium-226, thoriumi-230, uranium, and low levels of PAHs. A radiological
survey of the quarry rock surfaces was also performed. Exposure rate measurements elevated above
background levels were primarily limited to fractures or depressions where sediment and fine
particles of was'te‘ have accumulated. |

Outside the quarry proper, surface and subsurface soil samples were collected; the focus
was on the area south of the quarry between the Katy Trail and Femme Osage Slough (see
Figures 1.8 and 1.9). The area sampled included Vicinity Property 9, which was remediated in 1996
under the Record of Decision (ROD) for the chemical plant area (DOE 1993b). Low concentrations
(but higher than background levels) of uranium are sorbed oiito soils located between the quarry and
the slough. Lead and zinc were detected at low levels above background in shallow soils south and

“east of the quarry. Elevated levels of metals in this area may have been transported in groundwater
' from the quarry, but may also have been derived from flood-related overbank deposits of fine
sediment carried by the Mis’sburi River or from runoff from the Ordnance Works area. Low levels
of nitroaromatic compounds (i.e., less than 1.7 ppm) were detected in soils to the east; west, and
* south of the quarry. Contamination was generally found in shallow soil, but was also detected in a
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"~ FIGURE 1.8 Surface Soil Sampling Locations Outside the Quarry Proper

few locations in the deeper intervals. Nitroaromatic contamination in soils is likely a result of

- -groundwater transport and sorption on organic material. -

- 1.2.2 Femme Osage Slough and Creeks

Surface water and s'edimentvfr.o'm the upper and lower reaches of the Femme Osage Slough,
Little Femme Osage Creek, and downstream portion of Femme Osage Creek have been characterized

 for radiological and chemical contamination. Contaminants detected at concentrations higher than

background levels in surface water in both the slough and creeks included aluminum, chromium,

"iron, and zinc. Uranium, sulfate, nitrate, and slightly elevated levels of arsenic, manganese, nickel,

and strontium were also detected in the slough. Silver and low levels (i.e., less than 0.1 pg/L) of

- mtroaromatxc compounds were detected in surface water in the creek only. N1troaromat1c compounds

were detected in Little Femme Osage Creek upgradient of the quarry; the source of this-
contamination is believed to be runoff from the Weldon Spring Ordnance Works area.

. Contaminants elevated over background levels in slough sediment include uranium, sulfate,
nitroaromatic compounds, aluminum, beryllium, cadmium, calcium, chromium, copper, magnesium, -
manganese, mercury, molybdenum, nickel, selenium, strontium, and vanadium. Uranium, calcium,
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magnesium, and strontium were also elevated in creek sediment, but in general, contaminant -
~ concentrations were lower than in the slough. An exception was antimony, which was not detected
in the slough.

Possible contamination in the creek may be attributed to past site activities or flood
deposition from the Missouri River. Low levels of uranium in sediment may be a result of runoff
from former Vicinity Property 8. Plausible sources of contamination in the slough include
groundwater seepage, runoff from Vicinity Prbperty 9 prior to remediation, and mixing with
Missouri River water. Several metals that were elevated in the creek and slough were also elevated
in the river. '

Fish from Femme Osage Slough were collected and analyzed to investigate any potentlal
impacts from site contaminants. Species sampled from the slough included white and black crappie,
largemouth bass, sunfish, and several bottom feeders such as bigmouth buffalo, yellow bullhead, and
common-carp. Fish samples were analyzed for uranium, radium, thonum arsenic, lead, and mercury.
Samples were prepared as fillets, fishcakes, and whole-body samples Analyses indicated low-level -
concentrations of metals (i.e., lead_ arsenic, and mercury) and uranium, similar to concentrations
detected in the background samples collected from Busch Lakes 33 and 37. Radium and thorium
- 1sotopes were not detected in any samples (MK -Ferguson Company and Jacobs Engmeenng Group :
1995 DOE 1998b). - :

-1.2.3 Groundwater

Contamination of groundwater underlying the quarry area has been charactenzed from data
collected from a network of monitoring wells. This network includes 19 wells that monitor ground-
water in the bedrock system and 30 wells that monitor groundwater in the alluvium; the latter include
the St. Charles County wells (see Figure 1.10). Ten years of data were evaluated in determining the
nature and extent of contamination. The primary contaminants in groundwater are uranium and
nitroaromatic compounds. These contaminants were likely derived from contaminated bulk wastes

. that were previously disposed of in the quarry. Although other contaminants were present in quarry

bulk wastes these contaminants are more soluble and were leached from the bulk wastes mto the
bedrock and alluvml aquifer.

Contamination in g‘roundwater is primarily limited to the area north of the slough Over the
10 years of monitoring, nitroaromatic compounds at concentrations greater than 1 pug/L have been
“detected in only six wells: four shallow bedrock wells and two alluvial wells located north of the .
slough. Uranium contamination extends from the southern margin of the quarry eastward and
southward to the sloucrh Sllghtly elevated levels of uranium have been measured in one well south
of the slough (RMW-2); in general, however, concentrations of uranium in wells south of the slough
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are at background levels. The highest concentrations of uranium have been detected in wells along
the southern rim of the quarry and southward in the alluvium near Vicinity Property 9. The rapid
decrease in contaminant levels in groundwater south of the slough résults from the presence of a

~ reducing zone that degrades nitroaromatic compounds and precipitates uranium'-bearing phases.

" The extent of groundwater. contarmnatton has remamed relatively constant over the past
10 years of monitoring (1987 to present) During this time, however, there has been a large variation

.in some contaminant levels resulting from bulk waste removal and the influence of major floods: -
- Data indicate that concentrations of nitroaromatic compounds are decreasing in response to bulk
waste removal and are expected to continue decreasing in the future. The data indicate that uranium -

concentrations have not been influenced by quarry remediation activities, probably because of the
sorption of uranium on solid aquifer material. Consequently, any decrease in uranium concentrations

~ can be expected to occur very slowly. A few metals (e.g., aluminum, iron, manganese, and thallium)
~ are also present in groundwater at concentrations that are elevated above background levels but are

not consxdered to be denved from the bulk waste.

1.3 SUMMARY OF BASELINE RISK

Potenttal human health and environmental effects reflecting current conditions (postquarry
bulk waste and pond water removal) and assumed future conditions at the quarry area have been
assessed to help- focus cleanup decisions. The health effects were determined from radiological and

-chemical doses that could result from contaminants if no additional cleanup actions were taken. A
more detailed discussion is presented in the BRA report prepared for the QROU (DOE 1998a).

- 1.3:1 Human Health Assessment

For the human health assessment, contaminants 1dent1ﬁed in the RI were subjected to an
evaluatmn in accordance with EPA guidance in order to identify contaminants of potentlal concern

- (COPCs) for each medium. A concentration/toxicity screen was not performed; therefore, the

number of contaminants carried through the risk assessment was not limited. Table 1.1 presents the
final list of human health COPCs for the various components of the QROU.

Potential carcinogenic risks for both radiological and chemical exposures were assessed in

terms of the increased probability that an individual would develop cancer over a lifetime. The EPA -

has indicated that for known or suspected carcinogens, the acceptable exposure levels for the general

public at sites on the NPL are generally concentrations that represent an excess upper-bound lifetime -
. cancer risk to an individual of between 1 x 10% and 1 x 10 (EPA 1989). This range is used as a

point of reference for discussing the results of the carcinogenic risk assessment for the QROU. -

Rt e RGN o
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TABLE 1.1 Final List of Human Health Contaminants of Potential Concern for
the QROU ' A o

' Quarry Proper __Femme Osage Slough/Creeks
Soil and : _ * Quarry .
.Contaminant . Fractures ~ : Surface Water-  Sediment ~ Groundwater

. Radionuclides

" Radium-226
‘Radium-228

. Thorium-228
- Thorium-230
- Thorium-232
Uranjum ‘

Tk 4+t o+
|
!
]

Metals . y _
Aluminum : + s + &
Antimony - . - - + : -
" Arsenic : = ' + . - =
Barium , ) = e
‘Beryllium o = o =
Cadmium - - _ =
Chromium : - ‘ L+
-Cobalt _ o= L =
Copper PSR -
"Lead .. . = : +
‘Manganese . B L = B
* Mercury - o=
" Molybdenum : .=
Nickel i -
Selenium p ‘ o
Silver ’ o+
Strontium S T -
Thallium . =
Uranium - o+
Vanadium -
Zinc +

[T S
I+

+ o+ + o+

+

+ +

+
+

+ o+ ) |
+ U+ 4+ + 4+
) ]

Lo+
+ 4+

+
l
+ o+ + 4

Organic Compounds
1,3,5-trinitrobenzene -
1,3-dinitrobenzene
2,4,6-trinitrotoluene
2 ,4-dinitrotoluene

- 2,6-dinitrotoluene
Nitrobenzene
PAHs

.

+ + 4+ + +

|
t

+ 4+ 4+ ++ + ++
+ o+ 4+
+ 4+ + 4+ + 4

- PCBs .
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Potential health effects other than cancer from exposure to chemical contaminants were also
assessed. The quantitative measure of noncarcinogenic health effects is the hazard index. The EPA
has defined a hazard index of grealer than 1 as the ]evel of concern for noncarcinogenic health
effects.

1.3.1.1 Exposure Scenarios

A recreational scenario was used to project potential human exposures to contaminants at
the quarry area, primarily north of the slough and the slough itself. This scenario is consistent with
current land use at the quarry area; future land use is expected to remain similar to current use.

Exposure pathways evaluated for potential exposure at the quarry proper included external gamma

irradiation, incidental ingestion, dermal contact, and inhalation of residual material in the cracks and
crevices of the quarry walls and floor. For exposure at Femme Osage Slough, Little Femme Osage
Creek, and Femme Osage Creek, the following pathways were evaluated: incidental ingestion and
dermal contact with surface water and sediment, inhalation of airborne sediment pamculates and
ingestion of fish (primarily from the Slough)

Hazard indices and carcinogenic risks from these contaminants were estimated by using
either the maximum or the 95% upper confidence limit of the arithmetic average of. the data set
collected for each contaminant m each media, whxchever was smaller.

Under current and expected future land use, there is no contact with contaminated
groundwater in the quarry area. For presentation purposes, calculations to project hypothetical
residential risk from groundwater were performed to provide information regarding potential

- groundwater risk. Calculations were performed for each monitoring well using current data collected

since 1995. The pathways evaluated included ingestion of and dermal contact with groundwater.

1.3.1.2 Risk Ch'aracterization .

The results of the risk calculations for the recreational visitor at. the quarry proper and

| Fernme Osage Slough indicate that radiological and chemical risks are below or within the EPA’s

acceptable risk range of 1 x 10 to 1 x 10, Hazard indices are also less than 1,.md1catmg that

| systemic toxicity is not a concern. The estimated radiological risk is 3 x 1073 for the recreational

_visitor exposed to contaminants at the various locations (i.e., cumulative risk from exposure to

contaminants at the quarry proper and at Femme Osage Slough and the creeks): this estimate
incorporates multiple contaminants, multiple media, and multiple pathways.. The chemical
carcinogenic risk and hazard index for this recreational visitor are estimated to be 4 x 10° "6 and 0.05,

respectively. These estimates are within the EPA’s acceptable risk range-Table 1.2 summarizes

human health risk estimates for the quarry area.
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TABLE 1.2 Summary of Human Health Risk Estimates for the Quarry Area

Pathways Radiological : - Chemical
(Recreational Visitor) =~ Carcinogenic Risk Hazard Index”  Carcinogenic Risk
‘ Quarry proper
* Soil , v , : |
External irradiation 1% 107 - NA' NA
Ingestion . - 4x107 0004 - 1x107
Dermal 1%x107 © 0.0009 ~1x108

 Inhalation - 2x10° <0.0001 1x 10712

lﬁ"acluresb - ‘ ‘ S

~ External irradiation -~ = 3x107 NA - NA
Ingestion * ' 7x107 . 0008 6x 108
Inhalation -~ 4x10° <0.0001 7x1013

~ Femme Osage Slough® _

Surface water o A : , '
Ingestion , 3x107. 0.003 9x 107
Dermal 7x 107 <0.0001 2x108

Sediment ‘ . L .

Ingestion . 3x10% 0006 . .2x107
- Dermal L s F xR 0001 - 4x10°
Inhalation = 1x1010 <00001 - 1x10¥

Flsh A : . ‘ :

Ingestion . . 8x 107 003 3x10°
" Total%ef ’ . 3x107 0.05 . 4x 10

NA = not applicable. :
) Dermal contact wnh soils in Lhe fractures is assumed to be unlikely.

¢ Estimates for Femme Osage Slough are representatlve of those for Little Femme Osage
‘Creek and Femme Osage Creek. '

Radiological carcinogenic risks were not summed with chemical carcinogenic nsks because
of differences in methodologies. These totals represent risks and the hazard index for the
multiple pathways exposure scenario, which projects a recreational visitor who is exposed to
contaminants present at lhe quarry area (including at the quarry proper and Femme Osage
' Slough) .
€ Ingesuon of groundwater is unlikely.and con51dered to be an mcomplete pathway. Never-
theless, calculations were performed for potential risk to a hypothetical resident from .
ingestion of and dermal contact wuh groundwater (see Section 5.2.3 of the BRA [DOE
1998a}).

External irradiation for quarry proper soil and fractures was not summed because it is not
- appropriate 1o do so; the higher of the two risks was used to calculate the total.
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Risks estimated for a hypothetical resident from ingestion of and dermal contact with
contammated groundwater ranged from 2 x 107 7 to 6 x 1073 for uranium and from 1 x 1077 to
1 x'10"* for chemical contaminants. Risks greater than 1 x 10 were estimated for several wells

“located south of the quarry and north of the slough. Hazard indexes greater than 1 were also

estimated for a few wells located in this area.

On the basis of the risk assessment results presented in the BRA, none of the contaminants

can be considered as contaminants of concern (COCs). However, uranium concentrations in

groundwater north of the slough' are high compared with both background and available regulatory
-benchmarks. This high concentration is significant because of its potential to migrate and affect the

' »St Charles County well field located downgradlent

1.3.2 Eco_logi‘cal Assessment

Femme. Osage Slough and Little Femme Osage Creek are the principal habitats at the

‘QROU, where biota can be exposed to quarry-related contaminants. A screening level assessment - '

employing very conservative exposure scenarios was conducted for these habitats. This assessment

identified current levels of aluminum, barium, manganese, and uranium in the surface water of

Femme Osage Slough and Little Fefnme Osage Creek as posing a potential risk to aquatic biota using

~ these habitats. Risk estlmates or, quotients for these contaminants were greater than-1, indicating the

‘potential for risk and a need for further ecological evaluations of the aquatic habitats in the slough

-and creek. No or low risks were identified for other contaminants in surface water at the QROU. _

Arsenic, cadmium, lead, manganese, mercury, nickel, and zinc are present in sediments at
concentrations estimated to result in low risk to aquatic biota. No risks from nitroaromatic
compounds were indicated in either medium. Modeling results indicated no risks to terrestrial

~ wildlife receptors foraging in Femme Osage Slough or drinking from Littlé Femme Osage Creek..

. ‘Because screening risk estimates for several metals indicated potential risks, as discussed
above, surveys of aquatic and terrestrial biota were conducted at the QROU to evaluate whether
actual impacts are being incurred. The survey results indicate that the existing aquatic and terrestrial

communities consist of species that would be expected to occur in the area. No impacts to abundance .
or species diversity of aquatic invertebrates were detected. Internal and external examinations of -
small mammals collected from the site failed to show any abnormalities that might indicate adverse

effects from exposure to site contaminants; no impacts to abundance or biomass of small mammals
were detected. Tissue analyses of fish and small mammals indicated uranium concentrations within
the range reported in the literature for North America for which no adverse effects have been

" observed, and tissue concentrations of radionuclides in small mammals collected from the QROU
- ‘were comparable to levels detected in specimens from reference sites.
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On the basis of the absence of any observable adverse effects to aquatic or terrestrial biota,
the generally low levels of potential risk identified for aquatic biota, and no risks identified for
terrestrial biota, the current levels of contamination in surface water and sediments from Femme

' Osage Slough and Little Femme Osage Creek do not appear to have affected ecological resources
at these habitats and do not pose a future risk to biota at the Site Thus, remediation of these habitats
is not mdicated on the basxs of potentiai ecological concerns.

1.4 OBJECTIVES OF THE FEASIBILITY STUDY |

Remediation of any of the components of the QROU for risk reduction is not indicated on .
“the basis of the assessment of the nature and extent of contamination, the fate and transport of

- contaminants, and the estimation of potential risk. However, because of the potential for uranium
- in quarry area groundwater north of the slough to migrate to the St. Charles County well field, the -

primary objective of this FS is to identify the best option for reducing or removing uranium from

©_quarry area oroundwater This reduction is aimed at decreasing the amount of uranium that could
" migrate to the St. Charles County well field. A Well Field Contmgency Plan (DOE 1998c) has been

developed to-ensure the safety of drinking water supplied to residerits of St. Charles County from
this well field. Any remedial actions performed for this operable unit would be mtegrated with

L _pertinent aspects of this contingency plan.

_ The remaining cOmponents of the QROU (i.e., quarry proper, Femme Osage Slongh and
-creeks) have been determmed not to require remediation either  from the perspective of
contamination present at these components or from conmderatxon ‘of cumulative risk for an
deVidual who is exposed to contaminants at the various components. or areas constituting the

'QROU. Residual contaminant levels at the quarry proper have been determined to be at concen-

trations that are within the acceptable risk range of 1 x 10 to 1 x 10 as prescribed by the National

-Oil and Hazardous Substances Pollution Contingency Plan (NCP). Likewise, at Femme Osage
Slough and the creeks, contaminant levels are- low and do not pose unacceptable risks to human
'health and ecological receptors o '

Groundwater at the quarry area is-not currently used, and future use is unlikely. The low

- permeability of the alluvial aquifer where contamination exists is expected to serve as a natural

detriment to groundwater usage in the area. The low pump rates and low yields would not be
expected to support. any sustained human use of the groundwater.

AlthOu‘gh mi gration of uranium to the existing county well field is possible and could be
occurring (probably at very low rates), the impaci from this migration is not indicated from monitor-
ing data obtained from wells south of the slough, with the exception of one well (RMW 2). Ten
years of monitoring data from wells south of the slough, including the production wells in the well
field, have yielded uranium concentrations similar to background. Data from RMW-2 have



124 o " March 17, 1998

consistently been slightly greater than background since its place_rrient (average of 6 pCi/L, maximum

of 10 pCi/L, as compared to a background value of 2.77 that was statistically determined for the
QROU). Natural levels of uranium at nearby (off-site) areas have been measured to be similar or
~ higher than the background level established for the QROU and tbose of RMW-2. For example, at
Darst Bottoms, a maximum value of 14 an/L has been identified. ‘

1.5 REMEDIATION GOALS FOR QUARRY GROUNDWATER

The primary rg:m_ediatioh goal for the QROU is to reduce the amount of uranium currently -

located in quarry area groundwater north of the slough, thereby reducing the amount of uranium that
could potentially migrate to the St. Charles County well field.

Current concentrations in three monitoring wells slightly exceed the applicéble or relevant
“and appropriate requirerhent (ARAR) of 0.11 p g/L for 2,4-DNT. Current data indicate that the

. ARAR of 17 pg/L for nitrobenzene is not exceeded. Current data also mdxcate that there is only one.

exceedance of the 1.0 png/L standard for 1,3- -dinitrobenzene. A maximum ‘concentration of 3.5 pg/L

was reported for one well. This data point could be an anomaly because in this same sample, other .

- parameters that were analyzed were also higher than typically repc)rted for this well. =

No federal or state maximum contaminant Ievel (MCL) or maximum contammant level goal’
(MCLG) exists for uranium in drinking water. In 1991, the EPA published a proposed rule setting

- -an MCL for uranium at 20 pg/L (EPA 1991). The proposed MCL corresponds to 14 pCi/L for the

- activity concentration ratio of uranium isotopes found in the groundwater at the quarry area.

- Howeéver, this proposed rule has never been finalized and, therefore, cannot be an applicable or
relevant and appropriate 'réquirement (ARAR). The proposed rule may be a "to- be-considered"
(TBC) requirement that can be used to assist in the formulation of goals for groundwater in the
- quarry area. It should be noted that MCLs and MCLGs apply to the concentrations at the point at
which the water is consumed (that is, at the tap); they are not applicable to contaminated
groundwater in environmental settings, such as at the quarry area. : ‘

In 1995, the EPA promulgated a final rule for groundwater standards for remedial actions
at inactive uranium processing sites (Title 40, Part 192, of thc Code of Federal Regulations [40 CFR
Part 192]). Although the rule is applicable only at 24 specified inactive uranium pfocessing' sites, it
may be considered relevant and appropriate to the actions being evaluated in the FS. The NCP sets

‘out a process to determine if a standard is relevant and appropriate to a particular remediation

activity or site. The 30 pCi/L standard is relevant in that it applies to the same contaminant (uranium)

in the same medium (groundwater). However, this standard was developed for environmental
conditions that are not pertinent to the quarry area. As such, it is questionable if this standard is

. appropriate as applied to contaminated groundwater in the quarry area.
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_ The 30 pCi/L standard for contaminated groundw'ater' at the 24 designated inactive uranium

‘processing sites being addressed under 40 CFR Part- -192 was promulgated on the basis of the

proposed drinking water standard for uranium (discussed above) for sites generally located in arid
regions of the western United States where water is a scarce resource. The cost of remediating

- contaminated groundwater at these sites to drinking water standards was deemed to be justified by

.the EPA due to the general lack of readily available alternative sources of potable water. This is fiot

the case for the quarry area, given the proxmuty of the MISSOUI‘I River. As such, this standard may

‘ “not be well suited to condmons at the quarry area. ’

| Even though the appropriateness of the 30 pCi/L standard for quarry area groundwater is
questionable, it does provide a metric for evaluating remedial action alternatives in the FS. This
~ standard was promulgated by the EPA for contaminated groundwater at inactive uranium mill -
tailings sites to provide an adequate margin of safety against both carcinogenic- and systemic toxicity
effects of uranium in groundwater. Tt is equtvalent to a risk level of approxrmately 1 in 100,000,
- should this water be consumed at a rate of 2 L/day for 350 days per year over a period of 30 years.
" The average high concentration of uranium north of the slough is estimated to be approximately
2,800 pCi/L. Modellng of uranium transport in groundwater from the area north of the slough to the
nearest production well indicates that the uranium concentration would be reduced to approximately
21 pC/L, which is less than the metric of 30 pCi/L (DOE 1998a). Hence, this standard would be met
~with no remedlal ac_tlon on the contarmnated groundwater in the quarry area at the well field. .

As noted prevxously, the remediation goal for the QROU is to reduce the amount of uranium
’ 'that could potentially rmgrate to the St. Charles County well field. This remediation goal will be _
. aclueved by removing as much uranium from this groundwater as is reasonably possible by use of

- standard engineering approaches No remediation is warranted on the basis of current or hypothettcal
future risks from exposure to nitroaromatic compounds in quarry groundwater. This is supported by
-~ the fact that concentrations of nitroaromatic compounds have decreased significantly since bulk

waste removal and only a few concentrations slightly exceed Missouri. water quahty standards.
- Further, these concentrations are expected to continue to decrease over time. A detanled dlscussmn
- of ARARs is presented in Appendix A. ' o

1.6 ORGANIZATION OF THE REPORT

~ The process discussed in this FS is expected to provide the information necessary to support
a decision for the quarry area groundwater. The report is organized as follows:.

. Chapter 2 1dent1ﬁes and evaluates potentlal response technologres apphcable
to crroundwater remediation; -

. Chapter 3 develops and screens preliminary altematives;
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Chapter 4 describes and evaluateg the final alternatives in detail;

« . Chapter 5 presents a comparative analysis of the final alternatives;

) Chapter 6,lists all references cited in this report; _

Appendix A lists and discusses the regulatory requirements potentially applr— V

~ cable or relevant and appropriate to the remedial action;

Appertdix B discusses the required operational period of the interceptor trench
concept;

Appendix C discusses the bed thmkness and operational duration of the in-situ
permeable barrier for Alternative 5; :

Appendix D describes the analytical methodologies used to address envirorx-
mental impacts for Alternative 2; '

Appendix E describes the methodology and assumptions used to determine the
costs of the various al'ternatives considered in this FS; and

Appendtx F presents data regarding dlsmbutron coefficients collected from
~the quarry area. '
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2 IDENTIFICATION AND SCREENING OF TECHNOLOGIES

2.1 SCREENIN G CRITERIA

The criteria for 1dennfymg potentially apphcable technologies are provnded in EPA
guxdance (EPA 1988a) and in the NCP (EPA l990a) The primary reqmrements for a final remedy
are that it be both protective of human health and the environment and cost effective. Hence,
technology screening focuses on: these two factors Additional selection criteria include the
followmg ‘

* Preferred remedies are those in Wthh the pnnCIpal element is treatment to -
‘permanently or sxgmﬁcantly reduce the tox1c1ty, moblhty, 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 solutlons and alternative treatment technologles or recycle/resource
recovery technologles should be assessed and used to the maximum extent
prae_ncable =

A These criteria were considered in identifying and screening technologies to determine the
appropriate components of remedial action alternatives for the contaminated groundwater from the

. QROU at the Weldon Spring site. Protection of human health and the environment was the primary
. consideration for determining how the contaminated groundwater should be managed.

The COC for'cons'ideratiOrl in this FS is uranium (see Chapter 1). However, low levels of

* nitroaromatic compounds, the other primary contaminants found in the quarry bulk waste, have been =

detected in the groundwater. Even though the concentrations of these compounds have decreased in
response to bulk waste removal from the quarry and are expected to continue decreasing, the
* technologies considered for removal of uranium from extracted groundwater must necessarily
include technologies that address these nitroaromatic compounds. ’

~ On the basis of current knowledge of the nature and extent of groundwater contamination -
at the quarry area, general response actions that could be implemented to help reduce exposure to
the contaminants or to reduce or remove elevated concentrations of uranium and nitroaromatic
compounds are (1) institutional controls and- monitoring; (2) natural processes; (3) in-situ
containment; (4) in-situ treatment;. or (5) removal, storage, ex-situ treatment, and disposal.
Technology types.and process options that could be used to implement each general response action
(3 through 5) are presented schematically in Figure 2.1. Speciﬁc application of these technology
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" FIGURE 2.1 Potential Treatment Technologies for Groundwater Remediation of the QROU at the Weldon Spring Site
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" types and process options to conditions at the quarry area was evaluated to determine which would
be most appropriate for groundwater remediation. These technologies were screened on the basis of
effectlveness rmplementabrhty, and cost, defined as follows: ' '

. Effectiveness — I terms of protecting human health and the environment in

' both the short term and the long term; minimizing toxicity, mobility, or
volume complymg mth ARARs and achrevmg protectlon in a reasonable
trme frame.

e Implementability — in terms of technical feaéibility, resource availability, and
administrative feasibility; and :

?_ - Cost — in terms of comparing costs (ie., tow, moderate, or high) for both the
- short term (capital) and long term (operation and mainte_nance [O&M])).

2.2 TECHNOLOGY IDENTIFICATION AND SCREENING

2.2.1 Institutional Controls and Monitoring- |

Instrtutlonal controls are measures that preclude or minimize pubhc exposure by lnmtrng
“access to or use of contarmnated groundwater. Institutional controls include measures to restrict
access such as securrty guards and use or deed restrictions. These measures do not reduce
contaminant toxicity, mobility, or volume, but they can reduce the potential for human exposure to
the contaminated groundwater Institutional control measures that apply solely to groundwater, such
as groundwater restrictions, may be used to prohibit or limit the drilling of wells for the purpose-of
- groundwater consumptton Monitoring is a measure that provxdes supporting information regarding
* contaminant concentrations and the need for rnamtammg or implementing 1nst1tutronal controls
whrle remedial response actions are bemg carried out.

The screening analysis for institutional controls and monitoring is summarized in Table 2.1. '
On the basis of effectrveness lmplementablhty and cost, all of these measures have been retained
~ for further consideration. ‘ : ‘

2.2.2 Natural Processes ‘ »
Naturally occurnng processes can contnbute to cleamng up groundwater and soil contami-

nated with various toxic and hazardous materials. With time, these processes gradually reduce the -
hazards of contamination. Two types of natural processes can be considered; physrcal/chermca]
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TABLE 2.1 Summary of Séreening Analysis for Institutional Controls and Monitoring

Institutional

Control Measure . , - Effectiveness Implementability - Cost

- Groundwater access  The area where groundwater contamination ~ Access restriction measures would ~ Low

restrictions is highest could be restricted by imposing be easy to implement and

: - - barriers, such as well caps, which could resources would be readily
control exposures to contaminated available.
groundwater.

Ownership and land  DOE has accountability for as.long as Ownership and use or deed restric-  Low
use conditions contamination is present. This meastre tions would be easy to implement,
' would permit the control of public - and resources would be readily
exposures to on-site contamination by . available.
restricting access and use. The state owns
the surrounding wildlife areas, and recrea-
tional use would not include groundwater

use.

Monitoring ~ °  An extensive groundwater monitoring Monitoring would be easy to Low

program is in place at the site. This measure
could:support the mitigation of potential
exposures by providing data on the extent

. implement; the existing monitoring

network could be used to provide
long-term protection.

of contamination and the effectiveness.of
primary control measures such as contain-
' ment or removal.

processes whereby the contaminant. concentration would be reduced through chemical or physical

means and biological processes whereby the contaminant would be broken down or absorbed by

' microbes or plants

The .ﬁrSt classification includes a number of processes such as oxidation-reduction

reactions, absorption, adsorption, and dilution of the contaminant concentrations. Biological

processes, the second classification, includes two broad categories, accumulanon and degradatxon
by microbes and accumulanon and degradanon by plants.

The migration of uranjum, the principal contaminant in the groundwater at the quarry area,
toward the Missouri River is pnmanly dependent upon the flow rate of groundwater in the aquifer
and the types of materials present in the aquifer. Except for ‘a monitoring well in the Plattin
Limestone (MW-1031), concentrations of uranium have remained below maximum detected levels
since the original source of uranium (bulk waste) was removed from the quafry (DOE 1998b). At

least one of the natural processes mentioned above is responsible for the slow reduction wnh ume'

of the uranium concentration in other locations within the aquifer.
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Water movement in the groundwater system between the quarry and the slough occurs

| primarily through fractured limestone and low- -porosity alluvium in a southerly direction toward the

Missouri River. The rate of wranium transport is very slow through this region. Wells in this area

, generally produce less than 4 E/min (1 gpm) maximum due to the low permeability of the aquifer.

Concentrations of uranium in the groundwater are expected to continue to slowly diminish over time
through dilution because the contaminant source at the quarry has been removed. The primary
groundwater recharge source is infiltration from rainwater and runoff, which prov1des a clean source
of water to dilute the contaxmnant concentratlons in the aquifer.

B Monitoring data obtained to date cbu_ld be interpreted as indicating that the farthest extent -

from the quarry of the migrating uranium contamination in the groundwater is the approximate
~location of the slough. This potential coincidence could be because this region contains large
- amounts of decaying organic matter. Groundwater with decaying organic matter maintains a reducing
" condition for many metals, including uramum Oxidation-reduction (redox) reactions of uranium

may become important near the slough. Upon reaching the reducing conditions near the slough,

. soluble uranium (uramum VI) in the groundwater would be reduced to the +4 state (uranium IV).

Uranium in the +4 state forms uranium dioxide (UO,), which is hxghly insoluble and would

' precipitate out of solution. Thus, these redox condmons could be responsible for the behavior of

uranium ions- near the slough

Another mterpretatmn of the momtonng data suggests that uranium contamination has
already migrated south of the slough, and that the reduced uranium concentration south of the slough

“is due to dilution. The coarse-grained composition of the alluvium i in the aquifer south of the slough

has a much higher permeability than is found in the fine-grained alluvium in the aquifer north of the

-slough. This disparity in permeability permlts larger volumes of uncontaminated groundwater -
“originating from local runoff and the Missouri River to mix with smaller volumes of groundwater

orlgmatmg in the fine-grained alluvium of the aqu1fer north of the slough.

The sorptlon process could also play a role in determining what happens to uranium near
the slough Sorption of the contaminant refers to the tendency of these molecules to be bound to the

surface (adsorption) of and to internal sites (absorption) in the bulk solid phase of the aquifer.

Sorption is expected to occur primarily in the upper portion of the alluvial aquifer because of the
higher proportion of clay, humic matenal and iron-manganese hydrox1des

Two parameters are important in describing this interaction between the contaminant and
the solid phase (soil). The total sorption capacity is proportional to the total number of available
sorption sites. When all of the sorption sites are occupied, the sorption capacity is exhausted and
contaminant concentrations are no longer attenuated as the groundwater passes through the solid
phase. A second parameter of importance is the strength of the binding between the contaminant and
the sites in or on the solid phase. This strength is related to the value of the distribution coefficient
(K- Ky values are spec1ﬁc to a given contaminant in relation to a particular type of soil.
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Understanding the movement of a given contaminant through an aquifer depends in part on knowing
the K values for each soil type and the groundwater ﬂow conditions. '

Any of these three mechanisms — dilution, redox reduction, or sorpnon — or some

combination of them may be respormble for the low uranium groundwater concentrations south of

-

the slough The relative 1mportance of these mechanisms is significant because they affect the
behavior of uranium differently with time and changing conditions. If there is little uranium in the

solid-phase material, the uranium concentrations in groundwater will diminish over time as dilution

occurs. On the other hand, if larger quantities of uranium are present in the soil material,
groundwater concentrations may stay elevated in the same area for a much longer time because of
the potential for continued release of uranium (i.e., dissolution or desorption) from these aquifer
materials.

Bnologxcal processes could also be occumng in the quarry area. Accumulation or precipi-
tation of uranium by microbes (Barton et al. 1996) and accumulation by vegetation (Cooney 1996) -
are possible. ‘The area around the slough provides an excellent setting for such microbial action and
vegetative growth.

The screening analysns for natural processes is summarized in Table 2.2. On the basis of

_ this evaluation, natural processes have been retained as potentially appllcable to attenuatmg

contaminant concentratlons in groundwater

2.2.3 In-Situ Containment

Tn-situ (in-place) containment consists of technologies that confine contaminated ground-
water at its current location. In-situ containment technologies include the erection of barrier walls,
‘hydraulic containment, or the immobilization of a contaminant species at its current location. These
technologies reduce contaminant mobility and the associated potential for exposure, but, except for

. one variation of hydraulic containment, they do not reduce contaminant toxicity or volume.

2.2.3.1 Barrier Walls

A physical barrier placed immediately to the north or south of the slough could halt
migration of the contaminated groundwater toward the St. Charles County well field. Construction
of such a barrier would entail digging to a depth of approximately 10 m (30 ft) over a distance of
approximately 610 m (2,000 ft). Trenching equipment currently available can routinely achieve such
depths. The barrier itself could be composed of heavy plastic sheeting, sheet piling, or a slurry wall. -
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that either react with the contaminant to remove it
from solution or catalyze its breakdown. A number of

- matenials have been identified that are capable of

removing uranium from groundwater.

 In-Situ Measure Effectiveness - Implementability Cost
Natural processes ~ Groundwater concentratians of uranium and nitro- Natural processes are already Low
s ' aromatic compounds are expected to slowly diminish occurring and are expecled to
over. time due to dilution because the contaminant continue. :
source at the quarry (i.e., bulk waste) has been
removed. The primary groandwater recharge source is
infiltration from rainwater and runoff, which provides
a clean source of water to dilute the contaminant
concentrations in the aquifer. It might be difficult to
show its effectiveness in the near term. .
" Physical barrier A physical barrier — such as a slurry wall or plastic Could be implemented by conven- Low to
sheeting —— can effectively reduce lateral migration. . tional methods and equipment. moderate
The barrier would act to confine contamination to the '
currently affected areas but would not lower the
contaminant concentrations,
Hydraulic The pumping of groundwater from or the-injection of Could not be implemented because of Low to
containment, " water into an aquifer can be used to control the flow of  the aquifer’s sloping base and the low moderate
contammated groundwater. and contrasting permeabilities found
: “ within the aquifer.

Immobilization Immobilization of uranium through either precipitation ~ Could not be implemented because of Low to
or adsorption/absorption would effectively remove the low permeability of the aquifer moderate
uranium from the groundwater. o and uncertainties in the chemical

: makeup of the aquifer. .
Bioremediation Microorganisms could be used to generate a reducing Could not be implemented because the ~ Moderate
: ' environment that would result in precipitation low permeability of the aquifer
{(immobilization) of the uranium. precludes injection of the micro-
' : organisms and their feed. Also, these
materials cannot be delivered
’ uniformly because of the,
heterogeneous nature of the aquifer.
Electrokinetics * Underground electrodes cause preferential migration Could be implemented by conven- - Moderate
! of chemical species in the aquifer to treatment zones at - tional methods and equipment. to high
or around electrodes. The effectiveness of remediation : ' .
for uranium is not well established.

Uranium mining In-situ uranium mining requires the injection of .Could not be implemented because of Moderate
lixiviants into the aquifer to release the uranium from the low permeability of the aquifer,
bound sites. If not properly controlled, release of the nonuniform delivery of the materials, -
uranium could result in higher groundwater concen- ~  and uncertainties in the chemical
trations migrating from the contaminated area. makeup of the aquifer. '

Reactive wall A permeable barrier is placed across the contaminated  Could be implemented by conven- Moderate

' groundwater flow path. The barrier contains species tional methods and equipment. - to high
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TABLE 2.2 (Cont.)

: In-Situ Measure . . Effectiveness Implementability - ] Cost
* Phytoremediation ' Vegetation is used to preferentially absorb contaminant  Could not be implemented to a depth Low
’ ’ materials from the soil and either break down the of approximately 10 m (30 ft) in the

contaminant or retain it in their biomass. Initial studies  short term.
have shown that the measure is effective with uranium, ’
but only in near-surface layers.-

Although the ‘barrier would stop contaminant migration, the barrier itself would have to be

. ~maintained indefinitely because it is not a technology that reduces the amount of contarnination
present. A bottom seal on the contaminated-upper aquifer is not necessary because there is httle_
vertical hydraulic connectlon between it and the underlying Plattin Limestone.

2.2.3.2 Hydraulic Containment

Hydraulic containment of a contaminant in an aquifer can be achieved through the use of

pumping wells, injection wells, or a combination of the two (EPA 1996b). Hydraulic containment
+is"also the primary objective of pump-and-treat systems. Further discussion of groundwater removal
for application in pump -and-treat systems can be found in Section 2. 2.5. :

e

e The hydraulic control exerted by a ve_rtical pumping well relies on 1 the creation ofa capture

. zone where water is drawn toward the well. A line of wells with overlapping capture zones can be

situated downgradient of the contamination to form a barrier to further migration. A different type
of barrier to migration, a pressure ridge, can also be formed by injecting. uncontaminated water

~ through a series of injection wells. The resulting increase in hydraulic pressure prevents groundwater
from flowing along its original path. Pressure ridges are often used in conjunction with pump-and-
treat systems; the treated water extracted from within the contaminated area is used for injection
(EPA 1996b). o |

" Problems with both types of hydrauhc bamers are encountered in heterogeneous media such
as the aquifer materials in the region between the quarry and the slough. The contrasts- in
permeability found in the aquifer materials preclude the establishment of a uniform capture zone or

~ auniform pressure ridge, thereby introducing the potential for contamination to pass between two
neighboring wells and resulting in loss of containment. Creating a proper capture zone in this area
may also be problemanc because of the low permeablhty and the slopmg aquifer base (Cohen et al.
1994).
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© 2.2.3.3 Immobilization

Irnr'nobilizalidh of the uranium or nitroaromatic compounds in-situ relies on either chemical
~ reaction (precipitation of the dissolved uranium out of solution or degrad_aition of the nitroaromatic
compounds) or binding of the contaminants through adsorption or absorption by an immobile solid-
- phase material within the groundwater aquifer. Either immobilization process, chemical reaction
or binding, requires the injection of materials into the aquifer. The low permeability of the aquifer
makes pumpihg materials into it impractical. Also, if an injection technology were attempted, the
injected materials could not be effectively distributed because of the contrasting permeabilities found
~ within the aquifer. This is the same problem encountered when considering hydraulic containment f
*(Section 2.2.3.2). Second, even if the injected materials could be effectively and evenly distributed,

~- this could actually cause the release of contaminants such as uranium. The slow migration of the

" uranium over time may be in part due to immobilization of the contaminant by aquifer material,

which might preferentially release the uranium for injected material. The use of injection technology
~is, therefore, highly questionable because of the inability to uniformly inject materials mto the
aquxfer ‘and because the chermstry of the groundwater aquifer is not well understood.

2.2.3.4 Summary

~ The screening analysis for in-situ containment is summarized in Table 2.2. The technology
of a physical barrier has been retained as poteritially applicable to a groundwater remedial action. On
- “the basis of implementability hydraulic containment and in-situ immobilization were rejected from
~ further consideration for groundwater remediation at the Weldon Spring site prlmarlly because of
~ the low and contrastmg perrneabnhtres of the aquifer matérial. ‘

224 In-Situ Treatment.

_ . In-situ treatment consists of technologies that treat the groundwater in place and generally
. remove or break down the contaminants in some form. The main advantage of in-situ treatment is

- that such technOlogies allow groundwater to be treated without being brought to the surface, which

- could result in large. cost savings. The main disadvantage of these technologies is usually a longer
“treatment period and dlfﬁculty . venfymg how well the process is working, especially in aquifers

~ with a nonuniform envnonmem.. The technologies considered for this analysis included bioremedi-
" ation, electrokinetics, reactive walls, in-situ uranium mining, and phytoremediation. '
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. 2.2.4.1 Bioremediation
,Biore’medialion involves the use of microorganisms to produce a reducing environment that
‘would result in prccipitation of the dissolved uranium as UO,. Bioremediation of groundwater at the
quarry area could not be readily implemented because of the difficulty of injecting materials- (the
. rmcroorgamsms and their feed) into the aqulfer (see Section 2.2.3).

2.24.2 Electrokinet_ics

Teéhnologies involving electrokinetics rely on the transport phenomena associated with the

application of a direct current between implanted electrodes in porous media. These phenomena

include electrophoresis (movement of a charged particle or colloid in an electric field), electro-
-migration (movement of solﬁte ions in an electric field), and electroosmosis (movement of water in
-response to an electric field). Once vthe,co'nt_aminants reach an electrode, they can be extracted to a
recovery system (ex-situ treatment), treated .(complexed with ion-exchange resins), or deposited

(precipitated, adsorbed, or electroplated) at the electrode. A few laboratory studies have been

conducted to assess the feasibility of using electrokinetics to remediate uranium contamination
~ (Bibler et al. 1992, Acar et al. 1993, Tumey et al. 1994, EPA 1995, Booher et al. 1997), but no
completed pilot or field studies have yet been reported in the United States. Bench-scale testing

~ would likely be required before electrokinetics would be applied to a site in order to optimize the .

removal process;, due to the technology’s dependence on several compositional (chemical makeup)
-and envivronmenta‘l (e.g., water content, so,i] homogéneity) variables.

ElectrokmeUCS might not be readxly implementable because of the low contaminant concen-

trations spread over a distance of approx1mately 600 m (2,000 ft). Electrokinetics might be feasible
and implementable if localized areas of higher contaminant concentrations were to be treated, or if
an electrokinetic “wall” was erected across the path of groundwater migration, similar in concept to’

the reactive wall discussed in Section 2.2.4.3. However, electrokinetic remediation of uranium-

" contaminated sites is not yet a proven technology, and because of the contaminated aquifer’s

heterogeneity and low permeability, it would be difficult to follow its progress if attempted.

2.2.4.3 Reactive Walls

A iechnological‘ alternative to erecting a physical barrier to halt the migration of contami- -

nated groundwater would be the use of a reactive chemical wall in its place. Barrier walls would be
erected to funnel the flowing groundwater into treatment zones where the contaminants would be
extracted. Another variation of the reactive wall concept would be construction of a wall composed
of material with an affinity for the contaminant, either one of reaction or absorption. As the

- groundwater passed through this more passive chermcal wall (permeable treatment wall) during
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~ natural mroratron through the aqurfer the contaminant would be preferentially removed from the

crroundwater 4

“Implementation of a reactive wall technology to remove uranium might be feasible because
a number of materials are capable of removing uranium frorh groundwater (Vidic and Pohland
1996). Such an effort would require further characterization of the chemical systems operating in the
aquifer, and like the physical barrier discussed in Section 2.2.3, the reactive wall would have to be

‘maintained indefinitely because of the low flow rate of the groundwater in the aquifer.

The use of a reactive wall with treatment zones where contaminant extraction would occur

'is not warranted, because these zones would have to be maintained indefinitely to treat small -
- amounts of groundwater with low levels of contamination until contaminant concentrations in the

‘groundwater decreased below some specific value. ‘A conservative estimate of the total rate of
groundwater flow through the entire cross-section of the aquifer where the wall would be located is
about 200-L/min (50 gpm) maximum (see Appendix B). The alternative, a passive chemical wall,
could be constructed, left to filter the groundwater, and monitored periodically. If the wall material

~ ‘were to reach saturation levels with the contaminant, the existing barrier could be excavated,

disposed of at a -permitte_d facility, and replaced with fresh material.

: 2.2.4.4 In-Situ.Uranium Mining .-

- In-situ uranium mining would involve the injection of lixiviants into the aquifer to release

"uranium bound to material in the aquifer. Application of this technology to the contaminated area -
is highly queStionable,. The low permeability of the aquifer could cause problems such as fouling of
the injection wells, and the heterogeneous. nature of the aquifer would preclude uniform delivery of
the lixiviants. The chemistry of the aquifer material is also not well understood; therefore, selection

- of the proper lixiviant could be problematic. A long interceptor trench would be required to ensure -
that the majority of the injected and released matenal is recovered (see Sectron 2.2.3.2 on hydraulic -

_ contammem)

2.2.4.5 Phytoremediation

Phytoremediation is a recently recognized technology that uses vegetation (plants) to extract

" contaminants frdm soil and groundwater in-situ. The process can be applied to metals contamination
- through extraction or stabilization. Organic compounds ‘are remediated through degradation or

extraction. Application of phytoremediation is dependent upon the depth of the contamination and
the selection of plant species appropriate to the contamination, cleanup standard, and climate.
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One aspect of phytoremediation is exploitation of the enhanced microbial populations that
coexist with a plant’s root system (the rhizosphere). Within the rhizosphere, plants contribute the
carbonaceous substrate and oxygen transfer for in-situ biodégrad_ation. Rhizodeposition is partially
the result of the decay of dead roots and root hairs. Also important to the process are root exudations,

such as leakage from epidermic cells, secretions resulting from metabolic activity, mucilage from -
root tips, and lysates from sloughed cells. This resultant carbonaceous material stimulates overall
bacterial activity and provides substrate for cometabolic degradation of xenobiotic hydrocarbons. -

The dominant active mechanism for phytoremediation of metals such as uranium is

“phytoextraction into the tissue of the plant. The mechanism for metal accumulation includes

chelation, precipitation, compartmentalization, and translocation. To successfully apply this
technology to a site contaminated with metals, the pH, organic complexes, and interfering elements

must be assessed, and the plant species used must have the appropriate metal selectivity. In some
- instances, it may be necessary to apply soil amendments to enhance the process.

Application of phytoremediation to removing uranium is ﬁronlising. However, a depth
limitation of approximately 3 m (10 ft) (Miller 1996b) precludes its use for remediation of the

- groundwater south of the quarry, where contamination has been detected at depths of approximately

10 m (30 ft). Other issues also need resolution, such as the relatively long times necessary to reach

- remedlatxf)n goals, subsequent handling and disposition of accumulated biomass, the securing of

plants from other bioaccumulators (wild fauna), and the introduction of nonnative plants for
phytoremediation (Negri and Hinchman 1996).

2.2.4.6 Summary

The screening analysis for in-situ treatment is summarized in Table 2.2. On' the basis of
1mplementab1hty, bioremediation was not retained for further consideration for groundwater

remediation at the quarry area because of the mab1hty to inject materials into the aqulfer and the lack .

of uniform delivery of the materials. Electrokinetics was rejected on the grounds of implementability

(too large an area requiring remediation) and effectiveness (lack of data on uranium recovery). The

technology of a passive chemical wall has been retained as potentially applicable to addressing
groundwater contamination. In-situ uranium mining was rejected on the basis of implementability
(inability to inject materials into the aquifér and nonuniform delivery) and effeéti’veness (the

‘chemical balances in the aquifer are not well understood). Phytoremediation was rejected as a

* remediation technology on the basis of 1mplementab111ty (the technology is limited to an effectxve“

depth of about 3 m [10 ft]).
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2.2.5 Removal of Groundwater from the Aquifer

If an ex-situ groundwater remediation strategy is used, the contaminated groundwater must
first be extracted from the aquifer. The groundwater removal technologies investigated for the quarry
-area include vertical wells, horizontal wells, interceptor drains, and excavation.

I 2.2.5.1 Vertical Wens

o remedxatlon However, the low. permeability of the aquifer in the area of the groundwater
~ contamination (see Section 2.2.2) precludes the use of such wells for the QROU. Well yields are

- generally less than 4 L/min (1 gpm) fora well 5 cm (2 in.) in diameter. A significant increase in

pumping c_apa_city; as much as a factor of 100, can be obtained in some cases where the low-

permeability aquifer material would be subjected to fracturing (Miller 1996a). Such a technology
uses hydro-, :pneumatic- or blast-fracturing methods applied to- bedrock material. Successful
‘application of this method at the quasty area would not be expected because the aquifer material in
the contaminated area is primarily alluvium, a material that would deform rather than fracture when
" subjected to the physxcal forces applied. Application of fracturing in the bedrock portion of the
aquxfer (the Decorah Group) would risk the formation of vertical cracks and fissures into the
underlymc Plattin Limestone layer, which is not heavily contaminated. These cracks and ﬁssurcs
could allow the movement of more contamination into the Plattin Limestone. ‘

\ : R The use of vertical wcﬂs is most common in pump-and-treat technologies for groundwatcr

-

2.2.5.2 Horizontal Wells

The use of horizontal wells is a m_or'é advanced technology than the ‘use of vertical wells.
- Horizontal wells could be drilled through the aquifer in an effort to increase the area available for -
pumping the groundwater. Two methods commonly used to ‘position the wells are directional drilling
and trenching. Excavating a trench and partially backfilling it with porous material over a horizontal
well pipe can increase the pumping capacity of a well and is ‘similar in concept to fracturing the
“aquifer around the well intake. Trenching equipment is available that could be used to place
horizontal wells at the required depths (<10 m. [30 ft]) at the quarry area (see Section 2.2.3). B

12:253 Interceptor Drains

A technology employing an interceptor trench drain might be more feasible than horizontal
wells because well pump rates would likely be low. A single trench, approximately 10 m (30 ft) deep
and 610 m (2,000 ft) long, could be placed perpendicular to the groundwater flow to intercept the
contaminated groundwater. The trench could be backfilled with porous material so that the entire
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side of the trench would act as a sink for the groundwater, which would be pumped to a treatment -
- facility. Even with such an arrangement, the limited groundwater flow in the area would be expected
to produce a maximum of about 200 L/min (50 gpm) under the best conditions (see Appendix B).

The advantages of a trench, when properly positioned, are its simplicity and effectiveness — in this

. case, ens'uring that any contaminated water would _be intercepted.

2.2.54 Excavati_on

Because of the low permeability of the aquifer, the aquifer material could be: excavated for

treatment and disposal. Conventional earthmoving equipment (e.g., bulldozers, backhoes, and front-- . ,
“end loaders) could be used in conjunction with hydraulic dredges and pumps. The uncontaminated .
overlying soil could be stripped off and replaced after removal of the underlying co'ntaminated ‘

aquifer material. The cost of excavating the entire area. down to bedrock in many places is not
warranted ; '

2.2.5.5 Surn_méry

The screenmg analy51s for removal of groundwater is summarized in Table 2.3. The
- technology of ‘an interceptor drain has been retained as potentially applicable to a groundwater
remedial action at the quarry area. On the basis of implementability, vertical and horizontal wells -

- “were rejected from further consideration because of the inability to pump water from the aquifer a_t
an-efficient rate. Excavation was rejected from further consideration on the basis of the very high
- cost, considering the low contaminant concentrations in the aquifer material.

2.2.6 Ex-Situ Treatment -

'Ex-situ treatment consists of technologies that treat the groundwater and any contaminated ’

soil or sludge after their removal from the aquifer (groundwater removal is discussed in
Section 2.2.5). The many methods available for treating contammated groundwater rely on the
~ physical, chermcal or blologlcal properties of the contaminants. : :
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TABLE 23 Summary of Sereening Analysis for Groundwater Removal -

Removal Measure ~ Effectiveness S Imf)lementability - ~ Cost
Vertical wells Standard nis'nhod for removing - Very difficult to implement. The Low to
groundwater: from an underground low permeability of the aquifer moderate
aquifer: _ would preclude reasonable pump .
. : o rates. .
Horizontal wells Larger surface area for collecting Very difficult to implement. The " Moderate
‘groundwater than a conventional low permeability of the aquifer 3
vemcal well for i mcreasmg pump would preclude reasonable pump
rates. " rates.
Interceptor drain = - A trench could be placed justnorth ~ Could be implemented with ~ - Lowto
: of Femme Osage Slough, perpen- ~ conventional methods and " . 'moderate
dicular to the groundwater flow, to - equipment. o . . :
intercept alf contaminated ground- : .
water leaving the area. The ground-
water that collected in the trench
could then be pumped out for
treatment.
Excavation/dredging  Could effectively remove contami-- Could be implemented with - High
. and pumping . nated material in the aquifer. The conventional equipment and
: remaining contamination in the procedures. . :

aquifer matertal would be below
appropriate concentration levels.

2.2.6.1 Physical Treatment

“Settling or Centrifuge. Settling'(sedimentation') tanks for removal of suspended solids
constitute one of the first stages of many water treatment plants. Settling tanks allow these non- |
dissolved solids (approx1mately 10 pm in diameter or larger) to settle to the bottom of the tank under
the influence of gravity. After an appropnate time penod the clarified water may then be drawn off
and sent on to the next phase of treatment. Centrifuges may also be used -to remove suspended
partlcles from solution. In addition, settling tanks may be used in conjunction with chemical
precxpxtatlon treatments. ' : ' '

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

or sludge wastes and for concentrating nonvolatile co‘“ntamina‘nts.' Any volatile contaminants must
" be removed prior to this treatment process. Evaporation of water leaves behind all nondissolved and

dissolved solids. The treated waste must then be mechanically removed for _furthef treatment or

disposal. Evaporation ponds are often used as retention areas for treated wastewater in between
treatment steps. Evaporation is a well-established treatment process.

Reverse Osmosis. Reverse osmosis is commonly used to remove dissolved species from

~ solution. Osmosis is the tendency of a solvent such as water to pass through a .sémipermf_:able -

membrane from the side with a lower solute (dissolved species) concentration to the side with a

higher solute concentration in an attempt to equalize concentrations on both sides of the membrane..

The membrane is semipermeable in that it permits migration of water but not the dissolved species.
This process may be reversed, hence the term reverse osmosis, by applying pressure to the side with
a high solute concentration. The dissolved species thus become more concentrated, thereby reducing
the volume- of contaminated water. Reverse osmosis is very effective at removing almost all
dissolved species. This process has an efﬁcxency of approximately 98 to 99% for removal of
dissolved uramum (EPA l993a)

2.2.6.2 : Chemicél/Physical Treatments

Coagulation/Flocculation. Coagulation is a chemical treatment process in which chemicals
are added to promote particle growth under flocculation, a physical process that increases particle

collisions through slow mixing with large blades or paddles. Coagulation/flocculation is often used

in conjunction with precipitation processes or as a component in a settling or filtration treatment
stage. ' ' '

Precipitation; Precipitation of inorganic contaminants in water is induced by a chemical
reaction that converts a soluble contaminant species to an insoluble form. Removal of the precipitate
is then accomplished through sedimentation or filtration. One advantage of precipitation treatments

is the relatively low waste volumes produced. Because of the diverse chemical species found in.

groundwater, selection of the proper chemicals for use generally requires bench and field studies that

often include pH adjustment for optimum results. Precipitation is an effective and well-established -

treatment for many contaminants and has been a primary treatment for metals in industrial waste
waters for years (DOD 1994). Lime softening is one precipitation process that has an efficiency of
approximately 85 to 99% for removal of dissolved uranium (EPA 1993a).
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Ton Exchange Ion exchange is a process in which ions of interest are exchanged for other
" ions held on an insoluble exchange material. The exchange material is generally a synthetic organic
resin that is stable under a wide range of temperature and pH conditions. These materials can be

tailored to be highly specific toward a given ion. Once a resin becomes saturated with the target ion,
- the resin can be regenerated using a highly concentrated solution of the relatively harmless, originally
‘bound ion. This solution shifts the equrhbrnum back to the original state of the resin, leaving a

solution concentrated in the target (contaminant) ion. Ion exchange is a well- established treatment

for many contaminants, and it has an efficiency of approximately 65 to 99% for removal of dissolved

-uranium (EPA 1993a). Ion exchange is one of the most commonly used methods at sites with -

" uranium-contaminated groundwater (DOE 1991)

Liquid liquid extraction. Liquid-liquid extraction involves the complexation of an
1norganrc species such as a dissofved uranium ion with an organic compound. The contaminated
aqueous solutxon is then mixed with an organic solvent that is not soluble in water. The complexed
~ species is desrgned to be more soluble in the organic solvent than water, and, therefore, is
~ preferentially extracted into the organic liquid phase, which is subsequently drawn off from the
aqueous phase. The method can be highly selective toward a single contaminant in a complex
solution. Liquid-liquid extraction has been used extensively in the nuclear industry for the processing

of spent nuclear fuel for the separation of uranium and plutonium (IvanoVich and Harmon 1992).

However, the mvolvement of an organic liquid phase, ‘often a hazardous chemical itself, relegates
this method to smaller scale operations where other methods have proven ineffective.

Magnetic. Separatlon Two different types of magnetic separatlon processes have recently
been investigated for the remediation of contammaled groundwater — the Mag*SepSM and hlgh-
‘gradient magneuc separatlon (HGMS). '

The:Mag*SepSM process injects eng’ineered" particles‘ into a liquid waste stream. The

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

of this process have been conducted for remediation of uranium in groundwater.

" The HGMS process passes the contaminated fluid through a highly magnetized volume
containing a magnetic matrix material such as steel wool. A slightly magnetic contaminant species
such as uranium becomes attached to the matrix material and is then removed from solution. The
process results in very small waste volumes. Application of this technology to water treatment is still
in the research phase at Los Alamos National Laboratory. . ‘

s
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Supported Liquid Membranes. A liquid' membrane containing a complexing agent for

a specific contaminant such as uranium is supported on a hollow fiber membrane through which a
liquid waste stream is passed. The complexing agent attaches to its target ion when the ion contacts
the liquid membrane. The contaminant ion complex is then selectively passed through the membrane

- where it comes into contact with a stripping solution. Supported liquid membranes have been studied

for over 20 years for a 'variety of applications and more recently for the removal of uranium,
chromium, and technetium from contaminated groundwaters (DOE 1995). The interest in the process
is related to its high target specificity, which results in reduced waste volumes. Also, the recovered
contaminant, such as uranium, would be-in a reasonably pure form for potential reuse. However, no
field tests have been reported

Ultraviolet Oxidation. Ultraviolet (UV) oxidation is a treatment process for organic
compounds and is effective in the treatment of nitroaromatic compounds (DOD 1994). Its primary
advantage over other methods such as carbon adsorption is its destruction of the contaminant
compounds; it is capable of complete mineralization to carbon dioxide, water, and salts. The process

involves exposing the contaminated water to strong UV light in the presence of strong chemical -

oxidizers such as ozone and/or hydrogen peroxide. UV oxidation is an established treatment process
) and is readily available from commercial vendors.

o

Granular Activated Carbon. Carbon adsorption is very effective in treating organically

contaminated waste waters. Granular activated carbon (GAC) has a high surface area and has been_

used extensively in treating process waters at munitions plants (EPA 1993a). The process involves
the adsorption of organic contaminants on carbon surfaces as the waste water is passed through a
GAC filter. Therefore, the contaminants are not destroyed, and the GAC in the filter must be further

treated or disposed of. Carbon adsorption is readily available from commercial vendors since it is’

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

Incmeratlon Inc1nerat10n is not directly applrcable to groundwater treatment but can be
used to treat secondary waste products. The incineration of hazardous wastes is an effective
technology for destruction of organic contaminants and can also be used for volume reduction of
combustible wastes contaminated with inorganic contaminants. Furnace temperatures typically range

from 870 to 1,200°C (1,400 to 2,200°F). Incineration has been used for the destruction of -

nitroaromatic compounds in contaminated sorls (EPA 1993a) The technology is readlly available
from commercial vendors.
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© 2.2.6.3 Biological/Physical Treatments.

Blosorptnon/Bwtransformatxon onsorptlon of uranium by microorganisms is currently
being studied for use in treating contaminated water. Microorganisms can be fixed in media in a
filter bed or injected into solution, thus absorbing the uranium as the water is passed through the
filter. Filtration or centnfugatton of the biomass would be necessary for processes where the
nncroorgamsms were not ﬁxed in a filter media.

Blotransformanon involves the oxxdatton or reductlon of metals by. rmcroorgamsms which
may result in conversion to an insoluble form. The precipitated form may then be removed through
filtration or centrifugation. Both biosorption and blotransformatlon processes are still in the research
_ stage for cleanmg contammated water : :

Blodegradatlon B1oreactors are used to degrade orgamc contaminants in water thh‘

- - microorganisms suspended in solution or ﬁxed on an inert support matrix (DOD 1994). To ensure

effectiveness, microorganisms must first be identified that are capable of degrading the target
‘contaminants. Biodegradation is a well-developed technolegy for treating municipal wastewater in -
‘which the organic waste content is usually higher and of a different nature than that found at
remedial action sites. The primary advantage of biodegradation is the destruction of the target
compounds The use of bioreactors for. treating nitroaromatic compounds is only in the
developmental stage, but has proven to be effective in Iab-scale tests (EPA 1993a)

- 2.2.64 _Sdummary,

. The screening analys'is for ex-situ treatment-of groundwater is summarized in Table 2.4.
All physical and chemical treatment technologies, except the supported liquid membrane and
magnetic separation technologies for uranium, have been retained for possible use in conjunction
~with groundwater extraction from the contaminated area north of the quarry. Determination of the
appropnate technologtes would depend on the chemical characteristics of the groundwater at the
time of extraction. The blologlca] treatment technologies were not retained for further consideration
because they are not fully developed and do not have any significant advantages over the established -
chelmcal treatment technologles for ex-situ treatment of groundwater.

2.2.7 Disposal

The disposal options could be used to support other groundwater response actions. These
~ options are limited to the disposal of contaminated solids generated as by-products of other response
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TABLE 2.4 Summary of Screening Analysis for Ex-Situ Treatment Measures

Ex-Situ Measure Effectiveness Implementability Cost
Filtration Preliminary step to separate suspended solids from Would be easy to implement. Low
’ the extracted groundwater. ‘ . ' ’

Coagulation/flocculation ‘Used to enhance filtration and settling processes. Would be easy to implement. Low
Setting/centrifuge Preliminary step to separate suspended solids from .~ Would be ea.éy to implement. - Low
the extracted groundwater. v ) '
Evaporation Consolidates suspended and dissolved solids by Would be casy to implement. . Low
driving off the water. The resulting contaminated o
solid can be sent for disposal.
Reverse OSnibsis Potential preliminary stcf) for treatment. Effective Could be imp]emehted with Moderate
at concentrating dissolved contaminants in solution.  existing technology. s %
- Coprecipitation Conventional method for extracting uranium from ~ Could be implemented with Moderate
g solution. Dependent on dissolved species. existing technology. :
Ion exchange ~ Conventional method for extracting uranium and Could be implemented with- Moderate
: nitrates from solution. Dependent on dissolved existing technology. . ) " ’
species.
Liquid-liquid extraction Conventional method for extracting uranium from Could be implemented with Moderate
’ : : solution. Dependent on dissolved species. existing technology.
Supponéd lfquid . Newer technology for dissolved metal extraction Implementation questionable. High
membranes being investigated for remediation programs. - .
- Magnetic separation Newer technology for dissolved metal extraction - Implementation questionable. High '
being investigated for remediation programs.
Ultraviolet oxidation Conventional method for degradation of nitro- Could be implemented with Moderate -
- aromatic compounds. existing technology.
Granular activated Conventional method for extraction of Could be implemented with Moderate
carbon nitroaromatic compounds from solution. existing technology.
Biosorption Newer technology under development for dissolved ~ Implementation questionable” High
metal extraction being investigated for remediation
programs. ‘
Biodegradation Newer technology-under development for degrada- Implementation questionable. ‘ High
: tion of nitroaromatic compounds by micro- : ;
organisms being investigated for remediation
programs.
' Incineration ‘:"Supporiing measure. Convéntional method for | Could be implemenfed with i Moderate
destruction of organic compounds and waste to high

volume reduction.

- existing technology.
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actions. All contaminated waste resulting from groundwater remediation would be ‘placed in the .
planned on-site disposal cell og at an off-site facility after the cell was closed. Any treated process
water or groundwater would be dnscharged to the Missouri River through the existing water ,
discharge pipeline at the quarry water treatment plant (QWTP). Uncontaminated solid process waste -
could be disposed of off-site at a commercial facility, as appropriate. :

2.3 POTENTIALLY APPLICABLE TECHNOLOGIES

Potentially applicable technologies for groundwater remediation are summarized in
“Table 2.5. This sumniary is based on the screening analysis presented in Section 2.2. The tech-
nologles that have been retained through this analysis were used to develop preliminary rernedxal'
action alternatives for the site. These alternatlves are 1dent1ﬁed in Chapter 3.
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TABLE 2.5 Screening of Potentially Applicable Technologies for Groundwater Remediation

General Response : - Evaluation

Action - Technology Type Result ~ Comments
‘Institutional controls ~ Groundwater access - Retainéd  Could effectively limit access to areas with contaminated
: restrictions groundwater and could be.used to support other response
' actions.
Ownership and Retained  Could minimize exposures to site contaminants by limiting
land-use or deed ) use of contaminated groundwater areas and could be used to -
restrictions - support other actions. : :
Monitoring - '_ Vertical “}el_ls . Retained  Could provide data useful for minimizing cxposﬁrcs and
’ i could be used to support other response actions. '
. In-situ containment  Physical barrier _Retained  Could effectively limit migration of contaminant materials.

Hydraulic containment Rejected  Could not effectively control water flow because of the

. aquifer’s sloping base and the low and contrasting
permeabilities found within the aquifer.

Immobilization . Rejected  Could not inject the required materials into the aquifer
because of the aquifer’s low permeability. Uniform delivery -
of the materials is also questionable. '

In-situ treatment Natural processes Retained  Could réduce contaminant concentrations given sufficient
: time and could be used to support other response actions.

Bioremediation Rejected  Could not inject the required materials into the équifer
because of the aquifer’s low permeability. Uniform delivery
of the materials is also questionable. }

Electrokinetics Rejected  Contaminated area is too large for this technology to be

' ’ feasible, and its effectiveness in removing uranium contami-
nation is still in the demonstration phase in the United
States. =
Uranium mining - Rejected Could not inject the required materials into the aquifer _
: because of the aquifer’s low permeability. Uniform delivery
of the materials is also questionable. Mobilized uranium
might be difficult to control. ’

Reactive wall oo Retained  Permeable wall could be effective in removing contaminants

: from groundwater as the groundwater passed through the
wall.

Phytoremediation Rejected Ineffective at remediating contamination that is more than .

. about 3 m (10 ft) deep. .
Removal Vertical wells - Rejected  Ineffective for pumping groundwater because of the
: aquifer’s low permeability.
Horizontal wells Rejected  Ineffective for pumping groundwater because of the
) + aquifer’s low permeability.
Interceptor drain Retained  Could be effective in capturing the groundwater as it left the

contaminated area.
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General Response - Evaluation
", Action Technology Type Result Comments
Removal (Cont.) ‘ Excavating/dredging and - Rejected - Interim act"ions have already excavated material in vicinity
- pumping properties exceeding appropriate levels. The remaining
contaminant concentrations in the aquifer soil matenal are
below site-derived cleanup levels.
Ex-situ treatment  Filtration Retained  Effective in removing suspended solids from solutions.
. .7 Could be used to support other response actions.
Coagulation/Flocculation Retained Effeclive in enhancing filtration and settling processes.
Settling/centrifuge Retained  Effective in-removing suspended solids from solution. Could
. s - ) ‘be used to support other response actions.
Evaporation’ Retained  Effective in removing suspended and dissolved solids from -
solution. Could be used to support other response actions.
Reverse osmosis. ~ Retained  Effective in concentrating contaminants in solution. Could
: be used to support other response actions.
Coprecipitation _ Retained  Effective conventional meth_od for removing uranium from
solution. ' '
Ion exchange Retained  Effective conventional method for removing uranium from -
I -solution. :
Liquid-liguid extraction Retained  Effective conventional method for removing uranium from
: solution.
Supported liquid Rejected  Meéthod under development for removing metals from
membranes a solution. ‘
Magnetic separation Rejected Method under development for removing metals from
; : solution. '
Ultraviolet oxidation Retained  Effective conventional method for degrading nitroaromatics
' ; from solution.
Granular activated carbon  Retained *  Effective conventional method for removing nitroaromatics
from solutlon
Biosorption Rejected Method under development for removing metals from :
. solution.
Biodegradation Rejected - Method under development for degradmg organics in -
: ! solution.
Incineration Retained Effective conventional method for degrading organic
' compounds and reducing waste volumes. Could be used to
support other response actions.
Disposal On-site disposal cell Retained  Effective for disposing of waste generated by other response
4 oL actions.”
Off-site facility Retained  Might be required if quantity or type of waste could not be

accommodated by the on-site disposal cell or if the cell was
closed. :
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3 DEVELOPMENT AND SCREENING OF PRELIMINARY ALTERNATIVES

_ . The purpose of a feasibility study and the overall remedy selection process is to identify,
evaluate, and select appropriate remedial actions that eliminate, reduce, or control risks to human
health ‘and the environment. This chapter discusses the development and screening of preliminary
alternatives assembled from combinations of technologies and associated process options that were
retamed following the screemng and evaluation procedures described in Chapter 2.

3.1 CRITERIA FOR DEVELOPING ALTERNATIVES

. The criteria for developing action alternatives are provided in guidance 'from the EPA . - -

(1988a) and the NCP (EPA 1990a). These criteria are used to develop alternatives that protect human
health and the environment by controlling risks posed through each exposure pathway at a site. The
number and types of alternatives to be analyzed are site specific and take into account the scope,
characteristics, and complexity of the problem being addressed. The following types of altematxves -
were developed for the QROU in accordance with EPA guidance: '

e Alternatives that involve treatme'nt as_ a prim_:ipal component to reduce the.
'toxicity, mobility, or volume of the hazardous substances, pollutants, or
contaminants remaining at the site. As appropriate, this range of treatment
alternatives should include an alternative that removes or destroys hazardous
substances, pollutants, or contaminants to the maximum extent feasible,
thereby ehmmatmg or mmumzmg to the degree possible, the need for long-
- term’ management

. Conta'mment alternatives that-involve little or no treatment but provide
protection of human health and the environment by preventing or controlling
© exposure to hazardous substances, pollutants, or contaminants. These alterna-
tives might include engineering controls and, as necessary, institutional
controls to protect human health and the environment and to ensure continued
effectweness of the response action. :

e A no action alternative, Which might involve no further action if some
removal or remedial action had already occurred at the site, is included as a
~ baseline for comparison with other alternatives. ‘

The general response actions for groundwater identified in Chapter 2 are (1) institutional ‘
controls, excluding monitoring; (2) monitoring; (3) containment; (4) in-situ treatment; and
(5)-extraction and treatment. Institutional controls include access and legal restrictions. Groundwater -
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" monitoring for the QROU wotld include the existing monitoring well network, as well as any

additional wells to be constructed as part of an alternative action. Containment actions could include

interception of groundwater, installation of horizontal and vertical barriers, and containment by
pumping. Treatment actions could include physicochemical treatment, biological treatment, thermal

- treatment, electrical treatment (e.g., in-situ electrokinetics), and in-situ treatment.

3.2 IDENTIFICATION OF PRELIMINARY ALTERNATIVES

 Preliminary alternatives were assembled from combinations of technologies and associated

. management strategies (€.g., institutional controls and well restrictions) that were retained following

‘the screening and evaluation process described in Chapter 2. Potential action alternatives were

screened to eliminate those alternatives determined too difficult to implement on the basis of

unproven technologies, those determined not sufficient to remediate the site within a reasonable time |
period, or those determined to have limited application for the specific contaminant or site conditions

(EPA 1988a). The technologies and management strategies that were not eliminated were
incorporated into the following preliminary alternatives:

. Altlématii{e 1: No Action;

e Alternative 2: MQniforing’with No Active Renﬁediationﬁ

. _Al;emative 3 Grouﬁdwater Removal with On-Site Treétmén_t;
* Alternative 4: Containment; .

. Alternative 5: In-Situ Treatment Using Permeable Barriers; and

e Alternative 6: Groundwater Removal at Selected Areas, with On-Site -
Treatment. ‘ ' '

The alternatives range from no action, in which no further action would be taken at the site, to in-situ
treatment of the grOundwatcr, which would reduce future nligration of the contamination toward the
St. Charles County well field. '

3.2.1 Factors Common to Prel'iminaryAAction Alternatives

The approaches for implementing these six preliminary alternatives contain a number of
similar activities. For example, it was assumed that monitoring would occur during the cleanup
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penod under each of the preliminary action alternatives. Momtormg would be continued, as needed,
for those alternatives not mvolvmg active removal of contaminants from the groundwater.

-Current restoration plans for the quarry include backﬁlling with soil. For this FS' it was -
assumed that this activity would have been 1mplemented to complement any remedial action
»performed for quarry groundwater

Each altemative (other than no action) would require various support operations before |
1mplementatron These activities would include the dcsrgn and construction of stagmg/storage areas
. for wastes, procurement of appropnate equipment, and- development of contingency plans and
operanonal controls to minimize contarninant releases (see Section 3.2.2).

3.2.2 Factors Specific t_o' Eaclr PreliminaryA Altemati_ve

3221 Alternative 1: No Action.

The No Action Altematlve (Altemative 1) i is intended to prov1de a baseline for companson -
with the other altematrves evaluated. Under Altematrve 1, no further action would be taken at the
site, and any currently ongoing maintenance and monitoring would be discontinued. This alternative
would not provide for any active or passive institutional controls to reduce the potentlal for exposure -
“to contaminants currently in the quarry groundwater. Alternative 1 is by definition a zero-cost, zero-

-protection a.lternattve in' that it provides no added protectron to- any receptor in the form of
engineering or 1nst1tut10nal controls -

‘3222 Alternati..ve 2: Monitoring with No Active Remediation

| Alternative 2 would not involve gr_oundwater extraction, in-situ or ex-situ treatment, or -
containment actions. It would rely upon the groundwater’s natural ability to lower contaminant
concentrations through physical, chemical (including reduction and precipitation), and biological
processes until appropriately low levels were achieved. These processes include adsorption to soil _
particles, biodegradation (for nitroaromatic compounds), and dilution and dispersion in groundwater.
(Changes in pH and Eh in the groundwater north of the Femme Osage Slough have occurred during
‘flood conditions; in this case, however, contaminant concentrations are greatly reduced because of ‘
the mtroductlon of uncontarnmated floodwater.) '

At the quarry area, the migration of residual contamination from the quarry proper to areas
south of the slough is generally prevented by reduction and precipitation, dilution, and sorption
(DOE 1998b), although slightly greater than background values have been measured at RMW-2. The
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- contaminants in the groundwater north of the slough appear to be retarded. Data from the
26 groundwater monitoring wells located north and south of Femme Osage Slough (DOE 1998b)
show that groundwater between the quarry and the slough is contaminated with chemical and
radioactive constituents from waste that was previously disposed of in the quarry. It has been

postulated that uranium precipitation in solid phases occurs in a reduction front along the slough and
acts as a geochemical barrier to contaminant migration south of the slough toward the alluvial well -
- field that supplies drinking water (DOE 1998b). The geochemistry of the groundwater north of the-

slough (pH of about 7 and Eh < 0) supports the precipitation of uranium in the forms of USio,
(coffinite) and UO, (uraninite). Fate and transport modeling results appear to indicate that natural

processes will likely maintain contaminant concentrations below the metric of 30 pCy/L in the
vicinity of the publrc drmkrng wells, primarily because of dilution and dispersion. Although inherent -

uncertainties are assocrated with these observations, they suggest that actrve remediation might not
be necessary. '

Further, certain conditions at the quarry area appear to be consistent with those identified

by the EPA (1988a) as conditions that would be suitable for taking natural attenuation as an approach -
to ultimately achieving contamination reduction. Conditions at the quarry area that would. apply

include the following: ;

Quarry groundwater is not avarlable in sufficient quantity at any depth to meet -
the needs of an average household

2 Precrprtatron of uranium from solution as insoluble compounds could be-
occurring in the fine- grained soils adjacent to the slough within the alluvial
aquifer. Uranium is a low mobility contaminant north of the slough, because
of the low groundwater flow. rates, the sorptive capacity of the aqurfer;
material, and the potentra.l for precrprtatron in the redox zone.

3. Uranium concentrations -are less than 1,000 pCi/L in the majority of the

~ plume. In addition, there have been only six wells where one or more
nitroaromatic compounds have been detected at concentrations over 1 pg/L -
over the last 10 years of monitoring. One well had a detected
1,3-dinitrobenzene concentration greater than 1.0 pg/L prior to bulk waste
removal; no nitroaromatic compounds have been detected in more recent data
(circa 1996 and 1997). For 2,4-dinitrotoluene, maximum concentrations in
three wells (MW-1005, MW-1006, and MW-1027) ranged from 0.15 to.
2.5 pg/L, marginally above the standard for removal of 0.11 pg/L.

'_ 4. Exposure to quarry groundwater is considered to be unlikely .on_ the basis of
current and expected future land use (DOE 1998b); and
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5. Groundwater that is used as a drmkmg water supply in the area is primarily
taken from the deep productive aquifer of the Ordovician/Cambrian bedrock
system near the chemical plant area and from the alluvial aquifer near the -
Missouri River. The low yield determined in the quarry area is not expected.
to support any sustafrned. use of the shallow groundwater (DOE 1998b).

- The actrvmes assoc1ated with Alternative 2 would involve continued monitoring of ground-

water and air, along with well maintenance. Groundwater would be routinely sampled and analyzed: -

to monitor contaminant migration and degradation (in the case of nitroaromatics) to ensure that
 potential drinking water supplies were continually protected. The direction and rate of movement
of the contaminant plume (defined in this chapter as the measurable discharge of a contaminant from
a given point of origin' {DOE 1991]) would be tracked as a function of time. For this alternative,
_groundwater monitoring would continue for a period of 'tir_ne specified in the ROD.
2 ) . ' \

Groundwater momtormg would be conducted using the existing well network, as appro- :
: pnate ‘The current network might be expanded or reduced accordingly to optimize monitoring
activities. However as an upper-bound evaluation, additional monitoring wells were assumed to be
mstalled and sampled to evaluate the protectlveness of this alternative. For conservatism, the

* * evaluation of Alternative 2 was based on the assumption that the construction and operation of

additional wells would be equrvalcnt to approximately 15% of the number of existing wells.

~ Because contamination would remain in the groundwater at concentrations above levels that -
-allow for unlimited use and unrestricted exposure, reviews would be conducted at least every
_ five years after the remedy was completed to ensure that it continued to provide adequate protection
of human health and the environment. Contingency measures would be considered if future data
were to indicate that unacceptable exposure concentrations would appear at the St. Charles County
well field: These contmgency measures are 1dent1ﬁed in the Well Field Contmgency Plan (DOE A
1998c)

Itis expected that the concentratron of contammants in the area of the quarry will continue
to decrease with time due to removal of the original source of contamination from the quarry and to
dilution from infiltration of rainwater and runoff and from sporadlc local flooding. A time frame of
about 100 to 1,000 years would be expected for the contaminant concentrations to decrease below
the metric of 30 pCi/L as a result of the natural processes that are expected to occur. This estimate
is based on the fact that source-control measures to prevent further releases of contaminants to
groundwater have been accomplrshed through bulk waste excavation at the quarry and removal of
contaminated soil from Vicinity Property 9. It is also based on the fact that significant migration of
uranium contamination south of Femme Osage Slough has not been detected at the St Charles .
County well field over the last 40 years
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3.2.2.3 Alternative 3: Groundwater Removal with On-Site Treatment

Alternative 3 would involve extraction and treatment of the quarry groundwater to achieve

“a uranium concentration of 30 pCi/L. Quarry area groundwater exceeding this concentration would
be removed by use of interceptor trenches, pumped to and treated at either the existing QWTP or a

similar facility, and discharged through a permitted discharge point. Reinjection of the treated |

groundwater into the aquifer was not considered feasible because of the low permeability of the
formation. (The max1mum extraction rate from a conventional vertical well is about 0.06 Us [1 gpm]
' [DOE I998b] ) '

- 'The conceptual design of the groundwater removal system is based on extraction using

'interceptor trenches. This system would involve constructing trenches and installing perforated
drainpipe and a bed of crushed stone to collect and convey groundwater flow to a storage tank or

sump for treatment. One advantage of interceptor trenches is that they can collect water from a large
subsurface cross section and, thus, increase the rate of groundwater extraction. For this analysis, it
was assumed that an interceptor trench 1 m (3 ft) wide and 610 m (2,000 ft) long, located north and
ceast of the Femme Osage Slough, would be required to achieve a reasonable extraction rate (about
2 to 3 L/s [30 to 50 gpm]) and to contain further spread of contaminants to the slough. (The
hypothetical location of the groundwater removal system is shown in Figure 3.1.) On the basis of
cross-sectional data showing the depth to bedrock as a function of distance from the slough
 (DOE 1998b) an average depth of about 9 m (30 ft) was conservatively applxed in this analy51s

Addmonal investigation of aquifer characteristics (e.g., bulk soil density, porosity, and partmonmg

“coefficient [K,] at various locations along the slough) would be necessary for detailed evaluation

of the placement of the interceptor trench and estimation of groundwater extraction rates. The actual
location, size, capacity, and depth of the interceptor trench would be determined during the remedial

design phase and would take into account hydrogeologic characteristics (permeability, thickness of »

" the aquifer, and depth of the affected groundwater) and delineation of the contaminant plume. -

By applying the range in vﬂues for hydrologic variables (e.g., hydraulic céhductivity and.
“hydraulic gradient) given in DOE (1998b), the maximum possible extraction rate for an interceptor

trench with a length of 610 m (2,000 ft) was estimated to range from approximately 2 to 3 L/s (30
to 50 gpm) (see Appendix B). Alternative 3 was based on the assumption of an upper extraction rate
-~ of approximately 3 L/s (50 gpm), which is somewhat less than the nominal treatment capacity of

. 51/s (80 gpm) for the QWTP. The maximum uranium concentration. of about 4 ,200 pCi/L detected -

during recent groundwater monitoring (DOE 1998b) is less than the maximum allowable
concentration of 36,000 pCi/L for treatment at the QWTP (Valett 1997).

e e SR
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The proximity. of Femme Osage Slough requires additional design and 'operational
considerations for the interceptor trench. Because groundwater pumping would not appreciably draw
down the slough level, the slough could serve as a near-infinite source of unwanted water flowing
.to the groundwater extraction system. For effective recovery by the mterceptor trench system, a.
restrictive subsurface structure, such as a containment wall, would be necessary. Standard industrial
practice in similar circ;umstances‘is to key in a slurry wall into the bedrock to minimize interaction

" between upgradient groundwater and the groundwater extraction system (see DOE 1993a, 1994a).
(A high-density polyethylene [HDPE] liner on the outside wall of the interceptor trench rather than
~ a slurry wall would not provide adequate strength to majnfain structural integrity for adequate -
containment.) A slurry wall 610 m (2,000 ft) long would be constructed near the slough (between
the slough and- the interceptor trench) to reduce the inflow to the trench of slough water and
groundwater from outside the remedxauon area. :

An area of approximately 1.6 ha (4 acres) would initially be cleared of vegetation to contain
the slurry wall and interceptor trench. The slurry wall would then be constructed (see details in
Section 3.2.2.4), and a 1-m (3-ft) wide trench would be dug for the interceptor trench. Mechanical
excavation involving standard construction methods and earthmdving equipment such as backhoes
would be used to remove the soil that is not in contact with groundwater. Mechanical dredging with-
a clamshell or dragline might be used to remove subsurface media in contact with groundwater,
depending upon the groundwater flow rate. (For costing purposes, this analysis assumed excavation
using a Caterpxllar 235 backhoe with an extension boom and a bucket capacity of approximately
1.9 m3 [2.5 yd3] .continuous structural excavation using equipment such as a Cleveland JS-36
“trencher was determined to be much more costly, on the basis of a comparison of unit costs glven
in Richardson Engineering Services [1993].) Sidewall- protection during excavation would be
provided by trench boxes. Access to the excavation areas would be restricted during remedial
operations. Actual rgquireménts for these controls would be defined during remedial design, when-
the detailed sequenciﬁg and implementation plans were prepared. » :

After construction of the interceptor trench, a geotextile fabric would be placed in the

~bottom of the trench, with enough material to completely cover the gravel layer, and a perforated_ -

pipe would be laid on top of the geotextile fabric at the bottom of the trench. The fabric would -
prevent the perforated collection pipe from ﬁllmg with solids, such as silt and sand, and clogging.
The remaining area within the trench would be filled with crushed stone to ensure that groundwater
_ would be drawn to the collection pipe. Eleven sumps would be placed along the length of the
interceptor trench to collect and remove the groundwater. (The total number of sumps was calculated
using the methodology provided in the French Drain System for Site Remediation [Naval Energy and
Environmental Support Activity 1991], taking into account the hydraulic conductivity and hydraulic

- gradient of the aquifer and the gravel, as well as the proposed dimensions of the interceptbf trench.
An interceptor trench system with a single sump using gravity to drain the entire trench length was '
~ considered but was determined to be less desirable because this would 1nvolve excavation into
approximately 6 m [20 ft] of the bedrock to achieve 0.3.m [1 ft] of drop per each 30 m [100 ft] of
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- horizontal run for dramage purposes) Thrs analysrs assumed a passive system (i.e., without
groundwater gradient control); groundwater pumps would be included for the purpose of evacuating
the sumps : : '

A cap of clay-rich soil would then be placed on the backfill 'media to form a layer over the
contaminated groundwater to limit infiltration of precxpltatlon and to provide weather protection. The
cap and backfill would be compacted with a vibrating plate to reduce settling. The excavated areas
would be regraded and-revegetated. A typical interceptor trench system is 1llustr_ated in Figure 3.2.

- Abbnt 13,000 m> (17,000 yd®) of material would be excavated in .thel- development of the =

‘trench and slurry wall systems. This analysis was based on the assumption that the excavated solids
would be brought to the chemical plant area at the Weldon Spring site for either direct placement in

the on-site engineered disposal facxhty or temporary stockpiling until placement could take place

_ (Valett 1997).

The air would be monitored during rernedral activities so that appropriate mitigative =
measures could be taken if any airborne contamination was detected. Long-term air monitoring
would be implemented following complenon of construction to ensure detection of potential airborne

re]eases of contaminants due to system failure of the interceptor trench

The extracted groundwater would be contamed in an aboveground tank before being
pumped to a treatment facility. An aboveground tank would be included for groundwater collection
; “to allow potentlal treatment near the interceptor trench. Use of the QWTP for treatment of the

extracted groundwater was assumed for Alternative 3. The treatment capabilities of the QWTP

include sedimentation, filtration, chemical treatment, and ion exchange. The nominal treatment

capacity is 5 L/s (80 gpm), which is greater than the maximum possible extraction rate of 3 L/s

(50 gpm) assumed for this alternative. It was assumed that if the QWTP were not available, a facility
~with similar capabilities would be constructed. '

~ A double-wall polyvinyl chloride (PVC) pipeline would be eonstrneted to transfer the Water'

from the interceptor trench storage tank to the QWTP. Groundwater would be pumped from the
aboveground tank to the existing equalization basin at the QWTP. The basin serves as a reservoir
~ to provide consistent flow and uniform contaminant concentrations at the QWTP. In the QWTP
; ,water would be subjected to a series of treatment processes to remove uranium, nitrates, and other

. chemical contaminants (Figure 3. 3). The QWTP would be operated on a batch mode and would go

into operation whenever the equalization basin contamed sufficient water to make operation of the
water treatment process feasible.

The treated water from the QWTP would be stored in two existing effluent ponds, each with
a capacity of 3.8 million L (1 million gal). The treated water would be tested to verify that the

treatments had reduced contaminant concentrations to permissible levels and to confirm compliance

Mo’
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‘with the requirements of the National Pollutant Discharge Elimination System (NPDES) permit.
- Treated water meeting the requirements of this permit would be discharged into the Missouri River.

_ Sludge generated by the water treatment process is currently placed into 3-m? (4-yd3) boxes
and transported to the temporary storage area at the chemical plant area. The sludge is placed within

a bermed area constructed on top of the fine-grained soil pile at the temporary storage area and
allowed to dewater. Eventually the sludge is mixed within the fine-grained soil matrix of the soil pile
(Valett 1997). This mixture will be disposed of in the on-site engineered disposal facility at the

chemical plant area, when it becomes available. Any dewatered sludge generated following closure
. of the on-site disposal facility would be packaged for off-site shipment and disposal. The dewatered

sludge would be shipped by truck to the off-site licensed disposal facility. Assuming packaging in -

standard 55-gal drums and truck transport, on average, only one off-site shipment of wastewater
sludge to a licensed disposal facility would be required annually.

' The maximum radioactivity of the dewatered sludge resulting from groundwater treatment
is estimated to be about 200 pCi/g of uranium, which is considerably less than the maximum average
concentration of 18,000 pCi/g of uranium allowed in waste sent to the Envirocare facility in Utah.
The maximum value of 200 pCi/g of uranium was derived on the basis of an assumed concentration
oof 3,000 pCi/L of uranium during groundwater monitoring (DOE 1998b) and an assumed value of
15¢g of sludge per 100 g of wastewater (Shropshire et al. 1995). The actual amount of dewatered

sludge would depend on the entrainment of fine silts/sands from the alluvial aquifer.into the -

collection pipe within the interceptor trench.

Stabilization of the dewatered sludge with cement might be necessary to satisfy the waste
acceptance criteria of an off-site disposal facility. Treatability studies might be required before the
remedial design to determine the most appropriate ‘approach for ma_naging the sludge.

, Envuonmenta] monitoring would be continued to the extent necessary to ensure long-term
performance of the rernedy The period of extraction and treatment for Alternative 3 is conserva-

tively predicted to be at least 200 years (see Appendix B) and would be governed by the natural

gfoundwater flow within the alluvial aquifer and the contaminant concentrations. '

3.2.2.4 Alternative 4: Containment

‘Under Alternative 4, the subsurface contamination would be isolated by installation of

_ lateral barriers that would serve to contain the contaminated groundwater near the quarry area and
- prevent it from migrating to the production wells, thereby reducing the associated potential for
exposure. (The proposed location of the slurry wall system is similar to that shown in Figure 3.1 for
the interceptor trench concept.) Engineering controls such as containment are generally used for

- materials that pose a relatively low long-term threat or in cases where treatment is impracticable.

e




3-13 . o March 17, 1998

This alternative would be de\reloped in conjunction with capping in the quarry area to provide greater
effectiveness and reliability. Installation of horizontal barriers to isolate the contaminated shallow

aquifer from the deep bedrock aquifer is, however, considered unnecessary. The possibility of

* contamination migrating to the deep bedrock aquifer is considered extremely remote because of the

thick sequence of intervening confining layers and the strong upward hydraulic gradient present '

~ within the deep bedrock aquifer (DOE 1994b).

_ Altematrve 4 WQuld involve the use of a vertical‘slurry wall containing bentonite for
- containment of the groundwater. A slurry wall is a vertical trench that is excavated under a slurry
and backfilled with a material that forms a low-permeability barrier. The slurry, which is usually a
mixture of bentonite and water, hydraulically shores the trench to prevent collapse. In addition, the

~ slurry forms a filter cake on the trench walls to prevent high fluid losses into the surroundmg ground.
~ Slurry walls are- typically differentiated by the materxal_s used to backfill the trénch. The

~ soil-bentonite slurry wall, which consists of a backfill mixture of bentonite slurry and soil, is the

most common type. '(Soil-bentonite slurry walls are best suited to level terrain, such as that present

. adJacent to the slough; thus, they were considered more appropriate for the QROU because both the -
‘slurry and backfill would flow under stress. Cement-bentonite slurry walls were also considered but
are not as effective as a bentomt_e slurry wall and are more appropriate for steeply slopl_ng terrain.) -

One advantage of a bentonite-based mixture is that the vertical slurry wall may absorb metals such
as uranium in groundwater passing through the wall (Marks et al. 1994). Further studies

(e.g., treatabllrty studies) would be necessary to determme the degree of uranium capture requrred v

(if any).

-

" An area of approximately 0.8 ha (2 acres) would irritially be cleared of vegetation to contain -
the slurry wall, and a dike would be constructed as a mixing basin for the slurry (a mixture of soil, -
bentonite, and/or water, depending on the moisture content of the- soil). A narrow trench (1-m [3-ft] .-

wide) would then be excavated, typically by backhoe or dredging. The slurry would be introduced
immediately after the trench was opened and before the water table was reached' As excavation
. continued, more slurry would be added to keep sluiry in the trench at all times. Backfilling normally
- “would begin once a sufficient length of trench had been excavated. Backfill would be carefully

mixed to the proper consistency and then placed in the trench using a bulldozer The completed -

slurry wall would typrcally be covered with a compacted soil cap.

Because hydraulic head dlfferences would develop in groundwater on either side of the

bamer the vertical barrier would have to extend from the surface downward to below the upper

water-bearing zone, at a depth of about 9 m (30 ft). The slun'y wall would be based (keyed m) about ..
.0.6t00.9m (2 to 3 ft) into- the bedrock to provide an effective foundation with minimum leakage

potential (Marks et al. 1994). It is estimated that a slurry wall about 610 m (2,000 ft) long would be
needed. After the wall had been constructed, the upper 0.15 m (0.5 ft) of the trench would be

backfilled and compacted. The backfill would be material with low hydraulic conductivity, which . -

would act as acap to restrict vertical spread of contamination and protect the slurry wall from drying

“u.w.)‘; O
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and cracking. Once the system was in place, the miXing basin would be demolished and the working
surface regraded. Excavated material would be placed over the cap layer. and the excavated areas '

would be regraded and Qrevegetated. A schematic of a typical keyed-in slurry wall system is provided
in Figure 3.4. . '

The permeability of a slurry wall installed to control contaiiﬁnatedi groundwater is largely
dependent on the backfill material and is generally 1 x 107 to 1 x 10°® cr/s. Soil used for backfill
should have a sufficient fines content to ensure low permeability of the wall. A fines content that is

30% finer than a number 200 sieve (74 pm) 1s considered adequate (EPA 1986). Backﬁll'usually :

‘contains 6 to 12%,bentonite‘(a 9% bentonite mixture was used in this analysis). Although excavated
soil is normally used for backfill, borrow soil would be used in this case because the excavated soil
might be contaminated. ' '

A slurry wall can be placed either upgradient or downgradient of the contaminated zone,
or it can be installed in a circumferential configuration completely encompassing the contaminated.

zone. Although the circumferential configuration is the most common and offers several advantages,
- it was not applied in this case because it would require slurry wall construction north of the quarry .

for complete containment. An upgradient placement.could be used to divert clean groundwater
" around the contaminated zone north of the slough. However, this system would also require slurry
“wall bonstrﬁction north of the quarry and would not completely stop any potential contaminant
migration south of the slough. Downgradient placement of the slurry wall was used in this analysis.

- . Cap

Slurry Wall  —— JR

MPA4706 |

FIGURE 3.4 Schematic of Typical Keyed;ln Slurry Wall System (Source: Modified from Marks
et-al. 1994) ' o . ,
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Only about 6,600 m” (8,600 yd®) of solids would be excavated for Alternative 4. The

* volume would be less than that for Alternative 3, because only'a single trench would be required for

Alternative 4. An approach similar to that identified for Alternative 3 would be used to manage the
excavated materials.

Air monitoring would be in place to detect airborne contaminants generated during remedial
activities so that appropriate mitigative measures. could be takeén, if needed. Long-term air -
monitoring would be implemented following completion of construction to ensure detection of any

potential airborne releases of contaminants as a result of system faxlure

‘ Because of the low lateral velocity of the eontanﬁnated groundwatef within the quarry area,

it was assumed for this analysis that no subsurface drains would be needed to remove groundwater- -

that might collect at the vertical shurry wall and cause its premature failure. It was also assumed that

hydraulic forces would be insufficient to cause premature failure of the slurry wall. (The pressure
drop across the vertical slurry wall was estimated to be about 3 x 10 psi on the basis of a slurry wall - -

- thickness of about 1 m [3 ft] and applying Darcy’s Law using the hydrologic values given in DOE
[1998b].) Actual requirements for subsurface drains would be defined during the remedial desxgn
~ phase, when the detailed sequencing and 1mplementat10n plans would be prepared

Environmental monitoring would continue to the extent necessary to ensure long- _term

performance of the remedy. Groundwater would be routinely sampled and analyzed to monitor the.

long-term effectiveness of Alternative 4. Because contamination would remain in the groundwater
“at concentrations above levels that allow for unlimited use and unrestricted exposure, reviews would
be conducted every five years to ensure that the remedy continued to provide adequate protection
of human health and the environment. Contingency measures would be considered if it was

determined that future further migration of residual contamination resulted in unacceptable - .

concentrations at the St. Charles County well ﬁeld

" About one to two years would be needed to 1mplement Altemanve 4. The design life of the : '

vertical slurry wall would be about 100 years, during which time the concentratlons of contaminants
would decrease due to bxodegradanon radioactive decay, infiltration of clean groundwater and other
 natural processes. :

\ 3.2.2'.'5' "AlternatiVe 5: In-Situ Treatment Using Permeable Barriers

Alternatwe 5 would invoive in-situ treatment of the quarry groundwater by usmg a
permeable barrier to achieve a uranium concentration of 30 pCi/L in the groundwater immediately

 north of Femme Osage Slough. A permeable barrier (also called permeable treatment wall and

. passive treatment wall) is a passive groundwater remediation technique by which contaminants are

removed from groundwater as it flows through an in-situ treatment bed. This technique involves the -

e
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use of sorbents or reactive constituents to remove the contaminants or to convert them to nontoxic
constituents as the groundwater passes through the permeable barrier. The contaminants are retained
in a concentrated form by the barrier material, which is replaced after losing its reactive capacity.
Permeable barriers have the potential to treat a wide range of contaminants because of the variety
of treatment media available. Permeable barriers are best suited for shallow aquifers (less than 30 m

[100 ft]) that are bounded below by a layer of low hydraulic conductivity, such as clay or bedrock. - |

- Because of lower O&M costs, permeable barriers might offer cost savings for the QROU, as

compared with active groundwater remediation techniques such as conventional pump-and-treat

" methods. A permeable barrier does not require electricity.to extract the groundwater and can be
capped upon completron of removal operanons

A number of sorbents (including clinoptilolite, peat moss, and fly ash) are effective in
removing metals such as uranium from groundwater (Morrison and Spangler 1992). Under
Alternative 5, it was assumed that clinoptilolite — a hydrated sodium-potassium-calcium alumino-

silicate natural mineral in the zeolite family — would be used because of its effectiveness as an

in-situ permeable barrier material for uranium and other radionuclides (Cantrell et al. 1994). It was

also assumed to be used because it has been successfully employed as an ion-exchange material to -

remove radionuclides such as strontium and cesium from wastes produced in the reprocessing of

“nuclear fuels. The specific choice of treatment media would be determined during the remedral‘

design phase through lrterature revrews and p0551b1y bench- scale or pilot-scale testing.

A suboption qf this alternative consider_ed the use of zero-valent iron as the in-situ treatment
“media. Recent studies'have indicated that zero-valent iron has the capability of remediating both

metals and nitroaromatic compounds in groundwater (Cantrell et al. 1995; Agrawal and Tratnyek-

1996). Zero-valent iron would be placed in a trench in the flow path of contaminated groundwater.
" The barrier would permit groundwater to pass through while precipitating reducible metal such as

uranium and selectively degrading nitroaromatic compounds. A rough order-of-magnitude cost
estimate developed on a preliminary design using zero-valent iron indicated a relatively high capital

cost on the order of $21 million to $30 million, primarily because of the high cost of zero-valent iron
(currently around $372/net ton, including the shipping container [Bryda and Morris 1997]). This
suboption was _notA pursued further because it provides the same degree of protection as the
clinoptilolite at an order of magnitude higher cost.

A permeable barrier, 1.2 m (4 ft) wide by 610 m (2,000 ft) long (see Appendix C), was
assumed to be located north and east of Femme Osage Slough to contain further spread of
contaminants to the slough. (The proposed location of the in-situ treatment system is similar to that

shown in Figure 3.2 for the interceptor trench concept.) On the basis of cross-sectional data showrngr

the depth tobedrock as a function of distance from the slough (DOE 1998b), an average depth of 9 m

(30 ft) was applied in this analysis. The actual location, size, capacity, and depth of the in-situ -

treatment system would be determined during the remedial design phase, at which time
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hydrogeologic characteristics (permeability, thickness of the aqutfer and depth of the affected
groundwater) and delineation of the contammant plume would be taken into account .

This analysis assumed a continuous treatment wall that would stand as a permeable barrier

to the groundwater’s natural flow and that would not redirect the groundwater. When a permeable

|  barrier is combined with cutoff walls, such as sheet piling or slurry walls, the design is called a
funnel-and-gate system. In this arrangement, a low-permeability cutoff wall diverts and funnels

groundwater through the higher-permeability treatment wall in a V shape. A funnel-and-gate system .

might be more effective because of the increased velocity, which would reduce the amount of
required sorbent. However, the redirection in groundwater flow would require a solid barrier at the
bottom of the treatment wall for the funnel-and-gate system (Appleton 1996), which would be

difficult to construct given that the bedrock in the area of the slough is fractured and has an uneven: -

surface. Also, the duration of the in-situ treatment (more. than 200 years [Appendix B]) would
preclude the potential -use of the lower-cost sheet piling (due to metal corrosion), which would

reduce any potential cost savings associated with the funnel-and-gate system. The need to consider

a funnel-and-gate system would be defined during the remedial design phase, when detailed
sequencing and implementation plans would be prepared. :

N A penneable'treatment barrier would be constructed by excavating a trench that would be
shored up by sheet piling. The trench would be excavated to-a greater width than the treatment bed.

to accommodate bracing and excavation equipment. It was assumed that a portion of the material
excavated from the trench would be reused as backfill in the trench. Sealable joint sheet piling would

‘be used to reduce groundwater infiltration into the trench during excavation. (A slurry wall was

considered for containment purposes, but it would be more expensive than sheet piling and could
- not be removed after construction to allow natural groundwater flow through the permeable barrier.)

~ Once the piling was driven and relnforced the trench would be excavated and the treatment

media emplaced (The trench would typically be excavated about 0. 6 m [2 ft] below the required -

E depth in order to key in the wall to the underlying bedrock.) A 0.3-m (1- ft) layer of pea gravel would
be placed around the treatment media to filter out particulates that would tend to foul and reduce the
efficiency of the clmopttlohte media. The volume of treatment media would be selected such that

it would span the height from the bottom of the fill to the height of the water table within the aquifer.

Additional treatment media would generally be added to account for seasonal ﬂuctuatrons in the
- water table , :

A typtcal treatment bed would be about 1to2m (3t0 6 ft) thxck — the exact thickness
would depend on many factors, inciuding the type of contaminants ‘and their concentrations, the
contaminants’ half-lives through the media, grqundwater velocity, and treatment du_ranon This

analysis assumed a 1.2-m (4-ft) thick permeable barrier consisting of 0.3 m (1 ft) of pea gravel for -

filtration purposes and a 1-m (3-ft) thick wall of the clinoptilolite media (Appendix C). The thickness

of the clinoptilolite was determined by assurning an average uranium contamination of 3,000 pCi/L
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in the inflowing groundwater, a required 99% capture within the permeable barrier (to achieve a
uranium cdncentration of 30 pCi/L in the outflowing groundwater), a groundwater flow rate of
0.6 L/s (10 gpm) (which is based on the approxim'ate discharge from the upper portion of the bedrock
system given in DOE [1998b]), and an adsorptive capacity of 84 pCi of uranium per gram of the
clinoptilolite media (Morrison and Spangler 1992). The clinoptilolite would adsorb uranium for a
period of approxxmately 14 years before replacement would be necessary (see Appendlx C).

The treatment wall would be capped to reduce erosion and infiltration of preCipitation and

to provide a protective barrier layer. Clean backfill would be placed over the cap layer, and the
excavated areas would be regraded and revegetated. The sheet piling would be removed to allow

natural flow of the groundwater through the permeable barrier. A typical keyed-in permeable barrier

system is illustrated in Figure 3.5.

The effectiveness of a permeable barrier system is uncertain because of the potential loss |

of reactive capacity over time. This analysis assumed that monitoring wells would be installed within
the treatment media to track the sorption of uranium onto the clinoptilolite. Process monitoring wells
would be constructed by installing vertical pipes in the excavation before the medla was emplaced.

For this analysis, it was assumed that the process monitoring wells would span the depth of the |

trench. The emplacement of media and packing (pea gravel) around the pipes would secure the pipes

in place. Groundwater would be monitored at three colinear points as it flowed through the’

permeable barrier: the first sample would be obtained at the front of the treatment bed, a second

sample would be obtained midway through the treatment bed, and a third sample would be obtained
“at the back of the treatment bed. It was assumed that water from these wells would be sampled

quarterly.

Approximately 8,700 m> (11,400 yd>) of solids would be excavated because only a single
trench would be required for Alternative S, as compared with the two trenches needed for
. Alternative 3. An appreach similar to that identified for Alternative 3 would be used for management
of the excavated materials. '

The air would be monitored to detect airborne contaminants generated during remedial
" activities and to permit implementation of appropriate mitigative measures. Long-term air monitor-
ing would be implemented following completion of construction to ensure detection of any potentnal
airborne releases of contamma.nts due to failure of the monitoring wells.

The site would cdntinue to perform environmental monitoring to. the extent necessary to

ensure long-term performance of the system. The time required for in-situ treatment for Alternative 5 -

is conservatively predicted to be at least 200 years (see Appendix B).
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FIGURE 3.5 Schematic of Typical Keyed-In Permeable Barner System (Source Modlﬁed from Marks
~etal. 1994)

3.2.2.6 Alternatlve 6 Groundwater Removal at Selected Areas,
wnth On-Site Treatment

' V_Altematjve' 6 would involve extraction and treatment of the quarry groundwater from
selected areas in the aquifer (areas of localized high contaminant levels) to reduce the amount of
uranium that could potentially migrate toward south of the Femme Osage Slough into the St. Charles
County well field. This altenative combines active remediation in areas of high eoncentration:with
the approach applied in Alternative 2 for management of other areas of the contaminated aquifer
with lower concentration portions of the plume. In agreement with current EPA guidance (EPA
'1996b; EPA 1997), Alternative 6 considers a phased response action; extraction and treatment would
be performed to reduce the mass of uranium within the- alluwal aquifer, followed by long-term
- monitoring to demonstrate that natural processes could result in further lowering the uranium '
concentrations in quarry groundwater. Monitoring via sampling and analysis of groundwater would
be performed during the action period at specified locations in order to verify performance of the
* action and that uranium concentrations south of the well field (including the well field) are still

protective of human health. The long-term momtormg actlvxty is similar to that descnbed for
Alternatlve 2 » - :

Fi gure 3.6 shows ‘the estimated reduction in mass of uranium within the area of the
contaminated alluvium achieved via this alternative, assuming a value of 5 ml/g for the partitioning
~ coefficient (K,) of uranium and an initial mass of 1,200 kg (8 x 101! pCi) in the groundwater in the
area of the contaminated alluvium (DOE 1998b). Assuming that the groundwater extraction design
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P

flow rate of 1.3 L/s (20 gpm) can be achieved, approximately 8 to 10% of the initial uranium rnass '

is predicted to be removed within the first two years of operation. The actual decrezise in mass of
uranium in the contaminated alluvial aquifer may differ from that shown in Figure 3. 6 depending
. on how representatlve assumptions are of field conditions. For example although the K value of
5 mL/g is an actual field measurement, it may be representative of only the location where it was
measured. The use of this valué for the whole area addressed, however, is expected to conservatxvely
bound the shortest remediation time.

, - As noted in Pﬁesumpt’ive Response Strategy and Ex-Situ Treatment Techn‘oldgies for
Contaminated Ground Water at CERCLA Sites (EPA 1996a), extraction and treatment may not be
the best method for addressing large areas of a contaminated aquifer with heterogeneous (mostly

low) contaminant levels. In these cases, the most appropriate approach for addressing the
contaminated aquifer may be exrraction and treatment to reduce those plume areas with relatively -

_high concentrations of dissolved contamination. Further, for contamination that exists in a shallow
portion of the aquifer, the use of mterceptor trenches can be more cost effective than extraction

wells. This is particularly true in strata with low or variable hydraulic conductivity. An interceptor ‘
trench system is usually de51gned to either intercept the downgradient flow of a contaminant, or it -

is placed throughout the plume as a collection system. For this alternative, contaminated
groundwater from selected areas in the alluvial aquifer north of the Femme Osage Slough would be

_extracted using an intercéptor trench. Remedial activities implemented under this alternative include

b groundwater removal using an interceptor trench located in a line between monitoring wells MW-

1016 and MW- 1014, treatment of the extracted groundwater at either the QWTP or a portable
groundwater treatment facrlrty, and release of treated groundwater via a _permitted discharge point. -

The conceptual design of the groundwater removal system is similar to that considered in
Altematrve 3 (Section 3.2.2.3). An interceptor trench approxrmately 1 m (3 ft) wide and about 5 m
(16 ft) deep composed of aggregate encased slotted HDPE pipe would be constructed north of the
- Femme Osage Slough in an area bounded by and encémpassing wells MW-1014 and MW-1016, a
-distance of épproxirriately 340 m (1,100 ft). (The hypothetical location of the groundwater removal

system is shown in Frgure 3.7.) The actual location, size, capacity, and depth of the- interceptor trench

would be determined during the remedial desrgn phase and would take into account hydrogeologic
characteristics (permeability, aquifer thickness, and depth of the affected’ groundwater) and the
* delineation of the groundwater contarmnatlon where the greatest concentrations of uranium are
- measured.

The maximum possible extraction rate for an interceptor trench with a length of 340 m
(1,100 ft) is estimated to range from approximately 0.6 to 1.3 L/s (10 to 20 gpm). Alternative 6 was
based on the assumption of an upper extraction rate of approximately 1.3 L/s (20 gpm). This
- alternative assumes that the on-site treatment plant (QWTP) would be available to treat the extracted

.
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.FIGURE 3.6 Predxcted Percentage of the Mass of Uranium Remalmng in the Groundwater in
.'the Area of the Contammated Alluvium North of the Femme Osage Slough during Remediation

groundwater (A descnpnon of the treatment capabilities of the QWTP is provxded in
“Section 3.2.2.3. ) However it may be possible that the QWTP is either unavailable (due to limited
" design life or dismantlement as a result of other site- -related activities such as those involving quarry
restoration), or that the low flow rate of extracted groundwater makes it uneconomical to operate and
maintain the QWTP. In this case, the extracted quarry groundwater would be treated at a portable
fac1hty on-site. In both cases, the treated groundwater would be discharged to a permitted discharge
point. Remjectmn of the treated groundwater back into the aquifer was not considered feasible nor

~ desirable because of the low permeablhty and porosity of the formation. Details on constmctmg an |
mterceptor trench are provxded in Sectlon 3.2.23.

‘One major difference in design in Altemative 6, compared with Alternative 3, is the absence
of a slurry wall because of the greater distance of the interceptor trench in Alternative 6 from the
Femme Osage Slough. If necessary, a 13-cm (5-in.) thick HDPE liner on the outside wall of the
interceptor trench was estimated to provide adequate strength to maintain structural integrity to
ensure containment. The necessity for containment provided by the HDPE liner would be determined

during the final design, at which time the proximity of the interceptor trench to the Femme Osage -

- Slough would be taken into account. This analysis assumed that a total of six sumps would be placed

. along the length of the interceptor trench to collect and remove the groundwater, on the basis of the
methodology provided in the French Drain System for Site Remediation (Naval Energy and

Environmental Support Activity 1991). The actual number of - sumps would be
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determined during the final design, at which time the variation in the elevation of the top of the
) vbedrock would be considered. This analysis assumed a passive system (i.e., without groundwater
- gradient control), with groundwater pumps included for the purpose of evacuating the sumps.

An area of approxrmatelyo 4 ha ( 1 acre) would initially be cleared of vegetatron to contam
the interceptor trench. About 2, 100 m? (2,800 yd3) of material would be excavated in the
development of the trench. For costing purposes, this analysis was based on the assumption that the
excavated solids would be brought to the chemical plant area at the Weldon Spring site for either
direct placement in the on-site engineered disposal facility or temporary stockpiling until placement

- could take place. These soils could also be used for backfill in the quarry, depending on the
contaminant level. Wastewater generated during construction activities, such as trench dewatering
(on the order of 140,000 L [38,000 gal] on the basis of a total of about 1,600 m> [56,000 ft3]
excavated and a backhoe excavation rate of 100 m3/h [130 yd3/h]) would either be stored and then -
transported to the QWTP for treatment or be treated by the mobile treatment unit pnor to release to
the Mrssoun River via the. 10-cm (4—m ) QWTP PVC pipeline. .

Work area monitors would be used during remedial activities- such as earthmovmg to assure
' that contaminant levels in the air are maintained within established limits so that appropriate
mitigative measures could be taken if any airborne contamination was detected. The continuously
operating air monitoring network that has been in place since 1986 at the WSSRAP to measure:
levels of gamma radratxon radioactive dust particles, and radon gas at the quarry fence line would -
be used to compare measured levels to naturally occurring levels to determine whether additional
-controls would be needed. Environmental monitoring would be contmued to the extent necessary
to ensure long-term performance of the remedy :

The drain within the rnterceptor trench consists of a 0. 15 -m (0 5- ft) perforated PVC
collection pipe surrounded by a gravel pack. This system also assumes a geotextile liner in the
collection trenches to prevent clogging and filling of the pipe with silts and sands. Replacing the
geotextile liner with a filter sock placed on the pipe or gradation of the gravel to prevent clogging
‘may be considered in the final design. Contaminated groundwater enters the drain and flows by
- gravity to the sumps. Groundwater pumps in the sumps deliver the contaminated groundwater to an -
‘aboveground tank before being pumped to a treatment facility. A double-wall PVC pipeline would
be constructed to transfer the water from the interceptor trench storage tank for treatment.

In the case in which the extracted groundwater would be treated at the QWTP a pipeline

'would be constructed connecting the discharge of the interceptor trench with the QWTP. The
following text describes a typical scenario for the potential use of the QWTP. (Based upon the quarry
restoration project, the QWTP could be modified, and the equalization basin may not be available,
in which case a tank would be used for storage prior to batch treatment at the QWTP). Groundwater

- would be pumped from the interceptor trench to the existing equalization basin at the QWTP. The
equalization basin serves as a reservoir to provide consistent flow and uniform contaminant
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- concentration at the QWTP. The water then goes to the QWTP for a series of treatment processes

~ to remove uranium, nitrates, and other chemical contaminants (see Section 3.2.2. 3). The QWTP

- would be operated on a campaign mode, that is, whenever the equalization basin would contain
- sufficient groundwater for continuous operation of the water treatment process.

Portable treatment units would be used if the QWTP was unavailable. A number of mobile

treatment options are available, including fixed, skid-mounted systems and trailer-enclosed systems.
A trailer-mounted unit was assumed in this analysis to facilitate ease of transportation of the unit to
the area north of the Femme Osage Slough and to allow removal of the traﬂer-mounted system in
the event of ﬂoodmg of the stsoun River in the region of the quarry.

- The portable grbundwater treatment facility would consist of one or more trailer-mounted

treatment modules (Shropshire et al. 1995). Each trailer would be standard roadway size: 2 m (8 ft)

~ wide by 12 m (40 ft) long. The portable treatment modules would be dispatched from a licensed off-

site contractor’s home ofﬁce to the Weldon Spring site by a licensed commercial shipping firm.

Once on Ssite, the portable treatment modules would be set on pads equipped with secondary -

containment. The portable treatment modules would be interconnected to form an integrated

~treatment facility, and utilities such as service water and electr;c power would be attached.
- Preoperational checkout and safety checks would be performed prior to full-scale operations.

Figure 3.8 is a preconceptual process flow diagram for g_roundw_aier treatment using

portable units. (The system described here is primarily for purposes of illustration [to help the reader '
~understand what would be involved in treating groundwater using portable units]; it is not intended
as afinal or definitive treatment system. Other treatment processes or system configurations could

be used, provided they are capable of cost effectlvely achieving the required effluent concentratlons )
The treatment capabilities of the portable unit would include sedimentation, filtration, chexmcal
treatment, and ion exchange The nominal treatment capacity of the ponable units would be 1.3 L/s

: (20 gpm). Concentrated waste sludge generated by the groundwater treatment process would be
dewatered, stabilized by cementation, packaged, and shipped off-site for disposal. Spent treatment -
media (€.g., exhausted ion-exchange resin and spent activated carbon) would be cement stabilized -

and managed, consistent with current site practice. On the basis of a maximum p0551ble extraction
rate of 1.3 L/s (20 gpm), continuous removal (8,760 hours per year), and a density of 1.8 g/cm

(112 lb/ft3) for the solidified waste (Shropshlre et'al. 1995), the annual amount of stabilized spent
resin and spent carbon generated during waste water treatment is estimated to be approximately 5 m_3
(200 ft3). Any spent resin and carbon generated following closure of the on-site disposal facility
would be packaged for off-site shipment and ‘disposal. Assuming packaging in a standard 55-gal
drum and truck transport, less than one annual off-site shipment to a licensed disposal facility would
be required. The maximum radioactivity of the groundwater treatment residuals for this alternative
would be similar to that generated for Alternative 3 (on the order of about 200 pCi/g of uranium).
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The treated water from the portable facility would be tested to verify that the treatments had
reduced contaminant concentrations to permissible levels and to confirm compliance with discharge
. requirements. Treated water meeting these requirements would be discharged into the Missouri

River. ‘ ‘ '

At the end of the treatment campaign, the ‘modules would be decontaminated by treating

-all waste through the portable facility and completely flushing and draining each piece of equipment

that has been in contact with the groundwater. Waste generated during decontamination would be

 treated and disposed of as required. After decontamination, the interior and exterior of the portable
units would be assayed and inspected before disassembly and removal from the site.

After construction of the interceptor trench and (if necessary) associated groundwater

~ treatment system, the two systems would be carefully monitored on a regular basis and their
- performance evaluated. Operation and monitoring for a period.of up to two years would be

conducted to collect sufficient information to determine performance of the remedial action. The
performance of the proposed remedy would, therefore, be evaluated after two years to compare.

~ anticipated with actual results (actual performance in the field may vary from that assumed during

design, given uncertainties about subsurface geology prior to construction and operation), to identify -

any potential deficiencies in the remedy’s protectiveness, and to identify opportunities to optimize
 its performance. (The period of extraction and treatment for Alternative 6 is conservatively predicted

to range from 50 to over 1,000 years to achieve a final uranium cleanup limit of 30 pCi/L within the -

quarry alluvial groundwater on the basis of the observed range of 2.5 to 50 mlL/g for the partitioning
. coefficient [K;] in the alluvial aquifer north of the Femme Osage Slough and remediation of the
- contaminated groundwater contained between the interceptor trench and monitoring wells MW-1048

and MW-1005. This duration is governed by the natural groundwater flow within the alluvial aquifer

and the contaminant concentrations. The predicted .uranium concentrations - collected by the
interceptor trench as a function of time are provided in Table 3.1 and are based on a K4 of 5ml/g.)

3.3 CRITERIA FOR SCREENING ALTERNATIVES

_ As defined in the NCP, the development and screening of remedial alternatives should be
* guided by three criteria: effectiveness, implementability, and cost. Effectiveness focuses on (1) the

* degree to which an alternative reduces toxicity, mobility, or volume through treatment; minimizes

'~ residual risks; affords long-term protection; complies with ARARs; and minimizes short-term
impacts; and (2) how quickly it achieves protection. Both short-term and long-term effectiveness are
evaluated. Short-term effectiveness refers to the active remediation period when construction and
implementation activities are performed whereas long -term effectrveness refers to the penod after
the remediation activities have been performed.



Implementablhty focuses on the

techmcal feasxblhty and avaﬂablhty of the

technologies needed for an alternative and the
~ administrative feasibility of implementing that

alternative. Timeliness of implementation,

potential interference with site operations, and
- potential future  maintenance needs are also
" considered.

'The cost criterion considers construc-

_ tion costs and any long-term costs to operate

and maintain an alternative. A general cost

analysis is applied to identify alternatives that .
' are significantly more costly than other
alternatives that can achieve ‘the same level of
- risk reduction (EPA 1988b). Costs considered '

in this screening process are only approximate;
.-an alternative is screened out if it would be

clearly an order of magnitude more expensive: -

than other alternatives prov1dmg the same
degree of protection.

B,

3.4 SCREENING OF PRELINIINARY
ALTERNATIVES '

3.4.1 Alternative l No Action

March 17, 1998

TABLE 3.1 Estimated Uranium

.Concentrations in Groundwater

Collected by the Interceptor

~ Trench Design Proposed for

Alternative 6

, Concentration of Uranium
Time in Collected Groundwater

(yr) - - (pCilL)?

0 1,000
10 ~ 4701t01,000
- 20 . 310t0830
30. 220t0 640 -
40  160t0530 .
50 . 120t0430
60 © 90t0340
70 70 t0 270
80" 50 t0 220
9 - . 40t 170

100 - 20to 140

The range was estimated on the *
basis of the location within the
‘assumed plume (see also

* - Appendix B).

Alternative 1, which would involve no passive or active response action, is described in
- Section 3.2.2.1. The No Action Altemanve prowdes a baseline for companson with the other

alternatxves

3.4.1.1 Effectiveness |

Alternative 1 would provide no reduction in the risk to human health posed by the contami- }
nated groundwater, other than through natural processes, including reduction of the nitroaromatic
compounds by biodegradation and attenuation of the uranium by sorption in alluvial sediments,
precipitation, and dilution of the contaminated groundwater with uncontaminated groundwater from
the Missouri River. Alternative 1 would allow for the possible continued migration of the
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contaminant plume and potential further degradation of the groundwéter within the 'quarfy and the

~ land just south of the quarry and north of Femme Osage Slough. No reduction would occur in the

toxicity, mobility, or volume of the contaminated groundwater through treatment. No short- term -
‘impacts would occur to the public, workers, or the environment during construction or

~ implementation because no remedial action would be conducted. Under current conditions, the
- groundwater north of the slough poses no imminent risk to human health at the St. Charles County

well field or the environment south of the slough, However, protection of human health and the

- environment in the extended future could not be ensured because all investigative and monitoring

activities would end.

3.4.1.2 Implementability

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

_ be taken nor would any future activities be considered. No technologies or management strategies
~would be implemented, nor would any- perxmts licenses, or approvals associated with undertaking

a remedxal actlon be needed.

3.4.1.3 Cost

No net present worth, capital, or annual O&M costs are associated with the No Action

- -Alternative because no activities would be undertaken.

!

342 Aifemative 2: Monitoring With No Active Remediation’

-Alternative 2 would involve the implementation of routine sampling and analyses to
monitor the possible continued migration of the contaminant plume and the imposition of

- institutional controls to prevent the potential use of the contaminated groundwater. This alternative
is described in Section 3.2.2.2. ‘ '

3.4.2.1 Effectiveness

Alternative 2 might be protective of human health and the environment over the long 'term, _
and unlike Alternative 1, monitoring activities by DOE under Alternative 2 would be used to provide

" data to identify any potential future plume migration. These data could also be used to determine
* any variations in local geochemical conditions (such as Eh and pH) that could adversely affect

réemoval of the contaminants from the groundwater by precipitation, biodegradation, and other
natural means. Such activities would verify whether uranium concentrations are decreasing through
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- natural processes and whether uranium concentrauons at the St. Charles County well field are still
protective of human health and the environment. Contingency measures would be considered if .
~ future further migration of residual contamination resulted in unacceptable exposure concentrations
- at the St. Charles County well field. On the basis of the results summarized in Section 1.3,
unacceptable 1mpacts to human health and the envuonment would not be expected t_o occur.

The potentxa] short—term envn'onmental 1mpacts associated w1th Alternative 2 would be the

- ‘lowest among any of the actlon alternatives. Short-term impacts would primarily be the physical

- hazards to workers durmg construction and operation of monitoring wells, minor criteria pollutant
emissions during any construction actlvmes and' disturbance of soil and resultmg airborne dust
‘emissions. Appropriate mitigative measures would be enacted during construction and operations
to protect workers and members of the public. Air would be monitored to ensure that the controls
~ were working. Protectxve equipment would be used, and dust suppressxon methods would be enacted
- to minimize short-term risks to workers.
2 . . N ’ a
For Alternative 2 to remain effecttve over the long term, careful consideration would have ’
~ to be given to momtonng, maintenance, and control. A time frame of about 100 to 1,000 years would
" be expected for the uranjum concentrations to decrease to 30 pCi/L and lower, pnmanly because of
the natural processes that are expected to occur. Because this alternative would result in
contamination remaining on-site at concentrations above levels that allow for unlimited use and
unrestricted exposure, a review would have to be conducted at least every five years to ensure that
- the remedy continued to provxde adequate protection of human health and the environment.

Alternative 2 would not satisfy the statutory ‘pr_efererice for treatment asa principal element
- of remediation, and there would be no reduction in toxicity, mobility, or volume of the contaminated
groundwater through treatment. Residual contamination would remain high in the short term;
however, the concentrations of contaminants in the area of the quarry would be expected to decrease
- with time because of the removal of the ongmal source of contamination (i.e., the bulk waste) from
‘ ,'the quarry and because of reduction and dilution processes - '

3.4.2.2 Implementability

~ Few implementability concerns would be posed by Alternative 2 because of the limited
_actions required The proposed monitoring would‘provide warning of failure before significant
exposure occurred. Therefore, taking additional actions prior to significant exposure would be
- relatlvely easy to 1mplement

Momtormg of plume rmgratlon would also be relatively easy to implement. No special
equipment would be required, and analytical procedures exist to determine the presence of ground-
‘water contaminants (such as uranium) in samples drawn from the monitoring wells. Construction
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of any proposed monitoring wells would require mobilization of a drilling rig for installation: eight
wells were recently installed to support the remedial investigation of the quarry area (DOE 1998b).
-Resources req'uired for maintenance of the existing and any proposed groundwater monitoring
systems should be readily available. New perrmts for installation of the proposed oroundwater
monitoring wells would be requ1red to implement Alternative 2 ‘

3.4.23 Cost

The estimated cost of Alternative 2 is relatively low; it would be the least expensive of all
the action alternatives. In general, expenses associated with institutional control and monitoring
would be low. Capital expenses would include the construction of any proposed monitoring wells
and the routine replacement of existing equipment for groundwater monitoring. Given the low -
replacement costs compared with the capital cost for monitoring well installation, the cost of routme
equipment replacement was not considered. On the basis of this preconceptual design and the
application of cost factors specific to the Weldon Spring site for indirect activities (Hood 1997), the
capital cost of Altemative_ 2 is estimated to be _approximately $0.15 million (Appendix E).

- Annual expenses would be incurred for the groundwater monitoring program. The annual
cost of operating the proposed monitoring wells was estimated on the basis of the current costs for
the existing monitoring well network. The annual O&M cost is estimated to be about $0.6 million.
“Per EPA guidance, the annual costs were discounted to a current value using a discount rate of 7%
-(before taxes and after inflation) (EPA 1993b) and a time perlod of 30 years (EPA 1988a). The .
30-year present worth of Alternative 2 is estimated to be approxnmately $7 million, which is the
lowest of all the actlon alternatives. ‘

The costs associated with potential future actions (e.g., in the event that migration of
residual contamination resulted in unacceptable exposure concentrations) were not quantified,
because the uncertainty associated with these future activities precludes accurate cost assessment.

3.4.3 Alternative 3: Groundwater Removal with On-Site Treatment
Alternative 3 would involve the extraction of contaminated groundwater with interception

trenches and treatment of the water on- sxte at the existing QWTP or a similar facility (see
Section 3.2.2.3)..
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3.4.3.1 Effectiveness

" Alternative 3 would protect human health and the environment by remediating the
_ contaminated groundwater. Upon completion of the remediation, the uranium concentration in the
groundwater within the quarry area and the land north of the slough would be below the metric of
~ 30 pCY/L. In addition, contaminant migration south of the slough would be largely halted upon
implementation of this alternative, and any 'poten'tial for future large-scale contamination of the
St. Charles County well field would be effectively prevented. Alternative 3 would be expected to -
attain all contaminant-specific and action-specific ARARs when remedijation was complete. -

" Alternative 3 would reduce the volume of contaminants through Lreatfnent and would afford
- long-term protection. After completion of remediation, no long-term action would be required.

The potential short-term impacts associated with Alternative 3 would include the physical
hazards to workers during construction of the interceptor trench and slurry wall systems and dljn'ng '
. operation of the extraction and Ltéatment systems.. Other potential short-term impacts would be
associated with criteria pollutant emissions (e.g., carbon monoxide [CO], nitrogen oxides {NO, ], and
sulfur oxides [SO,]) resulting from construction activities and airborne dust emissions resulting from A
soil disturbance during site clearing, trench excavation,- and regrading. Appropriate mitigative

“measures would be taken during construction and operations to protect workers and members of the

 general public. Engineering controls, such as spraying water for dust suppression, would be used to
minimize short-term risks to the public, and air monitoring would be used to ensure that the controls
-were working. Protective equipment would be used for workers, and dust suppression methods
would be enacted to minimize short-term nsks The short-term 1mpacts of Alternative 3 would be
the highest among all alternatives. ' ’

Under Alternative 3 it is estimated that at least 200 years or more of remediation would be

' requxred to achieve remediation goals (i.e., a uranium concentration of 30 pCi/L in groundwater) (see .

Appendix B). The uncertainty regardmg the prOJect_ed geochemical properties of the contaminants

. within the groundwater system might, however, preclude being able to adequately extract the
contaminants to attain acceptably low concentrations. V

3. 4 3.2 Implementablllty

. The proposed groundwater extraction technology for Alternative 3 has been widely used

- - and found reliable if the system has been properly constructed and maintained. However, a number
- of implementability concerns would be posed for this application. For example, difficulties would
exist regarding trench construction because the required trench depth would be greater than 1.5 m
(5 ft). This would necessitate taking extra precaution pursuant to current Occupational Safety and

- Health Administration (OSHA) requirements for avoiding potential failure of trench walls.
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- Reinforcement, anchoring, and dewatering during construction might be necessary. At the quarry

area, the fine-grained alluvium consists of silty clay and clayey silt, whereas the coarse-grained
subsurface materials consist of fine-grained to medium-grained sand with some silt; these materials
grade with depth to coarse- grained sand with cobbles and boulders (DOE 1998b). As with all
‘excavation techniques, the presence of large rocks (boulders) and cobbles in the underlying lithology
would increase installation costs. In addition, such a condition might even prohibit installation of
the interceptor trench and slurry wall syStems because the presence of boulders upstream of the .
interceptor trench would result in local flow channeling. - '

No major difficulties would be anticipated' for maintenance of the groundwater extraetion
system or use of the existing QWTP over the short term. However, the design life of the QWTP is
only 10 years (1992-2002), after which time, extensive maintenance would be required to continue.

- service beyond the design life (Valett 1997). Replacement of the slurry wall and/or interceptor trench

system might be required because of the predicted extraction period of at-least 200 years.

~ Groundwater monitoring would be required to track the progress and effectiveness of the ground- -

- water remediation program. Monitoring the treated groundwater prior to its release to the Missouri
Rrver would also be reqtnred to ensure compliance w1th discharge limits in the exrstmg NPDES
perrmt ‘

In general no special equipment wouid be needed to implement Alternative 3. However,
because of the underlying lithology at the site, detailed studies might have to-be conducted to
determine whether the interceptor trench and slurry wall systems. could be constructed. The
“proximity of the slough would make it extremely difficult to construct the mterceptor trench and
slurry wall systems. Resources should be readily available for groundwater momtormg and for
malntenance of product pumps and assocrated controls.

. The interceptor trench technology can be considered to be a proven technology (Wagner

et al. 1986). Determining the required location for an interceptor trench is more often based on the

use of field data than on theoretical design. To function properly, an interceptor trench should be
_installed perpendrcular to groundwater flow direction. Additional subsurface studies (borings) may
be required to deterrmne the proper orientation of the trench.

Treatability studies may be needed to accurétely predict the site-specific effectiveness and
total cost of filtration, ion exchange, precipitation, filter pressing, and other water treatment -
processes. Three tiers of testing may be undertaken (laboratory screening, bench-scale testing, and
pilot-scale testing), depending upon whether the QWTP would be used for groundwater treatment.
These studies may be needed during the remedial design phase to aid in the design or implementation

~of this alternative and would be helpful in selecting among the various groundwater treatment

technologles and in 1mprov1ng remedy performance (EPA 1997).
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