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AAQS Ambient Air Quality Standards

ARAR applicable, relevant, and appropriate requirements
BEIR biological effects of ionizing radiation

BGS below ground surface

CAA Clean Air Act

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
cfs cubic feet per second

cm/s centimeter per second

cm/yr centimeter per year

coC contaminant of concern

CRARE Comprehensive Response Action Risk Evaluation
DOD U.S. Department of Defense

DOE U.S. Department of Energy

DOT U.S. Department of Transportation

ECAO U.S. Environmental Criteria and Assessment Office
EE/CA engineering evaluation/cost analysis

EIS environmental impact statement

EPA Environmental Protection Agency

ERA ecological risk assessment

FEMP Fernald Environmental Management Project
FFCA Federal Facility Compliance Agreement

FMPC Feed Materials Production Center

FRG final remedial goal

FS feasibility study

FS/RA feasibility study/risk assessment

GI gastrointestinal

HDPE high density polyethylene

HEAST Health Effects Assessment Summary Tables

HI hazard index

HQ hazard quotient

IAWWT interim advanced waste water treatment

ICRP International Commission of Radiological Production
IRIS Integrated Risk Information System

ISCLT2 Industrial Source Complex, Long-Term, Version 2
K, solid-liquid partitioning coefficient

kg kilogram

LC/DS leachate collection/detection system

LET linear energy transfer

LOAEL lowest observed adverse effect level

LRA leading remedial alternative

MAGLC maximum allowable ground level concentration
MAV mass-weighted average

MCL maximum concentration level

MCLG maximum concentration level goal

mg milligram

mph miles per hour

_mrem millirem

MSL mean sea level 0014
MUSLE Modified Universal Soil Loss Equation
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ACRONYMS
(Continued)

NCP National Contingency Plan

NCRP National Council on Radiation Protection
NEPA National Environmental Policy Act

NESHAPS National Emission Standards for Hazardous Air Pollutants
NOAEL no observed adverse effect level

NPDES National Pollutant Discharge Elimination System
NRC Nuclear Regulatory Commission

NTS Nevada Test Site

NWS News Weather Service

ODAST One-Dimensional Analytical Solute Transport
OEPA Ohio Environmental Protection Agency

ORP Office of Radiation Program

PAH polycyclic aromatic hydrocarbons

PCB polychlorinated biphenyl

pCilg picocurie per gram

pCi/l picocurie per liter

ppm parts per million

PRG preliminary remedial goal

PRL proposed remediation level

QA quality assurance

RA risk assessment

RAG Risk Assessment Guidelines for Superfund
RAWPA Risk Assessment Work Plan Addendum

RCRA Resource Conservation and Recovery Act
RDA recommended daily allowance

RfC reference concentration

RfD reference dose

RI remedial investigation

RI/FS remedial investigation/feasibility study

RIQO risk information quality objective

RME reasonable maximum exposure

ROD record of decision

SARA Superfund Amendment and Reauthorization Act
SOWC Southern Ohio Water Company

SSOD storm sewer outfall ditch

SWCR Site-Wide Characterization Report

TBC to be considered

TCLP toxicity characteristic leaching procedure

TEF toxicity equivalency factor

TFV threshold fraction value

TSP total suspended particulate

TWA time-weighted average

UCL upper confidence limit

UMTRA Uranium Mill Tailings Remedial Action
UNSCEAR United Nations Scientific Committee on the Effects of Atomic Radiation
USGS U.S. Geological Survey

USLE Universal Soil Loss Equation .
vOC volatile organic compound
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ENGLISH/METRIC AND METRIC/ENGLISH EQUIVALENTS :f'i :- 5 2 O 8

In this document, units of measure are presented with the metric unit first, followed by the Engiish
equivalent in parentheses. In tables, the data are generally in English or metric units only. The
following table lists the appropriate equivalents for English and metric units.

Enelish/Metric Equivalent

Multiply By To Obtain
acres 0.4047 hectares (ha)
cubic feet (ft°) 0.02832 cubic meters (m°)
cubic yards (yd®) 0.7646 cubic meters (m®)
degrees Fahrenheit (°F) -32 0.5555 degrees Celsius (°C)
feet (ft) 0.3048 meters (m)
gallons (gal) 3.785 liters (1)
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 (ft%) 0.09290 square meters (m?)
square yards (yd® 0.8361 square meters (m?)
square miles (mi®) 2.590 square kilometers (km?)
yards (yd) 0.9144 meters (m)
Metric/English Equivalents
Multiply By To Obtain
centimeters (cm) 0.3937 inches (in.)
cubic meters (m®) 35.31 cubic feet (ft°)
cubic meters (m°) 1.308 cubic yards (yd®
cubic meters (m°) 264.2 gallons (gal)
degrees Celsius (°C) + 17.78 1.8 degrees Fahrenheit (°F)
hectares (ha) 2.471 acres
kilograms (kg) 2.205 pounds (Ib)
kilograms (kg) 0.001102 short tons (tons)
kilometers (km) 0.6214 miles (mi)
liters (1) 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 (km?) 0.3861 square miles (mi®)
square meters (m?) 10.76 square feet (ft?)
square meters (m?) 1.196 square yards (yd?)
0616
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Inhalation of Dusts, Volatiles, and Radon
I, = Intake from inhalation (pCi) or (mg/kg/day)
C. = Concentration in air (pCi/m°) or (mg/m®)
IR = Inhalation rate (m°/hr)
ET = Exposure time (hr/day)
EF = Exposure frequency (days/yr)

ED = Exposure duration (yr)
BW = Body weight (kg)

AT = Averaging time (days); for noncarcinogens, AT equals (ED)(365 days/yr); for
carcinogens, AT equals (70-year lifetime)(365 days/yr)

Ingestion of Drinking Water, Food Stuffs

I, = Intake from drinking water (pCi) or (mg/kg/day)
C, = Concentration in water (pCi/l) or (mg/l)
IR = Ingestion rate (I/day)

EF = Exposure frequency (days/yr)

ED = Exposure duration (yr)
FI = Fraction ingested from the contaminated source (unitless)
BW = Body weight (kg)

AT = Averaging time (days); for noncarcinogens, AT equals (ED)(365 days/yr); for
carcinogens, AT equals (70-year lifetime)(365 days/yr)

Inhalation of Volatiles from Water While Showering
L = Intake from inhalation (pCi) or (mg/kg/day)

C. = Concentration in air (pCi/m®) or (mg/m®)
IR = Inhalation rate (m°/hr)
ET = Exposure time (hr/day)

EF = Exposure frequency (days/yr)
ED Exposure duration (yr)
BW Body weight (kg)

AT = Averaging time (days); for noncarcinogens, AT equals (ED)(365 days/yr); for .
carcinogens, AT equals (70-year lifetime)(365 days/yr)

Dermal Contact with Soil/Sediment and While Bathing or Swimming

AB, = Absorbed dose from contact with water (mg/kg/day)

C, = Concentration in water (mg/l)

SA = Skin surface area available for contact (cm?)
PC = Dermal permeability constant (cm/hr)

ABS = Absorption factor (unitless)

AF = Skin adherence factor (mg/cm?)
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EXPOSURE ASSESSMENT SYMBOLS

‘ (Continued)
ET = Exposure time (hr/day)
ED = Exposure duration (yr)
EF = Exposure frequency (days/yr)
CF = Conversion factor (11/1000 cm®)
BW = Body weight (kg) _
AT = Averaging time (days); for noncarcinogens, AT equals (ED)(365 days/yr); for

carcinogens, AT equals (70-year lifetime)(365 days/yr)

Incidental Ingestion of Soil/Sediment and While Swimmin

I, = Intake from soil or sediment (pCi) or (mg/kg/day)
C. = Concentration in soil or sediment (pCi/g) or (mg/kg)
IR = Ingestion rate (g/day) or (mg/day)

CF = Conversion factor 10-6 kg/mg

FI = Fraction ingested from contaminated source (unitless)
EF = Exposure frequency (days/yr)

ED = Exposure duration (yr)

BW = Body weight (kg)

AT = Averaging time (days); for noncarcinogens, AT equals (ED)(365 days/yr); for
' carcinogens, AT equals (70-year lifetime)(365 days/yr)

External Radiation Ex re
DE = Dose equivalent (mrem)
DR = Dose equivalent rate (mrem/hr)
EF - Exposure frequency (days/yr)
ETi = Exposure time, fraction spent indoors (unitless)
ETo = Exposure time, fraction spent indoors (unitless)
ED = Exposure duration (yr)
FD = Fraction of a day
FY = Fraction of a year
SHi Building shielding factor for dose equivalent rate reduction indoors (unitless)
SHo = Building shielding factor for dose equivalent rate reduction outdoors (unitless)

® 0013
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K.1.0 INTRODUCTION

In accordance with the Amended Consent Agreement, a Comprehensive Response Action Risk
Evaluation (CRARE) will be prepared for each operable unit at the Fernald Environmental
Management Project (FEMP) site. The CRAREs will analyze the potential cumulative, residual,
human-health risks projected to remain on-site following implementation of the remedial actions for
the five operable units. Each operable unit feasibility study (FS) report will include a CRARE as an
appendix. This CRARE is the first to be prepared, the Operable Unit 4 CRARE.

The CRARE:s will use as a starting point the leading remedial alternatives (LRAs) updated as a result
of the comparative analysis of alternatives in the FSs. If the analysis has not yet been completed, the
CRARE: will use the LRAs from the Site-Wide Characterization Report (SWCR). As the operable
unit FSs are completed and more information becomes available, the original LRAs will be modified
to reflect a more accurate understanding of the FEMP environment and to incorporate record of
decision (ROD) remedial actions. These updated LRAs will be included in future CRAREs. As
noted in the SWCR, "the LRA does not represent the pre-selection of the remedy and will be used

solely for the purpose of estimating and evaluating the risks presented by the entire site.” Because the
CRAREs are based only on the information available at the time they are prepared, all but the final
CRARE (Operable Unit 3) must be considered preliminary evaluations of final residual risk. One of
the most important uses of the early CRAREs is to identify areas contributing the greatest risk and
thus provide focus and direction to future data collection and analysis, as well as response actions to

be considered for the other operable units.

The CRARE:s for Operable Units 1 through 4 will address human health risk. Ecological risks
associated with Operable Unit 4 are addressed in Appendix I of this FS report. Ecological risks for
Operable Units 1 through 3 will be addressed for those operable units in their FS reports (site-wide
baseline ecological risks can be found in the SWCR). A detailed, quantitative Ecological Risk
Assessment (ERA) will be included in the Operable Unit 5 Remedial Investigation (RI). Therefore,
the Operable Unit 5 RI/FS and final CRARE will be used to ensure that the human and ecological
residual risk of the remediated FEMP is acceptable under the National Contingency Plan (NCP) and
U.S. Environmental Protection Agency (EPA) guidance.

0020
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K.1.1 CRARE OBJECTIVES

The objective of the CRARE is to estimate, from a site-wide perspective, the risk remaining after the 2
FEMP has been remediated. This objective and other supporting objectives are depicted in Figure 3
K.1-1. The figure also presents the iterative nature of the CRARE documents and demonstrates the 4
scope of the Operable Unit 4 CRARE, according to the Risk Assessment Work Plan Addendum 5
(RAWPA), dated June 1992 (DOE 1992i). The Operable Unit 4 CRARE focuses on long-term 6
residual risks after the remedial activities at the site have been completed. Short-term risks are 7

addressed to a lessor extent and are presented quantitatively for Operable Unit 4 in Appendix D. This

information is integrated into a qualitative discussion addressing the remaining operable units. 9
Eventually, after the FS and associated risk assessments are completed for each subsequent operable 10
unit, the CRARESs may then include a more quantitative treatment of short-term transient risks and to 1
some extent provide data to optimize the alternative remedial actions and their scheduled 12
implementation. ' 13
Proposed remediation levels (PRLs) will ultimately be developed using an iterative process based on 14

future operable unit RI/FS documents. Initial PRGs will be modified as the FSs proceed and

operable-unit risk assessments are completed. It is important to note that the PRGs are set during the

FS for each operable unit and are merely evaluated in the CRARE. The CRARE then integrates the 17
information and provides a site-related risk evaluation. 18
This Operable Unit 4 CRARE: 19
® Quantifies operable-unit-specific contributions to site-wide potential public health 20
concerns, which include both potential carcinogenic (radiological and chemical) and 21
noncarcinogenic effects. 2

® Provides information to address modifications of site-wide preliminary remedial goals 3
(PRGs), based on associated carcinogenic and noncarcinogenic effects to human %

receptors. 25

® Incorporates operable-unit-specific information from the Operable Unit 4 FS risk 26
assessment and sets the protocol for future operable unit considerations. 27

ﬂﬁql
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K.1.2 FEMP SITE HISTORY

Formerly known as the Feed Materials Production Center, the FEMP (Figure K.1-2) is a 2
contractor-operated federal facility where pure uranium metals were produced for the DOE from 1951 3
to 1989. No isotopic separation of uranium in the starting materials was performed. After 4
production ceased, plant resources were focused on a cleanup program. In 1991, the FEMP was s
officially closed as a federal production facility, but the environmental studies and cleanup activities 6
continued. The FEMP site is located on 425 hectares (1050 acres) in a rural area of Hamilton and 7
Butler counties, approximately 29 kilometers (18 miles) northwest of Cincinnati, Ohio. 8
K.1.3 SITE DESCRIPTION 9
This section summarizes the regional and site-specific environment of the FEMP, focusing on the 10
climate, geology, topography, surface water, hydrology, ecology, land use, and demographics. 1
Additional information can be found in Chapter 4 and Appendix I of this FS report. 12
K.1.3.1 Climate 13

Information on the local climate has been gathered from an on-property meteorological system
installed in 1986, and the National Weather Service Office at the Greater Cincinnati Airport. The

Interim Report-Air, Soil, Water, and Health Risk Assessment in the Vicinity of FEMP (IT 1986) 16
indicated that data obtained from monitoring stations at the airport sufficiently represent local 17
climate conditions. 18
Winds 19
The prevailing winds are generally from the southwest and west-southwest. The average monthly 20
wind speeds, based on National Weather Service meteorological data, range from 11 kilometers per 21

hour (kpm) or 7 miles per hour (mph) in August to 17.6 kph (11 mph) in March. For more
information, refer to the SWCR.

Six years of meteorological data collected on-site indicate that the mean annual wind speed at the
FEMP is approximately-7.3 kph (4.5 mph). The on-site data also indicate that the prevailing wind

direction is from the southwest.

0e23
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Precipitation

The average annual precipitation for the Cincinnati area from 1960 through 1989 was 103 centimeters
(40.6 inches). The highest precipitation typically occurs during the spring and early summer, the
lowest in the late summer and fall. The average annual snowfall for 1960 through 1989 was 59.7
centimeters (23.5 inches). The total rainfall for the area in 1991 was 102 centimeters (40.1 inches),
and the total snowfall was 23.6 centimeters (9.3 inches). The wettest months in 1991 were August
and December, with 12.8 and 12.9 centimeters (5.04 and 5.08 inches) of rainfall, respectively.

Temperature
The regional climate is defined as continental, with average monthly temperatures ranging from

-1.55°C (29.2°F) in January to 24.3°C (75.7°F) in July. The highest temperature recorded from
1961 through 1989 was 39.4°C (103°F) in July 1988, and the lowest was -32°C (-25°F) in
January 1977.

K.1.3.2 Topography and Surface Water Hydrology
The site topography and drainage channels are shown in Figure K.1-3. Maximum elevation along the

northern boundary of the FEMP property is slightly more than 213.36 meters (700 feet) above mean
sea level (MSL). The production and waste storage areas are on a relatively level plain at about
176.8 meters (580 feet) MSL. The plain slopes from 182.9 meters (600 feet) MSL along the eastern
edge of the FEMP to 173.7 meters (570 feet) MSL at the K-65 silos, and then drops off towards
Paddys Run stream at 167.64 (550 feet) MSL. All drainage on the property is generally from east to
west into Paddys Run, which flows intermittently.

Paddys Run is a steep-sided stream that originates north of the FEMP and runs south along the
western boundary of the facility. Paddys Run is approximately 14 kilometers (8.8 miles) long and
drains an area of approximately 40.9 square kilometers (15.8 square miles). The stream is ungauged,
but estimated flows for January through May range from 0.0057 to 0.113 cubic meters per second
(cms) or 0.2 to 4.0 cubic feet per second (cfs). The stream is a tributary of the Great Miami River,
which is three-quarters of a mile from the facility’s eastern boundary at its closest point.

FER/OU4CRARE/LAW. WP996APK.1/02/08/94 8:40am K-1-6
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The FEMP lies within the Great Miami River drainage basin but is above the river’s present-day
floodplain. The Great Miami River is the main surface water feature in the vicinity and is the
receiving water for National Pollutant Discharge Elimination System (NPDES) permitted discharge
from the facility. The river flows generally to the southwest and drains an area of approximately

702.4 square kilometers (3360 square miles).

The average discharge for the Great Miami River, based on 55 years of records, is 936 cms

(3305 cfs). The maximum discharge ever recorded for the river occurred on March 26, 1913 and
was estimated to be 9968.6 cms (352,000 cfs). The 10-year flood discharge has been calculated to be
2306.8 cms (81,455 cfs). The minimum daily discharge of 4.4 cms (155 cfs) was recorded on
September 27, 1941.

K.1.3.3 Geology and Hydrology
At the FEMP, groundwater occurs in the glacial overburden as perched water, in a sand and gravel

aquifer (the Great Miami Aquifer), and to a lesser extent in the underlying bedrock. Perched water
occurs when water sinking through the earth from the surface is retarded above a very dense strata, in
this case clay. This perched water either seeps slowly through the clay or flows horizontally to
discharge sites in Paddys Run. At the FEMP, perched water is generally found between 0.3 and 3
meters (1 and 10 feet) below the surface (WMCO 1991).

The glacial overburden, which occurs under most of the FEMP property, is composed of the
following: loess, fine-grained silt with small amounts of clay; lacustrine deposits, silt and clay with
interbedded sand; till, heterogeneous mixture of silt, clay, sand, gravel, and boulder-sized materials;
and glaciofluvial deposits, well-sorted sand and gravel. The thickness of the glacial overburden
ranges from 1.5 to 15 meters (5 to 50 feet) within the FEMP study area, but most often averages
between 6.1 and 9.1 meters (20 and 30 feet). With the exception of some scattered deposits, this
material does not exist along the floodplain of the Great Miami River to the east and south of the
FEMP. The only on-property areas that lack overburden are certain reaches of Paddys Run and the

storm sewer outfall ditch, where the material has eroded away.

The presence of till and deposits of silt and clay classifies the overburden as an aquitard in most

locations. However, perched water zones are formed from the lenses, beds, and irregularly shaped
roy |
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deposits of sand and gravel interbedded within the till. A series of slug tests performed in the on-

property wells screened in the perched-water zones found hydraulic conductivities ranging from 0.002 2
to 4.5 meters per day (0.0071 to 14.7 feet per day). Porosities range from 22.1 to 36.7 percent with 3
a mean of 31 percent (Morris and Johnson 1967). Based on hydrograph analyses, the interconnection 4
between perched-water zones is limited, indicating that the movement of water and contaminants s
within and among these units is limited. The till is considered to be saturated from the perched water 6
zones down to the top of the glaciofluvial deposit. The upper portion of these deposits are 7
unsaturated above the Great Miami Aquifer. Over an extended period of time, connections between 8
the perched-water zones and the underlying Great Miami Aquifer are possible. 9
Water seeping through the clay layer passes through the glacial overburden and collects in the 10
underlying aquifer. The Great Miami Aquifer, is about 24.4 meters (80 feet) beneath the FEMP and 1
ranges between 38.1 and 53.3 meters (125 and 175 feet) in thickness. Flow in the aquifer is to the 12
southeast and south, toward the Great Miami River. 13
K.1.3.4 Ecology

Plant and wildlife communities within FEMP boundaries have been extensively characterized by

Facemire et al. (1990), who provide detailed data on species abundances. Habitats include grazed and 16
ungrazed pastures, pine blantations, deciduous woodlands, riparian woodlands, and a "reclaimed” 17
flyash pile, which overlaps the inactive flyash pile and South Field. The inactive flyash pile and 18
South Field have been colonized by American elm, eastern cottonwood, black locust, redbud, and box 19
elder. Herbaceous species are also present. Common mammals include the white-tailed deer, eastern 20
cottontail rabbit, coyote, red fox, and several smaller animals such as the white-footed mouse, short- 21
tailed shrew, and eastern chipmunk. 2
K.1.3.5 Land Use

Farming and raising dairy and beef cattle account for most land use in the area surrounding the
FEMP. Major crops include field corn, sweet corn, soybeans, and winter wheat. Other important
commercial activities include sand and gravel mining and potable water extraction from the Great
Miami Aquifer. Many sand and gravel operations exist along the Great Miami River. The Southwest
Ohio Water Company is located 2 kilometers (1.25 miles) upstream of the FEMP discharge line to the

5928

river.
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K.1.3.6 Demographics
Scattered residences and several villages, including Fernald, New Baltimore, Ross, New Haven, and
Shandon, are near the FEMP. Downtown Cincinnati is approximately 29 kilometers (18 miles)
southeast, and the cities of Hamilton and Fairfield are approximately 9.7 to 13 kilometers (6 to 8
miles) to the northeast. More than 24,000 people live within 8 kilometers (5 miles) of the facility
center, the nearest resident within 1.2 kilometers (0.75 miles). The Knollman Dairy Farm is on
Willey Road, just outside the southeast corner of the FEMP property boundary. Several residences
are located off Paddys Run Road, approximately 1.6 kilometers (1 mile) south of property

boundaries.

K.1.4 OPERABLE UNITS
The FEMP was divided into five operable units under the original 1990 Consent Agreement, and the

units were redefined under the Amended Consent Agreement. Figure K.1-4 shows the FEMP site as
a whole. The five operable units are detailed in Figures K.1-5 through K.1-9; their revised

definitions are presented below:
® Operable Unit 1:

Waste Pits 1 through 6, the Clearwell, burn pit, berms, liners, and associated
contaminated soil within the operable unit boundary. Waste Pits 3 and 5 and
the Clearwell also contain water, including perched water (Figure K.1-5).

® Operable Unit 2:

The active and inactive flyash piles, South Field lime sludge ponds, solid-
waste landfill, berms, liners, and associated contaminated soil and perched
water within the operable unit boundary (Figure K.1-6).

® Operable Unit 3:

The production area and associated facilities and equipment including all
structures, equipment, utilities, drums, tanks, solid waste, waste product,
thorium, effluent lines, K-65 transfer line, wastewater treatment facilities, fire
training facilities, scrap metal piles, feed stocks, and the coal pile (Figure
K.1-7).

® Operable Unit 4:

Silos 1, 2, 3, and 4, berms, decant tank system, radon, treatment system, and
associated contaminated soil and perched water within the operable unit

boundary (Figure K.1-8).
0029
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® Operable Unit 5:

Perched and regional groundwater, surface water, soil not associated with 2

other operable units (e.g., hot spots not previously identified). Also, soil 3

beneath the Operable Unit 3 (Figure K.1-9). 4
K.1.5 FEMP REMEDIATION | ' 5
K.1.5.1 Removal Actions 6
The RI/FS activities at the FEMP have led to the development and implementation of removal 7
actions. As defined in the Amended Consent Agreement, removal actions abate, minimize, stabilize, 8
mitigate, or eliminate the release or threatened release of hazardous substances, pollutants, 9
contaminants, or hazardous constituents at the FEMP. A significant purpose of the SWCR and its 10
associated baseline risk assessment is to provide data and risk analyses of the effects of any removal 1
actions completed as of March 1993, the publishing date for SWCR data. Note that all removal 12
actions will have been completed well before the time period considered by the CRARE. 13
Completed Actions
As of June 1993, the following removal actions had been completed.
Removal Action 4: Silos 1 and 2. As described by DOE (1990d) in its Engineering Evaluation/Cost 16
Analysis (EE/CA), this removal action involved placing bentonite clay over the silo residues to reduce 17
radon levels in the silos and to provide protection from releases to the environment in the event of 18
silo dome collapse. 19
Removal Action S; K-65 Decant Sump Tank. This removal action was completed in April 1991, 20
when approximately 30 cubic meters (8000 gallons) of contaminated water were pumped from the K- 2
65 decant sump tank and transferred to the holding tanks in FEMP Plants 2 and 3. 2

s
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Removal Action 8: Inactive Flyash Pile Control. Completed in December 1991, this removal action
restricts access to the inactive flyash pile and South Field. A chain-link barrier and warning signs

were erected around the perimeter.

Ongoing Actions
Several additional removal actions are under way and were not considered current conditions at the
time the baseline environment was defined; however, they are included in the CRARE for reference.

These ongoing or recently completed removal actions and their status follows.

Removal Action 1: Contaminated Water Beneath FEMP Buildings. This removal action was initiated
to minimize the potential for uranium-contaminated perched groundwater (beneath FEMP Plants 2/3,
6, 8, and 9 in the production area) to infiltrate into the underlying aquifer. As of February 1, 1993,
approximately 1136 cubic meters (300,000 gallons) had been extracted for treatment prior to
discharge to the Great Miami River. Pumping and treating are ongoing until the advanced waste

water treatment (AWWT) system is operational. Early 1995 is currently projected.

Removal Action 2; Waste Pit Area Runoff Control. This removal action, as described in the EE/CA
(DOE 19904d), is intended to collect and treat potentially contaminated storm water runoff from the
waste pit area, to prevent it from reaching Paddys Run. Project construction activities began in June

1991 and were completed in mid-1992, with the exception of the final report.

Removal Action 3: South Groundwater Contamination Plume. This removal action is intended to
protect public health by limiting access to the use of uranium-contaminated groundwater in an area
south of the FEMP site (DOE 1990d). The project consists of five parts:

® Part 1 included installing an alternate water source for two industries affected by the
contamination plume. Production wells were installed outside the plume area, and a
water supply system added to the affected area. Field work for testing the selected
well site, and for determining the adequacy of the quality and quantity of extracted
water, was completed in late September 1991. Part 1 construction was completed in
1992. A 60-day operatmg acceptance period was successfully completed in 1993.

® Part2 mvolves mstallmg a groundwater recovery well system to extract and pump
groundwater from the South Plume back to the FEMP for monitoring and discharging
to the Great Miami River, as described in the South Plume EE/CA (DOE 1990d).
The groundwater recovery well system is scheduled to be operational by late August
1993. A new outfall effluent pipeline is being installed that will parallel the existing
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pipeline to the Great Miami River. Part 2 also includes increasing the pump-out
capacity at the Stormwater Retention Basin, to reduce the potential for its overflow.

Part 2 construction began in July 1992; however, in September 1992, construction of
the outfall pipeline was put on hold when contaminated soils were discovered. EPA
approved the continued construction of the new pipeline while cleanup of
contaminated materials was in process. Monitoring is underway to determine the
extent of any remaining contamination. Construction of a dissolve oxygen system is
nearing completion to address the low dissolved oxygen content of the extracted
groundwater. '

Part 3 was the construction of an interim advanced wastewater treatment JAWWT)
system. The IAWWT system removes uranium from site wastewater streams and
reduces the amount of uranium discharged into the Great Miami River. This system
became operational in July 1992.

Part 4 expands the FEMP groundwater monitoring and institutional controls to prevent the
use of contaminated groundwater. This activity is being implemented through the site’s
existing groundwater monitoring program, which has been expanded to include more
frequent monitoring of private wells located near areas of known contamination.

Part 5 involves additional groundwater investigations in the vicinity of the South
Plume. The activity will identify the location and extent of any residual
contamination attributable to the FEMP in the aquifer south (down gradient) of the
proposed recovery wells installed under Part 2.

Removal Action 6; W Pit 6 Resi . This action is intended to decrease radioactive dust and

particles released from Waste Pit 6 into the air. In 1992, air monitors were placed to meet the site

requirements for estimating the off-property releases of potentially harmful contaminants. This

project was reactivated in 1992 to deal with additional residues on the eastern liner.

Removal Action 7; Plant 1 Pad Continuing Release. The purpose of this action is to protect surface
soil and regional groundwater from continued releases of hazardous materials resulting from activities

on the Plant 1 storage pad. This action is being conducted in three phases.

® Phase I, the implementation of run-on and runoff control measures and the installation
of underground utili_ties, is complete.

® Phase II, the installation of a new covered concrete storage pad adjacent to the

existing Plant 1 storage pad, was completed in December 1992.

® Phase III involves activities to upgrade the existing Plant 1 storage pad, including the
installation of a polyethylene membrane and epoxy coating over the pad surface to
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minimize contaminant migration to the environment. Phase III is scheduled for
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completion in early 1995. 2
Removal Action 9: Removal of Waste Inventories. This removal action involves the 3
characterization, over-packaging; and disposition of low-evel radioactive waste materials. The - 4
removal of waste inventories began in February 1993. The FEMP has approval from the DOE to 5
dispose of waste at a western test site. 6
Removal Action 10: Active Flyash Pile Control. This action is intended to mitigate potential wind 7
and water erosion at the active flyash disposal area. As an intermediate step, water was used during 8
dry weather to reduce fugitive dust emissions. This removal action was completed in 1992. 9
Removal Action 12: Safe Shutdown. This removal is intended to ensure the safe and permanent 10
shutdown of production facilities, including the removal of uranium and other process or raw 1
materials generated in the former production area. Disposition of uranium product and recoverable 12

residues is an integral part of safe shutdown activities. From July 1989, when the production mission

ended, through December 31, 1992, 5 million kilograms (11.1 million pounds) of uranium product

have been transferred from the FEMP. Appropriate documentation required by CERCLA and NEPA, 15
including safety and risk assessments for current safety activities, were completed in May 1993. 16
Removal Action 13: Plant 1 Ore Silos. This removal action involves the dismantling of the Plant 1 17
ore silos and support structures. In 1991, materials from the silos leaked onto a concrete pad. 18
Remaining materials in the silos will be removed, containerized, and placed in safe storage pending 19
final disposition. The first silo was dismantled in July 1993. 20
Removal Action 14: Contaminated Soils Adjacent to Sewage Treatment Plant Incinerator. This 2

removal action is intended to mitigate the potential for contaminant migration through
characterization, removal, containerization, storage, and disposal of materials. The first phase

included collecting samples from the 187 boxes of waste generated during the 1992 excavation

n
23
4
25

activities. Analytical results became available in June 1993.

A work plan addendum detailing the need for additional excavations based on analytical results from

the initial sampling was submitted to EPA in January 1993. Based on comments received, DOE
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proposed that additional sampling be conducted north and east of the sewage treatment plant to ‘ 1
establish the boundaries of contamination. 2
Removal Action 15: Scrap Metal Piles. This removal action is intended to eliminate tﬁe potential 3
threat of material releases (e.g., scrap copper, recoverable ferrous and nonferrous scrap metals) to the 4
environment due to wind or rain. Containerization of the scrap metal pile began in February 1993. 5
As of May 1993, 16 metric tons (17.5 tons) of nonferrous metal and 316 metric tons (348 tons) of 6
ferrous metal had been shipped off site. Containerization of the scrap copper pile was completed in 7
March 1993. Nonrecoverable scrap metal is presently being packaged into appropriate containers and 8
shipped off site for disposal under Removal Action 9 (Removal of Waste Inventories). 9
Remdval Action 16: Collected Uncontrolled Production Area Runoff — Northeast. This removal 10
action will collect stormwater runoff from perimeter areas of the 55-hectare (136-acre) former 1
production area which are not presently draining into the stormwater retention basin. 12

Removal Action 20; Stabilization of Uranyl Nitrate Inventories. There are approximately 871 cubic 13

meters (230,000 gallons) of acidic uranyl nitrate stored in 21 tanks in or near the Plant 2/3 Refinery. 14
A 1991 inspection revealed that small leaks had developed in the piping system associated with the 15
tanks. This removal action is designed to process the uranyl nitrate to a stable form. The uranyl 16
nitrate inventory will be neutralized and converted to a solid form that can be drummed and properly 17
stored in warehouses. This removal action is expected to be completed in early 1994. 18
Removal Action 22: Waste Pit Area Improvement. This removal action is intended to reduce the 19
potential for wind or water erosion of contaminated materials from access roads and exposed surfaces. 20
The south berm of Pit 4 will be stabilized. Drainage ditches along Pits 3, 4, 5, and 6 will be 2
regraded. Roads between Pits 3, 4, 5, and 6 will be resurfaced. The pit area has been reseeded for 2
erosion control. Some existing stormwater ditches in the waste pit area are being regraded to

promote drainage. This removal action is scheduled for completion in August 1993. %
Removal Action 24: Pilot Plant Sump. This removal action was initiated to address contaminated 25
liquids and sludges remaining in an out-of-service sump at the Pilot Plant. The stainless steel sump 26
will be removed and its associated piping will be disconnected. This removal action is scheduled for 7

0010
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completion in October 1993.

Removal Action 25; Nitric Acid Tank Car and Area. This removal action was initiated to remove 2
the residual coﬁtents of a nitric acid railroad tank car, decontaminate and dispose of the tank car, and 3
address potentially contaminated surrounding soils related to the tank car. Activities for this removal 4
action began in June 1993. [
Minimum Additive Waste Stabilization. The Minimum Additive Waste Stabilization (MAWS) 6
program has been transferred from Operable Unit 1 to Operable Unit 4. The MAWS program 7
combines vitrification, water treatment, and soil washing processes to reduce waste volume and cost. 8
Soil washing began in June 1993. The melter process to make glass from actual wastes is scheduled 9
to be operational in September 1993. 10
K.1.5.2 Updated LRAs 1
Because each operable unit has its own RI/FS plan and schedule, it is imperative that FEMP 12
environmental data be collected effectively and remedial efforts be coordinated so that site-wide risk ‘
assessment goals can be achieved. To ensure the acceptance of the postremediation site, risks must be 14
estimated from a site-wide perspective, collectively considering the potential residual risks from the 15
individual FSs. The CRARE program is designed to achieve this objective. - 16
Each CRARE will be based on the LRAs from the SWCR, supplemented with the most current 17
information available for each operable unit or revised based on RODs. CRARE findings will reflect 18
the nature and levels of projected site-related risks after remediation at the time the report is prepared. 19
The findings can be used as a tool to identify site components that have the highest uncertainty of risk 20
and/or the highest estimated residual risk. This information can be used to improve the remedial 21
engineering. b7

The source of quantitative human health risk information on Operable Unit 4 for this CRARE is
found in Appendix D. Information on other operable units was developed using the SWCR (DOE
1993c), supplemented by direct communication with personnel from each operable unit and their
subcontractors. The LRA for each operable unit was assessed, with the exception of Operable Unit 4.
For Operable Unit 4, the updated LRA from Chapter 5 of this FS was evaluated. Baseline conditions

0041
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and other, lesser alternatives have not been addressed. , - -
e 5208

The health effects quantified in the CRAREs include: 1) the excess lifetime cancer risk for exposure
to chemical carcinogens, 2) the hazard quotient for exposure to noncarcinogens, and 3) the biological
effects (including carcinogenicity, mutagenicity, and teratogenicity) to human receptors caused by

exposure to radionuclides.

K.1.6 CRARE SITE-WIDE CONCEPTUAL MODEL

The CRAREs examine specific time periods after the remediation of all operable units is complete.
They are not intended to provide information on current risks. A key component of the CRARE:s is
the CRARE Site-Wide Conceptual Model, which examines current and future land uses for the
periods immediately after and for up to 1000 years after all remedial actions are complete. The
model depicts the final combination of FS remedial alternatives to ensure the FEMP achieves a

residual risk that protects human health and the environment on a site-wide basis.

Figure K.1-10 provides an overview of the conceptual model for the five operable units from
remedial action to remediated site conditions. For each operable unit, the conceptual model depicts
the LRAs anticipated for implementation. Potential releases from the source areas form the basis for
pathway evaluation. After site-wide remediation is complete, it is assumed that all existing structures
would be removed. As shown in the figure, the remaining features and COC sources at the FEMP
would be:

Permanent disposal facilities known as vaults

Capped areas

Areas where treated soil has been placed
Remaining surface soils

| _0042
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The CRARE Site-Wide Conceptual Model graphically represents the sources, release mechanisms,
transport-media and risk pathways for various human receptors under the Current and two Future
Land Use scenarios of the five operable units. The Current Land Use scenario describes the FEMP
for 70 years starting immediately after all remedial actions are complete. The 70-year period is based
on the RAWPA, and is the life span of an individual. The scenario assumes DOE ownership, access
control, and maintenance of the FEMP and associated remedial structures for 70 years. The only
remaining treatment facility active on the site at the start of the 70 years should be the wastewater

treatment plant in Operable Unit 5.

The two Future Land Use scenarios describe the FEMP for up to 1000 years after all remedial actions
are complete: Future Land Use With Federal Ownership assumes continued government ownership
and land use restrictions, while Future Land Use Without Federal Ownership assumes occupation by a
resident farm. Both future scenarios assume no access control, maintenance, or treatment operations.

Contaminant fate and transport have been modeled for 1000 years.

- Figure K.1-11 presents the Current Land Use scenario and displays the risks and exposure pathways
to seven types of human receptors. The center portions of the figure represent each exposure
pathway by which radioactive or chemical contaminants of concern (COCs) migrate from their
sources to human receptors on and off the FEMP. For each exposure pathway, the following

elements are addressed:

Contaminant sources

Secondary sources

Release mechanisms

Transport media

Exposure points

Exposure routes

Primary exposed populations (receptors)

0044
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Figures K.1-12 and 13 present the scenarios covering the 1000-year postremediation period. Both of

these Future Land Use scenarios assume no ongoing treatment activities. The scenario without 2
federal ownership assumes a total loss of institutional controls. 3
Throughout the conceptual model, terminology for release mechanisms, transport media, exposure 4
routes, etc. have used a limited set of technical terms in an effort to keep the model simple. As each s
operable unit is examined individually, the pathway model will become more complex, improving its 6
ability to predict future situations. Receptors have been standardized in the model to reflect the three 7
CRARE scenarios (Table K.1-1). 8
TABLE K.1-1 9
CRARE SCENARIOS AND RECEPTORS 10
Scenario Time Frame RME Receptor
Current Land Use For 70 years after remedial Groundskeeper
actions are complete Trespassing child
Off-property resident farm
Adult
Youth
Child
Future Land Use With  Up to 1000 years after Expanded trespasser
Federal Ownership remedial actions are complete  Off-property resident farm
Adult
Youth
Child
Future Land Use Up to 1000 years after On-property resident farm
Without Federal remedial actions are complete Adult
Ownership Youth
Child
Off-property resident farm
Adult
Youth
Child

These same receptors are used as the primary exposed population in the risk assessments for each of
the five operable units. It is anticipated that by using standard receptors, the cumulative risks for all 25
operable unit CRAREs can be added and compared without further work. A more detailed discussion .

of this concept is presented in Section K.5.1.4.
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Current Land Use: DOE-Owned, with Access Controls, 70 Years

PRIMARY SOURCE REASON FOR RELEASE RELEASE MECHANISM TRANSPORT/EXPOSURE EXPOSURE PATHWAY RECEPTOR RECEPTOR SUMMARY
MEDIA .
. . . Inhalation —— : ;
— Gas Emissions ————= Air — Deposition/Dermal —] Trespassing Child
Deposition/Crops — Groundskeeper ]
Direct Radiation Off—Property Residents*

Ar —mm8m8M ——
L Dust and Soils__E .
Surface Soils Ingestion

Trespassing Child
|——~— Dermal = F
—= Surface Soils L~ Groundskeeper

Direct Radiation

VAULTS — Design Infiltration/Exfiltration —ed

—e Sediment Transport— Surface Water to

Ingestion

Treatment System] Dermal — ] Trespossing Child
= Leachat tnhalation Groundskeeper —
e Leachate to . . Off -Property Residents*
Treatment System Direct Radiation ——
i igti ; ot . - Trespassing Child
Direct Radiation Direct Radiation Direct Radiation —_{Groundskeeper :__
Emissi . Inhalation —————— . .
— Gas Emissions ——= Ajr :::) Deposition/Dermal — Trespassing Chnli___:_
— Air g_epotsnéon_ Crops  — I:Groundskeeper
. Dust and Soils trect Rodiation  —
= Surface Soils :
Erosion of Cop Surface Soils j__—.E llggr?'rswglon — Trespassing YOUth——‘]
rosion = u 1 ¢ — { N .
CAPPED AREAS ——= Design Infiltration/ ———e Sediment Transport— Direct Radiotion Groundskeeper TCFeSPOdSSkIng Child
Exfiltration —= Surface Water to Ingestion ) o roundskeeper .
Treatment System | Dermal Trespossing Child Off—Property Residents*
I~ Leachate — o Groundwater fnhalotion ——— l Groundskeeper o Ecology
Direct Radiotion Off—Property Residents»

. N . — A . - Trespassing Child
Direct Radiation Direct Radiation ———= Direct ROdIOtIOn————E Groundskeeper }.a

: . Inholotion  ———— . .
- Oon Emilons ——— a3 _f Sopostton/permal [ oroundakeeper —————
—= Air D.eposutnon/Cnl'ops ] Off—Property Residentsx*
. Direct Radiation
= Dust and Soils
— Surface Soils — Ingestion ———— Trespassing Child
— Residual Concentrotions — Surface Soils B 8ﬁ;TF’Rodiction L Groundskeeper ——————
gutr)foci ondS ) | =~ Sediment Transport
ubsurface Soit ———— Surface Water to__ __ Ingestio . .
Treatment System [ Sgrmoll : Trespossing Child
_ Inhalotion Groundskeeper L—
L~ Leachate Groundwater _ Direct Radiation Off —-Property Residentss
RESIDUAL ) - ) . . L Trespassing Child
CONTAMINATION '—= Direct Rodiation————= Direct Rodiation ————— Direct ROd'Gt'on_——{Groundskeeper ]——
Ingestion
—= Residual Groundwater Dermal T ing Child
Concentrations Groundwater ———— = Groundwater ———=|— Inhalation ————-[: Crespodsskmg ! I——
Direct Radiation roundskeeper
Food/Crop Uptoke —
L - Residual Vegitative

Concentrations Ecology

. -
Residents include Farm adult, youth, and child

FIGURE K.1-11 SITE CONCEPTUAL MODEL,
04{\ ' CURRENT LAND USE
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Future Lond Use With Federal Ownership: No Access Controls, Up to 1000 Years
PRIMARY SOURCE REASON FOR RELEASE RELEASE MECHANISM TRANSPORT/EXPOSURE EXPOSURE PATHWAY RECEPTOR RECEPTOR SUMMARY
MEDIA A
— Gas Emissions Air Inhalation  ————
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Future Lond Use, Without Federal Ownership: Resident Farm, Up to 1000 Years
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The pathways to be considered include soil ingestion, direct radiation, inhalation, exposure to all
native vegetation, farm crops, invertebrate fish and wildlife, farm animals, milk, and subsequent
human uptake. The conceptual model is presented as a basis to develop risk pathways for each
CRARE. As the RI/FS process proceeds, the model will evolve to reflect the actual remedial action
for each operable unit. This will be a dynamic process, subject to input from many parties at the
FEMP site.

For the purposes of consistency, Table K.1-2 compares the land uses and receptors for the RI, FS,
and CRARE. Because the CRAREs encompass a site-wide evaluation, they should differ slightly
from the RI and FS, which are prepared for single operable units.

K.1.7 ORGANIZATION OF THE CRARE
This CRARE is organized as follows for the step-wise progression of detailed information.

® K.1.0 Introduction:

This section outlines the methodology to be used in preparing the FEMP
CRAREs. It serves as a protocol with an emphasis on the procedures and
techniques for characterizing the possible risks related to the remediated
FEMP site.

® K.2.0 CRARE Programmatic Approach:

This section describes the development of several factors and assumptions that
have been employed for the CRARE. Some assumptions have significant
bearing on the interpretation of the proposed approach. Generic site
conditions, as well as data completeness, future facility management,
demographics, and material containment assumptions, have been addressed.
Additionally, the LRAs for Operable Unit 4 and the other operable units are
presented.

® K.3.0 Overview of CRARE Information and Data:
This section addresses the types and sources of data, site conditions after

remediation, and introduction to fate and transport modeling, and the exposure
parameters and other site-specific information used in the CRARE.

0649
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K.4.0 Contaminants of Concern:

The COCs are developed in this section. The FS risk assessment was used to
develop Operable Unit 4 COCs. For Operable Unit 2, the Operable Unit 2 RI
was used. For all other operable units, the selection of COCs were excerpted
from the SWCR, Appendix R.

K.5.0 Exposure Scenarios:

This section defines the components of the exposure scenarios, discusses the
steps involved in identifying and developing the scenarios, and covers the
screening and selection of those currently identified. Selected exposure
scenarios are those that are determined to require a quantitative evaluation of
the risk assessment.

K.6.0 Fate and Transport Modeling:

This section described the methodology to be used to quantitatively predict
contaminant concentrations in the FEMP. It includes discussions of: 1) the
fate and transport models to be used, 2) their required data and default
parameter values, and 3) the technical approach that determines the
appropriate model for each potential exposure assessment.

K.7.0 Toxicity Assessment:

In this section, a toxicity assessment is presented for a qualitative evaluation
of the scientific data to determine the nature and severity of the toxic
properties associated with the radionuclides and COCs. This section includes
a critical review and interpretation of toxicity data from epidemiological,
clinical, and animal in vitro studies, and a quantitative estimation of the
amount of exposure to a contaminant that may result in an adverse effect on a
biological receptor. This defines the relationship between the dose received
by a receptor and the incidence of the adverse effect.

K.8.0 Quantification of Contaminant Exposure and Intake:

This section contains a description of the methodology to be employed to
quantify long-term exposures for significant exposure pathways at the FEMP.
This methodology employs the concept of the reasonable maximum exposure
(RME). The RME is the maximum exposure reasonably expected to occur at
the site. If the RME is determined to be acceptable, then it is likely that all
other, lesser exposures at the site will also be acceptable. To be consistent
with ongoing risk assessment work in the FS, the methodology in this section
closely reflects those methodologies presented in the RAWPA.

K.9.0 Risk Characterization:

Risk characterization is the final step in the CRARE process and involves
combining the information developed in the toxicity and exposure assessments.
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This information is integrated and presented as qualitative and quantitative
estimates of health risk. This section presents the short-term risk and

environmental assessment. 3
Potential carcinogenic effects are presented as the probability an individual 4
will develop cancer over a lifetime of exposure, and are characterized by
combining estimated intakes and dose-response information. 6
® K.10.0 Uncertainties: 7
This section presents potential for the CRARE to under- or over-predict risk 8
via a series of assumptions and numerical models. 9
® K.11.0 Results Summary: 10
A summary of site-wide residual risk by receptor is presented for the current 1
and future post-remediation scenarios. This section also summarizes the 12
allocation of residual human health risk. 13
® K.12.0 References: 14
Literature cited is presented in this section. 15
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K.2.0 CRARE PROGRAMMATIC APPROACH - 52 0 8 1

While following the same general methodology of a baseline risk assessment, this CRARE is based on
projected site conditions after remediation has been completed. In the baseline risk assessment, actual
site conditions, including contaminant concentrations, are used with modeling to project
concentrations, exposures, and risks to various receptors. For the CRARE, initial conditions are
determined from the result of treatment and disposal alternatives described in each operable unit FS.
Modeling must then be used to determine future concentrations, exposures, and risks to receptors

under various land use scenarios.

Groundwater fate and transport modeling was used as part of the CRARE methodology to

predict future groundwater concentrations resulting from migrations from residual soil
contamination and the on-site disposal facilities. Future ambient air concentrations are predicted
from air pathway transport modeling of soil and disposal area sources. Direct exposure (through
air, soil, surface water, and groundwater pathways) and indirect exposure (via food pathways) from
soils and water are modeled using proJected soil and water contaminant concentrations. All of

this is based on site physical conditions, topography, etc. projected from engineering estimates of
the impact of the remedial alternatives. Sections K.3.0 through K.7.0 should be consulted for a
detailed description of the CRARE methodology.

K.2.1 ASSUMPTIONS

Throughout the course of the CRARE development, numerous factors and assumptions have been
employed that have significant bearing on the interpretation of the resultant risk data. Assumptions
concerning future site conditions, the completeness of data, future facility management,
demographics, materials containment, and risk assessment methods have been addressed. The

following assumptions are specific to this Operable Unit 4 CRARE.

Future Site Conditions
® The vault design follows the concept described in £he SWCR.

® Site soil would be remediated for U-238 to an activity level not exceeding 60
pCi/g, based on the expanded trespasser receptors (appears as the recreational
user in the SWCR Part III). The value of 60 pCi/g was selected :as, a target
clean-up level and is likely to change as FSs for each of the operable units are
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completed. A more detailed discussion of the PRG selection is presented in
Section K.3.1 of this CRARE.

The FEMP property boundaries and operable unit boundaries define the source

areas for the CRARE analysis. Impacts from non-FEMP off-site contaminants and related
contaminant transport, and FEMP off-site disposal locations are not

included in this CRARE but are discussed in Appendix I of this FS report.

All volatile organic compounds (VOCs) have been effectively removed to a level
no longer warranting air dispersion modeling after remedial action is complete (short-term
and long-term adverse impacts are addressed in Appendix D of this FS report).

VOCs and semivolatile organic compounds (SVOCs) would be reduced in the
groundwater through the pump and treat operations of Operable Unit 5. This assumption
is consistent with the Amended Consent Agreement relative to operable unit definitions.
It is considered reasonable based on the low frequency of detection and low concentrations
(ppb range) of these compounds, as reported in the SWCR. The SWCR evaluated COC
concentrations in 85 off-site wells and identified 7 of them as containing elevated
concentrations of VOCs or SVOCs. Five of these are located in the vicinity of the
southern property boundary or the South Plume. Two wells are located along the
northwestern, up gradient property boundary. Radionuclides are much more widespread
in the South Plume and are the major focus of remediation there. Groundwater that is
removed from the South Plume for treatment will eventually be discharged to the Great
Miami River and not returned to the aquifer. It is probable that this process will reduce
the existing VOC and SVOC concentrations to minimal levels as part of the effort to
remediate the more extensive radionuclide contamination.

The CRARE Site-Wide Conceptual Model describes site conditions immediately after and
for a period up to 1000 years after remediation, according to the three land use scenarios
described in Section K.1.6.

The contaminated surface soil would be remediated to the PRGs for
all contaminants of concern (COCs).

The surface soil not covered by caps is assumed to be 85 percent vegetated
per the Operable Unit 4 RI report, Appendix E.

Completeness of Da

All hot spots have been identified as a result of sampling to date.

All COCs considered for Operable Unit 4 are identified in the Operable Unit 4 RI report
(DOE 1993d) and this FS report.
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® COCs considered for Operable Units 1, 3, and 5 are identified in Appendix R of 1
the SWCR. : 2
® COCs considered for Operable Unit 2 are identified in the Operable Unit 2 RI 3
report (DOE 1992g). 4
® The nature and extent of contamination for Operable Unit 4 are described in 5
the Operable Unit 4 RI report, except for the limitations identified in that
report.
® The nature and extent of contamination for Operable Units 1, 2, 3, and 5 are 8
described by the data contained in the RI/FS database, as of March 1993. 9
This database may contain nonvalidated data, which may have been used in 10
this CRARE as the best available data. 1
® Physical properties used for groundwater transport modeling were taken from 12
the SWCR. It is recognized that these are important parameters and current 13
efforts are underway to obtain better and more complete data. 14
Future Facility Management 15
® For the Current Land Use scenario, maintenance would be performed on the 16
‘ facility and storage areas for 70 years after remediation. The necessity and 17
duration of this maintenance would be considered in future assessments. 18
® The government would own the FEMP for up to 1000 years under the Future 19
Land Use With Federal Ownership scenario, and therefore will control land use to 20
prohibit residences, farms, or any land use other than recreational, but would not 21
otherwise control the access. 2
® Under the Future Land Use Without Federal Ownership scenario the FEMP p:]
would revert to private ownership and would become a resident farm immediately %
after the remediation is complete. No further maintenance or control would occur 25
for the 1000-year evaluation period. 26
Socioeconomics
The following socioeconomic conditions have been assumed for the purpose of performing a 28
sitewide impact assessment consistent with NEPA:
® During the 1000-year evaluation period, the surrounding land use would remain primarily 30
agricultural. 31

C ) - 005°
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® Population density changes for the 1000-year evaluation period are assumed not to be

significant.
Demographics

M

® For the CRARE, the off-site resident farmer is at the point of maximum exposure - on the
fence line - for both air and groundwater COC modeling. Predicting the actual location

of populations 1000 years into the future is acknowledged to be highly speculative.

However, even if the FEMP were surrounded by residential housing, the risk would be no

greater than that of the resident farmer, because a farmer’s exposure exceeds that of a
resident.

ri ntainmen

® All material left on-property, not including soils left in place, would be contained
in permanent on-property vaults or in capped areas for the duration of the 1000-
year evaluation period.

® Soils would either be washed, capped, or removed to meet PRGs.

® Containment structures would be effective for a period of not less than 1000 years

in preventing direct contact with disposed materials. All exposure results from residuals

in the soils after remediation of each operable unit.

o Containment structures may leak and seep during the period immediately following
remediation for up to 1000 years after remediation. Anticipated moisture
infiltration rates through the concrete vaults are presented in Section K.6.1.3.3.

® The surface caps would use a RCRA-type cap design that would last 1000 years.

® Appendix D of this FS report addresses the risks from Operable Unit 4 facilities
associated with large-scale, accidental releases caused by catastrophic events such as

tornadoes, earthquakes, and 100-year storms. Other operable units would likewise have

similar discussions within their respective FS reports.

Risk Assessment Methods

® The RAECOM model for estimating radon emissions from soil is considered
to be conservative.

® Constituents adsorbed to soils in runoff remain adsorbed in the stream
sediment.

® Constituents dissolved in runoff water remain in the water column in the
receiving stream.

FER/OU4CRARE/LAW. WP996APK.2/02/4/94 3:01pm K-24 ﬂ (9 5 g

FEMP-OU4CRARE-6-FINAL
February 1994

- RS - R

10

11
12
13

14

R8N

26

30




- 52 U 8 FEMP-OU4CRARE-6-FINAL
§Q

February 1994

® Inputs from individual source areas can be summed to obtain site-wide inputs
to receiving streams.

® This CRARE addresses long-term residual risks associated with the remediated
FEMP site. Short-term risks, such as those related to remediation activities, are
taken from the information in the Operable Unit 4 FS/RA documentation.

® This CRARE addresses human health risks. Ecological and environmental related rlsks
are presented qualitatively in Chapter 4 and Appendix I of the Operable Unit
4 FS report. A quantitative site-wide ecological risk assessment will be performed
as part of the Operable Unit 5 RI in accordance with the Amended Consent Agreement.

® Some groundwater COCs (Section K.4.0) are eliminated from quantitative risk
assessment by risk screening calculations of groundwater in the vadose zone.
For example, if carcinogenic risks are less than 1 x 10® or the Hazard Index
(HI) is less than 0.1, these COCs are eliminated.

® PRGs and LRAs for Operable Units 1, 2, 3, and S are identical to those identified
in the SWCR. The updated LRAs for Operable Unit 4 are used in this CRARE.

® New RfDs and slope factors will not be developed as part of the CRAREs.

® Exposure parameters are taken from the values published in the Operable Unit 4
RI approved final report and are presented in Section K.3.0, Table K.3-1.

® Validated data is the primary source of exposure concentration estimates.
Where validated data are not available, the highest detected concentration of a
contaminant in a medium may be used.

@ Based on the site operational history, it is assumed that 90 percent of the chromium that
has been identified is not hexavalent; 10 percent, therefore, would be carried over as
hexavalent in the risk assessment.

K.2.2 LEADING REMEDIAL ALTERNATIVES
This section summarizes the LRAs for the operable units. The LRAs for the Operable Unit 4

CRARE have been updated to include current FS data.

It is important to note that for future CRARES, the LRAs for the operable units that do not have
completed FS documents may be changed to represent the current plans of each operable unit FS
team. Major changes may be expected for some of the operable unit LRAs, with the development of
new field data and new approaches to remediation. As an example, Ob;arable Unit 2 is collecting new
field data during the summer of 1993, and is currently evaluating several noncapping alternatlves

including excavation, treatment, and disposal. Also, Operable Umt6 baglgnated a program to R
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obtain additional data to more accurately determine the potential for groundwater contamination from

residual soil contamination. Changes of this nature may result in significant changes to future 2
CRARE transport modeling and risk assessment. 3
K.2.2.1 I nit 1 4
Operable Unit 1 includes Waste Pits 1 through 6, the Burn Pit, and the Clearwell. Soil between the s
pits and contaminated soil adjacent to the boundary of Operable Unit 1 are also included, as is 6
perched groundwater within the waste pit area. The Burn Pit and Pits 1, 2, 3, and 6 contain 7
hazardous constituents and radiological substances. The Clearwell and Pits 4 and 5 contain a mixture 8
of radiological and hazardous waste. 9
The LRA for Operable Unit 1 involves removing and treating waste material from Waste Pits 1 10
through 6, the Burn Pit, the Clearwell, and associated contaminated soil to achieve risk-based PRGs. 1
Treated wastes would be disposed of in the on-property vaults. The excavated area would be filled 12
with compacted soil. Remaining waste and contaminated soil in the unit would be stabilized and 13

covered with a closure cap. The excavated material would be treated and placed within the

on-property vault. For the purposes of future land use assumptions, this alternative assumes

continued federal ownership of the land for up to 1000 years after remediation is complete. 16
K.2.2.2 rable Unit 2 17
Operable Unit 2 includes the flyash piles and other South Field disposal areas, the lime sludge ponds, 18
solid-waste landfill, berms, liners, and soil within the operable unit boundary. 19

The LRA for Operable Unit 2 includes localized excavations to remove and treat impacted media, and
capping the waste units with a RCRA-type cap with appropriate radon emission controls. The waste
units would be regraded and runoff/run-on controls employed. Direct contact with the waste and
transport of waste would be prevented. Prior to capping, the inactive flyash pile would be relocated
outside the Paddys Run flood plain. For the purposes of future land use '
assumptions, this alternative assumes continued federal ownership of the land for up to 1000 years

after remediation is complete. ., .
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K.2.2.3 rable Uni - 5208

Operable Unit 3 consists of the former production area and associated facilities and equipment.

It incorporates all above- and below-grade improvements, including all structures, equipment,
utilities, drums, tanks, solid waste, waste product, effluent lines, the K-65 transfer line, wastewater
treatment féciliti%, fire training facilities, scrap metal piles, feed stocks, and the coal pile. The
production area occupies about 55 hectares (136 acres) near the center of the FEMP and contains
many buildings, scrap metal and soil piles, material containers, storage pads, a parking lot, roads,
railroad tracks, and above- and underground tanks, utilities, and equipment. Several impoundments,

ponds, and basins are also included.

For the Operable Unit 3 LRA, contaminated material would be removed, treated and/or
decontaminated, and disposed of to reduce the potential for contaminant migration. Decontamination
and treatment residue would require further treatment and disposal. Contaminated material would be
disposed of in the vaults while clean material would be free-released for reuse or recycling. For the
purposes of future land use assumptions, this alternative assumes continued federal ownership of the

land for up to 1000 years after remediation is complete.

K.2.2.4 erable Unit 4
Operable Unit 4 includes the structures and stored waste of Silos 1, 2, 3, and 4; the soil berms
surrounding Silos 1 and 2, the decant tank, its contents and associated piping; the existing radon

treatment system; and any contaminated subsoil underlying the silos.

The updated LRA for Operable Unit 4 includes removing the waste stored in Silos 1, 2,.and 3,
stabilized it via vitrification, and removing it to an off-property disposal facility. Contaminated soil
and construction material from the silo berms, subsoil, and decant tank would be removed to the
extent necessary to achieve risk-based PRGs and disposed of in an on-property vault. Silo 4 would be
remediated as necessary along with Silos 1, 2, and 3. Silo 4 may also be used as a demonstration site
for testing Silo 1, 2, and 3 waste and silo demolition techniques. These actions are presented the
Comparative Analysis of Alternatives contained in Chapter S of this FS report. These alternatives are
identified as 3A.1, 3B.1, and 2C. They are the alternatives that compared most favorably in the

00G0

Chapter 5 discussion.
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The g ‘ jpﬁpe&y diSposal described in Alternative 3A.1 includes packaging, loading, and shipping the

solidified K-65 material to the low-level radioactive disposal facility at the Nevada Test Site (NTS). 2
The existing contaminated material would be removed from Silos 1 and 2 and treated, therefore 3
leaving no residuals and no on-site residual risk associated with the silo contents. Any treatment of 4
perched water will be addressed in Operable Unit 5 FS. s
Similarly, under Alternative 3B.1, the stabilized Silo 3 metal oxide material would be packaged, 6
loaded, and shipped to the NTS. Again, because the existing contaminated material would be 7
removed from Silo 3 and treated, no residuals and therefore no residual risk from silo contents would 8
remain. 9
Under Alternative 2C, demolition debris from Silos 1 through 4, the decant system, the berms 10
surrounding Silos 1 and 2, and the soil removed during remediation would be disposed of in on- 1
property vaults located in the northeast section of the FEMP. The vaults would be constructed on a 12
reinforced concrete mat. The perimeter of the mat would be bounded by a curb with embedded pipes 13

connected to the manholes of the underlying multimedia Leachate Collection/Detection System
(LC/DS) to facilitate the collection of any contaminated leachate after final closure. The LC/DS

would be composed of alternating composite soil liners and drainage layers to minimize the potential 16
release of contaminated leachate to the groundwater and the underlying Great Miami Aquifer. 17
K.2.2.5 Operable Unit S 18
Operable Unit 5 includes groundwater, surface water, soil, sediments, flora, and fauna not included in 19
Operable Units 1 through 4. 20

Under the LRA for Operable Unit 5, contaminated groundwater would be extracted, treated at an
on-property facility, and discharged to the Great Miami River through the newly constructed effluent
line. Treatment residuals would be disposed of on-property in a vault. The LRA also involves
excavating contaminated sediment and soil necessary to meet risk-based PRGs, transporting the
contaminated material to an on-property location for treatment using soil-washing, and returning the
treated material as backfill. The soil-washing fluids would be recycled and the removed contaminants
stabilized and disposed of in ‘on-property vaults. For the purposes of future land use assumptions,

‘:’.gazuss
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this alternative assumes continued federal ownership of the land for up to 1000 years after

remediation is complete.

K.2.3 VAULT DESIGN
As part of the RI/FS process, CERCLA requires that several remedial alternatives be developed and

evaluated. For the FEMP, the RI/FS documentation for each operable unit provides
recommendations of the most appropriate alternatives. Initial Screening of Alternatives reports have
been prepared for Operable Units 1, 2, 4, and 5 identifying the remedial alternatives for each
operable unit. In each case, an on-site disposal option has been included, under which some wastes
or treated materials would be disposed of in on-property vaults. The following discussion describes
the major design features of the vaults as they are currently envisioned. Other alternatives, such as
in-situ remediation and off-property disposal, will be identified and possibly implemented as part of
the RI/FS process for each operable unit. Accordingly, the vault concept may change based on
results from each RI/FS. However, for purposes of this document, the following vault concept was

used for the on-property disposal concept.

K.2.3.1 Vault Description
Fifty-nine vaults would provide long-term, on-property disposal of the radioactive, hazardous, and

mixed waste generated during the FEMP remediation. The vaults would accommodate the different
waste types, volumes, and generation rates for Operable Units 1 through 5, as noted in the SWCR
(DOE 1993e). The current, total disposal capacity for the vaults is estimated at 1.83 million cubic
meters (2.4 million cubic yards). This volume is subject to change since the estimate does not include
any waste generated by decontaminating and decommissioning the Operable Unit 3 production
facilities. As of August 20, 1993, operable unit waste volume estimates have been updated for
internal review. These wastes volumes are for in-place wastes and are not equivalent to the wastes
that result from remediation efforts; however, they are likely to result in increased estimates of waste
volumes resulting from remediation. These volume calculations were not available in time for

consideration in this CRARE, but they will be incorporated in subsequent CRARE:.

0062 o Sh
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The vaults would be located on FEMP property near the northwestern and eastern perimeters. Each

vault would consist of an above-grade, reinforced concrete structure capable of storing approximately 2
68,814 cubic meters (90,000 cubic yards) of waste. 3
The floors and roofs of the vaults would be sloped. To facilitate leachate collection and leak 4
detection of the 59 vaults, 58 would contain 3 modules each, with 4 cells in each module, for a total 5
of 12 cells per vault. One vault would have only two modules and eight cells. Each disposal cell 6
would contain a double liner system with leachate collection and leak detection capability. The liners 7
selected would be chemically resistant to waste and leachate. 8
There are two design concepts for the vaults. The wet vault would accept waste in the form of a 9
grout slurry that would solidify in the vault. The dry vault would accept waste in discrete containers. 10
The structure of the wet and dry vaults is essentially the same, except that the wet vaults have access 1
panels in their roofs through which slurry can be placed. Figure K.2-1 presents a typical vault 12
System, showing both wet and dry vaults. 13

For the wet vaults, access panels would be provided through the concrete roof to allow the grout to

be placed and inspected. For the dry vaults, a service opening would be provided for each disposal 15
cell along one side of the vault to allow access for placing the containers. A forklift would be used to 16
stack waste containers in the cells of the dry vaults. Active disposal cells would be ventilated to 17
remove exhaust gases. 18
A high-density polyethylene (HDPE) Bump and tank system would be used to collect and detect 19
leachate. Each cell would have its own leak detection Bump. The leachate collection and leak 20
detection systems would both have piping that extends to the surface. This piping would provide 2
access for instrumentation, pump-out, and cleaning of the tanks, sumps, and pipes. The leak 2
detection systems would be routed to the facility support building. When a final cover is placed over 3
the vault, manways would be installed from the final grade down to the top of the vault base slab %
surface. 25

pord
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Vault access roads would be provided for both construction and operations service traffic. The roads
would have two lanes: one for an unloading zone on the cell service entrance side of the vault, the
other lane for through traffic. Access to each vault would be from aprons in front of the service
entrance of each cell. These aprons would provide a staging area for unloading and transferring
treated waste material into the dry vault cells, or a staging area for the wet vault slurry transfer

system. Access roads adjacent to the vaults would be removed during final closure.

After filling a vault to capacity, interim closure would be performed. This consists of removing all
temporary structures and sealing all vault openings. An engineered cover, consisting of compacted
soil, gravel, cobblestone, sand, clay, and a synthetic liner material, would be placed over the vault.
The cover would be designed to withstand estimated settlements and provide a long-term barrier. The
cobblestone layer would act as an intruder barrier. The surface of the final cover would be sloped to

promote drainage away from the vault.

The permeability of the cover would be no greater than that of the bottom liner and would be less

than 107 centimeters per second. The cover system would have a minimum thickness of 5 meters

(16.4 feet) or have an intruder barrier.

K.2.3.2  Venting of Heat and Gases from the Vault
During the placement of waste in the cells, gases would be vented using temporary removal systems.

Upon closure, all temporary vent systems would be removed. The vaults would not contain a

permanent venting system.

K.2.33 rmwater Management Relatin Vaul

During remediation and for a 70-year period after remediation, if the Current Land Use scenario is
implemented (with access controls), storm water runoff from the waste disposal operation areas,
including the vaults, would be controlled by drainage ditches, culverts, sedimentation and retention
basins, and lift stations. The system would be designed to handle peak discharge from a 24-hour,
25-year storm. To maintain the design capacity, provisions would be included to empty the storm
water accumulating in the retention basin. The accumulated water would be pumped to a waste water

treatment facility for treatment prior to discharge. Storm water runoff from closed and unregulated

0065
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areas would be allowed to flow off-property via man-made and natural water courses. Erosion

structures would be used, if required.

K.2.3.4 RCRA-T Desi

The RCRA-type cap would have a 1000-year design life that minimizes the release of contaminants to
air and grbundwater. This approach is included in the LRA for Operable Units 1 and 2. Both
operable units would evaluate this concept in their individual FS reports.

Essentially, the evaluation of the RCRA-type cap in the CRARE provides for a low- to
no-maintenance design. For each operable unit for which this type of cap is proposed in the CRARE,
the feasibility of using it would be specifically evaluated in that unit’s FS.

K.2.4 CRARE AND MODIFICATION OF PRELIMINARY REMEDIATION GOALS

The PRGs used as a starting point in the CRARE were derived in the SWCR (Section III) and are
based on acceptable carcinogenic and noncarcinogenic risks attained at the on-property and the
off-property RMEs, as well as on specific pathways of exposure developed in this CRARE.
Modification to the PRGs may occur. ‘

The EPA’s Target Risk Range for remediation of carcinogens is 10° to 10*. The noncarcinogenic
risk benchmark established under CERCLA is a cumulative (all chemicals, all pathways HI of 1.0.
According to the EPA the HI benchmark should be further examined for target organism/mechanism
of action impact and will be in future CRAREs. The combined residual risk from all remediated
operable units is to be quantitatively evaluated in the CRARE to ascertain if the residual risk remains
protective of human health as expressed by these criteria.

K.2.5 CRARE TECHNICAL APPROACH
The methodology used in the CRARE is consistent with the Amended Consent Agreement, which

states: "The cumulative residual risk contributions from the other operable units will be estimated

based upon the selected alternative, or the Leading Remedial Alternative.” In addition, the RAWPA

states that a residual risk assessment will be performed after all RODs have been finalized. Figure

2.2-2 of the Addendum emphasizes the iterative nature of PRG selection. The CRARE as such does

not select PRGs, it reports risks calculated using the PRGs from each operable unit. The overall
60CG
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technical approach for the Operable Unit 4 CRARE has been developed within the context of the
RI/FS process for the FEMP to determine if the LRAs for the operable units protect human health

and the environment or, if they do not, to provide information as to the best path forward.

This CRARE has been prepared in conjunction with EPA, Ohio Environmental Protection Agency
(OEPA), and DOE guidelines to assess the potential risk of exposure to radionuclides and hazardous
chemicals. It follows the methodology presented in the RAWPA, which derived much of its
methodology from the EPA Risk Assessment Guidance for Superfund (RAGS). However, deviations
to the methodology discussed in the RAWPA are the result of 1) FERMCO’s response to EPA Region
V review comments on the SWCR, 2) releases of additional guidance documents after the submittal of
the Addendum and the SWCR, and 3) technical information attained from literature other than that
cited in the Addendum and SWCR. These deviations are summarized below. |

® Groundwater PRGs for radionuclides were developed from a 107 target risk
level and from applicable, relevant, and appropriate requirements (ARARs)
and those to be considered (TBC). The ARARs/TBCs include maximum
contaminant levels (MCLs) and proposed MCLs. In addition, the 4
mrem/year MCL for man-made beta and gamma emitters was interpreted to
apply to alpha emitters. In this instance, PRGs were calculated using
committed effective dose equivalents to a 4 mrem/year intake, assuming a
drinking water rate of 730 l/year, and using dose conversion factors from

EPA’s Federal Guidance Report (EPA 1988g).

® In addition to calculating the PRGs for soil based on the residential land use
scenario, PRGs have also been calculated assuming the Future Land Use
Scenario and expanded trespassers. Values for both the residential and
recreational scenarios were calculated using both a 107 target risk and a 100
mrem dose limit from 10 CFR 20, for allowable exposures to the general
public.

® The soil ingestion rate for the on- and off-property resident farm adult was
increased. The new rate of soil ingestion, 0.18g/day, was developed in response to
EPA comments on the SWCR. This soil ingestion rate was based upon a standard
adult soil ingestion rate of 100 mg/day and modified to account for farming activities
(February 11, 1993 FERMCO memo). The derivation of the 180 mg/day soil
ingestion rate is presented in detail in the Operable Unit 4 RI report (see also
Section K.3.3). '

® Skin surface area available for contact was increased for the child, youth,
and adult receptors. This change reflects better characterization of the
receptor’s physical parameters and the availability of new data in the
literature. _

0067
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® The 60-pCi/g PRG is for U-238 and not for the two daughters as indicated
in the SWCR Table 2-3. The SWCR is unclear with regard to the
consideration of the two progeny of U-238 in the risk calculations.

In addition to the Operable Unit 4 FS report, information for this CRARE has been extracted from
the RI report for Operable Unit 2 and the SWCR for the other operable units. This Operable Unit 4
CRARE reflects the Risk Information Data Quality Objectives and is sensitive to EPA’s comments on
the Operable Unit 2 RI report (DOE 1992g), the Operable Unit 4 RI report, and the SWCR (DOE
1993e). Additionally, this CRARE uses the fate and transport modeling concepts developed for
Operable Unit 5.

5;00680
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K.3.0 OVERVIEW OF CRARE INFORMATION AND DATA™

Three types of site-wide data are used in this CRARE: 1) data that characterize the residual and vault
contaminants, 2) data used to model the fate and transport of constituents, and 3) data used to

estimate exposure.

Data generated as a result of RI/FS activities are considered primary sources in this CRARE because
these are most current and most reliable. Data generated in studies of past site operations, and non-
RI/FS data related to off-property soil, surface water, sediment, groundwater, etc. are considered
secondary sources. Primary and secondary data were compared for corroboration. In general,
secondary data were used in the CRARE only when acceptable-quality primary data were not

available.

K.3.1 SITE CONDITIONS AFTER REMEDIATION

As discussed in Section K.2.2, this CRARE assumes that the updated LRA for Operable Unit 4
(Alternatives 3A.1, 3B.1, and 2C from Chapter 5 of this FS report) will be implemented, as well as
the LRAs for Operable Units 1, 2, 3, and 5. The LRAs are described in detail in Section III of the
SWCR (March 1993) and are summarized in Section K.2.2 of this CRARE.

The remedial action for Operable Unit 5 would be the last imp]ementedv. Although the Operable Unit
3 record of decision (ROD) is actually the final ROD, Operable Unit 5 includes site-wide activities to
pump and treat groundwater and to excavate, treat, and replace contaminated soil. The remediation
of soil beneath the structures of Operable Unit 3, in particular, cannot begin until the structures have
been removed. Also, the groundwater remediation is expected to take several years because of the
large volume of water to be removed from the aquifer and treated. A total completion time for

FEMP remediation is expected to require up to about 20 years.

When FEMP remediation is complete, the only structures remaining on the si;_e will be the vaults, the
RCRA-type caps, and the water treatment facility. The Operable Unit 4 disposal facilities are
described in detail in Chapter 2 of this FS report. Under Alternative 2C (Chapter 3 of this FS
report), only the northeast vaults would contain structural material, debris, and soil; these vaults are
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shown -in figuf,e_KB-l and described in Section K.2.3. According to the LRAs, waste from Operable

Units 1; '3, and 5 would be disposed of in the on-property vaults, which would have leachate 2
collection systems. In the Current Land Use scenario, the maintenance of these collection systems 3
was assumed to continue for 70 years after remediation and to include the repair of leaks and the 4
periodic removal and disposal of leachate. Therefore, no release of contaminated leachate was 5
assumed for this 70-year period. It should be noted that the need for and the duration of this 6
postremediation maintenance period may be further explored in other assessments. In the two Future 7
Land Use scenarios, however, it was assumed that no maintenance would be performed for up to | 8
1000 years. 9
Under the LRAs, all Operable Unit 2 areas, as well as those Operable Unit 1 areas that contain _ 10
residual contaminated soil, would be capped with a RCRA-type surface cap. It was assumed that the 1
top layer of the cap may erode, but the cap would retain its integrity for up to 1000 years, and 12
substantial leaking and erosion would not occur. 13

After the remediation of Operable Units 1, 2, 3, and 4 is complete, some contaminated soil would

likely remain in place. Under Operable Unit 5, soil that does not meet a specified remedial goal

would be excavated, treated to meet that goal, and used as backfill. For U-238, the PRG of 60 16
picocuries per gram (pCi/g) was assumed to be consistent with the Operable Unit 4 FS proposed 17
remediation level. The remediation goals for other COCs were assumed to be the PRGs as presented 18
in the SWCR. Therefore, at the end of the remediation period, all remediated soil is assumed to be at 19
the PRGs of the respective contaminants, and the residual soil is assumed to retain its current level of 20
concentration and/or activity. The current characterization information suggests that uranium and 21

radium will be the drivers for surface soil remediation. n

The PRG for U-238 was selected based on the expanded trespasser (which is described in detail in pL
Section 5.1.4) in the Future Land Use With Federal Ownership scenario. It is recognized that the 2%
RAWPA states that the initial remedial PRG should be based on an on-property resident land use. 25
However, the SWCR'indicates that the selection of LRAs for the operable units is based on continued 2
government ownership and hence government control of land use, a reasonable assumption since the 27
site is currently government owned. The LRA is defined in the Amended Consent Agreement and
reiterated in the SWCR as "the remedial alternative which, based upon '
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all available data and best professional judgement, consistent with CERCLA, is the most likely to be
selected as the response action for an operable unit. The LRA does not represent the pre-selection of

a remedy and shall be used only for the purpose of estimating and evaluating the risk presented by the

entire Site during the FS/Comprehensive Response Action Risk Evaluations for Operable Units 1-5."

The CRARE approach for using LRAs is consistent with this definition.

While the LRA does not dictate what the PRG should be, it does indicate what level of clean-up the
remedial technologies can possibly achieve. The current LRAs assume that residual contamination
would remain after all alternatives have been completed, and some form of land use restrictions would
be required. Based on this assumption, the most likely basis for the initial CRARE was to assume the
recreational use of the FEMP as a future reasonable maximum land use. The PRG for the possible
on-property resident farmr adult was also estimated in the SWCR as 0.28 pCi/g, which is below

background concentrations.

The preliminary results from the ongoing Operable Unit 5 soil washing studies indicate that a U-238
clean-up level of less than 60 pCi/g may not be achievable with current technology. Each individual
FS, as it is completed, will refine the limits of this and other technologies. This preliminary result
points toward a restricted future use of the FEMP with the expanded trespasser as the main receptor
of concern. The idéntiﬁcation of the expanded trespasser as the driving risk receptor follows the "as
low as reasonably achievable” (ALARA) philosophy. The objective of the ALARA is to keep
exposure to as low as practicable levels after taking into account social, technological, economic, and

public policy issues.

The CRARE is regarded as a reporting document with alternative cleanup methods being presented
and discussed in the main body of the FS report. The current methods of soil cleanup were presented
in the SWCR, and Operable Unit 5 is performing on-going studies. As additional FSs are prepared,
the updated information on soil remediation can be added. The current information regarding U-238
soil cleanup indicates that 60 pCi/g is the limit. A particular issue in the development of remedial
goals is that the use of the on-property resident farmer may lead to a cleanup effort to background
levels. Information regarding the selection of future land use can be found in the document, which
was presented to EPA on December 1, 1993, on developing remedial levels for Operable Unit 4.
This document has been included in the FS as Attachment D.II

L
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Regarding groundwater an explicit assumption in the CRARE is that contaminants currently in the

groundwater which present the potential of excess risk due to elevated concentrations will be 2
remediated. The start of the CRARE period of evaluation is after all remédial actions have been 3
concluded including groundwater cleanup. The target remediation levels are assumed to be risk 4
based. Therefore the reduction of VOC and SVOCs should result in a decrease in overall risk. 5
VOCs and semivolatile organic compounds (SVOCs) would be reduced in the groundwater through 6
the pump and treat operations of Operable Unit 5. This assumption is consistent with the Amended 7
Consent Agreement relative to operable unit definitions. It is considered reasonable based on the low 8
frequency of detection and low concentrations (ppb range) of these compounds. It is probable that 9
this process will reduce the existing VOC and SVOC concentrations to minimal levels as part of the 10
effort to remediate the more extensive radionuclide contamination. ‘ 1t
It was assumed that groundwater in the Great Miami Aquifer would be remediated to the PRGs or 12
lower for all contaminants. The PRG for U-238 in groundwater is 7 pCi/l, based on the proposed 13

maximum concentration level (PMCL). Because uranium is the most widespread contaminant at the

highest concentrations, it was assumed to be the most persistent contaminant during remediation. In

addition, it is currently assumed that the soil PRGs of U-238 (60 pCi/g) and Ra-226 (5 pCi/g) would 16
be the controlling factors of the soil washing process. _ 17
Material that would be removed from the site by the end of FEMP remediation includes the contents 18
of Silos 1, 2, and 3 in Operable Unit 4, the structural material in Operable Unit 3 that can be 19
decontaminated, and the treated groundwater from Operable Unit 5. 20

K.3.2 FATE AND TRANSPORT MODELING OF RESIDUAL CONTAMINANTS

Section K.1.6 describes the CRARE Site-Wide Conceptual Model, which was used to establish
potential sources, pathways, and contaminant receptors. Section K.2.1 discusses the major '
assumptions used to estimate conditions. After developing the conceptual model, fate and transport
computer models were used to simulate the transport processes. A discussion of the computer models

follows.

0075
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K.3.2.1 Groundwater and Surface Water Modeling
The SWCR (Section 1I, Part 3.2.1) describes the development of specific conceptual models for
source terms, release mechanisms, and receptors, and the selection of numerical computer codes for
RI/FS work at the FEMP. The CRARE fate and transport models use the same approaches and codes
where appropriate. The principal differences between the baseline and CRARE numerical models are
in the definition of source terms from the respective conceptual models. The same One-Dimensional
~ Analytical Solute Transport (ODAST) and SWIFT III codes were used to model transport through the
vadose zone and the aquifer, respectively. More detailed descriptions of ODAST and SWIFT III are
presented in Section K.6.1.

The first step in defining source terms for groundwater numerical modeling is to establish the COCs
to be evaluated in the assessment. The selected COCs are presented in Section K.4.0. Contaminants
were considered whose estimated groundwater concentrations (either before or after ODAST
modeling) were elevated enough to represent a carcinogenic risk via a drinking water pathway.
Contaminants were not included as input to the SWIFT III groundwater model if they did not have
high enough concentrations (as either source terms or after the ODAST modeling) to represent a

carcinogenic risk of 10® or an HI of 0.1.

As defined in Section K.6.1, the source terms for the various areas of the site are the leachate from
the vaults, the residual soil, and the capped areas. The ODAST results for these areas were used as
direct inputs to the CRARE SWIFT III groundwater model.

An engineering study of the vaults and capped areas has been completed that estimates leakage rates
through the structures over time. Preliminary Toxicity Characteristic Leaching Procedure (TCLP)
tests were performed on various types of waste that would be stored in the vaults. The results were
used to estimate the contaminant concentrations in the leachate and then used as input to the ODAST
model to estimate transport through the vadose zone. TCLP results were not available for all types of
waste. Geochemical modeling was used to estimate leachate concentrations where the TCLP results

were not available.

For soil that is excavated, treated, and returned as backfill, U-238 was assumed to be at a
concentration of 60 pCi/g and Ra-226 at 5 pCi/g. As previously stated, the other contaminant
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concentrations were assumed to be at their respective PRGs or actual concentration levels, whichever

is lower. Untreated residual soil was assumed to retain its current level of constituents. Geochemical 2
modeling was used to estimate leachate concentrations from all contaminated soil, and the HELP 3
model was used to estimate infiltration and runoff values for surface soil. 4
A simplified analytical approach, the Modified Universal Soils Loss Equation (MUSLE) model, was 5
used to estimate runoff and contaminant transport from surface soils to Paddys Run. The flow in 6
Paddys Run was used as a source term for groundwater in downstream areas where it recharges 7
through coarse sediments. The ODAST model was not used in these areas. 8
For all source terms, the total mass of available contaminants was initially estimated for the start of 9
the model time frame. As contaminants were transported away or decayed over time, these source 10
masses were depleted. If they were exhausted before the end of the 1000 years, the source was 1
deleted from that time forward. 12

The SWIFT III groundwater model used as input parameters the flow and contaminant concentration

data from all of the ODAST simulations. Other general groundwater flow conditions were established

previously in the SWCR. SWIFT III predicted the transport of the contaminants in the groundwater | 15
flow paths and developed contaminant concentration contours at specified times. From this data, 16
specific receptor locations were selected as representative of potential risks to on- and off-property 17
residents. Plots of concentration versus time for these locations were then developed to estimate the 18
potential risks from groundwater contaminants originating at the FEMP. 19
K.3.2.2 Site-Wide Air Pathway Analysis 20
The objectives of the air quality impact analysis were to calculate the risk from estimated ground-level 21

air contaminant concentrations from the LRAs. The ground level air contaminant concentrations were

then used in the exposure analysis.

Air Emission and Dispersion Modeling
Air dispersion modeling conducted for risk assessment calculations used an EPA air quality dispersion

model, the Industrial Source Complex, Long-Term, Version 2 (ISCLT2). Rn-222 emission rates
were estimated using the RAECOM model, which converts Ra-226 soil concentrations to Rn-222

®

R
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emission rates, consistent with the natural decay of Ra-226. Airborne particulate emission rates were
estimated using methods presented in Rapid Assessment of Exposure to Particulate Emissions from
Surface Contamination Sites (EPA 1985c). Only nonvolatile organic compounds were assumed to
remain on-property after remediation; therefore, nonvolatile organic compound soil concentrations

were used to analyze organic emission rates.

Sources

The air emissions from the LRAs for Operable Units 1, 2, 3, and 5 (identified in the SWCR), as well
as the updated LRA for Operable Unit 4 (identified in the FS report), were modeled as source areas
for risk assessment calculations. Operable Unit 1 has 8 sources; Operable Unit 2, 8 sources;
Operable Unit 3, 21 sources; Operable Unit 4, 2 sources; Operable Unit 5, 157 sources; and the on-
property vaults, 47 sources; for a total of 243 source areas. Two emission rates were analyzed for
each source. The future emission case differs from the current case in that the future case amends a
loss of topsoil and the first drainage layer from the vault and Operable Units 1 and 2 caps, and a total
loss is Operable Unit 4 soil cover. More specific information about these sources appears in Section
K.6.2.

As indicated in K.3.2.2, various models and methods were used fo estimate air contaminant emission
rates. Radon emissions were calculated using the RAECOM model. The contaminant concentrations
in surface soil were used to deveiop suspended contaminant emission rates from the total suspended
particulate emission rate. Contaminants in wind blown soil include radionuclides, inorganic

compounds, and nonvolatile organic compounds.

Contaminant Concentrations
Contaminant soil concentrations for Operable Units 1 through 4 were obtained from various FEMP

reports, including:
® Remedial Investigation Report for Operable Unit 2 (Draft), October 1992
® Remedial Investigation Report for Operable Unit 4 (Final), November 1993
® Site-Wide Characterization Report (Final), March 1993

The SWCR and the RI/FS database were used to estimate soil contaminant concentrations for

Operable Unit 3. These reports were also used to estimate the Ra-226 concentration for waste

FER/OU4CRARE/LAW. WP99GAPK.3/02/4/94 9:18am . K-3-8 o 00 /8

10

11

12

13

14

15

16

17

18

19



i ’ . FEMP-OU4CRARE-6-FINAL
February 1994
- 5208

disposed of in on-property vaults. The PRGs were used as concentration estimates for remediated

soils, consistent with the groundwater modeling approaches presented in Section K.3.2.1. 2
Meteorological Data 3
Six continuous years of meteorological data from the FEMP, from 1987 through 1992, in stability 4
array (STAR) format, were used to model air quality impacts. ; A 5
Receptors 6
Air contaminant concentrations were modeled using a receptor grid, a system of fenceline receptors, 7
and several discrete receptors. The receptor grid consisted of 900 receptor points covering the site 8
and extending approximately 1200 meters (4000 feet) beyond the FEMP fenceline in each direction. 9
The grid was used to develop airborne concentration isopleths for the FEMP and surrounding area. 10
The maximum on-property impact location was determined from modeled results at the receptor grid n
points. The on-property residential and occupational worker exposures were developed from the grid 12

point concentration values. 13

The fenceline receptor system consisted of 36 receptor points located around the FEMP at the

fenceline. The maximum off-property impact location was determined from modeled results at these 15
receptor points. The off-property residential exposure was developed from this maximum impact 16
location (the nearest off-property resident is assumed to be at the maximum off-property impact 17
location). A 18
Discrete receptors included the Elda School and Ross High School in Ross, and the Crosby Township 19
Elementary School between Fernald and New Haven. These receptors were used to determine 20
impacts at sensitive receptors in the surrounding community. 2

K.3.3 EXPOSURE AND INTAKE ASSESSMENT DATA

Exposure assessment evaluates the amount of contaminants a potential receptor may experience from

contact with FEMP residual contaminants and how much would be taken into the body to cause

2]
<]
2
25

adverse effects. The exposure assessment involves four stages:

1. Characterization of the exposure setting

P
L
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2. Identification of contaminant migration and receptor exposure pathways " 1
3. Quantification of exposure 2
4. Assessment of contaminant intake doses 3
Section K.5.1.1 provides a detailed description of the exposure setting up to 1000 years after site 4
remediation. Sections K.5.2 and K.5.3 characterize and identify the pathways in which site residual 5
contaminants could reach human receptors. Section K.8.0 contains detailed presentations of the intake 6
equations, data values, and sources of data used in the exposure assessment. 7
The exposure assessment data in this CRARE were selected according to the following hierarchy (in 8
descending order of preference): 9
1. Site-specific data obtained from the site remediation database 10
2. RI/FS database and other regional and site-specific data from studies that complement the 1
RI/FS characterization process 12
‘ 3. Generic exposure assessment data from EPA reference documents 13
4. Generic exposure assessment data from secondary sources, subject to EPA approval. 14
The parameters used to assess current and future potential contaminant exposures and intake are listed 15
in Tables K.3-1 and K.3-2. A receptor’s exposure to residual contaminants was quantified using 16
methods, models, and parameters consistent with the Operable Unit 4 RI report, with exceptions 17
noted below and in the tables. The parameters are based on the descriptions of the exposure 18
pathways and receptor characteristics presented in Sections K.5.1., K.5.2, and K.5.3 of this CRARE. 19
The soil ingestion rate for the RME adult farmer is a site-specific time-weighted average value which 20
is consistent with the value in the Operable Unit 4 RI (see Table D.3-12). It is based on specific 2
activities performed during the course of the receptor’s lifetime and the relative length of time spent pr)

in each activity. The first six years of this receptor’s life are spent as a young child ingesting
0.2g/day for 350 days/year (a total of 420g). Between 18 and 70 years of age, the RME farmer is
assumed to spend 50 years working a farm. Assuming the farmer follows the usual and
recommended agricultural practices in Hamilton County, he will spend 100 days/year outdoors
‘ working the land, during which he is assumed to consume 0.48g day/of soil, (a total of 2400g). Tz |

0080
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During the remaining 250 days a year spent on the property, the resident ingests soil at a rate of

0.1g/day - adding another 1,250 grams of soil to the farmer’s intake during this 50 years. During the 2
remaining 14 years (12 years as an older child and 2 years as an adult), it is assumed that the soil 3
ingestion rate is 0.1g/day for each of the 350 days/year spend on site (a total of 490g). The total soil 4
ingestion, 4560g, divided by 25,550 days (365 days x 70 years) yields a time-weighted average intake 5
of 0.18g/day. 6
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‘ TABLE K.3-2 - 5 2 0 8'

DERMAL SOIL ABSORPTION COEFFICIENTS
USED IN EXPOSURE MODEL*

Soil Absorption Soil Absorption
CoC Coefficient COoC CoeffTicient
(unitless) (unitless)
Inorganics Semivolatile Organics
Antimony 1.00 x 102 Di-n-octylphthalate 3.00 x 10?
Arsenic 1.00 x 10° Dioxins/Furans® 3.00 x 10?2
Barium 1.00 x 10? ..
Beryllium 1.00 x 102 Pesticide/PCBs
Cadmium 1.00 x 107 Aroclor-1016* 6.00 x 102
Chromium 1.00 x 107 Aroclor-1221° 6.00 x 107
Coba!t 100 x 10 Aroclor-1242° 6.00 x 102
Cyanide ND Aroclor-1248" 6.00 x 10°
Copper 1.00x 10 Aroclor-1254" 6.00 x 10°
Lead 1.00 x 102 Aroclor-1260° 6.00 x 102
) roclor .00 x

Manganese 1.00 x 10° 4.4-DDT 3.00 x 10"
Mercury 5.00 x 107 ’ )
Molybdenum 1.00 x 107

' Nickel 5.00 x 10*
Selenium 1.00 x 102
Thallium 1.00 x 102
Vanadium 1.00 x 103
Zinc 1.00 x 102

*Except where qualified by other footnotes, the values in this table are from the FEMP OU4 Rl approved final report.

*EPA 1992f.
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K.4.0 CONTAMINANTS OF CONCERN - 5 2 0 8‘ ’

The principal radioactive constituents found in environmental media at the FEMP are uranium,
radium, thorium, and their progeny. Principal hazardous waste constituents include heavy metals,
chlorinated and non-chlorinated solvents, polychlorinated biphenyls (PCBs), and polycyclic aromatic
hydrocarbons (PAHs). The source areas of the nonradioactive constituents are typically smaller than

those of the radioactive constituents.

K.4.1 COMPARISON OF LISTS

A listing of site-wide potential COCs is presented in Appendix R of the SWCR. The list contains
potential COCs, in the various media, that may be present at the FEMP. The SWCR list, which is
based on detection in on-property samples, was combined with the lists of potential COCs from this
Operable Unit 4 FS and the Operable Unit 2 RI to provide a new list, which was then used for the
initial screening of potential COCs in this CRARE. Because the potential COCs for Operable Units 1
and 3 were obtained solely from the SWCR, it is important to note that SWCR data are subject to

validation and may be supplemented by future sampling in these operable units.

K.4.2 COC SELECTION PROCESS
It was assumed that constituents evaluated in the CRARE are all potential COCs, since this has

occurred as part of the RI and FS. The CRARE is a postremediation time frame document. As such,
total potential COCs will be reduced to reflect the screening in both the RI and the FS. Further,
some contaminants will be removed, treated or contained such that exposure to humans and the
environment is precluded. For this CRARE, the new site-wide list was screcned three times as

follows to eliminate contaminants that pose little to no risk to postremediation receptors:

1. Initial screening:

Eliminate laboratory artifacts, nutrients, and contaminants with off-site sources.

2. Second screening:

Eliminate contaminants with vapor pressures above 10 millimeters (0.4 inches) of mercury
at 20°C (68°F).

0088
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Eliminate contaminants that would degrade sufficiently, based on their organic degradation
rates in soil over time, or would be removed from the groundwater by pump and treat
operations.

Final screening:

After completion of this screening process, the number of potential COCs have been reduced to a
fewer number designated as COCs. This process for the CRARE:S is illustrated in Figure K.4-1.

K.4.3 INITIAL SCREENING OF POTENTIAL COCs

The following criteria were used during the initial screening process to eliminate COCs from the

initial lists:
®

Contaminant is a nontoxic, ubiquitous compound.

Contaminant is detected in blanks associated with the site-related samples at
sufficient levels (i.e., at or above the in-situ sample level) to indicate that the
measurements of the site-related samples are probably artifacts.

Contaminant is a general class of compounds unsuitable for use in a quantitative risk
assessment (e.g., total petroleum hydrocarbons); these classes of compounds must be
identified as individual contaminants.

Contaminant is a nutrient or dietary requirement.

Table K.4-1 presents contaminants eliminated during the initial screening. Table K.4-2 presents the

results of the initial screening process for radionuclides and chemicals.

6090,
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TABLE K.4-1

FEMP-OU4CRARE-6-FINAL
February 1994

CONTAMINANTS ELIMINATED DURING INITIAL SCREENING

Radionuclides Chemicals
None Alkalinity as CaCO, Potassium
Aluminum Silicon
Ammonia Sodium
Boron Sulfate
Calcium Sulfide
Chloride Tetrachlorodibenzofuran
Iron Total dissolved solids
Magnesium Total Kjeldahl nitrogen
Nitrate Total organic carbon
Oil and grease Total organic nitrogen
Phosphate Total organic halides
Phosphorous
0091
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TABLE K.4-2 = 5208°

POTENTIAL COCs IN EACH MEDIUM FOR EACH OPERABLE UNIT
(AFTER INITIAL SCREENING)*®

FER/QU4CRARE/LAW.WP996APK :4/02/4/94 10:00am

Compound 0Ul1 0OU2 OuU3 QU4 ous

Chemical

1,1-Dichloroethane SUB SUB SURF,SUB SUB,GW
1,1-Dichloroethane SUB SURF,SUB GW
1,1,1-Trichloroethane SUB SUB SURF,SUB SUB,GW
1,1,2-Trichloro-1,2,2-trifluoroethane SUB

1,1,2-Trichloroethane SURF,SUB GwW
1,1,2,2-Tetrachloroethane SUB SURF,SUB

1,2-Dichlorobenzene GW
1,2-Dichloroethane SUB SUB GW
1,2-Dichloroethylene SUB SUB SURF,SUB SUB,GW
1,4-Dioxane SUB SUB
2-Butanone SUB SUB SURF,SUB BERM,SURF SUB,GW
2-Chlorophenol SUB SUB
2-Hexanone SUB SUB SURF,SUB SURF,SUB,GW
2-Methylnaphthalene SUB SUB SURF,SUB SUB
2-Methylphenol SUB

2-Nitrophenol GW
2,3,4,6-Tetrachlorophenol GW
2,4-Dimethylphenol SUB SUB GW
2,6-Dinitrotoluene GW
3-Nitroaniline GW
3,3-Dichlorobenzidine SUB

4-Chloro-3-methylphenol SUB SUB SUB
4-Chlorophenyl-pheny] ether SUB

4-Methyl-2-pentanone SUB SUB SURF,SUB SURF,SUB,GW
4-Methylphenol SUB SUB GW
_4-Nitrophenol SUB SUB,GW
4,4DDT SUB

4,6-Dinitro-2-methylphenol GW
Acenaphthene SUB SUB SURF,SUB SURF SUB

Acetone SUB SUB SURF,SUB BERM,SURF  SURF,SUB,GW
Anthracene SUB SUB SURF,SUB SURF SUB

Antimony SURF,SUB SUB SURF,SUB BERM,SURF  SURF,SUB,GW
Aroclor-1016 SUB

Aroclor-1221 SUB

Aroclor-1242 SuUB SUB

Aroclor-1248 SUB SUB SUB o

Aroclor-1254 SURF,SUB SUB SURF,SUB o . SURF,SUB

K45 0092



der

FEMP-OU4CRARE-6-FINAL

52 0 8 February 1994
" TABLE K.4-2 \
(Continued)

Compound 0oUl1 ou2 0u3 0OU4 (0105
Aroclor-1260 SURF,SUB SUB SURF,SUB SUB
Arsenic SUB SUB SURF,SUB BERM ,SURF SURF,SUB,GW
Barium SUB SUB SURF,SUB BERM,SURF SUB,GW
Benzene SUB SURF,SUB GW
Benzoic acid SUB SURF,SUB SURF SUB,GW
Benzo(a)anthracene SUB SUB - SURF,SUB SURF SUB
Benzo(a)pyrene SuUB SUB SURF,SUB SURF SUB
Benzo(b)fluoranthene SUB SUB SURF,SUB SURF SUB
Benzo(g,h,i)perylene SUB SUB SURF,SUB SURF SUB
Benzo(k)fluoranthene SUB SUB SURF,SUB SUB
Benzyl alcohol GW
Beryllium SUB SUB SURF,SUB BERM,SURF SUB,GW
Beta-BHC SURF,SUB
Bis(2-ethylhexyl) phalate SUB SUB SURF,SUB SURF SUB,GW
Bromochloromethane GW
Bromodichloromethane SUB SUB
Butylbenzyl phthalate SUB SUB GW
Cadmium SUB SUB BERM,SURF  GW
Carbon disulfide SUB SUB SURF,SUB ’ SUB,GW
Carbon tetrachloride SUB SUB GW
Chlordane SUB
Chlorobenzene SUB SUB SURF,SUB
Chloroethane SUB GW
Chloroform SUB SUB SURF,SUB SUB,GW
Chlorpmethane SUB
Chromium SUB SUB BERM GW
Chrysene SUB SUB SURF,SUB SUB
Cobalt SUB SUB SURF,SUB SUB,GW
Copper SUB SUB SURF,SUB BERM,SURF SUB,GW
Cyanide SURF,SUB SUB SURF,SUB BERM,SURF SURF,SUB,GW
Dibenzofuran SUB SUB SURF,SUB SUB
Dibenzo(a,h)anthracene SUB SUB SURF,SUB SURF SUB
Dibromochloromethane SUB
Dichlorodifluoromethane SUB
Diethyl phthalate SUB SUB SUB,GW
Di-n-butyl phthalate SUB SUB SURF,SUB BERM,SURF SUB,GW
Di-n-octyl phthalate SUB SUB SUB '

Ethyl parathion SUB
Ethylbenzene SUB SUB SURF,SUB SUB,GW
K-4-6
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TABLE K.4-2 - 5208
(Continued)

Compound OUuU1 0ou2 ou3 OuU4 ouUs
Fluoranthene SUB ‘'SUB SURF,SUB SURF SUB
Fluorene SUB ~  SUB SURF,SUB SUB
Heptachlor epoxide GW
Heptachlorodibenzo-p-dioxin SUB
Heptachlorodibenzofuran SUB
Indeno(1,2,3-cd)pyrene SUB SUB SURF,SUB SURF SUB
Isophorone GW
Lead SUB SUB SURF,SUB SUB
Malathion SUB
Manganese SUB SUB SUB GW
Mercury SUB SUB SURF,SUB SUB,GW
Methyl parathion SUB
Methylene chloride SUB SUB SURF,SUB SURF SURF,SUB,GW
Molybdenum SUB SUB BERM,SURF SUB,GW
Naphthalene SUB SUB SURF,SUB SUB,GW
Nickel SURF,SUB SURF,SUB BERM,SURF  SURF,SUB,GW
N-Nitrosodiethylamine GW
N-Nitroso-di-n-propylamine SUB
N-Nitrosodiphenylamine SUB SuB SURF,SUB GW
Octachlorodibenzo-p-dioxin SUB
Octachlorodibenzofuran SUB
Pentachlorophenol SUB " SUB GW
Phenanthrene SUB SUB SURF,SUB SURF SUB
Phenol SUB SUB SURF,SUB BERM,SURF SUB,GW
Pyrene SUB SUB SURF,SUB SURF SUB
Pyridine SUB
Selenium SUB SUB SURF,SUB SUB,GW
Styrene SUB SURF,SUB
Tetrachloroethene SUB SUB SURF,SUB SUB,GW
Thallium SUB BERM,SURF GW
Toluene SUB SUB SURF,SUB BERM,SURF  SUB,GW
Total Xylenes SUB SUB SURF,SUB BERM SUB,GW
Tributyl phosphate SURF,SUB GW
Trichloroethene SUB SUB SURF,SUB SUB,GW
Trichlorofluoromethane GW
Vanadium SUB . SUB BERM,SURF SUB,GW
Vinyl acetate SUB SUB,GW
Vinyl chloride SUB SUB SUB,GW
Zinc SUB SUB SURF,SUB BERM,SURF SUB,GW

0094
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SRR TABLE K.4-2
(Continued)

Compound oul ou2 ou3 ou4 ous
Radionuclide
Am-241 SUB
Cs-137 SURF,SUB  SURF SURF,SUB SURF,SUB
Np-237 SURF,SUB  SURF,SUB,GW SUB GW
Pa-231 SUB
Pb-210 SURF,SUB BERM
Pu-238 SURF,SUB SUB,SURF  SURF,SUB SURF
Pu-239 SURF,SUB SURF,SUB  SURF,SUB SURF
Pu-240 SURF,SUB SURF,SUB  SURF,SUB SURF
Ra-226 SURF,SUB SUB,SURF  SURF,SUB  BERM,SURF  SURF,SUB,GW
Ra-228 SURF,SUB SUB,SURF  SURF,SUB  BERM,SURF  SURF,SUB,GW
Rn-222* A A A A A
Ru-106 SURF,SUB
Sr-90 . SURF,SUB SUB,SURF  SURF,SUB  SURF SURF,SUB,GW
Te-99 SURF,SUB  SURF SURF,SUB  SURF SURF,SUB,GW
Th-228 SURF,SUB SUBSURF  SURF,SUB  BERM,SURF SURF,SUB,GW
Th-230 SURF,SUB SUB,SURF  SURF,SUB  BERM,SURF  SURF,SUB
Th-232 SURF,SUB SUB,SURF  SURF,SUB  BERM,SURF SURF,SUB,GW
U-234 SURF,SUB  SUB,GW,SURF SURF,SUB  BERM,SURF  SURF,SUB,GW
U-235 SURF,SUB  SUB,SURF,GW SURF,SUB SURF,SUB,GW
U-236 SURF,SUB SUB,SURF  SURF,SUB SURF,SUB,GW
U-238 ' SURF,SUB  SUB,GW,SURF SURF,SUB  BERM,SURF  SURF,SUB,GW

*Abbreviations used in this table:

A = Air

BERM = Bermfill

GW =  Groundwater
SUB =  Subsurface soil
SURF = Surface soil

- * Radon was the only COC detected in on-site air samples. However, all surface soil COC exposures through particulate
inhalation are evaluated quantitatively in the CRARE.

FER/OU4CRARE/LAW. WP996APK .4/02/4/94 10:00am K4-8
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K.4.4 SECOND SCREENING OF POTENTIAL COCs: VOLATILE LOSSES
This section details the second potential COC screening procedures employed for each of the five

operable units. The CRARE time frames for all scenarios begin after completion of all remedial
actions at the FEMP. The time period needed to complete the remedial actions is assumed to be 30
years. Therefore, volatile chemicals for all operable units were eliminated because they would be lost
to the atmosphere over the 70- or 1000-year postremediation time frames. Volatile chemicals are
defined as those chemicals having greater than 10 millimeters (0.4 inches) of mercury vapor pressure
at 20°C (68°F). This concept is based on the Air/Superfund National Technical Guidance Series,
Volume III (EPA 1985a). Each operable unit is at a different stage of the remediation process and
therefore requires a different degree of contaminant screening. The second potential COC screening

as applied to each of the operable units is described below.

K.4.4.1 Operable Units 1 and 3
The remaining contaminants for Operable Units 1 and 3 are presented in Table K.4-3. At this time,

the contaminants for both are considered to be potential COCs. Further analysis and screening,
including frequency-of-detection and concentration-toxicity analysis, shall be employed to further
eliminate contaminants when the CRAREs for Operable Units 1 and 3 are prepared.

K.4.4.2 Operable Units 2 and 4
The remaining potential COCs for Operable Units 2 and 4 are presented in Table K.4-4. Further data

analysis may enable continued screening of potential COCs for Operable Unit 2. As expected, of all

the operable unit sampling efforts, the Operable Unit 4 data are the most complete.

K.4.4.3 Operable Unit 5
Operable Unit S is defined as those environmental media at the site that are not being addressed by

the other operable units. According to the implementation schedule, the Operable Unit 5 remedial
actions would be completed after finishing the actions for the other operable units. All potential
COCs from the other operable units are assumed to be present in some residual concentration
following remediation. Contaminants having passed the initial and second screenings were combined
to produce the Operable Unit 5 potential COC list presented in Table K.4-5. Both validated and
unvalidated data were used to compile this list. Further fate and transport modeling efforts will refine
the Operable Unit 5 potential COCs.
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TABLE K.4-3
POTENTIAL COCs FOR OPERABLE UNITS 1 AND 3 (AFTER SECOND SCREENING)

Operable Unit 1 Operable Unit 3

Radionuclide = Chemical Radionuclide = Chemical

Am-241 1,1,2,2-Tetrachloroethane Cs-137 1,1,2,2-Tetrachloroethane

Cs-137 2-Hexanone Np-237 2-Hexanone

Np-237 2-Methylnaphthalene Pu-238 2-Methylnaphthalene

Pu-238 2-Nitrophenol Pu-239 4-Chloro-3-Methylphenol

Pu-239 2,4-Dimethylphenol Pu-240 4-Methyl-2-pentanone

Pu-240 3,3-Dichlorobenzidine Ra-226 Acenaphthene

Ra-226 4-Chlorophenyl-phenyl ether Ra-228 Anthracene

Ra-228 4-Methyl-2-pentanone Rn-222 Antimony

Rn-222 4-Methylphenol Sr-90 Aroclor-1221

Ru-106 4,4-DDT Tc-99 Aroclor-1248

Sr-90 Acenaphthene Th-228 Aroclor-1254

Tc-99 Anthracene Th-230 Aroclor-1260

Th-228 Antimony Th-232 Arsenic

Th-230 Aroclor-1016 U-234 Barium

Th-232 Aroclor-1242 U-235 Benzoic acid

U-234 Aroclor-1248 U-236 Benzo(a)anthracene

U-235 Aroclor-1254 U-238 Benzo(a)pyrene

U-236 Aroclor-1260 Benzo(b)fluoranthene

U-238 Arsenic Benzo(g,h,i)perylene
Barium Benzo(k)fluoranthene
Benzo(a)anthracene Beryllium
Benzo(a)pyrene Beta-BHC
Benzo(b)fluoranthene Bis(2-ethylhexyl) phthalate
Benzo(g,h,i)perylene- Butylbenzyl phthalate
Benzo(k)fluoranthene Cadmium
Beryllium Chlorobenzene
Bis(2-ethylhexyl) phthalate Chrysene
Cadmium Cobalt
Chlorobenzene Copper
Chromium Cyanide
Chrysene Dibenzofuran
Cobalt Dibenzo(a,h)anthracene
Copper Diethyl phthalate
Cyanide Di-n-butyl phthalate
Dibenzo(a,h)anthracene Di-n-octyl phthalate
Dibenzofuran Ethylbenzene
Di-n-butyl phthalate Fluoranthene
Di-n-octyl phthalate Fluorene

e T d
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TABLE K.4-3 - 5208
(Continued) '
Operable Unit 1 Operable Unit 3
Radionuclide  Chemical Radionuclide = Chemical
Ethylparathion Indeno(1,2,3-cd) pyrene
Ethylbenzene Lead
Fluoranthene Manganese
Fluorene Mercury
Indeno(1,2,3-cd) pyrene Naphthalene
Lead Nickel
Malathion N-Nitroso-di-n-propylamine
Manganese N-Nitrosodiphenylamine
Mercury Phenanthrene
Methyl parathion Phenol
Molybdenum Pyrene
Naphthalene Selenium
Nickel Styrene
N-Nitrosodiphenylamine Total xylenes
Pentachlorophenol Tributylphosphate
Phenanthrene Zinc
Phenol
Pyrene
Selenium
Total xylenes
Vanadium
Zinc
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S TABLE K.4-4
POTENTIAL COCs FOR OPERABLE UNITS 2 AND 4 (AFTER SECOND SCREENING)

FEMP-OU4CRARE-6-FINAL
February 1994

Operable Unit 2 Operable Unit 4
Radionuclide = Chemical Radionuclide Chemical
Cs-137 2-Chlorophenol Pa-231 Acenaphthene
Np-237 2-Hexanone Pb-210 Anthracene
Pb-210 2-Methylnaphthalene Ra-226 Antimony
Pu-238 2-Methylphenol Ra-228 Arsenic
Pu-239 2,4-Dimethylphenol Rn-222 Barium
Pu-240 4-Chloro-3-methylphenol Sr-90 Benzoic acid
Ra-226 4-Methyl-2-pentanone Tc-99 Benzo(a)anthracene
Ra-228 4-Methylphenol Th-228 Benzo(a)pyrene
Rn-222 4-Nitrophenol Th-230 Benzo(b) fluoranthene
Ru-106 Acenaphthene Th-232 Benzo(g.h,i) perylene
Sr-90 Anthracene U-234 Beryllium
Tc-99 Antimony U-238 Bis(2-ethylhexyl) phthalate
Th-228 Aroclor-1242 Cadmium
Th-230 Aroclor-1248 Chromium
Th-232 Aroclor-1254 Copper
U-234 Aroclor-1260 Cyanide
U-235 Arsenic Dibenzo(a,h)anthracene
U-236 Barium Di-n-butyl phthalate
U-238 Benzoic acid Fluoranthene
Benzo(a)anthracene Indeno(1,2,3-cd) pyrene
Benzo(a)pyrene Molybdenum
Benzo(b)fluoranthene Nickel
Benzo(g,h,i)perylene Phenanthrene
Benzo(k)fluoranthene Phenol
Beryllium Pyrene
Bis(2-ethylhexyl) phthalate Thallium
Butylbenzyl phthalate Total xylenes
Cadmium Vanadium
Chloradane Zinc
Chlorobenzene
Chloromethnae
Chromium
Chrysene
Cobalt
Copper
Cyanide

- g
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TABLE K.44
(Continued)

Operable Unit 2 . Operable Unit 4
Radionuclide Chemical Radionuclide Chemical

Dibenzofuran
Dibenzo(a,h)anthracene
Diethyl phthalate
Di-n-butyl phthalate
Di-n-octyl phthalate
Ethylbenzene
Fluoranthene
Fluorene
Heptachlorodibenzofuran
Heptachlorodibenzo-p-dioxin
Indeno(1,2,3-cd) pyrene
Lead
Manganese
Mercury
Molybdenum

‘ Naphthalene
N-Nitrosodiphenylamine
Octachlorodibenzofuran
Octachlorodibenzo-p-dioxin
Pentachlorophenol
Phenanthrene
Phenol
Pyrene
Selenium
Styrene
Thallium
Total xylenes
Vanadium
Zinc

® 0109 -
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TABLE K.4-5

FEMP-OU4CRARE-6-FINAL
February 1994

POTENTIAL COCs FOR OPERABLE UNIT § (INCLUDES SUM OF

COCs IN OPERABLE UNITS 1 THROUGH 4, AFTER SECOND SCREENING)

Radionuclide Chemical
Am-241 1,2-Dichlorobenzene Chrysene
Cs-137 1,1,2,2-Tetrachloroethane Cobalt
Np-237 2-Chlorophenol Copper
Pa-231 2-Hexanone Cyanide
Pb-210 2-Methylnaphthalene Dibenzo(a,h)anthracene
Pu-238 2-Methylphenol Dibenzofuran
Pu-239 2-Nitrophenol Diethyl phthalate
Pu-240 2,4-Dimethylphenol Di-n-butyl phthalate
Ra-226 2,6-Dinitrotoluene Di-n-octyl phthalate
Ra-228 2,3,4,6-Tetrachlorophenol Ethylparathion
Rn-222 3-Nitroaniline Ethylbenzene
Ru-106 3,3-Dichlorobenzidine Fluoranthene
Sr-90 4-Chloro-3-methyphenol Fluorene
Tc-99 4-Chlorophenyl-phenyl ether Heptachlor epoxide
Th-228 4-Methyl-2-pentanone Heptachlorodibenzofuran
Th-230 4-Methylphenol Heptachlorodibenzo-p-dioxin
Th-232 4-Nitrophenol Indeno(1,2,3-cd) pyrene
U-234 4,4-DDT Isophorone
U-235 4,6-Nitro-2-methylphenol Lead
U-236 Acenaphthene Malathion
U-238 Anthracene Manganese
Antimony Mercury
Aroclors (1016, 1221, 1242, Methyl parathion
1248, 1254, 1260) Molybdenum
Arsenic Naphthalene
Barium Nickel
Benzoic acid N-Nitrosodiethylamine
Benzo(a)anthracene N-Nitroso-di-n-propylamine
Benzo(a)pyrene N-Nitrosodiphenylamine
Benzo(b)fluoranthene Octachlorodibenzofuran
Benzo(g,h,i)perylene Octachlorodibenzo-p-dioxin
Benzo(k)fluoranthene Pentachlorophenol
Benzy! alcohol ' Phenanthrene
) Beryllium Phenol
Beta-BHC Pyrene
Bis(2-ethylhexyl) phthalate Selenium
Butylbenzyl phthalate Styrene
Cadmium Thallium
Chlordane Total xylenes
Chlorobenzene Tributylphosphate
Chloromethane Trichlorofluoromethane
0 1 0 i Chromium . Vanadium
) Zinc
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K.4.5 FINAL SCREENING OF POTENTIAL COCs ;’ 5 2 Y 8
To reflect the forward-looking nature of the CRARE, the final screening addressed elimination of
organic chemicals that would be degraded or removed from the site prior to the time period
considered in the CRARE. Organic constituents which would sufficiently degrade before reaching the

life span of the postremediation receptor or would be removed from groundwater through pump and
treat operations were screened out. 1he half-lives of organic constituents remaining in the soil were

examined and those which would degrade by 99 percent before reaching the 70-year life span of the
postremediation receptor were eliminated from further consideration. For this final screening the

concentration decay rate of organic constituents in soil, over time, was calculated using the formula

below:
CIC, = e®™ )
where
C, = the initial concentration (UCL),
T = the half-life in years, and

t time in years.

Half-life values for constituents in soil were obtained from the Handbook of Environmental
Degradation Rates (Howard 1991). The highest half-life values were used. Those constituents were
eliminated that showed a reduction in concentration of 99 percent or greater at or before 100 years.
The 100 years represents the 30-year remedial action period plus the 70-year expected life time of an
individual. For example, using the half-life in soil from Howard for DDT:

T = 5697.9 days
where

t
C/C,

100 years (36,500 days) following remediation, and
0.0118 or a 98.82 percent reduction.

Therefore, DDT was not eliminated.

In addition, organic constituents present in the groundwater were assumed to be removed from the |
site through a groundwater pump and treat operation. Thus, organics that were identified as potential
COCs in groundwater only were eliminated from further consideration in the CRARE. Organic
constituents which were potential COCs in media other than groundwater were not eliminated solely
based on the pump and treat operation. Table K.4-6 lists the organic chemicals that were addressed
in the final screening process. The table presents the half-life in soil of each compound and identifies
those retained as COCs.
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TABLE K.4-6

FEMP-OU4CRARE-6-FINAL

FINAL SCREENING OF ORGANIC CHEMICALS

February 1994

Organic Chemical

Half-life (days)

Retained or Screened Out

1,1,2,2-Tetrachloroethane
1,2-Dichlorobenzene
2-Chlorophenol
2-Hexanone
2-Methylnaphthalene
2-Methyphenol
2-Nitrophenol
2,3,4,6-Tetrachlorophenol
2,4-Dimethylphenol
2,6-Dinitrotoluene
3-Nitroaniline
3,3-Dichlorobenzidine
4-Chloro-3-methylphenol
4-Chlorophenyl-phenyl ether
4-Methl-2-pentanone
4-Methylphenol
4-Nitrophenol

4,4-DDT
4,6-Dinitro-2-methylphenol
Acenaphthene
Anthracene

Aroclor 1016

Aroclor 1221

Aroclor 1242

Aroclor 1248

Aroclor 1254

Aroclor 1260

Benzoic acid

Benzo(a) anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i) perylene
Benzo(k)fluoranthene
Benzyl alcohol

Beta-BHC

Bis (2-ethylthexyl) phthalate
Butylbenzy] phthalate
Chlordane

el LS
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180

No Data
14°

No Data
7

28

180

7

180

b

180

14°

No Data
7

0.67
1.21
5698

21

102

460

No Data
No Data
No Data
No Data
No Data
No Data

680
530
610
650
2140
b

124
23

1386

K-4-16

Screened out
Screened Out
Retained

Screened out
Retained

Screened out
Screened out
Screened out
Screened out
Screened out
Screened out
Screened out
Screened out
Retained

Screened out
Screened out
Screened out
Retained

Screened out
Screened out
Screened out
Retained

Retained

Retained

Retained

Retained

Retained

Screened out
Screened out
Screened out
Screened out
Screened out
Screened out
Screened out
Screened out
Screened out
Screened out
Screened out
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(Continued)

Organic Chemical Half-life (days) Retained or Screened Out
Chlorobenzene 150 Screened out
Chloromethane 0.28 Screened out
Chrysene 1000 Screened out
Dibenzofuran 28 Screened out
Dibenzo(a,h) anthracene 940 Screened out
Diethyl phthalate 56 Screened out
Di-n-butyl phthalate 23 Screened out
Di-n-octyl phthalate 28 Screened out
Ethyl parathion 227 Screened out
Ethyl benzene 10 Screened out
Fluoranthene 440 Screened out
Fluorene 60 Screened out
Heptachlor epoxide 552 Screened out
Heptachlorodibenzo-p-dioxin No Data Retained
Heptachlorodibenzofuran No Data Retained
Indeno(1,2,3-cd)pyrene 730 Screened out
Isophorone 28 Screened out
Malathion 7 Screened out
Methyl parathion 360 Screened out
Naphthalene 48 Screened out
N-Nitrosodiethylamine 180 Screened out
N-Nitroso-di-n-propylamine 180 Screened out
N-Nitrosodipheynlamine 34 Screened out
Octachlorodibenzo-p-dioxin No Data Retained
Octachlorodibenzofuran No Data Retained
Pentachlorophenol 178 Screened out
Phenanthrene 200 Screened out
Phenol 10 Screened out
Pyrene 1900 Screened out
Styrene 28 Screened out
Total xylenes 28 Screened out
Tributylphosphate 140d Screened out
Trichlorofluoromethane 360 Screened out

*Half-life in soil assumed to be twice the value for 2-Butanone.

*Compounds removed from groundwater during pump and treat operation, not: considered in CRARE.
“Half-life in soil assumed to be twice the value for 2-Methylphenol.

4Half-life in soil assumed to be 10 times its half-life in surface wau:rlsednment (Montgomery 1991).
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It should be noted that this screening assumption will be reevaluated for each operable unit as
additional information concerning potential COCs becomes available. Each operable unit will propose
specific methods for remediation of these organic contaminants. For example, the updated LRA for

Operable Unit 4 provides for the removal of surface soil with disposal in the vaults.

Table K.4-7 shows the contaminants retained after implementing the final screening process.

TABLE K.4-7

COCs RETAINED AFTER
FINAL SCREENING FOR ALL OPERABLE UNITS

Radionuclide Chemical

Am-241 2-Chlorophenol Cobalt

Cs-137 2-Methylnaphthalene Copper

Np-237 4-Chlorophenyl-phenyl ester Cyanide

Pa-231 . 4,4-DDT Di-n-octyl phthalate
Pb-210 Ammonia Heptachlorodibenzofuran
Pu-238 Antimony Heptachlorodibenzo-p-dioxin
Pu-239 Aroclor-1016 Lead

Pu-240 Aroclor-1221 Manganese

Ra-226 Aroclor-1242 Mercury

Ra-228 Aroclor-1248 Molybdenum

Rn-222 Aroclor-1254 Nickel

Ru-106 Aroclor-1260 Octachlorodibenzofuran
Sr-90 Arsenic Octachlorodibenzo-p-dioxin
Tc-99 Barium Selenium

Th-228 Beryllium Thallium

Th-230 Cadmium Vanadium

Th-232 Chromium Zinc

U-234

U-235

U-236

U-238

0103

FER/OU4CRARE/LAW, WPO9GAPK .4/02/4/94 10:402m K4-18



SECTION K.5.0

EXPOSURE SCENARIOS

0106



FEMP-OU4CRARE-6-FINAL
February 1994

K.5.0 EXPOSURE SCENARIOS &

© 22(8
This section discusses the steps taken to identify, screen, and develop the CRARE exposure scenarios.
The exposure scenarios analyzed were defined assuming the implementation of the LRAs described in
the SWCR and the updated LRAs resulting from the comparative analysis of alternatives in this
Operable Unit 4 FS report. This approach is consistent with the Amended Consent Agreement. A

quantitative risk analysis is presented in Section K.8.0.

The exposure scenarios developed for this CRARE describe three sets of conditions:

1. The Current Land Use scenario assumes government ownership, maintenance,
and access control for 70 years after completion of all FEMP remedial
actions.

2. The Future Land Use With Federal Ownership scenario describes the site up
to 1000 years after remediation and assumes continued government ownership
and land use control, but no other access control.

3. The Future Land Use Without Federal Ownership scenario also describes the
site up to 1000 years after remediation, but assumes occupation by a resident
farm.

These scenarios provide a basis for evaluating the potential exposures in the environment following
the completion of remedial actions. However, their accuracy depexids on the ability to predict site
conditions well into the future. It should be recognized that projected land uses, as well as a

description of the FEMP up to 1000 years hence, are highly speculative.

In general, each exposure scenario is made up of the same components: a source of contaminants,
mechanisms that facilitate the transport of contaminants from the source through various
environmental media, receptors in the local environment, and a route or mechanism of exposure for
those receptors. Based on these components, three steps were involved in developing the exposure

scenarios:
1. Characterization of the exposure setting
2. Identification of potential exposure pathways
3. Selection of site-specific exposure pathways to be quantitatively evaluated

0107
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In the development of the exposure scenarios the environmental setting of the FEMP years after the
'é:ompletion of remediation was evaluated . The characteristics of the site sétting influenced the types

of transport mechanisms and receptor activities selected.

K.5.1 CHARACTERIZATION OF EXPOSURE SETTING

The characterization of the exposure setting relied on the definition of the operable units, the actions
proposed in the LRAs, and the existing characterization information from the Rls to establish the
nature of changes caused by each remedial action to each operable unit. The source areas of
contamination considered for each operable unit were the original areas, plus new areas associated
with the on-property disposal facilities. Material moved off-property during remediation was not

considered in the compilation of risks.

K.5.1.1 Physical Environment
This section describes the future physical environment of the site for up to 1000 years after

remediation as it relates to the individual release mechanisms and pathways to be screened. This
information was developed from the Operable Unit 4 RI/FS reports and the SWCR.

Surface Topograph
The topography of the FEMP may be substantially altered after remediation. Man-made aboveground

structures would be removed, and areas would be excavated, graded, and in some cases capped and
vegetated. Vaults may be erected. Additionally, surface drainage ponds would be maintained during
and possibly immediately after remediation, and then left unattended or backfilled for the remainder
of the 1000-year evaluation period. In general, the overall FEMP site in the future would have fewer

man-made obstructions and would eventually revert to woods, wetlands, and perhaps a mature forest.

Surface Hydrolo

Surface water drainage would change on the FEMP due to the removal of man-made structures and
nonporous areas. The addition of new, impervious areas have the potential to create new channels of
surface water runoff. Wetlands have been identified on the FEMP and may continue to emerge,
depending on climate and perched-water conditions. Paddys Run would be a potential source of
exposure, as would newly formed and existing wetlands, ponds, and channel creeks. The storm water
treatment system is a significant feature for the Current Land Use scenario.
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Demographics = 920 8
Regardless of which scenario is implemented, the local surrounding land would remain primarily
agricultural. New recreational areas, urban population centers, and commercial or industrial areas are
not envisioned. For the purposes of this analysis, the same critical subpopulations (see Section
K.5.1.4) were assumed to exist in the future scenarios. An expanded trespasser receptor has been
quantified for the Future Land Use With Federal Ownership scenario. The expanded trespasser is a
combination of an adult and child who use the site for recreational purposes. Both on- and off-
property resident-farm receptors have been quantified for the Future Land Use Without Federal
Ownership scenario. Appendix 1 of this FS report provides further discussion of future demographics

and land uses.

Historical Significance

Known sites of archaeological significance within the boundaries of the FEMP, if any, will be
identified during the on-going RI/FS process. The sites will be managed appropriately, pursuant to
the National Historic Preservation Act (36 CFR 800, Section 106).

eol d Hydrogeolo
The geological and hydrological characteristics of the FEMP and its surrounding areas have been
numerically modeled to reflect the proposed FEMP remediation plans. The assumptions that support
this modeling appear in Section K.2.1. Descriptions of site conditions and the development of the
computer models are in the SWCR. Groundwater is a viable pathway for the on- and off-property
resident farm receptors (adult, youth, and child). Specific details on the postremediation groundwater
conditions are referred to in this FS report and are summarized in Section K.6.1.6 of this CRARE.

Ecological Setting

In the Current Land Use scenario, 70 years after remediation, vegetation that has been planted at the
operable unit residual footprints will be achieving successional maturity. The deciduous forest
vegetation would be invading the site. Wildlife would progress from grassland species to an
increasing abundance of deciduous forest species. In the area between the Operable Unit 4 and 1
vaults (the northern region of the FEMP), the wetland is anticipated to expand further with the

increased runoff from the vaults. This loss of runoff area and the subsequent filling of the drainage

S .
-
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and ';sédiméntition ponds would eventually lead to the emerging wetland becoming a recipient drainage

area. 2
In the Future Land Use scenarios, up to 1000 years after remediation, the deciduous forest invasions 3
would have grown to a mature forest. In some areas, roots from trees may invade the capped areas 4
and the former footprints of the operable units. The emerging wetlands may be fully developed, 5
fluctuating with natural changes in the shallow water table. Contamination would be available to 6
vegetation and terrestrial and aquatic species. 7
K.5.1.2 Postremediation Sources of Contaminants 8
This CRARE evaluates the residual human health risk of five operable units after remediation, with 9
the focus on Operable Unit 4. This section focuses on the postremediation sources of contaminants 10
and provides a basis for the developing the exposure pathways in Sections K.5.2 and K.5.3 (see 1
Figure K.5-1). Sources of contaminants remaining at the FEMP after site remediation include: 12

® Residual contamination in the remediated areas of each operable unit,
including contaminated soil, surface water, and groundwater.

® Operable Unit 4 vaults, including soil, debris, rubble, etc., removed from the 15
operable unit during cleanup of the silos, berms, and temporary remedial 16
facilities (vaults would have double liners, leachate collection, and runon and 17
runoff control). 18

® Vaults for other operable unit material disposal. G

® Capped areas for Operable Units 1 and 2. 20

® Remediated surface soils. 2

e 0110
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K.5.1.3 Land Use

Because of the uncertainty associated with future sociopolitical activities, three potential exposure 2
scenarios have been evaluated. The Current Land Use scenario assumes that the government would 3
control the FEMP for up to 70 years after site remediation. Under this assumption, access controls at 4
the FEMP would remain in effect. At a minimum, a security fence would surround the entire FEMP 5
property and would be regularly patrolled by a security force. Access controls are assumed to be 6
effective in restricting intruders’ access and short-term forays. Two Future Land Use scenarios (with 7
and without federal ownership) have been evaluated for a period of up to 1000 years after remediation 8
without access controls. 9
K.5.1.4 Po;en;iaily Exposed Populations 10
This section identifies future human populations in the vicinity of the FEMP that could be exposed to 1
residual contaminants after the FEMP site is remediated. The locations and lifestyles of these 12
populations have been examined to determine if they might be exposed. 13

Critical Subpopulations
Regardless of future demographic changes, certain subpopulations are believed to be more seriously

- effected by contaminant exposures. The higher risks may occur due to increased sensitivity, behavior 16
patterns that can result in higher exposure, and/or current or past exposure from other sources. 17
Subpopulations that may be more sensitive to environmental exposure include infants, children, 18
elderly people, pregnant and nursing women, and people with chronic illnesses. These critical 19
subpopulations (EPA 1992c¢) are discussed below without specific reference to their relative distance 20
from the sources of contaminants at the site. 7

® Schools: n
Potentially critical subpopulations in schools include all students enrolled in px)
kindergarten through high school classes. %

® Daycare centers and preschools: 25
Same as schools. Children enrolled in daycare centers and preschools, both 26
part- and full-time, are regarded as a subpopulation more sensitive to 2
environmental exposure than normal healthy adults. 2

. | 0112
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l ® Hospitals, nursing homes, and retirement communities: 1
Patients and residents in these institutions are part of the critical 2
subpopulations with increased sensitivity to the residual contaminants at the ‘ 3
remediated FEMP site. 4
® Residential areas with children: s

Children living in the immediate vicinity of the FEMP or within the impacted
zones are assumed to have higher sensitivity to residual contaminants at the

FEMP site.
® Major industries using chemicals: 9
Employees working at facilities that use large quantities of chemicals are 10
generally considered candidates for a critical subpopulation, because of their 1
increased frequency of chemical exposures. 12
Locations of Reasonable Maximum Exposure 13
Receptor locations were selected based on the graphical representation of modeled air, soil, and water 14
‘ COC concentrations from remediated conditions. In keeping with the philosophy of evaluating the 15
RME individual, the locations of highest on- and off-property exposures were assessed. 16
The RME locations were determined by first locating areas on and off the FEMP property which 17
would receive elevated levels of COCs. The estimated COC concentrations in the environment were 18
developed using computer modeling, as described in detail in Section K.6.0. Time-weighted exposure 19
concentrations at these areas, along with exposure parameters from the Operable Unit 4 RI report, 20
were then considered to define exposure pathways and to quantify the potential COC intake by the 21
receptor. »
The resulting intakes by potential receptors at various locations were then compared, and the location B

producing the highest intake was designated as the RME location. In the case of multiple pathways

and contaminants, the resulting risks and hazard values were considered in the selection of the RME 25
location. | 26
Due to the multiple sources of COCs, the different patterns of COC fate and transport in the 77
‘ environment, and the variety of COC release mechanisms at the FEMP, a complex matrix of 28
interdependent effects was found to exist among COCs, exposure pathways, and the resulting 29
Prin
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exposure concentrations. Consequently, the selection of the site-wide RME locations required careful

comparison of dispersion concentrations and estimated risk values.

In this CRARE, five hypothetical receptors were selected for the Current Land Use scenario, which
assumes government ownership for 70 years after remediation. Each receptor represents a unique
population and exposure scenario. As a whole, they cover a wide range of exposure scenarios for
potentially impacted human receptors. The five receptors are:

Groundskeeper

Trespassing child

Off-property resident farm adult

Off-property resident farm youth
Off-property resident farm child

NhLON -

For the Future Land Use Use With Federal Ownership scenario, which assumes government

ownership for up to 1000 years after the remediation, four receptors were selected:

Expanded trespasser

Off-property resident farm adult
Off-property resident farm youth
Off-property resident farm child

il o 2 S

For the Future Land Use Without Federal Ownership scenario, which assumes private ownership for

up to 1000 years after the remediation, six receptors were selected:

On-property resident farm adult
On-property resident farm youth
On-property resident farm child
Off-property resident farm adult
Off-property resident farm youth
Off-property resident farm child

ok LN~

The following paragraphs provide detailed discussions on the nature of the selected receptors and their
respective pertinent exposure pathways.

RME Receptors and Exposure Pathways
Groundskeeper. A worker is assumed to be present on the property conducting groundskeeping and

maintenance throughout the FEMP (not just for Operable Unit 4). No groundwater would be used by

0114
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this receptor. Exposure pathways include inhalation of fugitive dusts, volatile organics, and gases,

dermal contact and incidental ingestion of site soil, and external radiation exposure while on site.

Trespassing Child. This hypothetical receptor addresses the potential exposures incurred by a child
(age 7 through 18) who lives off-property but regularly trespasses onto the FEMP site. His exposure
pathways include inhalation of fugitive dusts, volatile organics, and gases, dermal contact with and
incidental ingestion of site soil, incidental ingestion of contaminated surface water while wading, and

external radiation exposure while on site.

On-Property Resident Farm Adult. Consistent with the RME concept and to ensure that the estimated
risk values are protective of human health and the environment, it was assumed that the remediated
FEMP site can revert to residential and agricultural uses in the future and that an adult farmer resides
on the site after it is remediated. Potential exposures to this receptor may result from direct

radiation, residual contamination from remediated site footprints, and/or waste leaking from vaults.

Exposure pathways examined for this receptor include growing food, tending livestock, and
performing general farm work. These activities may result in direct exposure to residual site
contamination, consumption of contaminated produce, dairy products, and meat, ingestion of
contaminated groundwater, dermal absorption through contact with residually contaminated soil,
inhalation of gases, vapors, and dust, and incidental ingestion of soil. The selected RME location of
this receptor is presented in Section K.6.1.6.2.

On-Property Resident Farm Youth. PamWays examined for this receptor include direct exposure to
residual site contamination, consumption of contaminated produce, dairy products, and meat,
ingestion of contaminated drinking water, incidental ingestion and dermal contact with residual
contaminated soils, inhalation of gases, vapors, and dust, and incidental ingestion of surface water
while wading in Paddys Run. The selected RME location for this receptor is presented in

Section K.6.1.6.2.

On-Property Resident Farm Child. Young children (age 1 through 6) living on the property form a
subpopulation of concern, because they may be more sensitive to a given exposure than are adults. A
young child residing on the remediated FEMP could be exposed directly to residual site contaminants
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remaining in soils, and could inhale gases, vapors, and dust. In the CRARE risk calculations, this
hypothetical child of the on-property resident farm adult is assumed to drink water from an on-
property well and to consume vegetables, fruit, meat, and dairy products produced on the property.
The selected RME location of this receptor is presented in Section K.6.1.6.2.

Off-Property Resident Farm Adult. A farmer is assumed to live immediately adjacent to the
remediated FEMP property boundary. The major concern for this receptor is the exposure received

from regular use of groundwater from the Great Miami Aquifer (drinking and agricultural uses).
This farmer could also be exposed to COCs from remote on-property residual sources, and/or other
contaminants carried by the wind as gases, vapors, and dust. However, he would not be exposed to
on-property soil from dermal contact, nor receive direct radiation from on-site soil. The selected

RME location of this receptor is presented in Section K.6.1.6.2.

Off-Property Resident Farm Youth. This hypothetical youth (age 7 through 18) of the off-property
resident farm adult is assumed to have the same diet as his parent. The youth could also be exposed

to COCs from remote on-property residual sources, and/or other contaminants carried as gases,

vapors, and dust. The selected RME location of this receptor is presented in Section K.6.1.6.2.

Off-Property Resident Farm Child. This hypothetical child (age 1 through 6) of the off-property
resident farm adult is assumed to have the same diet as the parent. This child could also be exposed

to COCs from remote on-property residual sources, and/or other contaminants carried by clouds of
~ gases, vapors, and dust. The selected RME location of this receptor is presented in Section
K.6.1.6.2.

Expanded Trespasser. This hypothetical composite individual is assumed to visit the site despite
continued government ownership. Exposure pathways include inhalation of fugitive dusts, volatile
organics, and gases, dermal contact with and incidental ingestion of site soil, incidental ingestion of
surface water in Paddys Run, and external radiation exposure while on site. No specific location was
assigned as the expénded trespasser may wander over the entire FEMP site, with the exception of the
RCRA-type caps and vaults.
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For the purposes of establishing a PRG for the Future Land Use With Federal Ownership, an on-
property receptor was employed assuming a trespassing exposure scenario which includes both adult
and child age groups. The frequency of exposure was expanded to account for the lack of access
controls. This expanded trespassing scenario was employed becasue it represents an upper bound
estimate of the exposures a receptor could reasonably be expected to receive. This assumes that the
federal government would continue of ownership, thus precluding site development for residential,

farming, industrial/commercial, and recreational use (e.g., ball fields, jogging trails, biking trails).

The expanded trespasser is an individual who visits the property during childhood, then during
adulthood, perhaps for roaming, hiking, bird watching or similar activities. Due to the size of the
site, fencing, and signs indicating No Trespassing and No Hunting, it is assumed that hunting is not a
likely activity. The expanded trespasser is assumed to be exposed to soil contaminants via oral
ingestion, dermal contact, inhalation of dusts, and external radiation. Groundwater PRGs were not

developed for the expanded trespasser since there were no viable pathways of exposure.

Although a "home builder” receptor (construction intruder scenario) is identified as a legitimate
receptor in the SWCR, it is not valid for this CRARE because of the relatively small area of Operable
Unit 4. It was therefore not evaluated. Such an individual’s exposure to COCs within the soil and
within the capped waste areas would be identical to that experienced by the on-property resident farm
adult, and an analysis of such would be redundant. This conclusion can be drawn since the RCRA-
type cap and the disposal vaults are assumed to have specific barriers which would preclude this

construction activity.

It was assumed that Paddys Run fish are not considered a pathway for chemical or radiological intake
because of the composition of the fish populations. Paddys Run is a small, intermittent tributary of
the Great Miami River and runs north to south along the western edge of the FEMP. Surveys of the
Paddys Run fish population concluded that the stream does not support any sport fish in most of the
stream sections. Surveys completed by Facemire et al. (1990), Miller et al. (1990), and those
completed for the RI/FS in general, concluded the majority of the stream population was composed of

members of the darter, minnow, and sunfish families. In Paddys Run, these fish are too small or not

- desirable for human consumption. Some sport fish can be found in Paddys Run at the confluence of

the Great Miami River. However, because of fish movement and feeding patterns, these fish are
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considered only in conjunction with the Great Miami River. Crayfish, which are present in Paddys

Run, are primarily consumed by raccoons and as such will be addressed in the Ecological Risk 2
Assessment for the Operable Unit 5 RI. 3
K.5.2 DETAILED CONCEPTUAL EXPOSURE MODEL 4
A detailed conceptual exposure model is presented here which builds upon the CRARE Site-Wide 5
Conceptual Model presented in Section K.1.6. This model has been developed to provide the basis 6
for identifying and evaluating the potential risk to human health after the FEMP is remediated 7
(Figures K.5-2 through K.5-4). The key objective of the model is to facilitate the analysis of 8
exposure routes and receptors, focus on those pathways and sources that drive the potential impacts 9
on human health risk, and screen out other exposure pathways that are likely to pose minor risks. 10
The model provides a consistent and comprehensive evaluation of the risk to human health by creating 1
a framework for identifying the mechanisms by which human health may be affected by the 12
remediated site. The elements necessary to construct a complete exposure pathway, and thus develop 13

the conceptual model, are as follows:

® Sources of residuai contaminants

® Release mechanisms 16

® Transport pathways 17

® Exposure pathways 18

® Receptors 19
The model traces the exposure pathways from the sources through the release mechanisms and 2
exposure routes to the affected receptors. The model also indicates which exposure routes are carried 21

through the quantitative risk assessment for each receptor under the Current and two Future Land Use

scenarios.

K.5.2.1 Source of Residual Contaminants
The remediated FEMP will contain several vaults, capped waste areas, surrounding soil, and surface

and groundwater contamination. Figure K.5-1 lists the sources included in the conceptual exposure
model (see Sections K.2.2 and K.2.3 for a detailed description of each). The model depicted in

g 8% 8B R ¥

Figure K.5-2 is based on Figures K.1-9 and K.1-10 as presented in Section K.1.6. “The conceptual
model addresses these sources as reservoirs of residual contaminants, which can migrate to other ‘

environmental compartments or serve as a direct source of exposure. The sources of residual

:‘i'
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contaminants at the remediated FEMP include leachate from capped areas and vaults, as well as 1
residual contaminants in surface soil, surface water (in treatment ponds), groundwater, and 2
vegetation. ‘ 3
K.5.2.2 Release Mechanisms of Contained Wastes and Soils 4
Figure K.5-1 outlines the five operable units, and identifies the residual on-property COC sources 5
following the completion of remedial actions. It is anticipated that once remediation is complete, the 6
site will have 59 vaults, 4 capped areas, and 8 operable unit footprints with residual wastes that have 7
met the FS PRG objectives and are therefore left at the site (see Figure K.5-1). 8
Primary sources of COCs at the postremediation FEMP can be conceptually divided into those that 9
will be enclosed or covered with a cap and those that will not. Capped sources include treated waste 10
and waste material that are contained and/or capped at the FEMP. Uncapped sources include those 1
wastes and soil that, due to their low residual contaminant concentrations, were left within the 12
operable unit footprints (Figure K.5-1). Several mechanisms could allow these latter source 13
contaminants to be accessed directly by a receptor or dispersed and made available for transport in the 14
environment. The following paragraphs describe the release mechanisms considered in the CRARE 15
conceptual exposure model (Figures K.5-2 through K.5-4). 16
Failure of On-Property Vaults or Capped Structures 17
This release mechanism postulates a failure of the disposal structures holding the treated wastes or a 18
fracture of the capping materials. Once the integrity of these structures is breached, the wastes in or 19
beneath them can be exposed to the environment and subjected to wind erosion, surface runoff, and 20
water infiltration (Figures K.5-2 through K.5-4). Possible forces that can induce structural failure 21
include physical impact or natural weathering forces. These forces can weaken, damage, and/or 2
destroy the integrity of the structures, thus exposing treated or buried materials to the environment. B
The RCRA-type cap selected for evaluation in this CRARE is designed to remain intact for 1000 2%
years. Therefore, during the entire period of the CRARE risk modeling, releases of bulk materials 25
from vaults or capped areas and direct exposures to contained materials were assumed not to occur. 2
Also during this period, infiltration and leachate generation were assumed to occur, but only in small 7
amounts. An analysis of the proposed vault design was completed and water infiltration/exfiltration 28

and emission venting was calculated due to eventual deterioration. 2
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Surface Water Overflow
While the wastewater is being treated at the FEMP during the first 70 years after remediation is 2
complete (as indicated in the Current Use Land scenario), it is possible that surface water runoff may 3
carry the waste from the designated treatment areas and make it available for human uptake. 4
Specifically, this release mechanism primarily affects water being treated at the wastewater treatment 5
plant or contained in the retaining ponds. These collection structures may overflow during periods of 6
heavy rainfall. The liquid spilling over the top of the treatment plant or ponds can flow overland and 7
contaminate surface soil, sediments, or any water bodies that come in contact with the liquid or 8
receive it. 9
K.5.2.3 Transport Pathways 10
Contaminated materials from those sources not contained (residual soils and waste materials, residual 1
groundwater contamination, contaminated vegetation) may be released from the site without the 12 .
failure of containment structures. Uncontained and contained COCs, if released from the vaults or 13
capped areas, can travel by several transport pathways to reach various environmental media to which 14

potential receptors may be exposed (Figure K.5-2). This section briefly discusses the four transport

pathways.
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Air 1
Releases to air may occur through the generation of particulates by wind or surface soil disturbance. 2
In addition, gaseous phase contaminants may be released through volatilization or radioactive decay 3
(e.g., radon). Transport through the air is expected to be a major pathway for contaminants which 4
are present in residual soils and waste materials left on-property after remediation. 5
Surface Water and Sediment Runoff 6
Surface water transports waste material by conveying dissolved and suspended solids to receptors as it 7
flows across the surface of the ground and along any drainage features. It is assumed that no wastes 8
in the capped areas or vaults will be exposed to permit surface sediment runoff. COCs in the surface 9
soils will be subject to transport in surface water/sediment runoff. Runoff can transport contaminants 10
to receiving surface water bodies to which receptors may come in contact directly (through wading, 1
etc.) or indirectly (through stock or irrigation water). 12
Leaching and Infiltration 13
The FEMP has a humid climate with an average annual rainfall of about 102 centimeters (40 inches). 14
A portion of this water percolates through subsurface soil and recharges the underlying aquifer. 15
Percolation would also occur through the waste storage structures as a result of the natural weathering 16
process. COCs in waste and soil would be dissolved and transported in this flow. However, 17
degradation, retardation, and radioactive decay may reduce the concentrations that eventually reach 18
the aquifer. Dilution would also occur in the groundwater flow. Eventually, the groundwater would 19
complete the pathway with transport to a well from which a receptor can take water for home and 20
farm use. 21
K.5.2.4 Exposure Media 2
The transport pathways just discussed would result in the occurrence of site-related contaminants in B
the various exposure media identified in Figures K.5-2 through K.5-4. The media to which receptors %
may be exposed include soil (either in-place residuals or materials transported from source areas by 25
various mechanisms), surface water, sediment, and air. Indirect human exposures to contaminants in 26
one or more of these media may occur through the ingestion of crops or livestock and related 27
products (meat, milk) which have been exposed to contaminated soil or water. In the case of on- 28
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property residual soil, no intermediate transport mechanism is necessary for on-property receptors;

humans may be exposed directly to in-place materials.

K.5.3 EXPOSURE PATHWAYS

There are numerous potential exposure pathways at the FEMP by which receptors can come in
contact with contaminants. These pathways include ingestion, inhalation, and dermal contact with
chemical contaminants and radionuclides. In the case of radionuclides, external exposures to radiation
may also occur. On the right-hand side of Figures K.5-2 through K.5-4, the various combinations of
exposure pathways and exposure media are tabulated. Each pathway and medium are evaluated for
each of the exposed receptors under the different exposure scenarios. Pathways identified as being
complete and significant are denoted with an "X," while those not expected to result in significant
eiposures for a given receptor are noted, along with an explanation of why these pathways were not
included in the quantitative risk analysis for the CRARE (Figures K.5-2 through K.5-4).

K.5.3.1 Air Exposure Pathways _
A receptor’s exposure via these pathways begins with wastes being transported by the ambient air,

eventually reaching the receptor either by inhalation or direct radiation. Inhalation of airborne gases
(such as radon) and resuspended particulates is a typical example of this type of exposure The air
-exposure pathways are applicable to all on- and off-property receptors examined.

The significance of the air exposure pathway depends on the different characteristics of the receptor’s
daily activities. These pathways very often are receptor-specific. The significant air exposure

~ pathways identified in this CRARE include inhalation of gases, radon, and resuspended particulate
(Figures K.5-2 through K.5-4).

K.5.3.2 Exposure Pathways Attributable to Dermal Contact
This group of pathways encompasses all of the receptor’s activities that would result in direct contact

with contaminated soil, sediment, and water. Potential sources of contamination for these exposures

include exposed waste, soil, and sediment.
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Exposure pathways via dermal contact included in the quantitative risk assessment are dermal contact
with contaminated soil and sediment (Figures K.5-2 through K.5-4). As in the air exposure pathways

described in Section K.5.3.1, many dermal contact exposure routes are receptor-specific.

K.5.3.3 Ingestion Exposure Pathways

Direct ingestion of soil, sediment, drinking water, and food are considered plausible for many
receptors. Ingestion of substances containing waste can come from direct or indirect routes. For
example, a receptor may ingest COCs from the aquifer in the drinking water, while wading in

contaminated surface water, or by ingesting vegetation irrigated with contaminated water.

Eating meat or drinking milk from cattle or game that have ingested contaminated soil, waste stock
water, or foliage while grazing on FEMP property is included in this CRARE risk analysis. Also
included is ingestion of surface water by the trespassing child while wading. Exposure pathways such
as ingestion of contaminated soil, surface water, sediment, groundwater, and crops are significant for
the receptors investigated in this CRARE (Figure K.5-2).

K.5.3.4 Direct Exposure to Radiation
This pathway may be significant for receptors who come into close proximity to residual soils or

wastes, such as the trespassing child or groundskeeper under the Current Land Use scenario or the
on-property residents or expanded trespasser under the Future Land Use scenarios. Significant direct
radiation pathways identified for one or more of the receptors include exposure to radiation

originating from contaminated soil and sediment.
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K.6.0 FATE AND TRANSPORT MODELING

Fate and transport computer models were used to predict the movement of residual contaminants
through various media from the remediated FEMP to receptor locations. These models provide the
only means of predicting COC concentrations at potential exposure locations because future COC
concentration data are, by definition, not available. This CRARE employs the same model selection
approach, criteria, and modeling parameter values as those specified in the RAWPA.

This section describes the methodology used to predict contaminant concentrations in different media
for the FEMP Operable Unit 4 CRARE. Included are discussions of:

® Technical approaches used to select the appropriate model for each potential
exposure assessment

® Fate and transport models used
® Required data and default parameter values

® Modeling results

The models were selected based on their appropriateness for a specific application in the CRARE
process and the availability of required input information. In general, these models provided
estimates of COC concentrations in environmental media (i.e., air, water, or soil) at potential
exposure point locations, at various times in the future. The CRARE models also included
assumptions on future FEMP site conditions. These assumed changes were derived primarily from
the anticipated remedial actions for each operable unit. Due to the uncertainties associated with these

models, all results have been carefully reviewed before including them in this CRARE.

The SWCR contains. site-wide modeling that is similar to CRARE modeling. However, the SWCR
modeling is intended to evaluate baseline conditions and does not account for changes in site
conditions due to remedial actions. Each operable unit FS is planned to model the effects of all of the
remedial alternatives for that operable unit in detail. The CRARE models will be consistent with
these efforts by using the same modeling parameters as the FS, but will only address the anticipated
LRA for each operable unit.
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One key goal of the CRARE modeling effort is to ensure that all CRAREs use the same input
parameters and default values, and that these data are consistent with EPA recommendations.
Assumptions and parameters presented in this report may change, subject to EPA approval, as new
information becomes available. As discussed in Section K.2.2, the LRAs for some operable units
may change in future CRARE documents.

Due to the large number of potential exposure pathways at the FEMP (see Section K.1.6, Figures
K.1-9 through K.1-11), the CRARE models have been grouped by transport medium as presented in
the RAWPA. Detailed information on the model selection and parameters employed in quantifying
fate and transport of contaminants in water are presented in Section K.6.1. This includes vadose
zone, surface water and groundwater models. Section K.6.2 presents the air emission and transport
models. Section K.6.3 presents modeling methodologies and results for the concentrations of residual
contaminants in vegetables, meat, and dairy products.

K.6.1 WATER TRANSPORT MODELING

This section includes a conceptual description of process of evaluating the groundwater and surface
water contaminant transport pathways from source areas to receptors. Detailed discussions then
follow on the selection of COCs, the development of source terms for modeling, and the use of

vadose-zone, surface-water, and groundwater transport models.

K.6.1.1 Description of Approach
The purpose of water transport modeling was to provide a predictive methodology for simulating the

movement of contaminants in surface water, vadose zone water, and groundwater from source areas
to receptors. Of the multiple pathways identified in the CRARE Site-Wide Conceptual Model
(Section K.1.6), two are described here, surface water and groundwater. The key elements of these
and other pathways are:

® Sources of residual contamination
® Release mechanisms

® Transport pathways

® Exposure pathways

® Receptors
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This section provides detailed descriptions of the contaminant sources, release mechanisms and 1
transport pathways, for both the surface water and the groundwater transport pathways, as well as the 2
selection of receptor locations and the development of contaminant concentrations with time at these 3
locations. 4
Surface water is an exposure medium because receptors were assumed to be located in Paddys Run 5
downstream of the source areas. Surface water in Paddys Run also represents a portion of the 6
groundwater pathway, since COCs in this surface water were assumed to infiltrate to groundwater, 7
and then may be transported in the groundwater to potential receptors. The vadose zone was 8
considered to be part of the groundwater pathway because no receptors of vadose zone water are 9
identified in the exposure analysis scenarios discussed in Section K.5.0. Although perched water is 10
present in the vadose zone beneath some areas of the FEMP, the SWCR (page 3-18) reports that 1
"these perched water deposits are localized and do not contain water volumes sufficient to serve as 12
sustained sources of potable water for a farm."” 13
The source areas of groundwater and surface water contamination projected to remain at the FEMP 14
include elements from all operable units. As discussed in Section K.2.2, this CRARE made the 15
assumption that the updated LRA for Operable Unit 4 would be implemented, including Alternative 16
2C - Silo Demolition, Removal, and On-Property Disposal, for which vaults would be constructed in 17
the northeast corner of the FEMP (northeast vaults) to contain structural material, debris, and soil. 18
The LRAS for Operable Units 1, 2, 3 and S were also assumed to be implemented, as discussed in 19
Section K.2.2. When FEMP remediation is complete, the only structures planned to remain on the 20
site are the vaults and capped areas, as described in Section K.2.3 and Section K.3.1 (Figure K.3-1). 21
In addition, a water treatment facility was assumed to be present in the current use scenario. Per the 2
LRAs, waste from Operable Units 1, 3 and 5 would be disposed of in vaults. The vaults in the px)
" northwest corner of the FEMP (northwest vaults) were assumed to contain vitrified waste from %
Operable Unit 1 and the vitrified COC residues from the svil-washing processes for Operable Units 3 25
and 5. The vaults along the eastern boundary of the FEMP (northeast vaults) were assumed to 26
contain Operable Unit 3 waste. Other source areas include the site-wide soil under Operable Unit 5, 27
the residual soils within the Operable Unit 4 boundary, and the capped areas of Operable Units 1 and 28
2, _ 2
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Figure K.6-1 shows the process, in conceptual terms, of evaluating the surface water and groundwater
pathways. The CRARE Site-Wide Conceptual Model is described in Section K.1.6 and throughout
this CRARE. The FEMP Conceptual Flow Model is the current, comprehensive, and consistent |
description of the hydrogeologic environment at the FEMP. This conceptual model is described in
the SWCR and, most recently, in the Operable Unit 4 RI report. The conceptual model is an
approximation and simplification of actual field conditions and is subject to modification as additional
field data are developed. The data and interpretations presented in the SWCR and Operable Unit 4
RI report are briefly described and referenced below.

The CRARE Site-Wide Conceptual Model (Section K.1.6, Figures K.1-9 and 10) includes leachate as
a release mechanism of concern for all of the hrimary sources. Figure K.6-1 shows the steps
involved in estimating the flow rates and COC concentrations with time of the leachate from each of
the source areas. Rainwater was the only source of inflowing water considered in the CRARE for the
formation of leachate. Agricultural irrigation, residential watering, or industrial discharges were
assumed not to occur at contaminated areas at the FEMP within the modeled period. The HELP
Infiltration Model (as described in the SWCR) was used to estimate soil infiltration and runoff rates.
Previous geochemical studies (using a geochemical model, EQ3/6), literature research, and a limited
amount of bench-scale laboratory leach test data were used to estimate COC concentrations in the

leachate.

The leachate data was then used as input to the vadose zone transport modeling. The ODAST model
was used to mathematically simulate flow and transport through the vadose zone from each of the
source areas. The time-variant output from ODAST was used as input to the SWIFT III groundwater
model, which had previously been calibrated to simulate the current flow and contaminant
characteristics at the site. Model calibration is discussed in ASI/IT (1990a) and IT (1990a).

Contaminant transport was simulated in the SWIFT IIl model over a rectangular area that is a subset
of the area covered by the groundwater flow portion of the model. A grid system subdivides the
transport area into 78 by 102 cells (Figure K.6-2). It was originally established in the SWCR to
simulate the currently existing uranium plume in the groundwater. The transport cell areas were used

in this CRARE to define the areas of source terms and vadose zone
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FIGURE K.6-1: EVALUATION of SURFACE WATER and GROUNDWATER PATHWAYS
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transport modeling. This made the process of defining the COC input terms for the groundwater
model more efficient, since the same area definitions were carried through the multiple

modeling steps.

K.6.1.2 Screening of COCs

Section K.4.0 describes how a site-wide list of potential COCs was compiled for possible inclusion in
the CRARE and then reduced through three screening procedures. Table K.4-10 (Section K.4.5)
presents the final site-wide list of COCs that was retained after the screenings.

Additional screening of the COC list for the groundwater pathway was done, prior to determining
source terms, to remove those COCs from the list that are predicted to not be transported in
significant quantities by ODAST through the vadose zone within 1000 years. Retardation factors for
COC transport were primarily used to establish this. COCs for which the number of sampling results
were too limited to estimate a total mass were not analyzed further because the results would not be
meaningful. This does not represent an assumption that these compounds are present in negligible
quantities, but only that not enough information was available on which to base a meaningful analysis.
However, they may be included in future CRAREs. The screening was done to reduce the

computational time required for the vadose zone modeling.

The remainder of this section describes the screening process, including a listing of COCs eliminated

and retained for the groundwater pathway.

The primary screening method employed a preliminary travel time screening. The basis of the travel
time screening was that the concentration fronts of certain COCs, because of retardation by sorption,
will not migrate through the vadose zone and reach the aquifer in 1000 years. Consequently, these
COCs will not contribute to risk in the first 1000 years and can be eliminated from the analysis. The
front was defined in such a manner that no significant amount of the COC is predicted to leave the
vadose zone before the appearance of the front. The specific procedure for the travel-time screening
is described below. Groundwater reg:harge from Paddys Run and the storm sewer outfall ditch, which

have direct contact with the Great Miami Aquifer, were excluded from this screening.
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Thé variables used in the screening step are minimum retardation factor (R,;) in the vadose zone, soil
thickness (L), seepage velocity (V), and the axial dispersion coefficient (D,). The soil thickness was
taken as the distance from the top of the perched zone to the bottom of the glacial till. These
materials were considered to be saturated. Data on all of these variables are provided in the SWCR,
The mean travel time (t,) of the concentration front through the vadose zone for a nondecaying COC
can be calculated from the first three variables as:

ta = Ry LIV (1)
A characteristic dispersion parameter can also be calculated as:
N, = D,/VL , 2

A fraction (M) can then be estimated to give a time before which the exiting concentrations will be
negligible. The "M" factor must be used to compensate for the fact that some contamination will
arrive before the mean travel time (t,) because of dispersion. For example, if there is no dispersion
(i.e., plug flow), M would equal one because, theoretically, the response front would be a square
wave with a vertical rise from 0 to the maximum concentration at t,. Brenner (1962) gives an
analytical solution for a non-decaying solute with linear-equilibrium sorption (the ODAST
assumption). Brenner provides extensive tabular output for the response front concentrations as a
function of non-dimensional time (time/t,) with Ny, varied parametrically. The value for M is that
value of non-dimensional time selected from the applicable N, curve such that the front concentration
is less than 10 times the peak concentration. The higher the value of N,, the more relatively
important is dispersion and the lower M must be to assure that significant concentration would not
escape from the vadose zone. Consequently, as infiltration velocity is decreased by capping, etc.,
dispersion becomes relatively more important because velocity is in the denominator of the N, term.
Thus, M for capped areas, etc. is low. M factors determined from the curves in Brenner (1962) were
0.1 for the capped areas in Operable Unit 2 and the vaults, and 0.5 for Operable Unit 3 and 4 soil

areas.

I
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If Mt is set at 1000 years, exiting concentrations prior to 1000 years will be negligible. This can
also be expressed as:

t, = 1000/M. &)
Since R, is defined as:

R =t VL, @)
a minimum screening retardation factor,

R, = 1000 x V/ML, ®)

can be defined above which the mean travel time will be in excess of 1000/M years, and exiting
concentrations for up to 1000 years will be negligible. The R, was calculated for each COC and
compared to its R, to determine if the COC could be screened out. This analysis is conservative in
that one dimensional flow was assumed, the minimum retardation factor that occurs in any vadose

layer was used, and any depletion by biodegradation or decay was ignored.

Table K.6-1 illustrates the results of the travel-time screening for potential groundwater COCs. The
areas used in this screening were Operable Units 2, 3, and 4, the northwest vaults (containing the
Operable Unit 1 vitrified waste and the vitrified soil-washing residue), and the east vaults (containing
the Operable Unit 3 waste). A "YES" value in any column means the COC was not screened out. A
"NO" value means that the constituent was not expected to reach the aquifer in 1000 years, and that it
was deleted from further consideration. An "ND" value means that values of the retardation factor
were not available to permit calculation of travel times. However, the COCs identified as ND (the
chlorodibenzofurans, heptachlorodibenzo-p-dioxin, n-nitropheny-lamine, and ammonia) were not
analyzed further because the sampling data are too limited to define a source term for mass. They
‘may be included in future revisions of the CRARE as additional field data are collected.
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COCs ou2 ous ou4 NW Vault E Vault
Radionuclides '
Ac-227 NO NO NO NO NO
Am-241 NO NO NO NO NO
Cs-137 NO NO NO NO NO
Np-237 NO NO NO NO NO
Pa-231 NO NO NO NO NO
Pb-210 NO NO NO NO NO
Pu-238 NO NO NO NO NO
Pu-239/240 NO NO NO NO NO
Ra-226 NO NO NO NO NO
Ra-228 NO 'NO NO NO NO
Ru-106 NO NO NO NO NO
Sr-90 NO NO NO YES YES
Tc-99 YES YES YES YES YES
Th-228 NO NO NO NO NO
Th-230 NO NO NO NO NO
Th-232 NO NO NO NO NO
U-233 YES YES YES YES YES
U-234 YES YES YES YES YES
U-235 YES YES YES YES YES
U-235/236 YES YES YES YES YES
U-238 YES YES YES YES YES
Organics
1,2,3,6,7,8-Hexachlorodibenzofuran ND ND ND ND ND
2-Chlorophenol YES YES YES YES YES
2-Methylnapthalene NO NO NO NO NO
4-Chlorophenyl-Phenylether NO NO NO NO NO
4,4-ddt NO NO NO NO NO
Aroclor-1016 NO NO NO NO NO
Aroclor-1221 NO NO NO NO NO
Aroclor-1242 NO NO NO NO NO
See footnotes at end of table.
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TABLE K.6-1
(Continued)
COCs ou2 ou3 ou4 NW Vault E Vault
Organics (cont.)
Aroclor-1248 NO NO NO NO NO
Aroclor-1254 NO NO NO NO NO
Aroclor-1260 NO NO NO NO NO
Benzo(a,h)Anthracene NO NO NO NO NO
Cyanide YES YES YES YES YES
Di-n-Octyl Phthalate NO NO NO NO NO
Heptachlorodibenzofuran ND ND ND ND ND
Heptachlorodibenzo-p-dioxin ND ND ND ND ND
n-Nitrophenylamine ND ND ND ND ND
Octachlorodibenzofuran ND ND ND ND ND
Inorganics
Ammonia ND ND ND ND ND
Antimony NO NO NO NO NO
Arsenic NO NO NO NO NO
Barium NO NO NO NO NO
Beryllium NO NO NO NO NO
Cadmium NO NO NO NO NO
Chromium NO NO NO NO NO
Cobalt NO NO NO NO NO
Copper NO NO NO NO NO
Lead NO NO NO NO NO
Manganese NO NO NO NO NO
Mercury NO NO NO NO NO
Molybdenum NO NO NO NO NO
Nickel NO NO NO NO NO
Selenium NO NO NO NO NO
Thallium NO NO NO NO NO
Vanadium NO NO NO NO NO
Zinc NO NO NO NO NO
ND =  Not Determined.
NO = COC eliminated from further consideration (not expected to reach aquifer in 1000 years).

COC not screened out.
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In summary, the COCs identified with "NO" or "ND" in all columns of Table K.6-1 were eliminated
from the groundwater pathway, and the uranium isotopes, Tc-99, Sr-90, cyanide, and 2-chlorophenol
were retained for ODAST and then SWIFT III modeling. Because of their chemical similarity, all of
the uranium isotopes were assumed to be transported by water in approximately the same manner.
Therefore, only the transport of U-238 has been modeled for this CRARE, since it is the most
abundant isotope. The other isotopes were assumed to also be transported in the same ratios to U-238
as they are present in the source areas. The relative abundances of the uranium isotopes at the

FEMP are as follows, in decfeasing order:

® U-238 99.3 percent

° | U-235 0.685 percent

® U-236 9.63 x 10 percent
e U-234 8.96 x 10 percent

These values were estimated from the uranium isotope distributions found in the RI/FS database.

K.6.1.3 Descriptions of Source Terms
Section K.6.1.1 describes how this CRARE uses the updated LRAs for Operable Unit 4 and the

LRAs from the SWCR for Operable Units 1, 2, 3, and S to identify the source areas assumed to
remain after remediation. These assumptions provide the basis for determining the locations and
source terms for the release of COCs to the water pathways. Descriptions of the two Operable Unit 4
source areas, the northeast vaults and the Operable Unit 4 residual soils, are not included in this

section, since they are described in the Operable Unit 4 FS report.

K.6.1.3.1 COC Masses and Leachate Concentrations
The determination of COC masses, initial concentrations, and the derived leachate concentrations for

each of the Operable Unit 1, 2, 3, and S source areas is described below. The estimation of
infiltration rates as part of the source terms is described in Section K.6.1.3.2 and K.6.1.3.3. The

calculation of rainfall runoff as a source term to surface water flow is described in Section K.6.1.5.
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Under Operable Unit 5, the area of potential soil contamination includes the entire FEMP (see Section 1
K.3.1, Figure K.3-1). The areas for Operable Units 1, 2, and 4 were not included in the CRARE 2
site-wide soils area because they are described separately as sources of COCs. The vaults were not 3
included because the soils in these areas will be excavated for foundation construction. Soils within 4
the Operable Unit 3 production area were generally expected to contain elevated levels of uranium, 5
unless sampling results show otherwise. Soils outside the operable unit or vault boundaries, but 6
within the FEMP, were assumed to have background levels of uranium unless analytical results were 7
available to indicate the location and magnitude of contamination. Figure K.6-3 presents the grid 8
squares where elevated levels of uranium are believed to be present in the soils. The Main Plant area 9
includes subdivisions for Plant 2/3, Plant 6, and Plant 9. The forms of uranium and geochemical 10
conditions are different in these three subareas than in the remainder of the Main Plant area (Lee and u
Marsh 1992). For other COCs, the Operable Unit 3 area was also assumed to be at background 12
levels unless analytical resuits indicated otherwise. Only COCs in soils within the FEMP boundary 13
were evaluated for this CRARE. 14
Data on the concentrations and extent of the COCs in soils were obtained from the RI/FS database. 15
Plant 2/3, Plant 6, and Plant 9 areas have the deepest vertical extent of soil contamination in the 16
Production Area. The estimated vertical extent of U-238 contaminated soil is 10 feet in the Plant 2/3, 17
Plant 6, and Plant 9 subareas; and 3 feet for the remaining area. For U-238, all concentrations above 18
60 pCi/g were assigned that value to represent the results of the soil-washing remediation of Operable 19
Unit 5. However, the 60-pCi/g value may be changed in future CRARE documents, depending on 20
the results of treatability tests being conducted for the operable Unit 5 soil-washing process in the 21
summer of 1993. The 60-pCi/g PRG for U-238 was selected from the SWCR. 2
Residual soil concentrations were separately defined for each subarea. Inside the Plant 2/3, Plant 6, B

and Plant 9 subareas, the majority of the soil is higher than the U-238 PRG, and therefore the
assumption was made that all of this soil would be washed. The 60-pCi/g level was defined as the 25

residual U-238 concentration for these three subareas. 2
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For the remaining portion of the Main Plant area, plus the west-of-plant and east-of-plant areas, only 1
a portion of the soil is higher than the U-238 PRG and will require soil washing. Individual 2
concentration values in the database above 60 pCi/g were assigned that value as representing washed 3
soil. Concentrations below 60 pCi/g were assumed to remain the same (unwashed soil). 4
Data were not available on the effectiveness of the soil washing process for removing COCs other 5
than uranium. However, it is reasonable to assume that other COC concentrations in the washed soil 6
were reduced by the same fraction the U-238 was reduced, except that if the U-238 reduction 7
exceeded 50 percent, the other COC reduction was set to 50 percent. In order to evaluate the impact 8
of this assumption, a sensitivity test was run for Sr-90. 9
The sensitivity test included an additional simulation of Sr-90 transport with the ODAST and SWIFT 10
III models. The only change for this simulation was that there were no reductions in Sr-90 1
concentrations for the soil washing assumption. All other aspects of the test simulation were the same 12
as described in this and the following sections. When the sensitivity test results were compared to the 13
results developed from the soil washing assumption, the peak groundwater concentrations during the 14
test were approximately four times higher than those under the soil washing assumption. This 15
represents a reasonable reduction in concentration for the soil washing process. Future editions of the 16
CRARE will use the results of soil washing tests as they become available to estimate COC source 17
terms, and then this algorithm will not be used. 18
A preliminary model screening run was performed at approximately one half of the 60 pCi/g U-238 19
PRG. All other contaminant conéentrations for this modeling were appropriately scaled down from 20
their existing soil concentrations consistent with the U-238 reduction predicted to result from their 21

existing soil concentrations consistent with the U-238 reduction predicted to result from remediation.

This screening run showed that the predicted levels of technetium, cyanide, and 2-chlorophenol in the

aquifer would not yield risk results greater than 107, nor an HI greater than 0.1. Since it was

demonstrated that a factor of 2 did not cause these COCs to be above screening levels, these COCs

were not included in the final modeling run. It is not anticipated that including these COCs would 26

change the final risk estimates resulting from modeling. 27
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The database for each COC was then divided into two groups: 1) analytical results from soil samples

collected from the surface to six inches in depth (surface results), and 2) analytical results from below 2
six inches (subsurface results). The zero-to-six inch depth was selected because many of the surface 3
soil samples in the database had been collected within that range. The surface soil databases were 4
used to estimate COC source locations, soil concentrations, and masses for the surface water 5
modeling. The subsurface soil databases were used for the same purposes for the vadose zone 6
modeling. For each database the soil concentrations were averaged over depth and gridded on the 7
SWIFT transport grid to obtain cell by cell cbncentrations. If analytical results were not available for 8
soils in a cell, then the COC concentrations in that cell were assumed to be negligible. The 9
assumption was also made that only 30 percent of the ﬁranium in the untreated residual soils would be 10
available for desorption and transport. For the washed soils, only S percent of the remaining uranium 1
was assumed to be available for desorption and transport. These assumptions are based on soil 12
washing tests conducted by Oak Ridge National Laboratory. They are discussed further in 13
Attachment K.V. Uranium was the only COC for which reductions were made in the available mass 14
for transport because soil washing data were not available for the other COCs. The process of 15

evaluating the areas where there is soil data for the COCs followed four steps:

1. Average all sample results at each particular location over depth.
2. Average the depths over which contamination penetrated. 18
3. Grid the average results over the desired portion of the SWIFT 19
solute transport grid. Use the "inverse distance" algorithm of 20
SURFER (Golden Software, Inc. 1990). 21
4, Take the arithmetic average of the gridded results. p7)
The leachate concentrations from the averaged soil results were obtained by dividing the soil B
concentration by the soil partitioning coefficient (K,) for the COC. This approach assumes that the %
soil and the water passing through it are in reversible linear equilibrium with each other (the same 25
assumption that SWIFT makes). This assumption does not take into account the effects of variations 26
in ph, anions, and mineralogical composition on COC partitioning. The lower the flow of water, the 7
more accurate is this assumption. Accuracy is also improved by having dilute concentrations well 28
below solu'it")il"'i"tj.lir”x_l,‘its. K, values used for the CRARE modeling are discussed further in Sections 2

K.6.1.4.1 and K.6.1.6.1, and in Attachment K.V. A comprehensive list of K, values for the FEMP
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appears in the RAWPA, which also describes their derivation. Kj is defined as the mass of solute on

the soil solid per unit mass of solid, divided by the concentration of solute in solution.

The northwest vaults were assumed to contain the vitrified Operable Unit 1 waste materials and the
soil washing residues. The nature of the leachate that would develop from the soil-washing residues
has not been defined at this time. In order to establish a leachate concentration, these residues were
assumed to be vitrified with the Operable Unit 1 waste. The mass of U-238 in this soil material was
obtained as the difference between the gridded averages of the original RI/FS soil database and the
modified RI/FS data base (in which all soil concentrations greater than 60 pCi/g were changed to 60
pCi/g) multiplied by the volume, based on the average depth. The source term for these wastes in the
mode! was evenly distributed in the lower set of the northwest vaults, which are included within the

solute transport grid (Figure K.6-2).

Testing of the vitrification process has been conducted on the Operable Unit 1 waste material, and
preliminary TCLP leaching results on the vitrified material were available from IT Corporation. The
U-238 TCLP data for glass samples for each pit were averaged to determine individual pit averages.
Since the actual loading scheme had not been defined, projecting which portion of the northwest
vaults would receive which pit material was not practical. Also, the vitrification process will cause
some homogenization. Consequently, a mass weighted average (MAV) TCLP concentration was used
for all the Operable Unit 1 material. The MAV TCLP was determined by:

TCLP,,, = (TCLP, X Mass, + TCLP, X Mass, + ....)/(Mass, + Mass, + ....) 6)

The masses of U-238 for each pit were taken from the SWCR. The TCLP,,,, was used as the
leachate concentration term, which was multiplied by the percolation rate to give the initial loading
rate for the vadose zone modeling. The loading rate was increased by multiplying by the ratio of the
total area of the northwest vaults to the area of the lower northwest vaults that is located within the
SWIFT solute transport grid. This increase in loading rate gives a conservative simulation of the
northwest vaults since it loads all the material into the downgradient smaller area of the lower
northwest vaults. Note, however that the depletion characteristics determined frorg ﬁxig 4]1?

complete northwest vaults were maintained.

T RN
N N R
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The TCLP results were assumed to be representative of leachate concentrations that would result from
rainwater contacting the vitrified waste. This leachate was assumed to be unaffected by geochemical
changes as it percolates through the vadose zone soils. The first assumption is conservative since the
acidic TCLP leaching solution would probably dissolve more contaminant than would rainwater. The
effect of the second assumption is more uncertain, since the geochemistry of the soil beneath the

northwest vaults has not been quantitatively studied.

The leachate concentrations and masses of COCs for the Operable Unit 3 wastes in the east vaults
were taken from the SWCR. For the Operable Unit 2 areas, which were assumed to be capped, the
estimated leachate concentrations and masses were also taken from the SWCR. An exception to this
is the leachate concentrations for the lime sludge ponds. Since the LRA for these ponds includes
stabilization, TCLP results from treatability studies of cement stabilization for these wastes were used
as leachate concentrations. The Operable Unit 1 area was also assumed to be capped after the waste
pit materials and surrounding soils are removed. However, data are not available on the possible
contamination that would remain after this removal action. Therefore, the leachate from this area was

assumed to contain no COCs.

To summarize the results of this section, the mass values and initial leachate concentrations for each
COC at each of the source areas are listed in Table K.6-2. These source terms were used as input to
the vadose zone transport modeling described in Section K.6.1.4. Residual uranium in the perched
water of the vadose zone at the end of remediation will eventually be transported down to
groundwater. The mass of this uranium is listed in Table K.6-2, and it is discussed further in Section
K.6.1.4.1. The input to the surface water transport modeling is listed separately in Section K.6.1.5.
Residual uranium projected to remain in groundwater at the end of remediation is discussed in Section
K.6.1.6.1. Masses for the isotopes other than U-238 are not shown in Table K.6-2 but were
estimated by multiplying the U-238 masses by the ratios provided in Section K.6.1.2.
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K.6.1.3.2Soil and Capped Areas Infiltration Rates

Section K.2.3.4 describes the type of cap assumed to be constructed over the Operable Unit 1 and 2 2
areas. Similar cap designs are now being developed (summer 1993) as part of the Operable Unit 1 3
feasibility study. Numerous HELP model simulations of this design were run by Operable Unit 1, 4
and the results for the infiltration rates were very similar. An average value of 0.45 cm/year (0.177 5
in./year) was calculated from this data and used for the CRARE capped areas. 6
For the site-wide soils, information regarding the major portion of Production Area soils in the 7
SWCR was used. The percolation rate of 19.1 cm/year (7.5 in./year) was determined from the 8
seepage velocities given in Appendix O of the SWCR. This rate was originally developed by HELP 9
modeling of surface soils. Operable Unit 5 has made the assumption that the infiltration rate through 10
the washed and back-filled soil in localized areas (i.e., Plant 2/3, Plant 6, and Plant 9) will be 1
reduced by up to-one order of magnitude, if determined necessary. This reduction of infiltration can 12
be achieved by vegetation, compacting the back-filled soil, and mixing the back-filled soil with low 13
permeability materials. Therefore, the infiltration rate for these three areas was set at 1.9 cm/year 14

(0.75 in./year) for the uranium transport modeling. This assumption is discussed further in
Attachment K.V. For all other COCs the rate of 19.1 cm/yr was used site-wide.

K.6.1.3.3 Vault Infiltration Rates 17
This section summarizes an investigation of concrete vault degradation, conducted for this CRARE, to 18
identify significant design factors and estimate infiltration rates through the vaults. Radon gas 19
emissions from the vaults are addressed in Section K.6.2.5. A literature review found that 20
groundwater flow through concrete vaults has been the subject of a number of research efforts, and 21
that a wide range of modeling procedures based on many parameters are available. The underlying 7]
assumptions, key parameters, and processes that affect permeability are discussed in this section. B
Typical flow rates through vaults are then presented, along with membrane flaws and their effects. %
To develop a reasonable estimate of leakage, key assumptions were made: 25

® Maintenance of the vauits will stop after approximately 70 years. 26

@ Concrete mix will be proportioned to minimize degradation and permeability. 7

® A geosynthetic membrane will be used that will completely deteriorate after 500 years. %

® A perched water table on the top of the vaults will create an average annual pressure
head of 10 centimeters (3.9 inches).
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. @ Water entering the vaults will equal water exiting the vaults. 1
Permeability, resistance to degradation, and aging of concrete are directly related to the original mix. 2
Mixing properties that affect the pertinent qualities of concrete include: ' 3
® The water-to-cement ratio 4

® The addition of pozzolanic materials 5

® The addition of superplasticizers 6

® Curing techniques 7

® Prestressing and post-tensioning 8
Configuration, layout of the vault, and natural processes are difficult to characterize but very 9
important when considering the permeability of the vaults. Factors needing to be considered include: 10
® The drainage pattern of the site | n

® The connection details of roofing panels 12

® The infiltration of silts, clay, and other material that may fill the cracks. 13

e Expansive reactions in the concrete that could close up some of the cracks 14
’ Some factors that affect degradation and permeability of the concrete are: 15
¢ Sulfate attack 16

® Chloride ions corroding the reinforcing steel 17

® Alkali-aggregate reactions 18

® Alkali-carbonate reactions 19

® Freezing and thawing effects 20

® Microbiological attack, salt crystallization, and attack by radiation 21

® Creep and shrinkage of concrete n

® Relaxation and stress relief in post-tensioning cables B

® Inherent brittleness of low water/cement ratios in impermeable concrete mixes 24

® Cracking due to impact of placing backfill over vault 25

e Differential settlement of soil beneath of vaults 26

Of all these variables and mechanisms, only a few can actually be modeled. If more information 27
regarding the concrete design and site conditions were available, a better estimate of degradation rate 28
could be determined. Clifton and Knab (1989) formulated different parameters and concluded that 29
concretes with low permeabilities are most likely to achieve service lives of around 500 years. From .30
the literature gathered at the time of this report, it appears that longer service lives are possible, but 31
‘ have not been investigated. The most significant factors from the above lists are: 32

0150
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® The water-to-cement ratio of the mix design is crucial for determining permeability.
However, the lower the ratio, the more brittle and susceptible to cracking the concrete
becomes.

® The addition of pozzolonic materials significantly reduces the effect of degradation
- and cracking. Other additions such as superplasticizers and water reducers will
improve workability at low water-to-cement ratios. Air entraining agents will reduce
the amount of fluid migration into the concrete.

® Prestressing and post-tensioning can virtually eliminate the cracks in concrete. Yet,
the long-term effects of stress relaxation may eliminate the function of the prestress.
Creep can also promote prestress loss. Creep is the phenomenon in which concrete
flows plasticly under load.

® Shrinkage is very important in concrete performance because concrete can shrink and
crack substantially if not properly cured. However, 80 percent of shrinkage occurs in
the first year.

® Sulfate attack can degrade concrete significantly. Most likely, the concrete will be
mixed to resist this and other chemical processes.

® Alkali-aggregate and alkali-carbonate reactions can cause the concrete to crack
because of the internal development of localized expansive stresses.

® Chloride attack does not directly degrade concrete, but it corrodes reinforcing steel
leaving less steel to resist cracks. Also, steel corrosion is an expansive type of
reaction that may cause internal stresses, cracking the concrete even further.

Cracking resistance is directly proportional to the area of steel. The American Concrete Institute
(ACI) Building Code (ACI 1983) gives a relation for crack width based on the stress in the steel and
the area of reinforcement. Once a crack ratio is established, relative permeability can be determined.

Walton and Seitz (1991) cite an empirical relationship for permeability resulting from cracks:

K; = b¥(12s) )
where
K; = permeability,
b = width, and

crack spacing.

This relationship assumes that cracks extend through the entire concrete section. However, most

cracking occurs on the tension side of the member, so this equation may be limited in its application.
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Walton and Seitz (1991) state that the leakage rate through a well-engineered cover is about 0.5 1
centimeters per year, and go further to state that an enginecred cover over the vault will only improve 2
waste isolation performance if leakage rates can be reduced below 0.1 cm/year (0.04 in./year). As 3
the concrete vault degrades and permeability increases, the moisture flux rate becomes dependent 4
upon cover performance at higher leakage rates. Because the performance of the engineered cover is s
likely to degrade much more rapidly than the underlying concrete vault, it is unlikely that the 6
engineered cover will contribute significantly to the waste isolation performance of the storage 7
system. If the engineered cover leakage rate is 0.5 cm/year (1.97 in./year), the cover will be 8
insignificant. A membrane liner in the fill will reduce this cover leakage rate. In turn, the concrete 9
leakage rate will also be reduced. ' 10
Typical hydraulic conductivity values of a vault with no cover are given in some of the literature. 1
Walton and Seitz (1991) approximate the hydraulic conductivity at 3.2 x 10 to 3.2 x 10 cm/year 12
(1.26 x 10° to 1.26 x 10° in./year) for a vault in good condition. A degraded vault has 13
conductivities of 3.2 x 10" to 3.2 x 10 cm/year (1.26 x 10" to 1.26 x 10 in./year). Values of 14
3.2 x 10* and 3.2 x 102 cm/year (1.26 x 10* and 1.26 x 10? in./year) were chosen for this analysis 15
to represent a vault at 100 years in good condition, and a vault at 500 years in poor condition. These 16
preliminary values were based on the extensive research conducted by Walton and Seitz (1991) and | 17
represent a conservative approach. Site-specific values were not available due to the preliminary 18
nature of the design. The effect of cracking was specifically excluded because Walton and Seitz 19
(1991) indicate that concrete vaults can be designed to minimize the impact of cracks. 20
Given the hydraulic conductivities, it is necessary to establish the pressure head for perched water 21

above a vault. The cover is a multi-layered composition of clay, sand, gravel, etc., designed to divert
water away from the vault. After a period of time, this cover is expected to lose its effectiveness so
that water will infiltrate as time goes on. Also, rainfall varies throughout the year. For the purpose
of this study, an average pressure head was assumed to be 10 centimeters throughout the year. Under

these assumptions, two leakage rates are established according to the data presented in Walton and

¥ 8 2 ¥ 8 B

Seitz (1991). The equation for one-dimensional flow is (Freeze and Cherry 1979):

6152
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q = KaAh/Al ®
where 2
q = leakage (specific discharge), 3
K = hydraulic conductivity, 4
Ah = difference in head between top and bottom surfaces of vault ceiling, and 5
Al = thickness of vault ceiling. 6
The thickness of the vault ceiling is not known, so the Ah/Al term was set to equal the 10 centimeter 7
assumed head. This is a conservative assumption, since the ceiling thickness would probably be in 8
the range of 5 to 50 centimeters (2 to 20 inches). The calculated rates are: - 9
® Attime = 100 years, leakage = 0.0032 cm/year (0.0013 in./year) 10
® At time = 500 years, leakage = 0.32 cm/year (0.13 in./year) 1
These rates were then used to estimate the preliminary time-leakage graph for the infiltration rate 12

through a concrete vault without a cap, as shown in Figure K.64. 13

Because the vault designs have not yet been initiated, information about a capping membrane and its

life expectancy were unavailable. Therefore, the following assumptions were made:

1. The membrane will exist for 500 years before there is 100 percent flow through it. 16
2. Flaws are assumed to progress linearly with time and are expressed as (area 17
of flaw)/(total area). 18

015.
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FIGURE K.6-4
INFILTRATION RATES THROUGH THE VAULT SYSTEM
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Walton and Seitz (1991) state that during construction and through time, the membranes will develop
punctures, tears, leaks at seams, or flaws that allow the percolation of fluids. The following relation

was developed based on their stated assumptions and judgement:

Time Ratio of Area of Flaws Ratio of Flow with Membrane
(years) to Total Area to Flow without Membrane
0.00 0.00 0.00
100 0.20 0.60
200 0.40 0.90
300 0.60 0.96
400 . 0.80 0.99
, 500 1.00 1.00

@134
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Based on the assumptions, the membrane is only effective during the first few hundred years of

service. The preliminary time-leakage graph for infiltration with a cap based on this information is 2
also shown in Figure K.6-4. Note the minor difference between the flow with the membrane and 3
without the membrane. Because of the uncertainties involved in this analysis, the vault infiltration 4
rate was set at a constant 1.3 cm/year (0.5 in./year). Studies currently being conducted by Operable s
Unit 1 indicate that lower values may be used in future editions of the CRARE. 6
K.6.1.4 Vadose Zone Modeling 7
The source terms that are defined for the groundwater pathway, according to the LRAs and Operable 8
Unit 4 updated LRA, were used as input to the vadose zone model. The development of this model is 9
described in the next section, followed by the model resuits. 10
K.6.1.4.1 Vadose Zone Model Development n
A vadose zone is defined as the unsaturated zone above the groundwater table of the aquifer. In this 12
zone, the interstices are occupied partially by water and partially by air. At the FEMP, two distinct 13

deposits, or layers, have been identified that constitute the vadose zone. The uppermost layer (Layer

1) consists of dense, fine-grained glacial overburden that overlie the unsaturated outwash deposits.

Within these till deposits, there are numerous water-bearing zones that have limited interconnection, 16
the majority of which are of glaciofluvial origin and consist of small beds of highly sorted sands and 17
gravels. These beds are probably the result of small meltwater streams that occurred along the ice 18
margin and within the glacier itself. Movement of water and contaminants within these units may be 19
limited due to their limited extent and interconnection. Overlying the Great Miami Aquifer at the 20
FEMP are approximately 4.6 to 11 meters (15 to 35 feet) of unsaturated sand and gravel outwash 2

deposits (Layer 2). These deposits are assumed to have the same hydraulic characteristics as the
underlying saturated material since the deposits are essentially the same. Additional information on
the hydrogeology of the FEMP is contained in the SWCR.

Vadose zone modeling was performed to estimate contaminant loading rates to the Great Miami

Aquifer from a given source as a function of time. The overburden has a capacity for immobilization
and retardation of contaminants due to adsorption, precipitation, biodegradation, and radioactive 27
decay. This capacity to prevent or slow the movement of contaminants to the aquifer has been 28
evaluated with respect to future risk.

G155
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‘ A one-dimensional analytical model was selected to evaluate the flow in the vadose zone, ODAST, 1
Version 2 (Javendel et al., 1984). The model was previously selected for use, as discussed in the 2
SWCR, based upon the following factors: 3
®  Analytical methods are the most efficient alternative when data necessary for 4

the characterization of the system is sparse and uncertain.
® These methods are consistent with approaches used for similar radionuclide 6
assessment models such as the flow portions of PRESTO (EPA 1987c and 7
other site studies). 8
® The basis of the solution is well documented and the software code has been 9
extensively verified. 10
ODAST was used for determining the fate and transport of the constituents in the unsaturated zone 1
that were retained for study after the screening process of Section K.6.1.2. Based on the solution 12
originally developed by Ogata and Banks (1961), ODAST calculates the normalized concentrations of 13
a given constituent in a uniform flow field from a source having a constant or varying concentration 14
in the initial layer. It evaluates the basic one-dimensional analytical solute transport equation as a 15

‘ function of seepage velocity, dispersion coefficient, source decay, retardation factor, depletion time, 16

and source rate. ODAST has been extensively verified against the model STRIP1B (Batu 1989). 17
The current use of the ODAST analytical model is being re-evaluated by Operable Unit 5. Future 18
editions of the CRARE may include the use of a two or three-dimensional numerical model for the 19
vadose zone. The reason for this potential change would be the inability of analytical models to o
adequately simulate the complex flow patterns in the vadose zone. 21

The input flow rates and COC concentrations with time to the ODAST model are the source terms n
described in Section K.6.1.3. Source terms for the two Operable Unit 4 areas are described under B
Alternative 2C of the Operable Unit 4 FS. Two other sets of source terms, from Paddys Run and the %
storm sewer outfall ditch (SSOD), were input directly to the SWIFT III groundwater model. These 25
are described in Section K.6.1.5. The vadose zone is thinner and consists primarily of coarse 26
material in the areas of surface water recharge to groundwater; therefore, it is reasonable to assume 27
that the contaminant retardation would be minimal. 2

0156
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A utility code, SWIFLOAD, was written to run ODAST on cell-by-cell or specified-area input. Input
files for the ODAST modeling were developed to represent the same 38-by-38 meter (125-by-125-
foot) grid cell layout of the SWIFT III model. This allowed the ODAST output to be used as input
directly to SWIFT without additional manipulation.

The thickness of each soil layer was gridded and provided to SWIFLOAD on a cell-by-cell basis.
The conductivities used for Layers 1 and 2 were 0.008 and 13.7 m/day (0.0264 and 45 ft/day)
respectively. The Layer 1 conductivity was estimated by log averaging the 1000 series-well slug test
results (as of February 1993) and dividing by 20 to account for the horizontal-to-vertical ratio.
Because the FEMP site has two distinct layers in the vadose zone, ODAST was run for each to
calculate the normalized concentration at the bottom of each layer for each time step. In general,
dispersion through the lower layer did not come into effect until the constituent reached the bottom of

the adjacent upper layer.

ODAST requires the input of a retardation factor (R,), which is derived from the K, by the equation:
R =1+ K, p/0 &)

where

retardation factor

bulk density

moisture content

soil partitioning coefficient

Falg i
o

Values for both K, and R; are provided in the SWCR and RAWPA. However, Operable Unit 5 has
re-evaluated the available data for K, values of U-238, and has developed new values for Layer 1.
For the Plant 2/3, Plant 6, and Plant 9 areas, the estimated K, is 16 ml/g. For the remaining area in
the Main Plant area, the estimated K, is 235 ml/g. For all other areas outside the Main Plant area,
the estimated K, is 16 ml/g. These values were changed from the K, of 1.8 mi/g presented in the
SWCR for Layer 1. The Layer 2 K, of 1.4 ml/g has not been changed. Attachment K.V contains a
discussion of these changes. The SWCR estimates that the bulk densities of Layers 1 and 2 are 1.78
and 1.60 g/cc, respectively, and the moisture contents are 28 and 14 percent, respectively. Table
K.6-3 lists the specific K, and R, values for the groundwater pathway COCs, and also the radioactive
decay constants or the biodegradation coefficients. These are also taken from the SWCR.
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TABLE K.6-3
VADOSE ZONE MODEL PARAMETERS

Layer 1 Layer 2
Radioactive or
Kd Rf Kd Rf Organic Decay Constant
cocC (ml/g) (unitless) (ml/g) (unitless) (day?)
U-238
Plants 2/3, 6 and 9 16 102 1.4 17.9 425x 10"
Main Plant 235 1488 1.4 17.9 425x 10"
Remainder of FEMP 16 102 1.4 179 425 x 109
Sr-90 10 64.6 2.5 29.6 6.64 x 10°
Tec-99 12 1.75 .07 1.80 8.92 x 10?
2-Chlorophenol 2.7 18.2 1.2 143 NA

Cyanide .042 1.27 .018 1.21 9.5 x 104

NA = Not Available
SOURCE: (DOE 1993¢)

Uranium is present in the perched water within the vadose zone beneath the central portion of the
FEMP. A portion of this perched water will be remediated, but not as a drinking water source.
Therefore, a level of uranium will remain in the perched water at the end of FEMP remediation.
ODAST, however, cannot start with U-238 already in transit through the soil column being modeled.
Therefore, to approximate the residual contamination caused by the perched water source after its
remediation, ODAST modeled the perched water areas starting 40 years before the zero time of the
start of the SWIFT model. The 40 year period was selected as an approximation of the time from
when the U-238 was released to the completion of remediation. This provided some contamination in
the vadose zone as represented in ODAST at the conclusion of remediation. The ODAST input
concentrations for these areas were provided by first averaging the 1000-series well sample results.
However, remediation is planned to be conducted to reduce the higher COC concentrations in the
perched water, although not necessarily to drinking water standards. Therefore, to approximate the
effect of this remediation, an arbi&aw standard of 100 times the drinking water standard was selected
as the maximum perched water concentration after remediation. Any of the averaged results that
exceeded this standard were then reduced to it to approximate the effects of the perched water
remediation. At the zero time, the perched water inflows were stopped in the ODAST runs, and the

source terms (Section K.6.1.3) were initiated.

Section K.5.0 describes how exposure scenarios have been developed for this CRARE. Two ODAST
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runs were completed for each COC, to simulate the Current Land Use and both Future Land Use O 1 5 819
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scenarios. The first of these was run for only a 70-year period and assumed that leachate from the

vaults were captured and not allowed to infiltrate the vadose zone. The second scenario was run for 2
1000 years and assumed that all source areas were releasing COCs as described in this section. 3
K.6.1.4.2 Vadose Zone Model Results 4
Loading rates to the Great Miami Aquifer were estimated for each COC for the SWIFT cells at each s
source area using ODAST. Attachment K.II provides a listing of the mass loading rates for U-238 to 6
the Great Miami Aquifer for 1000 years from each waste area. Table K.6-4 provides summaries of 7
the total mass loading from the vadose zone modeling for the Current and Future Land Use scenarios. 8
In the table, the values in the Mass Transport to Groundwater columns are generally less than the 9
mass of the COC removed from the source area, because some of the COC remains in transit through 10
the vadose zone at the end of the specified time period. Figure K.6-5 depicts the source depletion 1
rate of U-238 from the soils. In SWCR studies, loading rates were found to be sensitive to changes 12
in the leach rate of the waste, thickness of the vadose zone, dispersion coefficient, interstitial water 13
velocity, retardation factor, radioactive decay factor, biodegradation, and depletion time of the source. 14
The loading rates were used as input for SWIFT III to model the groundwater movement and solute 15

transport in the Great Miami Aquifer. Section K.10.3 provides an analysis of the uncertainties related ‘
to modeling the groundwater pathway. 17

0159
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" FIGURE K.6-5 é 5203

SOURCE DEPLETION FOR U-238 FROM THE PRODUCTION AREA SOILS

The loading rates of a constituent traveling to the aquifer from a given source vary over time. 1
Typically, loading rates increase sharply during an initial time period and then stabilize or decrease, 2
depending on the depletion time of the source. For longer depletion times, the source remains active 3
longer during the simulation, and may approach a steady-state condition within the 1000-year 4
simulation time of the Future Land Use scenarios. s
K.6.1.5 Surface Water Modeling 6
Surface water modeling was used for two purposes: to define source terms for the SWIFT III 7
groundwater model, and to estimate contaminant concentrations in surface water bodies as an 8
exposure medium. Potential exposures for a future recreational use of surface water include dermal 9

contact and incidental ingestion. 10
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K.6.1'5.1 1 Model Developmen ‘
Surface soil was estimated to be the only source of surface water contamination for this CRARE. 2
The vaults were not included as sources because they have been designed with floors recessed below 3
ground level and leachate collection systems located beneath the floors. Leachate that contacts the 4
waste will collect in these subsurface systems rather than exit to surface runoff. At the end of any 5
maintenance period, the subsurface collection systems are expected to develop leaks such that all 6
leachate will escape downward to groundwater. The capped areas of Operable Units 1 and 2 are 7
expected to maintain the integrity of their caps so that no wastes are exposed to surface runoff. Soil 8
erosion, in general, was not estimated in the SWCR to be a major factor affecting contaminant 9
transport at the site. 10
As discussed in Section K.6.1.3.1, surface soil contaminant concentrations from the RI/FS database 1
were used to estimate the extent and concentration of the COCs in soil. Surface soil information from 12
the Operable Unit 4 FS was also used. Only the COCs that passed the screening of Section K.6.1.2 13
were evaluated for surface water transport. The same soil retention effects (characterized by R)) that 14

delay the release of COCs from the vadose zone soils also delay the release of the COCs from surface
soils to surface water. The SWCR conducted surface water modeling for a wide range of COCs and

reported that, with the exception of uranium, concentrations in the receiving streams were predicted 17
to be generally very low. 18
The SWCR estimates that future surface water concentrations in the Great Miami River are below 1 19
pCi/l for all radionuclides except the uranium isotopes. Activity concentrations for U-234, 20
U-235/236, and U-238 are estimated at 24, 1.3, and 28 pCi/l, respectively. Modeled concentrations 2

for organic compounds range from 4.9 x 10" to 1.1 x 10 mg/l and are all below usual analytical
detection levels. Modeled concentrations for inorganics except uranium range from 3.8 x 107 to 1.4
x 107 mg/l, also below analytical detection levels. The SWCR also includes risk assessments for
surface water concentrations. Additional COCs may be evaluated for surface water transport in future
versions of the CRARE.

n
23
2
25
26

After the source terms were identified, potential flow pathways were investigated. A topographic
map of the FEMP was used to divide the study area into distinct drainage basins, each a watershed of
the primary drainage features on the site. The FEMP is located on a gently sloping plateau bounded

on the north and east sides by distinct drainage divides and on a third side by Paddys Run, a small

A 0163
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intermittent stream. Surface water transport of contaminants at the FEMP occurs intermittently,
principally during rainstorms. Free-flowing surface water on the FEMP eventually flows down one

of three drainage basins to the Great Miami River.

Two of the watersheds are those drained by Paddys Run or the SSOD, the primary drainage features
on the property. The third, a small watershed in the northeast corner of the FEMP which drains to
the east, was eliminated from further study because it contains no discernable sources. The Paddys

Run watershed can be further subdivided into several smaller drainage basins.

Several areas are currently served by a system of engineered drainage features, such as ditches and
runoff collection basins, as described in further detail by WEMCO (1991). The two most significant
areas drained by this system are the production and the waste storage areas. Runoff from the
production area, plus the incinerator area was assumed to continue to flow into the SSOD after FEMP
remediation. Runoff from the silo area, waste storage area, and South Field was assumed to continue
to enter Paddys Run. The principal drainage basins at the FEMP are shown on Figure K.6-6. To be
conservative, the assumption has been made that stormwater runoff patterns in the future will be
similar to present conditions. The same assumption was used for surface water runoff modeling in
the SWCR.

The principal contaminant source area for drainage directly into Paddys Run is Operable Unit 4 and
its surrounding soil. All other areas of contaminated soil drain into the SSOD, which in turn drains

into Paddys Run several hundred feet before it exits the FEMP at the south boundary.

Stormwater management is not included as an ongoing activity for site-wide soils in the LRAs
(Section K.2.2) after FEMP remediation. However, several stormwater retention structures are
included in the design of the vaults (Parsons 1992), as discussed in Section K.2.3.3. Field data are
not available on the percentage of FEMP runoff that recharges to groundwater. The conservative
assumption was made that all COCs transported in surface water are recharged to groundwater before
the surface water reaches the southern boundary of the FEMP. At approximately this point, per the
SWCR, Paddys Run cuts below the water table and no longer recharges to groundwater.

In the SWCR study of baseline conditions, two models were selected to estimate contaminant
concentrations in surface water and sediment at the FEMP: the Universal Soil Loss Equation (USLE)
and the MUSLE. Both were obtained from the Superfund Exposure Assessment Manual (EPA 1988i)

0164
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and are described in detail in the RAWPA. The models calculate the total mass of soil lost each year ‘
from a study area. The USLE model is area-dependent and was used in situations requiring an 2
estimate of the average annual runoff at the site. MUSLE, with event-specific runoff volume and 3
flow-rate variables, was used to model expected runoff/erosion from specific events. Additional 4
models were used to describe contaminant partitioning between soil and water in the receiving water s
body. These partitioning models, also described in the RAWPA, estimated the COC concentration in 6
surface water runoff and in the soil carried with the runoff. 7
For the CRARE, the MUSLE model was used to estimate surface runoff and contaminant loading to 8
Paddys Run and the SSOD on an event-specific basis. The modeling approach and parameters used 9
were based on the approach and the data available in the SWCR. Parameters included surface area, 10
slope, soil type, vegetation, flow patterns, and flow rates. The K, values presented in Table K.6-3 1
were used in all of the surface water modeling with one exception. The original K, of 1.8 ml/g for 12
U-238 was used for the modeling of surface water as a source term to groundwater. This is not a 13
significant variation, since the total peak increase of U-238 in groundwater due to surface water as a 14
source is approximately 1 ug/l. 15

@
Because Paddys Run and the SSOD flow intermittently, event-specific concentrations were estimated 16
in the SWCR to yield more realistic results of episodic contamination than would an average 17
calculated over one or several years. When MUSLE was run for the SWCR using average rainfall | 18
data from the National Climate Database (NCDB 1992), the model indicated that all of the 19
precipitation was retained by the soil with no net runoff predicted. This indicates that an average 20
rainfall at the site yields negligible amounts of runoff. Therefore, a more extreme rainfall event was 21

used for the SWCR and CRARE modeling to yield any runoff. A 1-year, 24-hour storm event (6.35 2
centimeters or 2.5 inches precipitation) was used to represent a more intense rainfall. This is b
comparable to the measured rainfall at the site for July 1988 of 17.5 centimeters (6.9 inches) %
attributed primarily to two storm events (WMCO 1989). One of these events was modeled per year 25
to estimate average COC transport at the FEMP. Less frequent, more severe events were not 2%
modeled in the SWCR or this CRARE. 7

B -
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‘ Section K.5.0 describes how exposure scenarios have been developed for this CRARE. Two MUSLE 1
runs were completed for each COC to simulate the Current Land Use and both Future Land Use 2
scenarios. The first run covered a 70-year period and assumed that all stormwater discharge to the 3
" SSOD was first captured in stormwater retention basins and then treated to remove the COCs. The 4
only release of COCs to surface water under this scenario occurs from the smaller basins that drain 5
directly to Paddys Run. The second MUSLE run, which addressed both Future Land Use scenarios, 6
covered 1000 years and assumed that there was no capture and treatment of stormwater. 7
K.6.1.5.2 Surface Water Model Results 8
COC concentrations in surface water predicted to occur under the Current Land Use scenario are 9
listed in Table K.6-5. Concentrations predicted to occur under the Future Land Use scenarios are 10
listed in Table K.6-6, and the U-238 concentrations are shown on Figure K.6-7. The surface water 1
modeling data and results as a source to groundwater are summarized in Table K.6-7. U-238 mass 12
loading rates to groundwater are listed in Attachment K.V. The locations of the surface water 13
recharge to groundwater are shown in Figure K.6-6. Concentrations are the highest for all COCs in 14
the first year of the model, and then decline as the surface soil is depleted of contaminants. 15
. TABLE K.6-5

COC CONCENTRATIONS IN PADDYS RUN
AT THE SOUTH BOUNDARY FOR CURRENT LAND USE SCENARIO

Time" U-238

(Years) (mg/I)
0 1.28 x 10°
10 1.23 x 10°
20 1.18 x 10°
30 1.14 x 10°
40 1.09 x 10°
50 1.05 x 10°
60 1.01 x 10°®
70 9.67 x 10

*Time starts when FEMP remediation is complete.

0167
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COC CONCENTRATIONS IN PADDYS RUN AT THE SOUTH BOUNDARY

FOR FUTURE LAND USE SCENARIOS

Time* U-238 Sr-90 Tc-99 Cyanide 2-Chlorophenol
(Years) (mg/1) (mg/D) (mg/l) (mg/1) (mg/)
0 9.01 x 10" 1.04 x 10" 3.126 x 10°° 1.760 x 107 1.688 x 10°
5 NC NC NC 1.883 x 10°® NC
10 593 x10° 8.13x 10" NC 2.016 x 10 NC
20 4.19 x 10° 638 x 10 8.838 x 10® 2.308 x 10% 1.655 x 10°
40 259 x 10° 393 x 10 2499 x 103 NC 1.623 x 10?
60 2.00 x 10° 242 x 10" 7.065 x 10 NC 1.591 x 10°
80 1.72 x 10° 1.49 x 10" 1997 x 10 NC 1.560 x 107
100 1.55 x 10° 9.18 x 10 5.647 x 10 NC 1.530 x 10°
120 142 x 10° 5.65x 10 1.597 x 10 NC 1.500 x 107
140 131 x 103 348 x 10™ 4514 x 10® NC 1.471 x 10°
160 121x 10° 2.14x 10" 1.276 x 10™ NC 1.443 x 10°
180 111 x 10° 132x 10" 3.608 x 10™® NC 1.415x 10°
200 1.03 x 10° 8.13x 10™ 1.020 x 10% NC 1.387 x 10°
220 9.48 x 10”* 5.01x 10 NC NC 1.360 x 10
240 8.75 x 10°* 3.09x 10™ NC NC 1334 x 10°
260 8.08 x 10™* 1.90 x 10 NC NC 1.308 x 10°
280 7.46 x 10* 1.17 x 10 NC NC 1.282 x 10°
300 6.88 x 10™* 721 x 10" NC NC 1.257 x 10°
320 635 x 10 4.44x 10" NC NC - 1.233 x 10°
340 5.86 x 10 273x10™ .NC NC 1.209 x 10°
360 5.41 x 10 1.68 x 10" NC NC 1.185 x 10°
380 499 x 10 1.04 x 10" NC NC 1.162 x 107
400 4.61 x 10 6.39 x 10 NC NC 1.140 x 10°
420 425 x 10° NC NC NC 1.118 x 10°
440 393 x 10 NC NC NC 1.096 x 10°
460 3.62x10* NC NC NC 1.075 x 10°
480 335x 107 NC NC NC 1.054 x 10°
500 3.09 x 10 NC NC NC 1.033 x 107
520 2.85 x 10* NC NC NC 1.013 x 10°
540 2.63 x 10 NC NC NC 9.934 x 10"
560 243 x 10 NC NC NC 9.741 x 10°*
580 224 x 107 NC NC NC 9.551 x 10
600 2.07 x 10°* NC NC NC 9.365 x 10
620 191 x 10* NC NC NC 9.183 x 10*
640 - 1.76 x 10* NC NC NC 9.005 x 10°
FER/OU4CRARE/LAW.WP996APK.6A/02/4/94 K-6-41 nN1Ge
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. Time" U-238 Sr-90 Tc-99 Cyanide 2-Chlorophenol
(Years) (mg/1) (mg/l) (mg/1) (mg/1) (mg/D)
660 1.63 x 10* NC NC NC 8.830 x 10™
680 1.50 x 10* NC NC NC 8.658 x 10™
700 139 x 10 NC NC NC 8.490 x 10
720 128 x 10* NC NC NC 8324 x 10
740 118 x 10* NC NC NC 8.163 x 10*
760 1.09 x 10* NC NC NC 8.004 x 10
780 1.01 x 10* NC NC NC 7.848 x 10*
800 9.28 x 10°° NC NC NC 7.696 x 10
820 8.56 x 10° NC NC NC 7.546 x 10*
840 7.90 x 10° NC NC NC 7399 x 10
860 7.29 x 10° NC NC NC 7.255 x 10°*
880 6.73 x 10° NC NC NC 7.114 x 10*
900 6.21 x 10° NC NC NC 6976 x 10*
920 5.74 x 10° NC NC NC 6.840 x 10*
940 529 x 10’ NC NC NC 6.707 x 10*
960 4.89 x 10° NC NC NC 6.577 x 10*
980 451 x 10° NC NC NC 6.449 x 10
‘ 1000 4.16 x 10° NC NC NC 6.324 x 10*

*Time starts when FEMP remediation is complete.

NC = Not Calculated

® 01R9
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FIGURE K.6-7 ‘

SURFACE WATER U-238 CONCENTRATION VS. TIME AT SOUTH BOUNDARY
RECEPTOR UNDER THE FUTURE LAND USE SCENARIO
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TABLE K.6-7
SUMMARY OF SURFACE WATER MODELING RESULTS
Total Mass Transport to Initial Soil Calculation
Drainage Basin Groundwater (mg) Concentration (;g/g) Method
U-238
Paddys Run 5.216 x 10° 8.194 x 10? IT
SSOD 1.078 x 10° 1.693 x 10' Database
Sr-90
SSOD 3.484 x 107 2350 x 107 Database
Tc-99
SSOD 5.464 x 10* 1.266 x 10* Database
2-Chlorophenol
SSOD 8.550 x 10° 5.130 x 10" Database
Cyanide
SSOD 1.714 x 10 2.259 x 10" " Database
Because of its short half-life of two years, the only potentially significant source of cyanide in
groundwater is surface water transport. Data on the derivation of biodegradation half-lives and decay 2
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. constants are provided in the SWCR. The cyanide being transported down through the vadose zone 1
requires more than 30 years to reach the groundwater. However, only 0.003 percent of the cyanide 2
would remain after 30 years, due to biodegradation. For 2-chlorophenol, approximately 90 percent of 3
its mass was included in the surface soil database, for transport by surface water. Its much higher 4
(than cyanide) K, of 2.7 ml/g indicates that it releases slower from the soils and will still be present at 5
very low concentrations after 1000 years. The only potentially significant source of 2-chlorophenol in 6
groundwater is also surface water transport. However, the surface water concentrations for these two 7
compounds would be diluted by at least one order of magnitude in groundwater and as such would 8
not represent a significant risk to receptors. These compounds were not, therefore, carried forward 9
into groundwater modeling. 10
K.6.1.6 Aguifer Modeling 1
This section describes the prior development of the SWIFT III groundwater model as a standard 12
approach for the FEMP site. The specific use of the model for this CRARE is also described, as are 13
the modeling results. 14
. K.6.1.6.1 Aquifer Model Development ' 15
CRARE groundwater modeling was performed with the previously-calibrated SWIFT groundwater 16
flow model for the FEMP. This model uses the SWIFT III code, version 2.52, compiled for nearly 17
optimized performance. All runs were conducted on a Power Box 486/50 MHz PC computer with 18
EISA architecture, 128 megabytes of memory, and a 1 gigabyte hard drive. Run time for a 1000- 19
year uranium run was approximately 35 hours. The SWIFT III model was previously calibrated using 20
groundwater elevations obtained during the April 1986 monitoring period. 21

The site-wide groundwater modeling program was initiated to define groundwater transport in and p7)
around the FEMP. The selection, verification, calibration, and results of groundwater modeling are p<)
presented in two reports (IT 1990a and ASI/IT 1990a). SWIFT I is a finite-difference computer %
model of groundwater flow and solute transport. A detailed presentation of the model, its 25
development, and the baseline input data was issued as part of the overall modeling report prepared 26
under the RI/FS (ASUIT 1990a). Only the most pertinent information is presented here. A 7
comprehensive verification study of the SWIFT Il code has also been completed and a report issued 28

‘ (T 1990a). 2
0171
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The regional SWIFT model covers an area of 74.3 km? (28.7 mi®), including the FEMP, the Southern

Ohio Water Company (SOWC) collector wells, and a portion of the Great Miami River. The regional 2
model’s grid spacing varies between 76 and 610 meters (250 and 2000 feet), and has the closest grid 3
spacing in the area of the SOWC collector wells. It was calibrated against field data using a steady- 4
state flow condition, and calibration results were incorporated into the SWIFT local area model. 5
The local model covers a smaller area than the regional model and uses a tighter grid spacing, with 6
grid cells 38 meters (125 feet) on a side. The smaller grid was established to include the area of the 7
existing uranium plume, and extends from the northern part of the FEMP to approximately 460 8
meters (1500 feet) north of the Great Miami River (Figure K.6-2). The grid size was selected based 9
on the need to simulate a dispersivity of 30 meters (100 feet) longitudinally, which was the preferred 10
value, based on the solute transport calibration for uranium and also the literature review (IT 1990a). 1
Using this dispersivity value, the grid size was selected to accommodate dispersivity values as low as 12
19 meters (62.5 feet), or half the distance of the local grid area of 38 meters (125 feet). Dispersivity 13
is a constant value related to aquifer characteristics and not the solute being modeled. The 14

relationship between the local and regional SWIFT models was established by imposing the steady-

state flow field predicted by the regional model onto the local solute transport model.

K, values for the COCs are discussed in the SWCR and RAWPA. Values listed in Table K.6-3 for 17
Layer 2 are the same as those used in SWIFT for the Great Miami Aquifer. 18
The regional and local models each contain five layers. The two uppermost layers represent the 19
upper and lower parts of the upper Great Miami Aquifer that underlies the area. The middle layer 20
represents a clay interbed present in the immediate vicinity of the FEMP, and the two lowermost 21

layers represent the upper and lower parts of the lower Great Miami Aquifer. In regions where the
clay interbed is not present, the middie layer has the same characteristics as the two upper layers.
The layers extend laterally into bedrock at the edges of the buried valley that contains the aquifer.

The number of aquifer cells in each layer was decreased with depth in the aquifer to simulate the

narrowing bedrock valley. This was done using bedrock topography maps of the region and 26
simulated the U-shaped buried valley that contains the Great Miami Aquifer. 27
The pumping wells in the area are spanned by both the regional and local models. These include (in .
both models) a FEMP production well and three industrial wells south of the FEMP. The FEMP 29
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well was assumed to be shut down after the completion of remediation. Pumping from each of the
industrial wells was assigned to the proper cell and layer in the model. In addition, the regional
model also simulated the presence of two large-capacity collector wells owned by the SOWC and
located by the Great Miami River. Although they were not directly included in the local model, they
did influence its results by way of the boundary conditions brought in from the regional model.

The SWIFT groundwater flow model was previously calibrated by comparing hydraulic heads
calculated by the model against heads measured in numerous monitoring wells throughout the FEMP
and surrounding areas. This calibration was performed using the regional flow model. Reasonable
estimates of hydraulic conductivity and recharge were initially input into the model and then varied
within an acceptable range to adjust model-computed heads into agreement with observed monitoring
well heads. '

The model used varying hydraulic conductivity values for the five layers based on the results of the
calibration. The uppermost and middle layers were assigned hydraulic conductivity values of 140
m/day (450 ft/day), and the lowermost layers 180 m/day (600 ft/day). In addition, a portion of the
middle layer that underlies the FEMP was assigned 9 x 10° m/day (0.0003 ft/day) to represent the
clay interbed. This simulated the presence of low-permeability clay and created a semi-confining

layer underneath part of the FEMP and its surrounding area.

Recharge rates set as a result of the regional model calibration were assigned to several different
zones. In areas where the sand and gravel aquifer is overlain by glacial overburden, a recharge rate
of 15 cm/year (6 in./year) was used. Regions where the Great Miami Aquifer is exposed at the
surface use 36 cm/year (14 in./year), with Paddys Run channel being assigned a value of 81 cm/year
(32 in./year) in the local model to simulate its increased infiltration. The calibrated recharge rate of 5
cm/year (2 in./year) for the area covered by the FEMP was used in the SWCR, and was also used in
this CRARE. The loading rates of COCs with time to the SWIFT IIl model were determined by the
ODAST vadose zone modeling or the MUSLE surface water modeling.

Initial background concentrations of each compound in the aquifer were set at zero, with the
exception of uranium. Because it is the most widespread COC and has the highest concentrations,

:.‘ ’ ‘i ) - - - - .
uranium was assumed to be the most persistent COC during remediation. The Great Miami Aquifer

groundwater in an area beneath the current sources is assumed to still contain uranium at the drinking
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water standard (7 pCi/l or 20.77 pug/l) at the end of FEMP remediation. This area is depicted in

Figure K.6-8. : 2
K.6.1.6.2 Aquifer Model Results o 3
Groundwater transport modeling with the SWIFT III code was first run with U-238 as the COC. 4
U-238 was selected because the baseline modeling in the SWCR had identified it as potentially the 5
most widespread contaminant in groundwater that represented the greatest risk. Figures K.6-9 and 6
K.6-10 present the projected COC concentration contours at 70 and 1000 years after the end of 7
remediation for the Future Land Use scenarios. The initial background concentration of U-238 8
represents the origin of almost all of this COC represented on Figure K.6-9. After this initial 9
background of U-238 is dispersed in the groundwater flow, the highest projected concentration of 10
U-238 in the groundwater (9.3 ppb) occurs at 1000 years. Figure K.6-10 shows that the highest 1
concentrations are centered on the East Plant Area soils. 12
Comparisons can be made between the uranium contours presented in Figures K.6-9 and K.6-10, and 13

the similar figures for baseline conditions in the SWCR (Figures O.5-6 through O.5-10). The

maximum concentrations and the maximum extent of COC are reduced in the CRARE results. This

reflects the effects of remediation planned under the LRAs. Figures K.6-11, K.6-12 and K.6-13 16
depict the concentration contours for U-234, U-235 and U-236 at the same 1000 year peak. These 17
figures were developed by applying the abundance ratios of these isotopes to the U-238 results, and 18
not by separate modeling. 19

0174
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‘ The uranium contour plots were reviewed and receptor locations were selected for both on- and off- 1
property receptors. The process for selecting receptor locations is described further in 2
Section K.5.1.4. The receptor locations are presented on Figure K.6-14. COC concentrations with 3
time were then listed at each of the receptor points. Concentrations for two representative receptors, 4
as used for the off-site (Receptor B) and on-site (Receptor C) Future Land Use scenarios, are 5
presented in Table K.6-8 for U-238. The highest concentration at each receptor is underlined. The 3
time of occurrence varies for each because of the movement of the contaminant plume in groundwater 7
with time. Figures K.6-15 and K.6-16 are representative graphs of the changes in estimated 8
groundwater U-238 concentrations with time for the two off-property receptors shown on Figure K.6- 9
14. Section K.8.1 discusses how contaminant concentrations are carried forward into the risk 10
assessment calculations. 1
Both Sr-90 and Tc-99 did not reach the groundwater in significant concentrations under the Current 12
Land Use scenarios. For Sr-90 under the Future Land Use scenarios, the only significant source was 13
the surface water runoff. Figures K.6-17 and K.6-18 show Sr-90 concentrations in groundwater at 20 14
and 70 years. The 20-year period represents the peak concentration in groundwater, with a maximum 15
‘ concentration of 1.98 x 107'° ppb. This does not represent a significant contribution to risk, so Sr-90 16
was not given further study in this evaluation of the groundwater pathway. 17
For Tc-99 the only significant source was projected to be the Operable Unit 1 wastes in the northwest 18
vaults. Because of the low outflow rate from this structure, the groundwater Tc-99 concentrations 19
were projected to reach a plateau after about 300 years and essentially do not change from then to 20
1000 years. Figure K.6-19 shows Tc-99 concentrations in groundwater under these steady-state 2

conditions. The maximum Tc-99 concentration in the groundwater is 3.1 x 10° ppb. This »
concentration represents a contribution to risk that is approximately 2 orders of magnitude below the 3
risk associated with uranium in the groundwater. Therefore, Tc-99 was not given further study in the %

' 25

evaluation of the groundwater pathway.

The estimated contaminant concentrations in groundwater at each receptor point are evaluated further 26
in Section K.8.0 to quantify the exposure values they represent. The risks represented by these and 27

other exposures to the COCs are then characterized in Section K.9.0. 28
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‘ TABLE K.6-8

U-238 GROUNDWATER CONCENTRATIONS AT RECEPTOR LOCATIONS

Time _ On-Site Receptor C Off-Site Receptor B
(Years)* (g (ug/D®
0 0.0x 10° 0.0x 10°
20 8.3 x 107 1.7 x 107
40 13x10° 2.2x 10°
60 1.8x 10° 9.4 x 10?
.80 1.2x 10° 49 x 10°
100 6.5 x 10 9.4 x 10!
120 3.1x 10! 1.1x10°
140 1.4 x 10! 9.1 x 10
160 6.1 x 10? 6.5 x 10
180 2.7x 102 4.2 x 10
200 1.2 x 102 2.6 x 10?
220 6.1x10° 1.5x 10!
‘ 240 43 x10° 8.6 x 10°
260 4.6x 10° 4.8 x 107
280 59x10° 2.7x 10?
300 7.4x 10° 1.6 x 10°
320 84x10° ' 9.9 x 10°
340 8.8x 103 7.4x10°°
360 8.8 x 103 6.6 x 10°
380 A 8.4 x 10° 6.6 x 10°
400 8.0x10° 6.8 x 10°
420 7.6 x 10° 7.1x 10?
440 7.4x 10° 7.3x 10°
460 7.4 x 10°? 7.5x 10?
480 7.5x 10° 7.6 x 103
500 7.9x 10° 7.6 x 10°
520 8.3 x 10° ' 7.6 x 10°
540 8.9 x 103 7.6 x 10°
@
SARL 0183
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Time On-Site Receptor C Off-Site Receptor B .
(Years)® (ug/M* (ug/® '

560 9.5 x 10? 7.7 x 10°

580 1.0 x 10? 7.7 x 10°

600 1.1 x 10? 8.1 x 103

620 1.1x10? 89x10°

640 1.2 x 102 1.1 x 10?

660 1.2 x 10? 1.5 x 10?

680 1.3 x 10? 2.4x10%

700 1.3 x 102 4.1x 102

720 1.3 x 107 7.1 x 102

740 1.3 x 10? 1.2 x 10!

760 : 1.4 x 102 1.9 x 10!

780 1.5x 10? 3.0x 10!

800 1.6 x 102 4.6 x 10"

820 1.9 x 107 6.6 x 10

840 2.4x 10? 9.2 x 10

860 - 3.3x10? 1.2 x 10°

880 4.5x 107 1.6 x 10°

900 6.3 x 107 2.0x 10°

920 8.8x 107 25x 10°

940 1.2 x 10! 29x 10°

960 1.7x 10 3.4x10°

980 2.2x 101 39x 10°

1000 2.9 x 107 43 x 1¢°

*Time starts when FEMP remediation is complete.

bAll concentration values have been rounded to two digits. .
‘Peak values.

“Receptor locations are shown on Figure K.6-14.
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K.6.2 AIR TRANSPORT MODELING

This section presents the approach, methodology, and results of the CRARE air transport analysis.
The objective of this analysis was to determine the maximum on- and off-property annual average
ground-level air concentrations of contaminants released to the atmosphere from the remediated
FEMP. These concentrations were used for the residual risk assessment described in this CRARE.

The analysis was conducted in accordance with EPA guidance (EPA 1989a). Two emission models
and an air dispersion model were used to estimate air emissions from each source and to calculate
annual average concentrations at several preselected receptor locations. One emission model
predicted the quantity of exposed soil that would be resuspended by the wind, and the other emission
model estimated the flux of Rn-222 gas from soil and waste containing Ra-226. Particulate-phase
contaminants examined include radionuclides, inorganic compounds, and nonvolatile organic
compounds. The only gas-phase contaminant evaluated in this analysis was Rn-222. VOCs were not
analyzed as they would be lost to the atmosphere prior to the start of the postremediation periods
analyzed in the CRARE. The air dispersion model accounted for dispersion and dilution of the
contaminants under defined meteorological conditions, such as wind speed and direction, atmospheric
stability, and mixing height. The meteorological parameters used were collected from an on-property

meteorological station.

Five major steps were required to achieve the objective of this analysis:
1. Scenarios for the air transport analysis were defined.

2. Sources of air emissions and contaminants released were identified based on
site-specific information.

3. The appropriate EPA regulatory air dispersion model was selected which
best represented the site characteristics and the objective of the analysis.

4. Particulate or gaseous air emissions were estimated from site-specific soil
contaminant concentrations, and additional inputs to the model such as
meteorological data and receptor locations were determined.

5. Results of the air dispersion model were processed to determine the

maximum on- and off-property annual average concentration for residual
risk.

Figure K.6-20 presents the sequential block diagram of these steps and indicates the sections below

that describe them.

FER/OU4CRARE/LAW. WP996APK .6B/02/4/94 5:43pm K-6-63 O 1 8 O

10

11

12

13

14

17

18

19

20
21

B 28R

8 Y

31



- 5208

FEMP-OU4CRARE-6-FINAL
February 1994

Throughout the analysis, site-specific data were used where available. When such data were not
available, conservative assumptions were made. Regulatory default options and values were used
where applicable in the air emission and dispersion models. The intent of the assumptions was to
make the results relevant to the site so that the risk associated with the air exposure pathway

was realistic.

K.6.2.1 Scenarios for Air Transport Analysis

The residual risk from the remediated FEMP were evaluated for three general scenarios: the Current
Land Use, the Future Land Use With Federal Ownership and the Future Land Without Federal
Ownership. The two future scenarios do not include continued maintenance of the on-property
disposal facilities or capped areas with the only distinction being the location of the receptors.
Therefore, the air emissions for the future scenarios are assumed to be identical, leaving only two

emissions cases to be analyzed: current and future.

The current emission case assumed that the RCRA-type caps over Operable Units 1 and 2 and the
caps over the vaults will remain intact without the loss of cap thickness or cover soil depth. In
addition, the cover soil over Operable Unit 4 was assumed to remain intact during the current
scenario. The materials and soil imported for cap layers and cover soil were assumed to be
uncontaminated and therefore will not contribute to airborne contaminant emissions. Only Rn-222
would be emitted from the capped or covered areas. This emission case assumed that treated soil
from Operable Unit 5 will be placed back in the excavated areas of Operable Unit 5 without a cap or
cover, resulting in Rn-222 and suspended particulate emissions from this operable unit. For this
analysis, it was assumed that Operable Unit 5 consists of soil beneath Operable Unit 3 facilities and

structures as well as soil in areas not associated with Operable Units 1, 2, or 4.
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The future emission case is similar to the current case, except that the future case assumed the loss of
the cover soil and first drainage layer from the vault and Operable Unit 1 and 2 caps, as well as a
total loss of the Operable Unit 4 cover soil. These changes result in higher Rn-222 emissions from
the vaults and Operable Units 1, 2, and 4. In addition, suspended particulate emissions were included
for the exposed, contaminated soil in Operable Unit 4.

K.6.2.2 Sources and Contaminants

All sources considered for this study were analyzed as ground-level area sources. The particulate
emission sources included the exposed soils in Operable Units 4 and 5. To analyze particulate
emission impacts, 196 area sources were evaluated. The radon emission sources include the soil and
unexcavated wastes in Operable Units 1, 2, 3, and 4, as well as wastes placed in the vaults. To
analyze radon emission impacts, 243 area sources were developed. Figure K.6-21 shows the source
locations and sizes used in the air dispersion model for areas associated with Operable Units 1
through 4 and the vaults. Not shown on the figure are the 157 area sources used to model the surface
soils that are part of Operable Unit 5. Those area sources are each 121.9 x 121.9 meter

(400 x 400 feet) squares and cover the remainder of the site. Also note that soil beneath Operable
Unit 3 is considered part of Operable Unit 5.

K.6.2.3 Air Transport Models -

The annual average contaminant concentrations were determined using ISCLT2. This model is
recommended by EPA for air pathway analysis of Superfund sites (EPA 1989a).

The ISCLT2 model was designed by the EPA to assess the air quality impact of emissions from a
wide variety of sources. It incorporates a steady-state gaussian plume equation that is applicable in
flat or gently rolling terrain, for multiple point, area, and volume sources. The ISCLT2 model
calculates the annual average concentration due to airborne emissions at user-selected receptors, based
on sector-averaged statistical wind summaries. Data required for input to the model include source
emission rates, the locations and configurations of sources, statistical summaries of wind speed, wind
direction, and atmospheric stability, and the locations of the selected receptors.

<
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K.6.2.4 Particulate Contaminant Emission Rates

Radionuclide, inorganic, and nonvolatile organic contaminants were assumed to be present in the
suspended particulate matter emitted from the site. The emission rate for each contaminant in

this particulate matter was calculated from the concentration of the contaminant in the exposed soil
and from the estimated site-wide average emission rate of particulate matter less than 10 micrometers
in diameter (PM,,).

K.6.2.4.1 Contaminated Soil Concentrations
The radionuclide contaminant concentrations used for the current and future scenarios are presented in

Tables K.6-9 and K.6-10, respectively. The chemical contaminant concentrations used for the current
and future scenarios are presented in Tables K.6-11 and K.6-12, respectively. Contaminant soil
concentrations were selected from data in the RI/FS database and data presented in the following
documents:

®  Site-Wide Characterization Report, Final, March 1993

®  Remedial Investigation Report for Operable Unit 4, Final, November, 1993
®  Feasibility Study Report for Operable Unit 4, Appendix A

The data presented in the SWCR was used to supplement the data presented in the Operable Unit 4 RI
and FS, and the RI/FS database. Because this analysis assumed that the site has been remediated, any
soil concentrations exceeding the PRG levels identified in the SWCR were reset to the PRG level.
This procedure directly affected the soil concentrations of Cs-137, Pb-210, radium, thorium, and

uranium isotopes used in the analysis.

The soil beneath Operable Unit 3 (the former production area) was divided into two source groups for
the air transport analysis. The areas beneath Plants 2/3, 6, and 9 were assumed to have been
excavated to a depth greater than or equal to 3 meters (10 feet) and backfilled with treated soil.

These areas represent one of the Operable Unit 5 production area soil source groups. The remaining

portion of the production area soil represented the second source group.

Risk-based PRGs for the expanded trespasser were used to set the concentrations of Cs-137, Pb-210,
and U-238 in soil beneath the Operable Unit 3 excavated areas to 1, 70, and 60 pCi/g, respectively.
The 5 pCi/g limits in the SWCR (Part III, pages 2-21 and 2-22) for Ra-226, Ra-228,
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TABLE K.6-9

ESTIMATED RADIONUCLIDE CONCENTRATIONS (pCi/g)
IN SURFACE SOIL/COVER SOIL: CURRENT SCENARIO

= H208
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February 1994

Clean Top Soil*

OUS Residual: OUS Residual: OUS Residual:
Soil in Areas - Rest of Former Remainder of the (on RCRA-Type
0ou4: Beneath Plants Production Area FEMP Surface Caps and over
Radionuclide Top Soil* 2/3, 6,and 9 Surface Soil Soil disposal vaults)
Am-241 0.00 NC NC NC 0.00
Cs-137 0.00 1.00 x 10°® 1.00 x 10°° 6.16 x 10" & 0.00
Np-237 0.00 6.96 x 107 © 6.96 x 10" ° NC 0.00
Pa-231 0.00 243 x 10°° 243x 10°° NC 0.00
Pb-210 0.00 7.00 x 10'* 7.00 x 10'® NC 0.00
Pu-238 0.00 295x10°°¢ 295x 10°° 333x10'¢ 0.00
Pu-239 0.00 1.12x 10°° 1.12x 10°° 342x 10" 8 0.00
Pu-240 0.00 1.12x 10 ¢ 1.12x10°°¢ 342x 108 0.00
Ra-226 0.00 5.00x 10°¢ 1.09 x 10°} 1.14x 10°F 0.00
Ra-228 0.00 5.00 x 10°¢ 1.39 x 10°¢ 1.21x 10°! 0.00
Ru-106 0.00 NC NC NC 0.0(‘
Sr-90 0.00 517x 10°° 5.17x 10°¢ 9.05 x 10" ® 0.00
Tc-99 0.00 3.80x 10'° 3.80x 10°° 1.34 x 10° # 0.00
Th-228 0.00 500x 10°° 1.61 x 10°¢ 2.16 x 10°¢ 0.00
Th-230 0.00 5.00x 10°¢ 240 x 10°° 2.11x 10°} 0.00
Th-232 0.00 5.00x 10°¢ 1.33 x 10°¢ 1.09 x 10°° 0.00
U-234 0.00 1.00 x 10*f 5.46 x 10'f 8.82x10°f 0.00
U-235 0.00 2.66x 10°f 1.45x 10°f 234x10"f 0.00
U-236 0.00 1.10x 10°f 598 x 10" f 9.66 x 10> f 0.00
U-238 0.00 6.00 x 10'°® 3.27x 10'® 528 x 10°® 0.00

NC = Not characterized.

*Assumes that clean top soil does not contribute to

air contaminant emissions.

*From SWCR, Part IIl, Table 2-3 (risk-based PRG

for recreational user), March 1993.

‘From SWCR, Appendix R, Tables R.5-16 through R.5-25
and R.6-51 through R.6-65 (UCLs for former

Production Areas), March 1993.

‘From SWCR, Part III, Table 2-3 (ARAR PRG), March 1993.

*Assumed from Th-230 and Th-232 PRGs.

FER/OU4CRARE/LAW.WP996AFPK.6B/02/4/94 5:43pm

‘Based on uranium concentrations of 0.00896, 0.685,
0.00963, and 99.3 mt%, and specific activities of
6.22E09, 2.16E06, 6.34E07, and 3.36E05 pCi/g for
U-234, U-235, U-236, and U-238, respectively.
tFrom SWCR, Appendix R. Tables R.5-27 and R.5-28

(UCLs for Non-OU areas), March 1993.

"From RUFS sample database used for groundwater
modeling (provided to Fluor Daniel by Parsons,

July 1993).
From RI/FS sample database(provided to Fluor Daniel by

FERMCO, March 1993).
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TABLE K.6-10

ESTIMATED RADIONUCLIDE CONCENTRATIONS (pCi/g)
IN SURFACE SOIL/COVER SOIL: FUTURE SCENARIOS
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OUS Residual: OUS Residual: OUS Residual:  Clean Top Soil

Soil in Areas Rest of Former Remainder of the (on RCRA-Type

0ou4: Beneath Plants Production Area FEMP Surface Caps and over

Radionuclide Surface Soil 2/3, 6,and 9 Surface Soil Soil disposal vaults)
Am-241 NC NC NC NC 0.00
Cs-137 2.30x 10" 1.00 x 10°° - 1.00x 10°° 6.16 x 10 & 0.00
Np-237 NC 6.96 x 10} 6.96 x 10"} NC 0.00
Pa-231 2.53x 10" 243 x 1001 243 x 1001 NC 0.00
Pb-210 7.00 x 10'® 7.00 x 10*°® 7.00 x 10'® NC 0.00
Pu-238 NC 295x 10°° 295x 10°1 3.33x 101 ¢ 0.00
Pu-239 NC 1.12x 107} 1.12x 10°F 3.42x 101 ¢ 0.00
Pu-240 NC 1.12x 10°} 1.12x 10°F 3.42x 10! * 0.00
RA-226 5.00x 10°¢ 5.00x 10° ¢ 1.09x 10°™ 1.14x 10° ™ 0.00
Ra-228 240x 10°¢  500x10°° 139x 1°=  121x10°® 0.00
Ru-106 NC NC NC NC 0.00
Sr-90 1.80x 10°° 5.17x 10°} 5.17x 10°} 9.05x 10"k 0.00
Tc-99 240x 10°° 3.80x 10'° 3.80x 10°F 1.34 x 10° & 0.00
Th-228 500x10°f 5.00x 10°f 1.61x10°™ 2.16x 10° = 0.00
Th-230 500x 10° 500x 10°° 240x 100 ™ 2.11x10°= 0.00
Th-232 500x 10°° 5.00x 10°° 1.33x10° ™ 1.09x 1P ™ 0.00
U-234 1.21 x 10'¢ 1.00 x 10?1} 5.46 x 10"} 8.82 x 10°} 0.00
U-235 249x 1008 2.66 x 10 1.45 x 10°} 2.34 x 10" 0.00
U-236 249x 10°¢ 1.10 x 10°} 5.98 x 10!} 9.66 x 102} 0.00
U-238 1.23x 10' " 6.00 x 10'® 327x10'" 5.28x 10°® 0.00

NC = Not characterized.

*From OU4 FS Report, Appendix A, Table A.3-9 (Berm Soil),

June 1993.

*From SWCR, Part III, Table 2-3 (risk-based PRG for
recreational user), March 1993.

‘From SWCR, Part IIl, Table 2-3 (ARAR PRG), March 1993.
YFrom OU4 FS Report, Appendix A, Table A.3-7 (Surface

Soil), June 1993.

*From OU4 FS Report, Appendix A, Table A.3-8 (Surface

Soil), June 1993.

fAssumed from Th-230 and Th-232 PRGs.
tFrom OU4 FS Report, Appendix A, Table A.3-13 (Subsoil),

June 1993.

bFrom OU4 RI Report, Appendix D, Table D.2-7
(Surface Soil), April 1993.

MIOUWRARFJMW:WP%APK.GBIWMN 5:43pm

iFrom SWCR, Appendix R, Tables R.5-16 through R.5-
25 and R.6-51 through R.6-65 -
(UCLs for former Production Areas), March 1993.
iBased on uranium concentrations of 0.00896, 0.685,
0.00963, and 99.3 wt%, and specific activities of
6.22E09, 2.16E06, 6.34E07, and 3.36E05 pCi/g for
U-234, U-235, U-236, and U-238 respectively.

YFrom SWCR, Appendix R. Tables R.5-27 and R.5-28

(UCLs for Non-QU areas), March 1993.

'Assumes that clean layers in RCRA-type cap do not

contribute to air contaminant emissions.

“From RI/FS sample database (provided to Fluor Daniel
by FERMCO, March 1993).
“From RI/FS sample database used for groundwater
modeling (provided to Fluor Daniel by Parsons,

July 1993).

K-6-70

0137



- 5208

FEMP-OU4CRARE-6-FINAL
February 1994

TABLE K.6-11 .

ESTIMATED CHEMICAL CONCENTRATIONS (mg/kg) IN SURFACE SOIL/COVER SOIL:
CURRENT SCENARIO

OUS Residual: OUS Residual: OUS Residual:  Clean Top Seil*
ou4: Soil in Areas Rest of Former Remainder of the (on RCRA-Type
Top Beneath Plants Production Area FEMP Surface Caps and over

Chemical Soil* 2/3, 6, and 9* Surface Soil® Soil*  disposal vaults)
2-Chlorophenol 0.00 NC NC NC 0.00
2-Methyl-naphthalene 0.00 218 x 10" 2.18 x 10" NC 0.00
4-Chlorophenyl-phenylether ~ 0.00 NC NC NC 0.00
44-DDT 0.00 NC NC NC 0.00
Antimony 0.00 3.11 x 10' 3.11x 10 273 x 10 0.00
Aroclor-1016 0.00 NC NC NC 0.00
Aroclor-1221 0.00 830 x 10? 8.30 x 10? NC 0.00
Aroclor-1242 0.00 NC NC NC 0.00
Aroclor-1248 0.00 5.50 x 10 5.50 x 10 NC 0.00
Aroclor-1254 : 0.00 2.46 x 10° 2.46 x 10° 1.06 x 10" 0.00
Aroclor-1260 0.00 2.80 x 10° 2.80 x 10° NC 0.00
Arsenic 0.00 2.56 x 10' 2.56 x 10' 9.44 x 10° 0.00
Barium 0.00 3.61 x 10° 361 x10° 7.58 x 10" 0.00
Beryllium 0.00 2.40 x 10° 240 x 10° 799 x 10" - 0.00
Cadmium 0.00 6.90 x 10° 6.90 x 10° 5.11x 10° 0.00
Chromium 0.00 7.55 x 10 7.55 x 10 1.79 x 10' 0.00
Cobalt ‘ 0.00 2.09 x 10' 2.09 x 10' 1.08 x 10' 0.00
Copper 0.00 128 x 10* 1.28 x 10? 2.01 x 10' 0.00
Cyanide 0.00 1.44 x 10 1.4 x 10 1.06 x 10" 0.00
Di-n-octyl phthalate 0.00 231 x 10" 231 x 10" NC 0.00
Heptachlorodibenzo-furan .0.00 NC NC NC 0.00
Heptachlorodibenzo-p- 0.00 NC NC NC 0.00
dioxin . ;

Lead 0.00 4.40 x 10° 4.40 x 10* 297 x 10 0.00
Manganese 0.00 833 x 10? 833 x 107 5.10 x 10? 0.00
Mercury 0.00 130x 10° 130 x 10° NC 0.00
Molybdenum 0.00 4.60 x 10° 4.60 x 10° 433 x 10° 0.00
Nickel 0.00 5.89 x 10’ 5.89 x 10' 292 x 10' 0.00
Octachlorodibenzo-furan 0.00 NC NC NC 0.00
Octachlorodibenzo-p-dioxin 0.0 NC NC NC 0.00
Selenium 0.00 371 x 10" 371 x 10! NC 0.00
Thallium 0.00 6.83 x 10" 6.83 x 10" 2.81 x 10" 0.00
Vanadium 0.00 3.56 x 10' 3.56 x 10} 2.45x 10' 0.00
Zinc 0.00 335x 10° 335 x 107 5.29 x 10} 0.00

NC = Not Characterized.
#Assumes that clean top soil does not contribute to air contaminant emissions.
From SWCR, Appendix R, Tables R.5-33 through R.5-38 and R.6-55 through R.6-70 (UCLs for former Production Areas), March
1993.
- —~.°Erom SWCR, Appendix R, Tables R.5-41 and R.5-42 (UCLs for Remainder of FEMP), March 1993.
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TABLE K.6-12

ESTIMATED CHEMICAL CONCENTRATIONS (mg/kg) IN SURFACE SOIL/COVER SOIL:
FUTURE SCENARIOS

OUS Residual: OUS Residual: OUS Residual:  Clean Top Soil*

0ou4: Soil in Areas  Rest of Former Remainder of (on RCRA-Type

Surface Beneath Plants Production Area the FEMP Caps and over

Chemical Soil 2/3, 6, and ¥ Surface Soil' Surface Soilf  disposal vaults)
2-Chlorophenol NC NC NC NC 0.00
2-Methyl-naphthalene NC 2.18 x 10" 2.18 x 10" NC 0.00
4-Chlorophenyl-phenylether NC NC NC NC 0.00
44-DDT NC NC NC NC 0.00
Antimony 301x10"" 3.11 x 10’ 3.11x 10' 2.73 x 10' 0.00
Aroclor-1016 NC NC NC NC 0.00
Aroclor-1221 NC 8.30 x 10? 8.30 x 10? NC 0.00
Aroclor-1242 NC NC NC NC 0.00
Aroclor-1248 NC 5.50 x 10 5.50 x 10? NC - 0.00
Aroclor-1254 300x10"" 246 x 10° 2.46 x 10° 1.06 x 10" 0.00
Aroclor-1260 NC 2.80 x 10° 2.80 x 10° NC 0.00
Arsenic 8.00x10°° 2.56 x 10' 2.56 x 10' 9.44 x 10° 0.00
Barium 894 x10'© 3.61 x 10° 3.61 x 10° 7.58 x 10 0.00
Beryllium 866x 10" * 2.40 x 10° 240x10° 799 x 10" 0.00
Cadmium - 5.68x10°" 6.90 x 10° 6.90 x 10° 5.11x10° 0.00
Chromium 284x10'° 7.55 x 10! 7.55 x 10' 1.79 x 10 0.00
Cobalt 133x10'° 2.09 x 10 2.09 x 10 1.08 x 10' 0.00
Copper 238x10'° 1.28 x 10° 1.28 x 102 2.01 x 10 0.00
Cyanide 198 x 10°¢ 1.44 x 10 1.44 x 10 1.06 x 10 0.00
Di-n-octyl phthalate 6.56 x 10" © 231 x 10! 231 x 10" NC 0.00
Heptachlorodibenzo-furan NC NC NC NC 0.00
Heptachlorodibenzo-p-dioxin NC NC NC NC 0.00
Lead 148x10'* 4.40 x 10° 4.40 x 10* 297 x 10 0.00
Manganese 6.65 x 107 833 x 107 8.33 x 10° 5.10 x 10° 0.00
Mercury 120 x 10" ¢ 130 x 10° 130 x 10° NC 0.00
Molybdenum 133x10'° 4.60 x 10° 4.60 x 10° 433 x 10° 0.00
Nickel 324x10'c 5.89 x 10 5.89 x 10 292 x 10 0.00
Octachlorodibenzo-furan NC NC NC NC 0.00
Octachlorodibenzo-p-dioxin NC NC NC NC 0.00
Selenium 570 x 10°¢ 3.71 x 10" 3.71 x 107 NC 0.00
Thallium 7.10x 10" © 6.83 x 10" 6.83 x 10" 2.81 x 10" 0.00
Vanadium 284x10'° 3.56 x 10 3.56 x 10! 2.45 x 10 0.00
Zinc 596 x 10' ° 335 x 10° 335 x 10? 5.29 x 10' 0.00

NC = Not Charactenized.

“From OU4 RI Report, Appendix D, Table D.2-7 (Surface Soil), April 1993.
®From OU4 FS Report, Appendix A, Table A.3-6 (Surface Soil), June 1993.
°From OU4 RI Report, Appendix D, Table D.2-6 (Berm Soil), April 1993.
From OU4 FS Report, Appendix A, Table A.3-14 (Subsoil), June 1993.
*From OU4 FS Report, Appendix A, Table A.3-11 (Berm Soil), June 1993.
From SWCR, Appendix R, Tables R.5-33 through R.5-38 and R.6-55 through R.6-70 (UCLs for former Production Areas),

March 1993.

8From SWCR, Appendix R, Tables R.5-41 and R.5-42 (UCLs for Remainder of FEMP), March 1993.
hAssqm&o: that clean layers in RCRA-type cap do not contribute to air contaminant emissions.

-~
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Th-230, and Th-232 were used to set the concentrations of radium and thorium isotopes in these

excavated areas. The remaining portion of Operable Unit 3 was assumed to be surface soil (0 to 0.5 2
m) which did not exceed the PRG levels. Hot spot excavation was assumed to be used to reduce soil 3
concentrations below these levels. The 95 percent UCL on the mean was calculated from RI/FS 4
sample data for Ra-226, Ra-228, Th-228, Th-230, Th-232 and U-238 in this area. 5
The risk-based PRG (expanded trespasser) for Pb-210 was also used for the residual soil of Operable 6
Unit 4 under the future scenarios. In addition, the 5 pCi/g limits in the SWCR for Ra-226, Ra-228, 7
Th-230, and Th-232 were used to set the concentrations of radium and thorium isotopes in the 8
residual soil of Operable Unit 4. : 9

The remainder of the FEMP (Operable Unit 5) was assumed to be surface soil (0 to 0.5 meters) 10

which did not exceed the PRG levels. As with the former production area, hot spot excavation was 1
assumed to be used to reduce soil concentrations below these levels. The 95 percent UCL on the 12
mean was calculated from RI/FS sample data for Ra—226, Ra-228, Th-228, Th-230, Th-232, and U- 13
238 in the surface soil of Operable Unit 5. A ‘
For all areas, the average composition of total uranium on the site was used to estimate concentrations s
of U-234, U-235, and U-236 from the U-238 concentration (60 pCi/g) in treated (washed) and 16
untreated soil. The approximate composition is 0.0896, 0.685, 0.0093 and 99.3 percent (by weight) 17
of U-234, U-235, U-236, and U-238, respectively. Since soil washing is a chemical process, the 18
relative abundance of the uranium isotopes will not change. 19

For COCs which did not exceed the PRG value, the UCL contaminant concentration in a given area 20

or operable unit was used for that area or operable unit. This approach assumed that FEMP 2
contamination after remediation will not be worse than currently measured levels. This approach is 2
also extremely conservative, because no credit was taken for the effect of soil treatment, and the B

highest values used would not typically represent the average concentration for the modeled sources.

K.6.2.4.2 Suspended Particulate Emission Estimate 25
.The method used to estimate PM,, emission rates for the FEMP is based on EPA guidance for 26
estimating wind erosion rates from flat soil surfaces at hazardous waste sites (EPA 1985d). The EPA
methodology assumes that a minimum wind speed is required for the suspension of respirable dust, ,

)
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and the emission rate is a nonlinear function of the "Threshold Friction Velocity" (TFV) and the
erosion potential of the site, which depends on the particle size distribution of the soil. Very fine

soils (those with small modal diameters) have low TFVs and high potential for erosion by wind.

The modal diameter of FEMP surface soil was estimated from relatively coarse particle size
distributions for clay, silt, sand, and gravel (Mulder 1993, ORNL 1992a). From the data in these
reports, the modal diameter occurs in the silt fraction, which is between (0.002 and 0.075 mm or
0.000001 and 0.00003 in.). The mass-mean diameter of the silt fraction, 0.048 mm, was calculated
from (EPA 1992e):

d,, = [0.25d’+dd,+dd2+d>]'"? (10)
where ‘
Ao = mass mean diameter (mm),
.4 = lower bound diameter for particle size range (mm), and
d, = upper bound diameter for particle size range (mm).

The typical 50 percent particle size diameter (D50) is approximately 0.0206 mm (0.00001 in.) for
surface soil (Mulder 1993). Using the smaller diameter between the mass-mean and D50 value
provides the more conservative emission rate estimate. Assuming that the D50 value is approximately
equal to the surface soil modal diameter, the TFV can be determined from the EPA guidance
document (EPA 1985d, Figure 3-4). The relationship between the modal diameter and the TFV can
be represented by the equation:

log (TFV) = 1.812 + 0.4161 log (d,) a1y
where :

TFV
d,

threshold friction velocity (cm/s) near the soil surface, and
modal diameter of soil sample (mm).

The calculated TFV is approximately 12.9 cm/s (5 in./s) based on a modal diameter of 0.0206 mm
(0.00001 in.). The calculated TFV should be corrected based on the surface roughness, crustiness,
and quantity of nonerodible elements. The ratio of the corrected TFV to the uncorrected TFV is a
nonlinear function of thé ratio of the silhouette area of the roughness elements to the total area of bare
loose soil (EPA 1985d). For this CRARE, no correction was applied to the calculated TFV based on
the assumption that the exposed surface would behave like dry, loose silt. This assumption is -
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obviously conservative since the site has enough clay in the soil to form a nonerodible crust, the
surface contains nonerodible elements, and the vegetation present will significantly increase the TFV

necessary to resuspend surface soil.

The calculated TFV is less than the 75 cm/s (30 in./s); therefore, the FEMP surface soil was
considered to have an "unlimited” erosion potential (EPA 1985d). The equation for respirable

particulate emissions of soils with unlimited erosion potential takes the following form:

. E, = 0.036 x (1-V) x [(u/u)’] x F(y) (12)
where _
E, = annual average PM,, emission rate per unit area of contaminated
surface (g/hr/m?),
PM,, = particulate matter with a diameter < 10 meters,
\Y% = fraction of soil covered by vegetation,
u = mean annual wind speed (m/s),
u, = TFV at the height of "u" (m/s),
y = 0.886xu/u,
F(y) = 191fory <05,
F(y) = 0.18 x (y° + 12y) x EXP(-y®) for y > 2, and
F(y) = See Figure 4-3, EPA 1985b, for 0.5 < y < 2.

Currently, Operable Unit 4 is 80 to 85 percent covered with vegetation. After remediation, the
FEMP will be planted with appropriate vegetation for emission control and aesthetics. The region
easily supports plant life, and a 100 percent vegetative cover is expected over the postremediated site,
with or without continued maintenance. For this air transport analysis, the site was conservatively
assumed to be 85 percent covered with vegetation. The 85 percent value is in line with EPA

estimates of control efficiencies for vegetative covers (EPA 1987a).

The TFV must be corrected to the anemometer height (10 meters) used to collect site wind speed
data. The corrected TFV is calculated from the following equation (EPA 1985b):

UJ/TFV = (1/0.4) In (Z/Z) (13)
where
VA = anemometer height (m), and
Z, = surface roughness height (m).
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The surface at the FEMP will be covered with grass and other vegetation after completion of remedial 1
actions. Using an approximated value of 0.03 meters (0.1 feet) for grassland (EPA 1985b) as Z,, the 2
value of U, was calculated to be 1.87 m/s (6 ft/s). 3

The methodology used to calculate the emissions for soil with unlimited erosion potential is based on

multiplying the emission rate for a single mean annual wind speed value by an estimated annual wind 5
speed probability distribution. This method allows for rapid calculation of annual PM,, emissions 6
knowing only the mean annual wind speed. 7
However, the ISCLT2 model calculates dispersion for six wind speed categories (EPA 1992¢). The g
use of a single emission rate for dispersion under all six wind speed categories will overestimate the 9
concentrations for low wind speeds and underestimate concentrations at high wind speeds. The 10
frequency of wind speeds in the lower wind speed categories is much greater than the frequency of 1
wind speeds in the upper wind speed categories. Therefore, using a single emission rate for all wind 12
speed categories in ISCLT2 will tend to overestimate the ground level PM,, concentrations. Evidence 13
indicates (EPA 1985b) that no substantial fugitive particulate emissions occur for wind ispeeds less 14
than 5 m/s (16.4 ft/s or 12 mph). These wind speeds include the lower three wind speed categories 15
analyzed by ISCLT2. 16
For this analysis, the unlimited potential emission rate equation previously presented was used to 7
calculate PM,, emissions for each of the ISCLT2 wind speed categories. This procedure generates 18
particulate emission rates for the lower wind speed categories, which is more conservative than 19
simply setting the emissions to zero for these categories. The calculated emission rates are presented 20
in Table K.6-13. 21
The current and future particulate radionuclide emissions for each of the defined sources are presented 2
in Tables K.6-14 and K.6-15, respectively. The chemical contaminant emissions for each of the p4]
sources modeled are presented in Tables K.6-16 and K.6-17, respectively. The emission rates 24
presented in Tables K.6-14 through K.6-17 were based on a wind speed of 12.5 m/s (41 ft/s). 25
Emission rates for lower wind speeds are determined by multiplying the emission rates in these tables 26
by the ratio presented in the last column of Table K.6-13. 27

0203
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TABLE K.6-13
WIND SPEED DEPENDENT PM,, EMISSION RATES

ISCLT2 Wind Representative PM,, Emission Ratio of PM,, Emission at Wind Speed
Speed Category W'u:l(:l /S:;eed Rate (g/s/m?) to PM,, Emission at 12.5 m/s Wind Speed

1 1.5 1.13x 10°¢ 0.0013

2 25 6.60 x 10° 0.0077

3 4.5 3.98 x 10° 0.0466

4 7.0 1.50 x 10* 0.1756

5 9.5 3.75x 10* 0.4390

6 12.5 8.54 x 10* 1.0000

K.6.2.5 Gaseous Contaminant Emission Rates

Emissions of Rn-222 were estimated for all scenarios. No other gaseous emissions were estimated.
Volatile and semivolatile organics were assumed to have decayed to negligible levels prior to the time
period studied by this analysis. Radionuclides, nonvolatile organics, and inorganics were assumed to

be transported with the particulates emitted from the site.

Rn-222 enﬁssions of were determined from the Ra-226 concentrations in the contaminated soil or
waste using the RAECOM model algorithms developed for the NRC (NRC 1984). The model
accounts for the haif-lives of radon and radium as well as the density, porosity, moisture content, and
depth of contaminated layers and cover layers in estimating Rn-222 emission rates. The model
converts Ra-226 soil concentrations (in pCi/g) to Rn-222 fluxes (in pCi/s/m?). The basic equations
are presented in the RAWPA. The porosity and moisture content values as well as depths for
contaminated and cover layers used in the groundwater transport analysis (Section K.6.1) were also
used in the RAECOM model. The Ra-226 concentrations and the current and future Rn-222 fluxes
from each emission source are presented in Table K.6-18. The RAECOM calculated emission rates
are presented in Attachment K.III. All areas within the FEMP property which have Ra-226
contamination, including the capped areas and disposal vaults were assumed to emit some Rn-222.
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TABLE K.6-14

RADIONUCLIDE EMISSION FLUXES (pCi/s/m’) FROM
SURFACE SOIL/COVER SOIL: CURRENT SCENARIO*

FEMP—OUélgIQb&INAL

February 1994

OUS Residual:

OUS Residual: OUS Residual:

Clean Top Soil®

Soil in Areas Rest of Former  Remainder of (on RCRA-Type

0u4: Beneath Plants  Production Area the FEMP Caps and over

Radionuclide Top Soil® 2/3,6,and 9 Surface Soil Surface Soil disposal vaults)
Am-241 0.00 NC NC NC 0.00
Cs-137 0.00 8.54 x 10* 8.54x 10*  5.26x 10* 0.00
Np-237 0.00 5.94 x 10°* 5.94 x 10* ~NC 0.00
Pa-231 0.00 2.08 x 10° 2.08 x 10? NC 0.00
Pb-210 0.00 5.98 x 102 5.98 x 102 NC 0.00
Pu-238 0.00 2.52 x 10° 2.52 x 10° 2.84 x 10* 0.00
Pu-239 0.00 9.56 x 10* 9.56x 10¢  2.92x 10* 0.00
Pu-240 0.00 9.56 x 10* 9.56 x 10* 2.92 x 10* 0.00
RA-226 0.00 4.27 x 10° 9.31 x 10* 9.74 x 10* 0.00
Ra-228 0.00 4.27 x 10° 1.19 x 10° 1.03 x 10° 0.00
Ru-106 0.00 NC NC NC 0.00
Sr-90 0.00 4.41 x 10° 4.41 x 10° 7.73 x 10* 0.00
Tc-99 0.00 3.25 x 102 3.25 x 102 1.15 x 10° 0.00
Th-228 0.00 4.27 x 10° 137 x 10° 1.84 x 10° 0.00
Th-230 0.00 4.27 x 10° 2.05 x 10° 1.80 x 10? 0.00
Th-232 0.00 4.27 x 10° 1.14 x 10° 9.31 x 10* 0.00
U234 0.00 8.56 x 107 466x 10> 7.53x 10° 0.00
U-235 0.00 2.27 x 10° 1.24 x 10° 2.00 x 10* 0.00
U-236 0.00 9.38.x 10* 5.11 x 10* 8.25 x 10° 0.00
U-238 0.00 5.12 x 102 2.79x 102 4.51x 10° 0.00

NC = Not characterized.
“Based on a PM10 Emission Rate of 8.54 x 10 g/s/m? for a 12.5 m/s wind and contaminant concentration in surface soil.
®Assumes that clean top soil does not contribute to air contaminant emissions.

K-6-78

0205



-~ 5208

FEMP-OU4CRARE-6-FINAL
February 1994

TABLE K.6-15 ‘

RADIONUCLIDE EMISSION FLUXES (pCi/s/m?) FROM
SURFACE SOIL/COVER SOIL: FUTURE SCENARIOS*

NC = Not characterized.
*Based on a PM10 Emission Rate of 8.54 x 10* g/s/m? for a 12.5 m/s wind and contaminant concentration in surface soil.
®Assumes that clean top soil does not contribute to air contaminant emissions.

FER/OU4ACRARE/LAW.WP996APK.6B/02/4/94 5:43pm
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OUS Residual:  OUS Residual:  OUS Residual:  Clean Top Soil®
Soil in Areas Rest of Former Remainder of  (on RCRA-Type

OU4:  Beneath Plants  Production Area the FEMP  Caps and over

Radionuclide Surface Soil 2/3,6,and 9 Surface Soil Surface Soil disposal vaults)
Am-241 NC NC NC NC 0.00
Cs-137 1.96 x 10* 8.54 x 10 8.54 x 10 5.26 x 10* 0.00
Np-237 NC 5.94 x 10* 5.94 x 10* NC 0.00
Pa-231 2.16 x 102 2.08 x 10° 2.08 x 10° NC 0.00
Pb-210 5.98 x 102 5.98 x 102 5.98 x 10 NC 0.00
Pu-238 NC 2.52 x 10° 2.52 x 10° 2.84 x 10* 0.00
- Pu-239 NC 9.56 x 10 9.56 x 10 2.92 x 10* 0.00
Pu-240 'NC 9.56 x 10 9.56 x 10 2.92 x 10* 0.00
RA-226 4.27 x 10° 4.27 x 10° 9.31 x 10°* 9.74 x 10* 0.00
Ra-228 2.05 x 10° 4.27 x 10° 1.19 x 10° 1.03 x 10° 0.00
Ru-106 NC NC NC NC 0.00
Sr-90 1.54 x 10° 4.41x 10° 4.41 x 10° 7.73 x 10* 0.00
Tc-99 2.05 x 10° 3.25 x 102 3.25 x 102 1.15 x 10° 0.00
Th-228 4.27 x 10° 4.27 x 10° 1.37 x 10° 1.84 x 10° 0.00
Th-230 4.27 x 10° 4.27 x 10° 2.05 x 10° 1.80 x 10° 0.00
Th-232 4.27 x 10° 4.27 x 10° 1.14 x 10° 9.31 x 10* 0.00
U-234 1.03 x 102 8.56 x 102 4.66 x 102 7.53 x 10° 0.00
U-235 2.13 x 10° 2.27 x 10° 1.24 x 10° 2.00 x 10* 0.00
U-236 2.13 x 10° 9.38 x 10* 5.1 x 10* 8.25 x 10° 0.00
U-238 1.05 x 102 5.12 x 102 2.79 x 102 4.51 x 10° 0.00
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TABLE K.6-16

CHEMICAL CONTAMINANT EMISSION FLUXES (ug/s/m’) FROM
SURFACE SOIL/COVER SOIL: CURRENT SCENARIO*

FEMP-OU4CRARE-6-FINAL

February 1994

OUS Residual: OUS Residual:

OUS Residual:

Clean Top Soil®

OU4:  Soil in Areas  Rest of Former Remainder of (on RCRA-Type
) T?E Beneath Plants Production Area the FEM!’ ?aps and over
Chemical Soil 2/3, 6, and 9 Surface Soil Surface Soil  disposal vaults)
2-Chlorophenol 0.00 NC NC NC 0.00
2-Methyl-naphthalene 0.00 1.86 x 10™* 1.86 x 10" NC 0.00
4-Chlorophenyl- 0.00 NC NC NC 0.00
phenylether
44-DDT 0.00 NC NC NC 0.00
Antimony 0.00 2.66 x 107 2.66 x 10 233 x 107 0.00
Aroclor-1016 0.00 NC NC NC 0.00
Aroclor-1221 0.00 7.09 x 10° 7.09 x 10° NC 0.00
Aroclor-1242 0.00 . NC NC NC 0.00
Aroclor-1248 0.00 4.70 x 10° 4.70 x 107 NC 0.00
Aroclor-1254 0.00 2.10 x 10? 2.10 x 10° 9.05 x 10° 0.00
Aroclor-1260 0.00 239 x 107 239x 10° NC 0.00
Arsenic 0.00 2.19 x 10? 2.19 x 107 8.06 x 10° 0.00
Barium 0.00 3.08 x 10° 3.08 x 10° 6.47 x 10° 0.00
Beryllium 0.00 2.05x 10° 2.05 x 10° 6.82 x 10* 0.00
Cadmium 0.00 5.89 x 10° 5.89 x 10° 436 x 10° 0.00
Chromium 0.00 6.45 x 107 6.45 x 10? 1.53 x 107 0.00
Cobalt 0.00 1.78 x 10* 1.78 x 107 9.25 x 10° 0.00
Copper 0.00 1.09 x 10 1.09 x 10" 1.72 x 107 0.00
Cyanide 0.00 1.23 x 107 1.3 x 107 9.05 x 10° 0.00
Di-n-octyl phthalate 0.00 197 x 10* 1.97 x 10* NC 0.00
Heptachlorodibenzo-furan 0.00 NC NC NC 0.00
Heptachlorodibenzo-p- 0.00 NC NC NC 0.00
dioxin
Lead 0.00 3.76 x 10" 3.76 x 10" 2.54 x 10? 0.00
Manganese 0.00 7.11 x 10" 7.11 x 10" 436 x 10" 0.00
Mercury 0.00 1.11 x 10° 1.11 x 10° NC 0.00
Molybdenum 0.00 393 x 10° 393 x 10° 3.70 x 10° 0.00
Nickel 0.00 5.03 x 107 503 x10? 2.49 x 102 0.00
Octachlorodibenzo-furan 0.00 NC NC NC 0.00
Octachlorodibenzo-p- 0.00 NC NC NC 0.00
dioxin
Selenium 0.00 317x10* 3.17x 10" NC 0.00
Thallium 0.00 5.83 x 10* 583 x 10" 240 x 10* - 0.00
Vanadium 0.00 3.04 x 107 3.04 x 102 2.09 x 10* 0.00
Zinc 0.00 2.86 x 10" 2.86 x 10" 452 x 10% 0.00

NC = Not characterized.

“Based on a PM10 Emission Rate of 8.54 x 10 g/s/m? for a 12.5 m/s wind and contaminant concentration in surface soil.
Assumes that clean top soil does not contribute to air contaminant emissions.
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TABLE K.6-17

CHEMICAL CONTAMINANT EMISSION FLUXES (ug/s/m*) FROM
SURFACE SOILS/COVER SOIL: FUTURE SCENARIOS*

OUS Residual: OUS Residual:  OUS Residual: Clean Top Soil®
ou4: Soil in Areas Rest of Former Remainder of (on RCRA-Type

Surface Beneath Plants Production Area the FEMP Caps and over
Chemical Soil 2/3, 6, and 9 Surface Soil Surface Soil disposal vaults)
2-Chlorophenol NC NC NC NC 0.00
2-Methyl-naphthalene NC 1.86 x 10* 1.86 x 10 NC 0.00
4-Chlorophenyl-phenylether NC NC NC NC 0.00
44-DDT NC NC NC NC 0.00
Antimony 2.57 x 107 2.66 x 10? 2.66 x 10? 233 x 10? 0.00
Aroclor-1016 NC NC NC NC 0.00
Aroclor-1221 NC 7.09 x 10° 7.09 x 10° NC 0.00
Aroclor-1242 NC NC NC NC 0.00
Aroclor-1248 NC 4.70 x 10°% 4.70 x 10°% NC 0.00
Aroclor-1254 2.56 x 10° 2.10 x 10° 2.10 x 10° 9.05 x 10° 0.00
Aroclor-1260 NC 239 x 10° 239 x 10° NC 0.00
Arsenic 6.83 x 10° 2.19 x 10? 2.19 x 102 8.06 x 10° 0.00
Barium 7.63 x 10? 3.08 x 10° 3.08 x 10° 6.47 x 102 0.00
Beryllium 7.40 x 10°* 2.05 x 10° 2.05 x 10° 6.82 x 10* ©0.00
Cadmium 485 x 10° 5.89 x 10° 5.89 x 10° 436 x 10° 0.00
Chromium 243 x10? 6.45 x 10? 6.45 x 107 1.53 x 10? 0.00
Cobalt 1.14 x 10? 1.78 x 107 1.78 x 10? 9.25 x 10° 0.00
Copper 2.03 x 10? 1.09 x 10 1.09 x 10! 1.72 x 10 0.00
Cyanide 1.69 x 10? 1.23 x 10° 1.23 x 10? 9.05 x 10 0.00
Di-n-octyl phthalate 5.60 x 10* 1.97 x 10 1.97 x 10* NC 0.00
Heptachlorodibenzo-furan NC NC NC NC 0.00
Heptachlorodibenzo-p-dioxin NC NC NC NC 0.00
Lead 1.26 x 107 3.76 x 10" 3.76 x 10" 2.54 x 10° 0.00
Manganese 5.68 x 10" 7.11 x 10 711 x 10" 436 x 10" 0.00
Mercury 1.20 x 10" 1.11 x 10 111 x10° NC 0.00
Molybdenum 1.44 x 107 393 x 10? 393 x 10° 3.70 x 10° 0.00
Nickel 2.77 x 107 5.03 x 10? 5.03 x 102 2.49 x 10? 0.00
Octachlorodibenzo-furan NC NC NC NC 0.00
Octachlorodibenzo-p-dioxin NC NC NC NC 0.00
Selenium 487 x 107 3.17x 10° 3.17x 10 NC 0.00
Thallium 6.06 x 10 583 x 10 583 x 10* 2.40 x 10™* 0.00
Vanadium 243 x 107 3.04 x 10? 3.04 x 107 2.09 x 10% 0.00
Zinc 509x10% - 286x 10" 2.86 x 10" 452 x 107 0.00

NC = Not characterized.
aBased on a PM10 Emission Rate of 8.54 x 10 g/s/m2 for a 12.5 m/s wind and contaminant concentration-in surface soil.
bAssumes that clean top soil does not contribute to air contaminant emissions. .
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TABLE K.6-18
Rn-222 FLUXES FROM RAECOM MODEL

Ra-226 Rn-222 Flux (pCi/s/m?)
Concentration

Emission Source (pCi/g) Current Future

OU1 Residual Soil 5.00 2.50 x 10 3.13 x 107
OU2 Solid Waste Landfill 1.03 5.15x 10° 6.44 x 10°
OU2 Lime Sludge Ponds 17.40 8.69 x 10 1.09 x 10!
OU2 Inactive Flyash Pile - 48.90 2.44x 10° 3.06 x 10
OU2 Active Flyash Pile 3.88 1.94x 10¢  2.43 x 10?
OU2 South Field (North End) 60.11 2.28x 107 2.80 x 10¢
OU2 South Field (Middle) 9.12 3.46 x 10* 4.25x 10?
OU2 South Field (South End) 146.91 5.57x 107 6.85 x 10"
OU4 Residual Soil 5.00 8.05 x 10! 2.14x 10°
OUS Soil (Beneath Plants 2/3, 6, 9) 5.00 2.14x 10° 2.14x 10°
OUS Soil (Beneath rest of QU3 areas) 1.09 2.01 x 10 2.01 x 10!
OUS Surface Soil (remainder of the FEMP) 1.14 2.10 x 10 2.10 x 10
OU1 Wastes (in NW vaults) 342.00 2.86x 10"  6.81 x 107
OU3 Wastes (in E vaults) 134.00 1.12x 10 2.67x 10
OU4 Wastes (in NE vauits) 37.30 1.95x 10 4.64 x 10"
OUS Wastes (in E vaults) 134.00 1.12 x 10¢ 2.67 x 10"

203
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K.6.2.6 Meteorological Data .

Meteorological data characterizing the transport and dispersion conditions of an area are needed as
input to the ISCLT2 model. These data include wind speed, wind direction, atmospheric stability,
ambient air temperature, and mixing height. Measurements for all of these meteorological
parameters, except mixing height, have been recorded at the FEMP site as part of a comprehensive

environmental monitoring program since August 1986.

Direct measurements of wind speed, wind direction, and ambient air temperature were taken at a
height of 10 meters (30 feet) above the ground. Atmospheric stability was derived from direct
measurements of the standard deviation of the horizontal wind direction (g,) during the day and the
low-level temperature difference (AT) at night. Measurements of o, were taken at a height of

60 meters (180 feet) above the ground. - The temperature difference was calculated from air
temperature measurements taken at 60 and 10 meters (180 and 30 feet) above the ground. Site-
specific hourly measurements were obtained for 1987 through 1992. The annual summaries of the
joint frequency distribution of wind speed, wind direction, and atmospheric stability for years 1987
through 1992 are presented in Attachment K.III. A six-year composite joint frequency distribution is
also presented in Attachment K.III. The composite distribution was used in the ISCLT2 dispersion
model.

Mixing heights were determined from twice daily atmospheric soundings made by the National
Weather Service (NWS). The nearest NWS station is in Dayton, Ohio.

K.6.2.7 Receptor Locations
As previously stated, the objective of the air transport analysis was to determine the maximum on-and

off-property contaminant concentrations for risk assessment calculations. A rectangular receptor grid
was used to determine the maximum on-property concentrations and approximate locations. The grid
consisted of 900 receptor points in a 152.4 x 152.4 meter (500 x 500 foot) pattern which extended
approximately 1200 meters (4000 feet) beyond the FEMP property.

The FEMP coordinate system was used for origin and location.

Thirty-six fenceline receptor points located around the FEMP were included in the air transport

analysis to identify the maximum off-property receptor. These fenceline receptor locations were
SN
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determined from the intersection of the FEMP fenceline and imaginary lines extending in 36
directions at 10-degree intervals from a point along the centerline and halfway between Silos 1 and 2
in Operable Unit 4. The analysis results for the fenceline receptor with the highest air quality impacts
are reported as the maximum off-property concentrations in Section K.6.10. This receptor was
typically located along the FEMP eastern fenceline. In addition, several discrete locations were
identified to represent sensitive receptors. These locations included three schools: Elda, Ross High,

and Township.

Figure K.6-22 shows the layout of the receptor grid considered in the air dispersion modeling.

Because the concentrations were used primarily to estimate inhalation pathway risk for outdoor

FIGURE K.6-22
RECEPTOR GRIDS FOR AIR DISPERSION MODELING
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activities, the receptors were assumed to be 1.5 meters (5 feet) above the ground to simulate a typical

person’s breathing height for outdoor activities (EPA 19891). The variation of ground level 2
concentration within 0 to 1.5 meters is negligible. ; 3
K.6.2.8 Dispersion Coefficients 4
The selection of rural or urban dispersion coefficients for use in the ISCLT2 model was based on a 5
land-use typing procedure to determine whether the characteristics of the area around the FEMP are 6
primarily rural or urban. The procedure involved classifying the land use within an area 7
circumscribed by a 3 kilometer (1.9 mile) radius about the site. Urban dispersion coefficients were 8
recommended for use if land-use types of heavy industrial, light-to-moderate industrial, commercial, 9
single-compact residential, and multi-compact residential account for 50 percent or more of the area. 10
Otherwise, rural dispersion coefficients were recommended. 1
A review of U.S. Geological Survey (USGS) maps and a site survey of the area indicated that 12
industrial, commercial, and compact residential land use comprise no more than 10 percent of the 13

area within a 3 kilometer (1.9 mile) radius of the site. Therefore, the area was classified as rural for

the purpose of air dispersion modeling, indicating the use of rural dispersion coefficients would be

appropriate. 16
K.6.2.9 Model Output Processing 17
The air dispersion modeling analysis was simplified by running the ISCLT2 model, which assumed a 18
unit emission rate of 1.0 g/s/m? or 1.0 pCi/s/m? for each area source. The source group and plot file 19
options of the ISCLT2 program were used to group sources and write the grouped results to a plot 20
file. The ISCLT2 source group results were multiplied by the contaminant emission rates listed in 21
Tables K.6-14 through K.6-18 to determine the contaminant-specific annual concentrations presented p7)
in Section K.6.2.10. Spreadsheets were used to calculate the contaminant-specific concentrations 23
from the ISCLT2 model output and emissions data in Tables K.6-14 through K.6-18. %
The 243 area sources were combined into 16 source groups: 25

1. Operable Unit 1 residual soil (covered with a RCRA-type cap) 26

2. Operable Unit 2'solid waste landfill (covered with a RCRA-type cap)

)]
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3. Operable Unit 2 lime sludge ponds (covered with a RCRA-type cap)
4. Operable Unit 2 inactive flyash pile (covered with a RCRA-type cap)
5. Operable Unit 2 active flyash pile (covered with a RCRA-type cap)
6. Operable Unit 2 South Field, north end (covered with a RCRA-type cap)
7. Operable Unit 2 South Field, middle (covered with a RCRA-type cap)
8. Operable Unit 2 South Field, south end (covered with a RCRA-type cap)
9. Operable Unit 4 residual soil
10. Operable Unit S treated S(_)il beneath Plants 2/3, 6, and 9
11. Operable Unit 5 residual soil beneath the rest of the former production area
12. Operable Unit 5 surface soil for remainder of FEMP
13. Operable Unit 1 wastes disposed in on-property vaults
14. Operable Unit 3 wastes disposed in on-property vaults
15. Operabie Unit 4 wastes disposed in on-property vaults

16. Operable Unit 5 wastes disposed in on-property vaults

K.6.2.10 Results of Air Dispersion Modeling
This section presents the modeled air concentration for each contaminant and each scenario. In

addition, the modeled concentrations of several radionuclides are compared to the monitored air
concentrations from previous years to determine the effectiveness of mitigation measures and to

identify the magnitude of uncertainties in the analysis.

K.6.2.10.1 Current Land Use Scenario

The modeled maximum annual average radionuclide air concentrations are presented in Table K.6-19
and chemical concentrations in Table K.6-20. The values presented are the maximum on-property
concentration, maximum off-property (fenceline) concentration, and maximum concentration at a
sensitive receptor for each contaminant. In addition to these maximum values, Table K.6-21 presents
the average on-property concentrations for areas not covered by a RCRA-type cap or used for the on-
property disposal vaults. The average values were used to estimate risks to the groundskeeper and

o o 0213
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trespasser under the current scenario. These receptors were assumed to roam or wander over the

property and would not stay in one localized area. 2
Gaseous Rn-222 emissions resulted in the highest activity concentrations of any radionuclide analyzed 3
by at least three orders of magnitude. The maximum on-property, fenceline, and sensitive receptor 4
‘concentrations of Rn-222 were modeled at 9.43, 4.02, and 0.334 pCi/m’, respectively. Isopleths of 5
current scenario Rn-222 concentrations are shown on Figure K.6-23. The maximum value is 6
approximately three orders of magnitude below the EPA action level of 4000 pCi/nr’ (4 pCi/l) for 7
indoor radon concentrations. 'The maximum value is also two orders of magnitude below the annual 8
average U.S. residential radon concentration of 1250 pCi/m® (Marcinowski and Napolitano 1993). 9
Approximately 98 percent of the modeled Rn-222 concentrations were associated with Operable Unit 10
5. The remediated soil in the former production area accounted for approximately 56 percent of the 1
maximum on-property concentration; the surface soil on the rest of the former production area 12
accounted for approximately 21 percent; and surface soil on the remainder of the FEMP accounted 13

for approximately 22 percent. The remediated soil in the former production area accounted for

approximately 22 percent of the maximum fenceline concentration; the surface soil on the rest of the
former production area accounted for approximately 27 percent; and surface soil on the remainder of 16

the FEMP accounted for approximately 49 percent. _ 17

.3
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RADIONUCLIDE CONCENTRATIONS IN AIR (pCi/m3):

TABLE K.6-19
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CURRENT SCENARIO®

Maximum Maximum Maximum Sensitive

Radionuclide On-Property Off-Property Receptor

Am-241 NC NC NC
Cs-137 7.80 x 10° 4.60 x 10° 4.10x 10°
Np-237 3.60 x 10° 1.60 x 107 7.50 x 107
Pa-231 1.25 x 10* 5.50 x 10° 2.60 x 10°
Pb-210 3.59 x 10° 1.59 x 10°? 7.60 x 10
Pu-238 1.65 x 10* 8.00 x 10° 4.70 x 10
Pu-239 7.20 x 10° 3.90 x 10° 2.80 x 10°
Pu-240 7.20 x 10°? 3.90 x 10° 2.80 x 10
Ra-226 1.43 x 10* 8.00 x 10° 7.00 x 10
Ra-228 1.59 x 10* 8.70 x 10° 7.60 x 10°
Rn-222 9.43 x 10° 4.02x 10° 3.34 x 10!
Ru-106 NC NC NC
Sr-90 3.03 x 10* 1.52 x 10* 9.80 x 10°
Tc-99 2.00 x 107 9.15x 10* 4.60 x 10°
Th-228 2.09 x 10* 1.43 x 10* 1.20 x 107
Th-230 2.40x 10* 1.49 x 10 1.30 x 10°
Th-232 1.51 x 10* 8.00 x 10° 7.00 x 10°¢
U-234 3.60 x 10° 1.65 x 10° 1.03 x 10
U-235 9.60 x 10° 4.40 x 10° 2.70 x 10°
U-236 4.00 x 10° 1.80 x 107 1.10 x 10°
U-238 2.16 x 107 9.87 x 10* 6.20 x 10°

NC = Not characterized.

2Assumes that Ra-226, Ra-228, Th-230, and Th-232 concentrations in OU3, OU4, and OUS5 soil have been reduced to

5 pCi/g :(from SWCR, Part III, Table 2-3) or less; and U-238 concentrations have been reduced to 60 pCi/g (risk-based
PRG for recreational user from SWCR, Part III, Table 2-3) or less. Assumes that RCRA-type caps on OU1 and OU2 are
completely intact. Assumes that the on-property disposal vaults remain intact. Assumes that clean top soil covers the OU4

area.
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TABLE K.6-20 ‘

CHEMICAL CONCENTRATIONS IN AIR (ug/m’): CURRENT SCENARIO*

Maximum

Maximum Maximum ’ Sensitive

Chemical On-Property Off-Property Receptor
2-Chlorophenol NC NC NC
2-Methyl-naphthalene 1.10 x 10° 499 x 10° 237 x 107
4-Chlorophenyl-phenylether NC NC NC
44-DDT NC NC NC
Antimony 2.79 x 10° 1.94 x 10° 1.69 x 10°
Aroclor 1016 NC NC NC
Aroclor 1221 423 x 10°¢ 1.86 x 10°¢ 9.30 x 10
Aroclor 1242 NC NC NC
Aroclor 1248 2.79 x 10°¢ 1.27 x 10°¢ 6.00 x 10°*
Aroclor 1254 1.27 x 10* 6.00 x 10°° 3.13x10°
Aroclor 1260 1.44 x 10°* 6.34 x 10° 3.04 x 10"
Arsenic 1.69 x 10? 9.30 x 10* 736 x 107
Barium 1.89 x 10" 8.51 x 10? 423 x 10°
Beryllium 1.61 x 10* 8.46 x 10° 6.43 x 10
Cadmium 575x 10 372 x 10* 321x10°
Chromium ' 4.65 x 10° 245x 10° - 1.69 x 107
Cobalt 1.52x 10? 9.30 x 10* 753 x 10°
Copper 744 x 10° 372x 107 237 x 10*
Cyanide 7.44 x 10* 330 x 10* 1.61 x 10°*
Di-n-octyl phthalate 1.18 x 10° 524 x 10 2.54 x 107
Heptachlorodibenzo-furan NC NC NC
Heptachlorodibenzo-p-dioxin NC NC NC
Lead 238 x 10* 1.12 x 10? 6.09 x 10*
Manganese 6.52 x 102 3.86 x 10? 338x10°
Mercury 6.68 x 10° 2.96 x 10° 1.44 x 10°¢
Molybdenum - 431 x 10* 2.96 x 10 2.62 x 10°
Nickel 431 x 10° 2.45x 107 2.03 x 10°
Octachlorodibenzofuran NC NC NC
Octachlorodibenzo-p-dioxin NC NC NC
Selenium 1.94 x 10° 8.46 x 10° 4,06 x 107
Thallium 474 x 10° 262 x 10° 2.11 x 10°
Vanadium 287x10° 1.78 x 10° 1.61 x 10
Zinc 1.94 x 107 9.64 x 10° 6.09 x 10°

NC = Not characterized.

“Assumes that Ra-226, Ra-228, Th-228, Th-230, and Th-232 concentrations in OU3, QU4, and OUS soil have been reduced
to 5 pCi/g (ARAR from SWCR, Part IIl, Table 2-3); and U-238 concentrations have been reduced to 60 pCi/g (risk-based
PRG for recreational user from SWCR, Part IIl, Table 2-3). Assumes that RCRA-type caps on OU1 and OU2 are_
completely intact. Assumes that the on-property disposal vaults remain intact. Assumes that clean top soil covers the OU4
area.
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AVERAGE ON-PROPERTY CONTAMINANT CONCENTRATIONS IN AIR:

CURRENT SCENARIO

Concentration Concentration
Radionuclide (pCi/m®) Chemical (ng/m>)
Am-241 NC 2-Chlorophenol NC
Cs-137 474 x 10° 2-Methyl-naphthalene 3.29 x 10
Np-237 1.05 x 10° 4-Chlorophenyl-phenylether NC
Pa-231 3.66 x 10° 4,4-DDT NC
Pb-210 1.05 x 10° Antimony 1.91x 10°
Pu-238 6.18 x 10° Aroclor 1016 NC
Pu-239 3.48 x 10° Aroclor 1221 1.25 x 10°¢
Pu-240 3.48x 10° Aroclor 1242 NC
Ra-226 8.07 x 10° Aroclor 1248 8.29 x 107
Ra-228 8.84 x 10° Aroclor 1254 4.25x 107
Rn-222 3.98x 10° Aroclor 1260 4.22 x 107
Ru-106 NC Arsenic 8.84 x 10*
Sr-90 1.25 x 10* Barium 5.84 x 107
Tc-99 6.42 x 10* Beryllium 7.84 x 10°
Th-228 1.41x 10* Cadmium 3.74 x 10°
Th-230 1.50 x 10* Chromium 2.09 x 10°
Th-232 8.15x 10° Cobalt 8.87 x 10
U-234 1.33 x 107 Copper 3.00 x 10?
U-235 3.55x 10° Cyanide 2.23x 107
U-236 1.47 x 10° Di-n-octyl phthalate 3.47x 10°
U-238 7.99 x 10 Heptachlorodibenzo-furan NC
Heptachlorodibenzo-p-dioxin NC
Lead 8.20 x 10°
Manganese 3.95 x 10
Mercury 1.97 x 10°
Molybdenum 298 x 10*
Nickel 2.43x 10°
Octachlorodibenzofuran NC
Octachlorodibenzo-p-dioxin NC
Selenium 5.59 x 10°
Thallium 2.52x 10°
Vanadium 1.83 x 10°
Zinc 7.85 x 10°
NG = Nt i 0217
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The average monitored fenceline concentrations of Rn-222 were approximately 240, 230, and 310
pCi/m, (corrected for background levels) during 1989, 1990, and 1991, respectively DOE 1991a and
DOE 1992a. This analysis indicates that implementing the LRA’s would result in mitigating
approximately 95 to 97 percent of existing Rn-222 emission impacts.

Modeled concentrations of U-234 and U-238 typically represented the next-highest radionuclide
activity concentrations, after Rn-222. The maximum on-property, fenceline, and sensitive receptor
concentrations of U-234 were modeled at 0.0036, 0.0017, and 0.00010 pCi/m®, respectively. The
maximum on-property, fenceline, and sensitive receptor concentrations of U-238 were 0.0022,
0.00099, and 0.000062 pCi/m?, respectively. Isopleths of current scenario U-234 and U-238
concentrations are presented on Figures K.6-24 and K.6-25, respectively.

One hundred percent of the modeled U-234 and U-238 concentrations were associated with Operable
Unit 5. The remediated soil in the former production area accounted for approximately 27 percent of
the maximum on-property uranium concentrations; the surface soil on the rest of the former
production area accounted for approximately 62 percent; and the surface soil on the remainder of the
FEMP accounted for approximately 11 percent. The remediated soil in the former production area
accounted for approximately 10 percent of the maximum fenceline concentration; the surface soil on
the rest of the former production area accounted for approximately 70 percent; and the surface soil on

the remainder of the FEMP accounted for approximately 20 percent.

The maximum monitored fenceline concentration of U-234 was approximately 0.0013 pCi/m’ and of .
U-238 approximately 0.0012 pCi/m’ during 1990 (DOE 1991a). Monitored and modeled fenceline
results for several radionuclides are presented in Table K.6-22. These results indicate that the
modeled concentrations are approximately one order of magnitude higher than concentrations
currentl.y monitored at the FEMP. Uncertainties in the particle size distributions, wind entrainment
emission rates, and contaminant soil concentrations may account for this apparent overprediction by
the model. In particular, the assumptions that no soil crust forms on the property and that no
nonerodible elements exist on the FEMP served to overestimate the total particulate emissions. The
vegetative cover estimate and modal diameter assumed may also have served to overestimate

particulate emissions. See Sections K.10.0 and K.11.0 for additional discussion of uncertainty.
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TABLE K.6-22
MODELED AND MONITORED RADIONUCLIDE FENCELINE
' CONCENTRATIONS IN AIR (pCi/m3)

Modeled Cprrent Modeled Future 1990 Monitored

Radionuclide Scenario Scenarios Values

Cs-137 4.60 x 10° 4.60 x 103 <59x 10°
Np-237 1.60 x 10° 1.60 x 103 <1.4x10°
Pu-238 8.00 x 10° 8.00 x 10° <1.2x 10¢
Pu-239 3.90 x 10° 3.90 x 103 <1.1x10°
Pu-240 3.90 x 10° 3.90 x 10° <1.1x 10°
Ra-226 8.00 x 10° 8.10x 10° <1.6x 10°
Ra-228 8.70 x 10° 8.80 x 10° <1.2x10°
Sr-90 1.52x 10 1.52 x 10* 3.8x 10°
Tc-99 9.15x 10 9.15 x 10* <1.1x 10
Th-228 1.43 x 10 1.44 x 10* <5.8x 10°
Th-230 1.49 x 10* 1.50 x 10 6.9 x 10°
Th-232 8.00 x 10° 8.10 x 10° <5.8x 10°
U-234 1.65 x 10? 1.65 x 10° 1.3x 10*
U-235 4.40 x 10° 4.40 x 10° 4.8 x 10°
U-236 1.80 x 10° 1.90 x 10° 1.7 x 10
U-238 9.89 x 10* 1.2 x 10

9.87 x 10*

SOURCE: DOE 1991a

K.6.2.10.2 Future Land Use Scenarios

The modeled maximum annual average radionuclide concentrations under the Future Land Use
scenarios are presented in Table K.6-23 and chemical concentrations in Table K.6-24. The values
presented are the maximum on-property concentration, maximum off-property (fenceline)
concentration, and maximum concentration at a sensitive receptor for each contaminant. In addition
to these maximum values, Table K.6-25 presents the average on-property concentrations for areas not
covered by a RCRA-type cap or used for the on-property vaults. The average values were used to
estimate risks to the recreational user under the Future Land Use With Federal Ownership scenario.

This receptor is assumed to roam or wander over the property and would not stay in one localized

© o area.

Because the major contributor (approximately 99 percent) to all contaminant concentrations under the
future scenarios was Operable Unit 5, no significant difference exists between the current and Future
Land Use scenario impacts. The future scenarios showed a minor increase of Rn-222 emissions from
Operable Units 1, 2, 4, and the vaults, as well as addition of particulate emissions from Operable
Unit 4 soil. These increases typically resulted in changes of 1 to 2 percent occurring in the .

concentration results.
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TABLE K.6-23
RADIONUCLIDE CONCENTRATIONS IN AIR (pCi/m’): FUTURE SCENARIOS®

Maximum Maximum Maximum Sensitive

Radionuclide On-Property Off-Property Receptor

Am-241 NC NC NC
Cs-137 7.80 x 10 4.60 x 10° 4.10x 10°¢
Np-237 3.60 x 10° 1.60 x 10° 7.50 x 107
Pa-231 1.66 x 10 6.00 x 107 3.40 x 10
Pb-210 3.61 x 10° 1.60 x 107 7.70 x 107
Pu-238 1.65 x 10 8.00 x 10° 4.70 x 10
Pu-239 7.20 x 10° 3.90 x 107 2.80 x 10°¢
Pu-240 7.20 x 10° 3.90 x 10° 2.80x 10°¢
Ra-226 1.45 x 10* 8.10 x 10° 7.20 x 10°
Ra-228 1.59 x 10* 8.80 x 10° 7.70 x 10°
Rn-222 9.59 x 10° 4.12x 10° 3.48 x 10"
Ru-106 NC NC NC
Sr-90 3.03 x 10* 1.52 x 10 9.90 x 10°¢
Tc-99 2.00 x 107 9.15x 10* 4.60 x 10°
Th-228 2.11 x 10* 1.44 x 10* 1.30 x 10°
Th-230 2.42x 10° 1.50 x 10* 1.30 x 10°
Th-232 1.53 x 10* 8.10 x 107 7.10 x 10
U-234 3.61 x 107 1.65 x 10° 1.04 x 10
U-235 9.60 x 10° 4.40 x 10° 2.80 x 10
U-236 4.00 x 10° 1.90 x 107 1.20 x 10
U-238 2.16 x 10° 9.89 x 10° 6.20 x 10°

NC = Not characterized.

/

2Assumes that Ra-226, Ra-228, Th-228, Th-230, and Th-232 concentrations in OU3, OU4, and OUS soil have becen reduced
to S pCi/g (From SWCR, Part III, Table 2-3); and U-238 concentrations have been reduced to 60 pCi/g (risk-based PRG for
recreational user from SWCR, Part IlI, Table 2-3). Assumes that RCRA-type caps on OU1 and OU2 are intact, although
the top soil and drainage layer are no longer present. Assumes that the on-property disposal vaults remain intact, although
the top soil and drainage layer are no longer present.  Assumes that no cover remains over OU4 soil.
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TABLE K.6-24 ‘

CHEMICAL CONCENTRATIONS IN AIR (pg/m’): FUTURE SCENARIOS®

Maximum

Maximum Maximum Sensitive

Chemical On-Property Off-Property Receptor
2-Chlorophenol NC NC NC
2-Methyl-naphthalene 1.10 x 10° 4.99 x 10° 2.37 x 107
4-Chlorophenyl-phenylether ’ NC NC NC
4,4-DDT NC NC NC
Antimony 2.79 x 10° 1.94 x 10° 1.69 x 10*
Aroclor 1016 NC NC NC
Aroclor 1221 423 x 10° 1.86 x 10° 9.30 x 10°®
Aroclor 1242 NC NC NC
Aroclor 1248 2.79 x 10° 1.27 x 10 6.00 x 10°®
Aroclor 1254 1.27 x 10 6.00 x 103 3.13x 10
Aroclor 1260 1.44 x 10* 6.34 x 10° 3.04 x 10°
Arsenic 1.69 x 10° 9.30 x 10* 7.36 x 10
Barium 1.89 x 10 8.51 x 107 4.23 x 10°
Beryllium 1.61 x 10 8.46 x 10° 6.43 x 10°
Cadmium 5.83x 10* 3.72 x 10° 3.21x 10°
Chromium 4.65x 10° 2.45x 10° 1.69 x 10*
Cobalt 1.52x 10° 9.30 x 10* 7.61 x 107
Copper 7.44 x 10° 3.72x 10° 2.37x 10
Cyanide 7.44 x 10°* 3.30 x 10* 1.61 x 10°
Di-n-octyl phthalate 1.18 x 10° 5.33x 10° 2.62 x 107
Heptachlorodibenzo-furan NC NC NC
Heptachlorodibenzo-p-dioxin NC NC NC
Lead 2.38 x 10? 1.12 x 10? 6.09 x 10*
Manganese 6.54 x 107 3.88 x 10° 3.38x 107
Mercury 6.68 x 107 2.96 x 10° 1.44 x 10°
Molybdenum 431 x 10* 3.04 x 10* 2.62 x 10°
Nickel 4.31x 103 2.45x 10° 2.03 x 10*
Octachlorodibenzofuran NC NC NC
Octachlorodibenzo-p-dioxin NC NC NC
Selenium 3.55x 10° 9.30 x 10° 5.83 x 107
Thallium 474 x 10° 2.62 x 10° 2.11 x 10°
Vanadium 2.87x 10° 1.78 x 103 1.61 x 10°
Zinc 1.95 x 107 9.72 x 10° 6.17 x 10*

NC = Not characterized.

*Assumes that Ra-226, Ra-228, Th-228, Th-230, and Th-232 concentrations in OU3, OU4, and OUS soil have been reduced

to 5 pCi/g (ARAR from SWCR, Part III, Table 2-3); and U-238 concentrations have been reduced to 60 pCi/g (risk-based

PRG for recreational user from SWCR, Part IIl, Table 2-3). Assumes that RCRA-type caps on OU1 and OU2 are intact,

although the top soil and drainage layer are no longer present. Assumes that the on-property disposal vaults remain intact, .
although the top soil and drainage layer are no longer present. Assumes that no cover remains over OU4 soil.
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. TABLE K.6-25
AVERAGE ON-PROPERTY CONTAMINANT CONCENTRATIONS IN AIR:
‘ FUTURE SCENARIOS
Concentration Concentration
Radionuclide (pCi/m’) Chemical (ng/m?)
Am NC 2-Chlorophenol NC
Cs-137 475 x 10° 2-Methyl-naphthalene 3.29 x 10
Np-237 1.05 x 107 4-Chlorophenyl-phenylether NC
Pa-231 5.10 x 10° 4,4-DDT NC
Pb-210 1.09 x 103 Antimony 1.93 x 10?
Pu-238 6.18 x 10° Aroclor 1016 NC
Pu-239 3.48x 10° Aroclor 1221 1.25 x 10°
Pu-240 3.48 x 10° Aroclor 1242 NC
Ra-226 8.36 x 107 Aroclor 1248 8.29 x 107
Ra-228 8.97 x 10° Aroclor 1254 4.26 x 10°
Rn-222 4.28 x 10° Aroclor 1260 422 x 10°
Ru-106 NC Arsenic 8.87 x 10*
Sr-90 1.26 x 10* Barium 5.85 x 107
‘ Tc-99 6.44 x 10* Beryllium 7.88 x 10°
Th-228 1.44 x 10* Cadmium 3.77 x 10°*
Th-230 1.53 x 10* Chromium 2.10 x 10°
Th-232 8.43 x 10° Cobalt 8.93 x 10
U-234 1.34 x 10° Copper 3.01 x 10°
U-235 3.69 x 10° Cyanide 2.24 x 10*
U-236 1.61 x 10° Di-n-octyl phthalate 3.85x 10°
U-238 8.06 x 10* Heptachlorodibenzo-furan NC
Heptachlorodibenzo-p-dioxin NC
Lead 8.20 x 10°
Manganese 3.99 x 10?
Mercury 1.97 x 10°
Molybdenum 3.05x 10*
Nickel 2.45x 107
Octachlorodibenzofuran NC
Octachlorodibenzo-p-dioxin NC
Selenium 8.85 x 10°¢
Thallium 2.55 x 107
Vanadium 1.84 x 10°
. Zinc 7.89 x 10°
NC = Not characterized.
o 0225
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As with the current scenario, the future scenario gaseous Rn-222 emissions resulted in the highest
concentrations of any contaminant analyzed by at least three orders of magnitude. The maximum on-
property, fenceline, and sensitive receptor concentrations of Rn-222 were modeled at 9.59, 4.12, and
0.35 pCi/m’, respectively. Isopleths of Rn-222 concentrations for future scenario are shown on
Figure K.6-26. Again, the maximum value is approximately three orders of magnitude below the
EPA action level of 4000 pCi/m* (4 pCi/l) for indoor radon concentrations.

Approximately 98 percent of the modeled Rn-222 concentrations were associated with Operable Unit
5. The remediated soil in the former production area accounted for approximately 56 percent of the
maximum on-property concentration; the surface soil on the rest of the former production area
accounted for approximately 21 percent; and surface soil on the remainder of the FEMP accounted
for approximately 22 percent. The remediated soil in the former production area accounted for |
approximately 22 percent of the maximum fenceline concentration; the surface soil on the rest of the
former production area accounted for approximately 27 percent; and surface soil on the remainder of

the FEMP accounted for approximately 49 percent.

Modeled concentrations of U-234 and U-238 typically represent the next-highest radionuclide impacts,
after Rn-222. The maximum on-property, fenceline, and sensitive receptor concentrations of U-234
were modeled at 0.0036, 0.0017, and 0.00010 pCi/m®, respectively. The maximum on-property,
fenceline, and sensitive receptor concentrations of U-238 are 0.0022, 0.00099, and 0.000062 pCi/m’,
respectively. Isopleths of U-234 and U-238 concentrations for future scenarios are presented on
Figures K.6-27 and K.6-28, respectively.

Almost 100 percent of the modeled U-234 and U-238 concentrations were associated with Operable
Unit 5. The remediated soil in the former production area accounted for approximately 27 percent of
the maximum on-property uranium concentrations; the surface soil on the rest of the former
production area accounted for approximately 62 percent; and the surface soil on the remainder of the
FEMP. accounted for approximately 11 percent. The remediated soil in the former production area
accounted for approximately 10 percent of the maximum fenceline concentration; the surface soil on
the rest of the former production area accounted for approximately 70 percent; and the surface soil on

the remainder of the FEMP accounted for approximately 20 percent.
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K.6.3 FARM PRODUCTS FATE MODELING
This section describes the equations used to estimate exposure to chemicals and radionuclides from 2
ingestion of contaminated farm products. 3
K.6.3.1 Ingestion of Vegetables 4
The equations used to estimate exposure to chemicals and radionuclides via ingestion of vegetables 5
irrigated with contaminated water are from the NRC (NRC 1977) and the EPA (EPA 1989¢). This 6
process involves estimating the concentration of the contaminant on and in the plant as a result of 7
foliar deposition and root uptake. The model used to estimate the concentration in and on vegetation 8
irrigated with contaminated water is (NRC 1977): 9
r,(1-e78%) £ B, ,(1-07 )| _
Clvw=dw w( ) + ¥ Iv(2)( )91”'" (14)
Yig PAy
10
For vegetation exposed to atmospheric fallout of dust, the equation becomes (NRC 1977):
-rgl, ok ‘
G = d, |07 | LiBrg(1-07) s, (15)
Yig P Ay
12
where 13
Ag = effective depletion constant of i® contaminant on the plant surface (hr), 14
A = radioactive or chemical decay constant of i* contaminant (hr'), from 15
Howard 1991, 16
B, = dry soil to wet plant (vegetables, forage, and fruit) transfer coefficient of i®, 17
contaminant (C,,/C), 18
Cua = concentration of i* contaminant in plants as a result of deposition of contaminated 19
dust on plants (pCi/kg or mg/kg), 20
C.w = concentration of i*® contaminant in plants as a resuit of irrigating plants w1th 21
contaminated water (pCi/kg or mg/kg), p7)
d, = dust deposition rate (pCi/m*/hr or mg/m>/hr), px
d, = irrigation deposition rate (pCi/m?/hr or mg/m?/hr), %
f, = fraction of year plant is irrigated (unitless), 25
f, = fraction of year plant is downwind (unitless), 26
o = effective dry surface density of the soil (kg/m?),
T, = fraction of deposited dust retained on plant surface (unitless),

mwougcygpjuw.wmm.anlwuu 5:43pm K-6-103 O 2 3 G
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fraction of water borne material retained on plant surface (unitless),
period soil is exposed to airborne emissions (hr),

period soil is exposed to contaminated water (hr),

growing season (hr),

duration of period between harvest and consumption (hr), and
agricultural yield (kg/m?),

LAk al oAl

and

d, = (CHD (16)
d, = (Co)(v) 17

where

C.., = concentration of i® contaminant in irrigation water (pCi/l or mg/l),
w g

I = irrigation rate (I/m?hr),
Ca = concentration of i® contaminant in dust (pCi/g or mg/g), and
\2 = deposition velocity for dust (g/m?hr), Attachment K.III.

In addition to exposure to contaminated irrigation water and dust, vegetables and livestock feed may
be contaminated by root uptake from contaminated soil. The contribution by this pathway is
estimated by the irrigation model; however, this pathway is also considered for areas that are not
irrigated with contaminated water but that exhibit surface soil contamination from historical deposition
on the soil by other means. The following equation was used to estimate the contaminant

concentration in the plant from root uptake of contaminants in the soil.

Civs = (C)B;p)(e™") (18)
where
Cin = concentration of i® contaminant in plants as a result of root uptake from
contaminated soil (pCi/kg or mg/kg), and
C, = concentration of i® contaminant in dry soil at harvest time (pCi/kg or mg/kg).

The total concentration of contaminants in vegetables (C,,) is estimated using the following equation:

C,=C. +C,y +C,, (19)
Equations of the same form were used to estimate the contaminant concentration in livestock feed,

substituting concentration factors for livestock feed in place of those for vegetables ingested by man.

e 0231
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A summary of parameters used in the vegetable, forage, and fruit uptake models is presented in Table
K.6-26. Radioactive or chemical decay constants are presented in Table K.6-27. Transfer
coefficients of contaminants from dry soil to wet plant material are presented in Table K.6-28.

K.6.3.2 Ingestion of Meat and Dairy Products
Prior to the determination of intake following ingestion of animal products by humans, the

concentration of chemicals and radionuclides in animal products must be estimated. The
concentration of a contaminant in animal products, such as beef or milk, was estimated using the
following equation (NRC 1977):

Cu = FAllCAQ) + (Cu)(Q,,)] €A (20)

where

C. = concentration of i® contaminant in the animal product (pCi/l for milk, pCi/kg for beef
or mg/l for milk, mg/kg for beef),

F,, = element (stable) transfer coefficient that relates the daily intake by an animal to the
concentration of i® contaminant in an edible portion of the animal product (day/l for
milk, day/kg for beef),

Cy = concentration of i® contaminant in forage (pCi/kg or mg/kg),

Q = consumption rate of contaminated forage by an animal (kg/day),

C.. = concentration of i® contaminant in livestock water (pCi/l or mg/l),

Q.. = consumption rate of contaminated water by an animal (l/day),

N = decay constant of i* contaminant (hr?), and

tia = delay between harvest of animal product (milk or meat) and consumption (hr).

Transfer coefficients of contaminants to milk or beef (F,,) are presented in Table K.6-28.

mwouéc@w.wmm.smomm 5:43pm K-6-105 0 2 3 2
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TABLE K.6-26
SUMMARY OF PARAMETERS FOR VEGETABLE/FORAGE UPTAKE MODELS

Parameter” Value Units Reference

Irrigation Rate (I): 0.081 1/m*hr USDA 1970

Fraction of Deposited Dust Retained 0.25 unitless NRC 1977
on Crops (ry:

Fraction of Water Borne Material Retained 0.20 unitless NRC 1977
on Crops (r,):

Effective Depletion Constant of Contaminant on 0.0021 hr! NRC 1977
Plant Surface (Ag):

Growing Season for Vegetables and 1440 hr NRC 1977
Fruit Crops (t,.):

Growing Season for Forage (t.,): 720 hr NRC 1977

Agricultural Yield of Vegetables and 1.5 kg/m? USDA 1979
Fruit Crop (Y):

Agricultural Yield of Forage (Y): 0.8 kg/m’ USDA 1979

Fraction of Year Plants are Downwind (f)): MD® unitless -

Fraction of Yeaxf Plans are Irrigated (f,): 1.0° unitless NRC 1977

Period Soil is Exposed to Contaminated : 8760 hr Assumed
Water (t,.):

Period Soil is Exposed to Airborne 8760 hr Assumed
Emissions (t,):

Effective Dry Surface Density of the Soil (p): 150 kg/m’ kg/m*

Delay between Harvest and Consumption 24 hr NRC 1977
of Vegetables (t,,):

Delay between Harvest and Consumption of 720 hr Assumed
Vegetables and Fruit (t,.):

Delay between Harvest and Consumption 0 hr NRC 1977
of Forage (t,,):

Delay between Milking and Consumption (t;,): 48 hr NRC 1977

Delay between Slaughter and Consumption ' 480 hr NRC 1977

* See the uncertanty analysis (Section K.10.0) for more information on these parameters.

® CRARE modeled RME location.

° The raction of time plants are irrigated is implicitly included in the irrigation rate. To avoid using this parameter twice in
Equation 7-9, f; has-been set to 1.0.

d Corresponds to a density of 1.5 g/cm’® and a depth of 10 cm. Moist bulk densities of surface soil range from 1.47to 1.55
g/cm’® at the FEMP (USDA 1982).
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CHEMICAL AND RADIOACTIVE COC DECAY CONSTANTS

Decay Decay
Constant Constant
Chemical (hr?) Source Radionuclide (hr) Source
Antimony 1.00 x 10" a Ac-227 8.72 x 10° a
Aroclor-1016 1.00 x 10™ a Am-241 183 x 107 b
Aroclor-1221 1.00 x 10™ a Cs-137 2.62 x 10° b
Aroclor-1242 1.00 x 10 a Np-237 3.70 x 10" b
Aroclor-1248 1.00 x 10 a Pa-231 5.80 x 10°® a
Aroclor-1254 1.00 x 10 a Pb-210 8.53 x 10° a
Aroclor-1260 1.00 x 10 a Pu-238 9.01 x 107 b
Arsenic 1.00 x 10" a Pu-239 3.28 x 10° b
Barium 1.00 x 10 a Pu-240 1.20 x 10 b
Beryllium 1.00 x 10 a Ra-226 993 x 10* a
Cadmium 1.00 x 10 a Ra-228 9.93 x 10* a
Chromium 1.00 x 10" a Rn-222 NA
Cobalt 1.00 x 10 a Ru-106 9.99 x 10 b
Copper 1.00 x 10 a Sr-90 1.00 x 10° b
Cyanide 1.00 x 10 a Tc-99 1.00 x 10° b
D-n-octyl phthalate 1.00 x 10 a Th-228 9.93 x 10 a
Heptachlorodibenzofuran 1.00 x 10" a Th-230 247 x 10 a
Heptachlorodibenzo-p- 1.00 x 10" a Th-232 1.36 x 10 a
dioxin
Lead 1.00 x 10" a U-233 4.96 x 10 b
Manganese 1.00 x 10" a U-234 7.77 x 10° a
Mercury 1.00 x 10 a U-235 2.70 x 10 a
Molybdenum 1.00 x 10 a U-236 3.38x 10 b
Nickel 1.00 x 10" a U-238 425 x 10" a
Octachlorodibenzofuran 1.00 x 10 a
Selenium 1.00 x 10" a
Thallium 1.00 x 10" a :DOE (1993d)
Vanadium 1.00 x 10 a NG: :5:5::’;;5&1:91)
Zinc 1.00 x 10" a
2-Chlorophenol 1.00 x 10 a
2-Methylnaphthalene 1.00 x 10™ a
4-Chlorophenyl- p 1.00 x 10™ a
phenylether 0 2 3 4
4,4-DDT 1.00 x 10 a
K-6-107
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In addition to intake from irrigated forage and water, cows may receive a significant intake from soil
.~;-;ingeétioi1 if the soil is also a source of contamination (Zach and Mayoh 1984). The following
equation was used to estimate the concentration in the animal product from soil

ingestion (EPA 1989e):

Ca = FallC)(Q,)1e% @1)
where
C, = concentration of contaminant in soil (pCi/kg or mg/kg), and
Q. = consumption rate of soil by livestock (kg/day).

Animal Consumption Rates

The following parameters were used to quantify the intake of contaminants in food and water by beef
and milk cattle at or near the FEMP:

Qf QAw Ql
Feed or Forage® Water* Soil
Animal (kg wet weight/day) (I/day) (kg/day)
Milk cow 50 60 0.5
modified® 25
Beef cattle 50 50 0.5
modified® 25

“NCR 1977)

5(Zach and Mayoh 1984)

‘Modified assuming that pastureland is not irrigated due to the cost involved and based on
data from the Bureau of Census (Bureau of Census 1989). Pasture forage is assumed to
be supplemented with stored feed that was irrigated with contaminated water, and the
animal diet consists of equal parts of pasture grass and stored feed totaling 50 kg/day wet

weight.

Radionuclide and Nonradioactive Transfer Factors
Transfer coefficients for radioelements and nonradioactive metals were taken from Baes et al. (1984),

; Tﬂ[;ﬁd Meyer (1983) and DOE (1989). The radiological properties of atoms do not effect their
elemental transfer in the environment. The soil-to-plant concentration factors for edible plants
ingested by humans and vegetative plants ingested by cattle used in intake models, in the absence of
site-specific information, are listed in Table K.6-28. These factors are the ratios of the dry-weight
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concentration of an element in the reproductive or vegetative portions of the plant to the dry-weight
concentration of the element in soil. Edible portions of the plant include grain kernels, fruits, and
tubers. These portions are most representative of the plant foods ingested by humans. The list of
elements is not all inclusive. The cited references were used to obtain values for additional

constituents of concern in individual risk assessments as needed.

Transfer coefficients for organic chemicals were taken from Travis and Arms (1988). If a transfer
coefficient was not readily available, the following regression equations based on the relationship
between transfer and the octanol-water partition coefficient (K,,) were used to estimate transfer

coefficients (Travis and Arms 1988):

B, (vegetables) log B, = 1.588 -0.578 log K, )
F, (milk) logF, =-8.10+ logK,,
F,, (beef) logF, = -7.6 + logK,,

Chemical-specific K, values are available from several sources. The major source used for K,
values was Hansch and Leo (1979).

Concentrations in the aboveground vegetative part of plants were estimated using the following
equation (Baes et al. 1984):

C. = (COBuyw) 22
where
C. = concentration of the i contaminant in vegetation (mg/kg dry wt),
C. = maximum concentration in soil (mg/kg dry wt), and
B.s, = soil to plant transfer factor of the i* contaminant (mg/kg dry wt plant per mg/kg

dry wt soil).

K.6.3.3 Results of Farm Product Fate Modeling
Tables K.6-29 through K.6-32 present a summary of modeling results for the contaminant

concentrations in vegetables, meat, and dairy products under the Current Land Use and two Future
Land Use (with and without federal ownership) scenarios. These values have been incorporated

into Section K.8.0.
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TABLE K.6-29 '

FARM PRODUCT COC CONCENTRATIONS: OFF-SITE RESIDENT FARM RECEPTORS
CURRENT LAND USE SCENARIO

Meat Dairy Product Vegetable

Concentrations Concentrations Concentrations
COC (mg/kg) (mg/kg) (mg/kg)
Chemical
Antimony 6.71 x 10° 6.71 x 107 1.64 x 10
Aroclor-1016
Aroclor-1221 5.63x 10" 1.79 x 10 8.40 x 10
Aroclor-1242
Aroclor-1248 1.91 x 10°® 1.95 x 10°® 4.68 x 10°®
Aroclor-1254 7.95 x 10° 1.72 x 10°¢ 2.62 x 10
Aroclor-1260 3.11x 10° 6.29 x 10°¢ 2.38 x 10°
Arsenic 5.72x 10° 1.72 x 107 6.97 x 10°
Barium 2.19x 10° 5.10 x 10° 3.53x 103
Beryllium 2.48 x 107 2.23x 107 6.06 x 10°¢
Cadmium 8.09 x 10°¢ 1.47 x 10° 3.51x 10°
Chromium
Cobalt 5.94 x 10° 594 x 10° 7.24 x 107
Copper 9.46 x 10° 1.42 x 103 2.27 x 10
Cyanide 2.94 x 10 1.37 x 10
Di-n-octyl phthalate 3.19x 10* 1.01 x 10* 1.96 x 107
Heptachlorodibenzofuran
Heptachlorodibenzo-p-dioxin
Lead 6.51 x 10° 542x 10° 5.28 x 10°
Manganese 5.69 x 10° 498 x 10° 3.43x 10°
Mercury 1.38 x 107 2.49x 10° 1.31 x 10
Molybdenum 6.32 x 10° 1.58 x 10¢ 2.57 x 10°
Nickel 491 x 10? 8.19x 10° 1.99 x 10*
Octachlorodibenzofuran
Selenium 1.95 x 107 5.19 x 10° 3.16 x 107
Thallium 3.27x 10°¢ 1.64 x 107 2.00 x 10°¢
Vanadium 1.57 x 10° 1.26 x 107 1.54 x 10*
Zinc 3.10x 10° 3.10x 10* 7.19 x 10
2-Chlorophenol
2-Methyinaphthalene 1.43 x 10° 8.03 x 10" 1.93 x 107
4-Chlorophenyl-phenylether
4,4-DDT

AR
FER/OU4CRARE/LAW. WP996APK.6A/02/4/94 5:43pm K-6-113




FEMP-OU4CRARE-6-FINAL

- February 1994
TABLE 6-29 ’200
(Continued)
Meat Dairy Product Vegetable
Concentrations Concentrations Concentrations
(pCi/kg) (pCi/kg) (pCi/kg)
CcoC
Radionuclide
Ac-227
Am-241
Cs-137 3.29x 103 1.15x 10? 4.01 x 10°
Np-237 1.34 x 10° 1.22 x 107 5.83 x 10°
Pa-231 6.78 x 10° 424 x 10° 2.07 x 107
Pb-210 593 x 10?
Pu-238 8.54 x 10% 1.71 x 10® 4.17 x 103
Pu-239 5.50 x 10 1.10 x 10°® 2.68 x 10°
Pu-240 5.50 x 10°® 1.10 x 10°® 2.68 x 107
Ra-226 7.01 x 10° 1.26 x 10° 6.84 x 10°
Ra-228 4.71 x 10° 1.30 x 10* 7.23x 103
Rn-222
Ru-106
Sr-90 7.85 x 10% 3.38x 10
Tc-99 2.28 x 102 1.47 x 1012
Th-228 1.88 x 10 2.41 x 10°¢ 1.21 x 102
Th-230 3.14x 10° 2.62 x 10 1.28 x 10?2
Th-232 1.66 x 10°¢ 1.38 x 10° 6.76 x 107
U-233
U-234 5.25 x 10" 1.59 x 10° 5.59 x 10
U-235 1.38 x 107 4.24 x 107 1.48 x 10°
U-236 5.71 x 10° 1.75 x 10? 6.15 x 10!
U-238 3.11 x 10 9.55 x 10" 3.35x 10
- 0241
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TABLE K.6-30

FARM PRODUCT COC CONCENTRATIONS: OFF-SITE RESIDENT FARM RECEPTORS
FUTURE LAND USE WITH FEDERAL OWNERSHIP

Meat Dairy Product Vegetable

: Concentrations Concentrations Concentrations
COoC (mg/kg) (mg/kg) (mg/kg)
Chemical
Antimony 6.75 x 10° 6.75 x 107 1.65 x 10*
Aroclor-1016
Aroclor-1221 5.63 x 10! 1.79 x 10" 8.40 x 108
Aroclor-1242 .
Aroclor-1248 1.91 x 10 1.95 x 10® 4.68 x 10
Aroclor-1254 7.96 x 10°¢ 1.72 x 10 2.63 x 10
Aroclor-1260 3.11 x 10°¢ 6.29 x 10°¢ 2.38 x 10°¢
Arsenic 5.75 x 10°¢ 1.73 x 107 7.01 x 103
Barium 2.21x 103 5.15x 10° 3.57x10°
Beryllium 2.50 x 107 2.25x 10" 6.09 x 10
Cadmium 8.14 x 10°¢ 1.48 x 10°¢ 3.53x 103
Chromium
Cobalt 599 x 10° 5.99 x 10°¢ 7.30 x 103
Copper 9.49 x 10° 1.42 x 10° 2.28 x 107
Cyanide 295 x 10 1.37 x 10°
Di-n-octyl phthalate 3.54x 10 1.12 x 10* 2.17 x 107
Heptachlorodibenzofuran
Heptachlorodibenzo-p-dioxin
Lead 6.51 x 10° 5.42 x 10 528 x 10
Manganese 5.74 x 10° 5.02x 10° 3.47x 10°
Mercury 1.39 x 10° 2.50 x 10° 1.31 x 10°
Molybdenum 6.43 x 10° 1.61 x 10° 2.61x 10°
Nickel 494 x 10° 8.23 x 10° 2.00x 10*
Octachlorodibenzofuran
Selenium 3.12 x 107 8.32x 108 5.07 x 107
Thallium 3.31x10° 1.65 x 107 2.02 x 10
Vanadium 1.58 x 10° 1.27 x 107 1.55 x 10
Zinc 3.12x 10° 3.12x 10 7.24 x 10*
2-Chlorophenol
2-Methylnaphthalene ' 1.30 x 10® 7.27 x 100 1.75 x 107
4-Chlorophenyl-phenylether - - -
4,4-DDT i
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K.6-30
(Continued)
Meat Dairy Product Vegetable

Concentrations Concentrations Concentrations
CoC (pCi/kg) (pCi/kg) (pCi/kg)
Radionuclide
Ac-227
Am-241
Cs-137 3.29x 10° 1.15x 10? 4.01 x 103
Np-237 1.34 x 10° 1.22 x 107 5.83 x 10°
Pa-231 9.54 x 10° 5.96 x 10° 2.91 x 10
Pb-210 6.16 x 102
Pu-238 8.54 x 10 1.71 x 10°® 4.17 x 10°
Pu-239 5.50 x 10 1.10 x 10 2.68 x 102
Pu-240 5.50 x 10 1.10 x 10°® 2.68 x 10°
Ra-226 7.17 x 10° 1.29 x 10 7.00 x 103
Ra-228 4.75 x 10° 1.31 x 10* 7.29 x 10°
Rn-222
Ru-106
Sr-90 7.89 x 10% 3.40x 10
Tc-99 2.29 x 102 1.48 x 102
Th-228 1.91 x 10° 2.44 x 10° 1.22 x 10?
Th-230 3.18 x 10° 2.65 x 10° 1.29 x 10?
Th-232 1.70 x 10 1.42 x 10°¢ 6.92 x 103
U-233
U-234 2.99 x 10° 9.12 x 10° 3.33x 10
U-235 7.99 x 10 2.44 x 10* 8.91 x 10°
U-236 3.34 x 10° 1.02 x 10* 3.73 x 103
U-238 1.79 x 107 5.47x 10° 2.00 x 10!

0243
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TABLE K.6-31

FARM PRODUCT COC CONCENTRATIONS: OFF-SITE RESIDENT FARM RECEPTORS
FUTURE LAND USE WITHOUT FEDERAL OWNERSHIP

Meat Dairy Product Vegetable

Concentrations Concentrations Concentrations
COC (mg/kg) (mg/kg) (mg/kg)
Chemical
Antimony 6.75 x 10 6.75 x 107 1.65 x 107
Aroclor-1016
Aroclor-1221 5.63 x 10 1.79 x 10" 8.40 x 10°®
Aroclor-1242
Aroclor-1248 1.91 x 10% 1.95 x 10°® 4.68 x 10°®
Aroclor-1254 7.96 x 10 1.72 x 10°¢ 2.63 x 10
Aroclor-1260 3.11 x 10° 6.29 x 10°¢ 2.38 x 10
Arsenic 5.75x 10°¢ 1.73 x 107 7.01 x 10°
Barium 2.21x 10° 5.15x 10° 3.57x10°
Beryllium 2.50 x 107 2.25x 10" 6.09 x 10
Cadmium 8.14 x 10° 1.48 x 10 3.53x 10°
Chromium
Cobalt 5.99 x 10° 5.99 x 10° 7.30 x 10
Copper 9.49 x 10° 1.42 x 10° 2.28 x 10°
Cyanide 295 x 10" 1.37 x 10°
Di-n-octyl phthalate 3.54 x 10* 1.12 x 10°* 2.17 x 107
Heptachlorodibenzofuran
Heptachlorodibenzo-p-dioxin
Lead 6.51 x 10° 5.42 x 10° 5.28 x 10
Manganese 5.74 x 10° 5.02 x 10° 3.47 x 10°
Mercury 1.39 x 10° 2.50 x 10® 1.31 x 10°
Molybdenum 6.43 x 10° 1.61 x 10° 2.61 x 10°
Nickel 4.94 x 10° 8.23 x 10° 2.00 x 10
Octachlorodibenzofuran
Selenium 3.12x 107 8.32 x 10 5.07 x 107
Thallium 3.31 x 10° 1.65 x 107 2.02 x 10°¢
Vanadium 1.58 x 10 1.27 x 107 1.55 x 10
Zinc 3.12x 10? 3.12x 10¢ 7.24 x 107
2-Chlorophenol
2-Methylnaphthalene 1.30 x 107 7.27 x 107%° 1.75 x 107
4-Chlorophenyi-phenylether
4,4-DDT
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TABLE K.6-31
(Continued)
Meat Dair Product Vegetable
Concentrations Concentrations Concentrations

cocC (pCi/kg) (pCi/kg) (pCi/kg)
Radionuclide
Ac-227
Am-241
Cs-137 3.29x 10° 1.15x 10° 4,01 x 103
Np-237 1.34 x 10°¢ 1.22 x 107 5.83 x 10*
Pa-231 9.54 x 10° 5.96 x 10° 2.91 x 10°
Pb-210 6.16 x 107
Pu-238 8.54 x 10°® 1.71 x 108 4.17 x 10°
Pu-239 5.50 x 10® 1.10 x 108 2.68 x 10
Pu-240 5.50 x 10°® 1.10 x 10® 2.68 x 103
Ra-226 7.17 x 10° 1.29 x 10* 7.00 x 10°
Ra-228 4.75 x 10° 1.31 x 10* 7.29 x 103
Rn-222
Ru-106
Sr-90 7.89 x 107 3.40 x 10"
Tc-99 2.29 x 102 1.48 x 102
Th-228 1.91 x 10°¢ 2.4 x 10° 1.22 x 10?
Th-230 3.18 x 10° 2.65 x 10° 1.29 x 10?
Th-232 1.70 x 10¢ 1.42 x 10° 6.92 x 10°
U-233
U-234 2.99x 10° 9.12x 103 3.33 x 10
U-235 7.99 x 10° 2.44 x 10* 8.91 x 10°
U-236 3.34 x 10° 1.02 x 10¢ 3.73 x 10°
U-238 1.79 x 10° 5.47 x 10° 2.00x 10¢

N nN245
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TABLE K.6-32 ‘

FARM PRODUCT COC CONCENTRATIONS: ON-SITE RESIDENT FARM RECEPTORS
FUTURE LAND USE WITH FEDERAL OWNERSHIP

Meat Dairy Product Vegetable

Concentrations Concentrations Concentrations
CcocC (mg/kg) (mg/kg) (mg/kg)
Chemical
Antimony 3.41 x 10" 3.41 x 10? 9.75 x 10
Aroclor-1016
Aroclor-1221 2.16 x 10° 6.48 x 10° 2.70 x 102
Aroclor-1242
Aroclor-1248 3.32x 10 2.37 x 10° 4,77 x 10*
Aroclor-1254 6.78 x 107 1.47 x 102 6.93 x 103
Aroclor-1260 2.25x 10? 4.55 x 10 1.10 x 10°
Arsenic 8.30 x 10? 2.49 x 10° 6.64 x 10
Barium 1.64 x 10° 3.84 x 10° 2.06 x 10?
Beryllium 1.49 x 10° 1.34 x 10° 1.49 x 102
Cadmium 9.96 x 10! 1.81 x 10* 3.56 x 10°
Chromium : .
Cobalt 4.80 x 10" 4.80 x 10 3.20 x 10
Copper 1.49 x 107 1.91 x 10° 248 x 107
Cyanide 1.79 x 10° 1.86 x 10°
Di-n-octyl phthalate 5.67 x 10" 1.79 x 107
Heptachlorodibenzofuran
Heptachlorodibenzo-p-dioxin
Lead 1.50 x 10! 1.25 x 10! 8.19 x 10°
Manganese 3.63x 10° 3.18x 10° 1.75 x 10?
Mercury 5.37x 10° 9.66 x 107 425 x 10°
Molybdenum -3.97 x 10! 9.93 x 107 3.05 x 10
Nickel 9.24 x 10" 1.54 x 10! 2.64 x 10°
Octachlorodibenzofuran
Selenium 4.67 x 10° 1.25x 103 4.45x 10°
Thallium 1.31 x 10? 6.54 x 10* 1.87 x 103
Vanadium 6.18 x 102 495 x 10* 1.76 x 10
Zinc 1.22x 10° 1.22 x 107 2.43 x 107
2-Chlorophenol
2-Methylnaphthalene 1.25x 10* 7.02 x 10° 1.81 x 107
4-Chlorophenyl-phenylether
4,4DDT =,
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‘ TABLE K.6-32
(Continued)
Meat Dairy Product Vegetable
Concentrations Concentrations Concentrations
COC (pCi/kg) (pCi/kg) (pCi/kg)
Radionuclide
Ac-227
Am-241
Cs-137 3.37x 10° 1.18 x 10? 4.07 x 10°
Np-237 1.42 x 10° 1.29 x 107 5.86 x 10
Pa-231 9.59 x 10° 6.00 x 10° 2.91 x 10°
Pb-210 6.16 x 102
Pu-238 8.57 x 10°® 1.72 x 108 4.17 x 10°
Pu-239 5.51 x 10® 1.10 x 10°® 2.68 x 107
Pu-240 5.51x10°® 1.10 x 10°® 2.68 x 103
Ra-226 7.23 x 103 1.30 x 10° 7.03 x 103
Ra-228 4,79 x 103 1.32 x 10* 7.32 x 10°
Rn-222
‘ Ru-106
Sr-90 1.48 x 10 5.85x 107
Tc-99 1.23x 107 6.79 x 102
Th-228 1.92 x 10° 2.45 x 10° 1.22 x 10?
Th-230 3.19x 10° 2.66 x 10° 1.29 x 10?
Th-232 1.71 x 10° 1.42 x 10° 6.92 x 10?
U-233
U-234 423 x 10? 1.30 x 10! 4.56 x 10°
U-235 1.13 x 10? 3.45x 10° 1.21 x 10!
U-236 4.63 x 10* 1.42 x 10° 5.00 x 10
U-238 2.53 x